
Social Cognitive and Affective Neuroscience, 2026, 21(1), nsaf122

https://doi.org/10.1093/scan/nsaf122
Advance Access Publication Date: 26 November 2025

Review

Together we sync: a systematic qualitative and 
quantitative review of fMRI hyperscanning studies
Tommaso Berni1,*,  , Lucia Maria Sacheli1,2,  , Maria Cicirello1, Marco Tettamanti1,  , Eraldo Paulesu1,2,  , Laura Zapparoli1,2,*

1Psychology Department and NeuroMi—Milan Centre for Neuroscience, University of Milano-Bicocca, Milan, 20126, Italy
2fMRI Unit, IRCCS Orthopedic Institute Galeazzi, Milan, 20157, Italy

*Corresponding authors. Tommaso Berni, Psychology Department, University of Milano-Bicocca, Milan, Italy. E-mail: t.berni@campus.unimib.it;  
Laura Zapparoli, Psychology Department, University of Milano-Bicocca, Milan, Italy. E-mail: laura.zapparoli@unimib.it.

Abstract

Social interaction relies on neurocognitive processes that support mutual prediction and coordination. Traditional neuroimaging inves-
tigates brain activity at the individual level, limiting insight into the reciprocal nature of social exchange. Hyperscanning overcomes 
this by simultaneously recording brain activity from interacting individuals. We conducted a systematic review of 28 functional magnetic 
resonance imaging (fMRI) hyperscanning studies examining inter-brain coupling during interactive tasks. We assessed study features 
and examined whether paradigms included four key properties that make the use of hyperscanning particularly valuable over 
single-brain designs: real-time reciprocity, mutual information flow, unpredictability, and irreproducibility. Substantial methodological 
heterogeneity was observed, and only a few studies incorporated all four theoretically relevant features. To identify consistent spatial 
neural patterns of inter-brain coupling, we performed coordinate-based hierarchical clustering on residual (task-independent) and 
task-evoked coupling data. The latter was further analysed in relation to the complexity of the interaction. Residual coupling consis-
tently involved the right posterior superior temporal gyrus, overlapping with the anterior temporo-parietal junction (TPJ), suggesting 
a role in spontaneous alignment. Task-evoked coupling differed by interactional complexity, with posterior temporal regions involved 
in low-complexity tasks, and medial frontal, mid-cingulate, and insular areas in high-complexity ones. These findings support the 
relevance of fMRI hyperscanning for studying inter-brain dynamics and inform future methodological development.
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Introduction
Human social behavior is fundamentally interactive. Whether we are 
collaborating, competing, or simply having a conversation, our 
actions are shaped by the presence and responses of others. This 
responsiveness depends on our capacity to understand what others 
are thinking, anticipate their actions, and adjust our behavior accord-
ingly – a set of processes broadly referred to as social cognition (Frith 
and Frith 2006). Social cognitive mechanisms support a wide range 
of outcomes, from joint action and cooperation (Sebanz et al. 2006) 
to manipulation and strategic behavior (Decety et al. 2004), under-
scoring their relevance across diverse social contexts.

Recent decades have seen growing interest in methods that bet-
ter capture the complexity of real-world social interactions (Ochs-
ner and Lieberman 2001, Frith and Frith 2010), driven in part by 
the limitations of traditional laboratory paradigms, which often 
isolate participants and overlook core features of everyday natu-
ralistic social contexts (Richardson et al. 2008).

This methodological shift has given rise to the so-called 
‘second-person neuroscience’, a field that examines the neural 
basis of social cognition as it emerges through dynamic, reciprocal 
interaction between individuals. Rather than focusing solely on 
intra-individual brain activity, this perspective emphasizes 
real-time inter-brain coupling as a core mechanism of social inter-
action (Schilbach et al. 2013, Redcay and Schilbach 2019).

The emphasis on reciprocity and neural coupling has prompted 
researchers to reconsider how social interaction is operational-
ized in neuroscientific research. To address this, Redcay and 
Schilbach (2019) proposed a continuum of experimental designs 
varying in their degree of reciprocal engagement. At the least 
interactive end is the third-person single-brain approach, in 
which a participant passively observes another person while only 
the participant’s brain activity is recorded. A step closer to inter-
action is the second-person single-brain approach, where the 
participant engages with a partner, yet only the participant’s 
brain is scanned, limiting the analysis to intra-individual pro-
cesses. Moving into ‘true’ second-person territory, the sequential 
dual-brain design involves recording both participants’ brain 
activity in separate, turn-taking sessions. Finally, the simultane-
ous dual-brain approach, known as hyperscanning, captures 
real-time neural dynamics between interacting individuals, offer-
ing the most ecologically valid framework for investigating social 
exchange.

Defining hyperscanning
Hyperscanning can be implemented through different techniques, 
including electroencephalography (EEG), magnetoencephalography 
(MEG), functional near-infrared spectroscopy (fNIRS), and func-
tional magnetic resonance imaging (fMRI). Over the past decade, 
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the number of publications has steadily increased (Fig. 1a), with 
EEG and fNIRS dominating due to portability, affordability, and ease 
of implementation (Dumas et al. 2011). EEG provides unmatched 
temporal resolution, making it ideal to study fast interpersonal 
dynamics such as synchrony and turn-taking, but its signals are 
highly susceptible to artifacts from eye blinks, facial muscles, and 
body movements. fNIRS, although slower and restricted to cortical 
surfaces, offers greater tolerance to movement, enabling paradigms 
with higher ecological validity, such as during theatrical live per-
formance (Greaves et al. 2022), nine-person ensemble drumming 
(Liu et al. 2021), breastfeeding (Bembich et al. 2024), or free play 
(Papoutselou et al. 2024).

In contrast, fMRI-based hyperscanning remains less common, 
possibly due to its higher technical demands, as well as the limited 
availability of multiple synchronized MRI scanners. These chal-
lenges are even more pronounced for MEG-based hyperscanning, 
which remains rare (Fig. 1b).

Researchers have also begun to combine hyperscanning with 
neurostimulation techniques such as transcranial alternating cur-
rent stimulation (tACS) and transcranial direct current stimulation 
(tDCS) (Novembre et al. 2017, Szymanski et al. 2017, Liu et al. 2023, 
Long et al. 2023, Lu et al. 2023), neurofeedback (for a review, see 
Konrad et al. 2024), and biofeedback of autonomic signals such as 
heart rate, respiration, and skin conductance (Müller and Linden-
berger 2011).

Importantly, all these techniques should not be viewed as alter-
natives but as complementary tools: only a multimodal perspective 
that integrates different methods, such as combining fNIRS with 
EEG to balance spatial and temporal resolution (Fronda and Balconi 
2022; Balconi and Angioletti 2024), or MEG with EEG to exploit their 
complementary strengths (Ahn et al. 2018), can capture both the 
anatomical specificity, the temporal precision, and the ecological 
validity needed to address the full range of questions in social 
neuroscience.

Figure 1.  (a) Number of original hyperscanning studies published by year. (b) Number of original hyperscanning studies published by year and by 
techniques. These plots are based on the literature screening we conducted.
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Rationale and criteria for using hyperscanning
Despite its promise, hyperscanning presents a core methodological 
challenge: distinguishing genuine inter-brain coupling that reflects 
reciprocal social interaction from spurious synchrony driven by 
shared sensory input, joint attention, or motor mirroring (Cze-
szumski et al. 2020, Holroyd 2022, Hakim et al. 2023). Addressing 
this issue requires careful consideration of both experimental 
design and analytical strategy.

To ensure that observed neural coupling reflects meaningful 
social exchange rather than parallel processing, several authors 
have proposed pivotal criteria to guide the conceptualization of 
experimental paradigms most suitable for making hyperscanning 
data theoretically meaningful.

A central requirement is the presence of real-time, reciprocal 
interaction in which individuals experience mutual engagement 
and recognize their actions as being directed toward and relevant 
for the other (Schilbach et al. 2013, Redcay and Schilbach 2019).

Tsoi et al. (2022) also emphasized the necessity of an active and 
dynamic social exchange, where individuals continuously adjust 
their behavior based on shared prior experiences and actively 
attempt to anticipate each other’s thoughts and actions.

Bilek et al. (2022) further stressed that hyperscanning studies 
should aim to uncover causal relationships between brains, to 
explore the causal influence one brain may have on another. This 
includes investigating whether brain states are genuinely shared 
during interaction, the direction and timing of these shared activ-
ities, and how these processes are shaped by individual- and 
interaction-related factors.

Crucially, the focus should be on mutual adaptation and com-
plementarity within social interactions, where neural signals from 
individual A serve as an input for individual B (and, possibly, 
vice-versa), influencing their thoughts, decisions, behavior, and 
eliciting corresponding neural responses (Przyrembel et al. 2012, 
Hasson and Frith 2016).

Finally, Misaki et al. (2021) highlighted the role of the unpredict-
ability and of the dynamic nature of interactions, which give rise 
to transient and non-reproducible patterns of brain-to-brain cou-
pling. These two features, incorporated into the task, may contrib-
ute to making the exchange more akin to everyday interactions, 
which are often characterized by unscripted, unpredictable, unique, 
and constantly evolving mutual influence.

In the absence of such features, the use of fMRI hyperscanning 
may be less meaningful, and simpler approaches such as sequen-
tial dual brain paradigms may be sufficient (see fMRI 
pseudo-hyperscanning studies such as Schippers et al. 2010, Dikker 
et al. 2014, Su et al. 2024).

Challenges and heterogeneity in fMRI-based 
hyperscanning
While EEG and fNIRS have dominated inter-brain research due to 
their accessibility and portability, fMRI offers unique advantages 
for investigating social interaction at the whole-brain level. Its high 
spatial resolution and ability to detect activity in deep and distrib-
uted brain networks enable a detailed mapping of the neural archi-
tecture underlying social processes, offering a degree of anatomical 
specificity not achievable with other modalities.

Since the first dual-scanner study (Montague et al. 2002), fMRI 
hyperscanning has demonstrated technical feasibility but remains 
methodologically demanding. Key challenges include low temporal 
resolution, susceptibility to motion artifacts, and logistical con-
straints such as synchronizing two scanners or maintaining a sta-
ble high-bandwidth connection across scanning sites. These 

limitations are further compounded by the limited ecological valid-
ity of the scanner environment, which can restrict the realism of 
face-to-face interaction.

Beyond technical constraints, the field is marked by considerable 
heterogeneity in both experimental paradigms and analytic strat-
egies. Studies vary widely in the types of social behaviors they exam-
ine, from joint attention and mimicry to complex negotiation and 
cooperation. They also differ in how inter-brain coupling is quanti-
fied, using methods such as residual or task-based time-series cor-
relation, beta-series correlation, cross-correlation with time lags, 
coherence analysis, and dynamic causal modeling.

This methodological diversity raises key conceptual and empir-
ical questions. Do current fMRI hyperscanning studies truly capture 
the interactive dynamics they aim to investigate? How often do 
they meet the key features that fully exploit the fMRI hyperscan-
ning's potential over single-brain designs? And can consistent spa-
tial patterns of inter-brain coupling be identified across such varied 
paradigms?

This review aims to address these questions through an inte-
grated qualitative and quantitative synthesis, offering a systematic 
classification of the existing literature.

Aim of the review and expected results
While different reviews on hyperscanning are already available, 
our contribution offers a distinct perspective. Previous works have 
mostly adopted narrative and conceptual approaches, discussing 
the promises and limitations of hyperscanning (e.g. Dumas et al. 
2011, Koike et al. 2015, Wang et al. 2018, Czeszumski et al. 2020, 
Nam et al. 2020, Hamilton 2021). Others have focused on analytic 
methods (Hakim et al. 2023) or used scientometric bibliographical 
tools – such as citations, authorship, keywords – to map the field 
(Carollo and Esposito 2024). A few recent reviews have addressed 
fMRI hyperscanning more specifically, outlining its feasibility and 
constraints (Misaki et al. 2021, Tsoi et al. 2022). Yet, only one quan-
titative meta-analysis has gone beyond narrative approaches, 
synthesizing inter-brain findings from fMRI hyperscanning studies 
and directly comparing them with dual-fNIRS studies (Lotter et 
al. 2023). However, no prior work has systematically categorized 
fMRI hyperscanning studies based on the critical features of the 
interactive task and setting, nor provided a quantitative synthesis 
of inter-brain findings across fMRI studies by differentiating anal-
ysis types and evaluating the modulatory role of interactional 
complexity. This review addresses these gaps through a combined 
qualitative and quantitative approach. From a qualitative perspec-
tive, we first classified the studies according to their sample char-
acteristics, task design, and analytical strategy, with particular 
attention to features shaping the nature of the social interaction, 
such as shared goals, role asymmetry, dyad composition, task/
interaction complexity, visual access, and familiarity between 
participants.

We then examined the extent to which each study’s paradigm 
incorporated the four key criteria defined above, which are thought 
to enhance the relevance of hyperscanning for studying social 
exchanges. We expected this classification to show that only a sub-
set of existing fMRI hyperscanning studies fully meet the criteria 
for a second-person, dual-brain approach, particularly in capturing 
the unpredictable and irreproducible nature of social interaction 
as it unfolds during the task.

Importantly, this review is not intended as a critique of prior 
work, which has laid essential groundwork for the development of 
fMRI hyperscanning. Rather, our aim is to identify gaps that remain 
in the literature, to help guide future research toward task designs 
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that better approximate real-world social interactions – those that 
are dynamic, evolving, and less constrained by predefined struc-
tures (Przyrembel et al. 2012, Hamilton 2021). By highlighting these 
areas, we hope to encourage further methodological innovation 
that builds on, rather than replaces, the valuable contributions of 
previous studies.

From a quantitative perspective, we used coordinate-based hier-
archical clustering algorithms to identify brain regions that con-
sistently exhibited inter-brain coupling. We also examined whether 
coupling patterns may vary based on the type of analysis employed 
and the complexity of the social exchange. By ‘complexity of the 
interaction’ we refer to the degree of cognitive, communicative, 
and strategic demands embedded in the interaction as operation-
alized in the experimental design. Based on this criterion, we 
divided the studies into two groups: one including tasks character-
ized by a low level of complexity, and the other comprising tasks 
with a higher degree. This classification was informed by theoret-
ical accounts suggesting that more complex social interactions 
engage higher-order processes – such as mentalizing, high-level 
inferential processing, strategic and decisional adaptation, and 
socio-affective regulation – that are likely supported by distinct 
neural systems (Frith and Frith 2012, Schilbach et al. 2013). Cate-
gorizing tasks along this complexity axis enabled us to test whether 
inter-brain synchrony patterns vary as a function of low- vs. 
high-complex interactions.

We anticipated identifying a core set of brain regions consis-
tently involved in inter-brain synchronization across studies, par-
ticularly in residual (spontaneous) coupling, with the right 
temporo-parietal junction (TPJ) as a likely candidate given its estab-
lished role in social alignment (Redcay and Schilbach 2019).

For task-evoked coupling, we expected variability depending on 
the complexity of the interaction elicited by the task. Specifically, 
tasks eliciting simpler social interactions were expected to engage 
posterior temporal regions associated with perceptual and senso-
rimotor processes.

In contrast, tasks eliciting more complex and strategic social 
exchanges were anticipated to engage higher-order regions 
(medial prefrontal cortex, mid-cingulate cortex, anterior insula), 
reflecting greater inferential demands. Alternatively, inter-brain 
synchrony patterns might remain relatively consistent across 
levels of interactional complexity, indicating the presence of a 
robust core inter-brain coupling network even in minimal social 
contexts.

Materials and methods
This review was conducted in accordance with the PRISMA guide-
lines (Page et al. 2021). A detailed protocol was developed a priori 
to guide the review process, including eligibility criteria, search 
strategy, study selection, data extraction, and synthesis procedures 
(see  Data availability statement section).

Information sources and search strategy
We systematically searched three electronic databases: PubMed, 
Embase, and Scopus. Final searches were completed in October 
2024. Additional records were identified via citation tracking during 
the screening process.

We used a targeted yet inclusive search strategy to retrieve all 
studies referring to hyperscanning or to dual-fMRI approaches spe-
cifically. This allowed us to identify a comprehensive set of records, 
from which fMRI-specific studies were selected during screening. 

Search strategies were tailored to each database to optimize recall 
and precision.

•	 PubMed. We entered the following keywords: Hyperscanning 
[All Fields] OR (‘dual-fMRI’[All Fields]) OR (‘dual fMRI’[All 
Fields]). The search yielded 526 records.

•	 Embase. We entered the Emtree term ‘hyperscanning’/exp, 
to include all narrower terms related to ‘hyperscanning,’ 
combined with a free-text search for ‘hyperscanning.’ The 
final query was: ‘hyperscanning’/exp OR ‘hyperscanning’ 
OR ‘dual-fMRI’ OR ‘dual fMRI.’ The search yielded 539 
records.

•	 Scopus: ALL (hyperscanning OR ‘dual-fMRI’ OR ‘dual fMRI’) 
AND (LIMIT-TO (SRCTYPE, ‘j’)) AND (LIMIT-TO (PUBSTAGE, 
‘final’)) AND (LIMIT-TO (DOCTYPE, ‘ar’)) AND (LIMIT-TO (SUB-
JAREA, ‘neur’) OR LIMIT-TO (SUBJAREA, ‘psyc’) OR LIMIT-TO 
(SUBJAREA, ‘soci’)) AND (LIMIT-TO (LANGUAGE, ‘english’)). 
The search yielded 1213 records.

These queries identified a raw dataset of 2278 records. It was 
observed that the use of a hyphen in the keyword dual fMRI did not 
affect the number of records extracted. Therefore, for simplicity 
and clarity in the PRISMA flowchart (Fig. 2), only the term ‘dual 
fMRI’ is reported.

Selection process
The first screening phase involved reading titles and abstracts, 
including all articles written in English where hyperscanning was 
the main topic or where the approach involved simultaneous neu-
rofunctional or physiological data acquisition, regardless of the 
specific technique used. This process also allowed us to differenti-
ate between review articles, meta-analyses, and other types of 
non-empirical studies, such as methodological papers, opinion 
articles, commentaries, and conference proceedings. Records of 
interest were included if they met the following criteria:

•	 Design: Original empirical research;
•	 Language: Published in English;
•	 Population: Human participants;

Subsequently, from the empirical studies identified, a further 
selection process was conducted to pinpoint the fMRI hyperscan-
ning studies, the focus of this review. Records were included accord-
ing to the following criteria:

•	 Paradigm: Simultaneous dual-brain imaging (i.e. 
hyperscanning);

•	 Modality: Included or focused on fMRI-based hyperscanning;
•	 Analysis: Reported inter-brain connectivity or coupling 

analysis.

Studies were excluded if they used pseudo-hyperscanning par-
adigms (e.g. sequential scanning or simulated interaction), focused 
solely on feasibility without results, or lacked analytical treatment 
of inter-brain measures.

All search results were imported into Rayyan (https://www.
rayyan.ai/) for deduplication and screening. Two independent 
authors (T.B., M.C.) conducted the initial screening. Disagreements 
were resolved through discussion or consultation with a third author 
(L.Z.). The same procedure was applied to full-text eligibility assess-
ment. A PRISMA flow diagram (Fig. 2) outlines the selection process.
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Results of search and final dataset
Of the 2278 records retrieved, 1444 remained after removing 
duplicates. Of these, 729 were excluded during title and abstract 
screening for not addressing hyperscanning or not involving 
simultaneous data acquisition. A further 278 were excluded after 
full-text review: 263 for not being original empirical studies 
(including 84 reviews or meta-analyses and 179 other types such 
as commentaries, methodological papers, pilot studies, confer-
ence papers, and abstracts); 10 for being in a language other than 
English; and 5 for involving non-human participants. This 
resulted in 437 empirical studies.

An additional 16 records were identified through citation track-
ing, one of which was later excluded, yielding a total of 452 studies.

From this pool, we selected fMRI-based hyperscanning studies. 
Forty-six records met initial inclusion criteria. One study (Montague 
et al. 2002) was excluded for focusing solely on feasibility, and three 
more for using pseudo-hyperscanning paradigms (e.g. sequential 
scanning). Only studies reporting inter-brain coupling analyses 
were retained, resulting in a final set of 28 studies for inclusion. Of 
these, 17 provided stereotactic coordinates and were included in 
the quantitative synthesis.

For each study we conducted a qualitative analysis of sample 
characteristics, task design, and analytic strategies. Two authors 
(T.B., M.C.) independently extracted key data, including publication 
details, sample size, imaging modality, paradigm, analysis methods, 
and stereotactic coordinates when available.

Figure 2.  PRISMA flowchart, adapted from (Page et al. 2021), illustrating the identification, screening, and selection process for studies included in the 
qualitative and quantitative synthesis.
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Qualitative assessment
Each study was systematically reviewed and categorized according 
to five main thematic domains:

1.	 Characteristics of the experimental sample. For each study, 
we recorded the final sample size used in inter-brain analy-
ses (excluding outliers where applicable), gender composi-
tion, and whether participants were healthy or from clinical 
populations, specifying diagnoses where applicable. We also 
noted if samples overlapped with previous publications.

2.	 Description of the experimental task. Studies were classi-
fied based on the cognitive domain and the specific task 
used. We also categorized tasks as either naturalistic (e.g. 
face-to-face conversation) or computer-based, and described 
control conditions. A brief summary of task procedures was 
also included.

3.	 Characteristics of the social interaction. We documented 
whether the interaction involved a shared goal, the presence 
of informational and/or role asymmetries (e.g. sender–receiver), 
visual access to the partner (e.g. full face, eye contact, or no 
visibility), and whether any verbal communication was permit-
ted. Additional variables included group size (e.g. dyads, tri-
ads), gender composition, prior acquaintance between 
participants, and – when available – the type of relationship 
(e.g. friends). Studies were also categorized based on how 
transparently participants could access the partner’s out-
come generation process, such as words, decisions, gaze 
movements: (a) direct observation of actions (e.g. seeing the 
partner actually playing a card); (b) indirect representations 
(e.g. seeing an avatar actually playing a card); (c) outcome-only 
scenarios (e.g. seeing a card appearing on the screen); and (d) 
no observable interaction (e.g. passive video viewing of others 
playing with no real-time interaction). Finally, we classified 
each study according to whether the task elicited a low or 
high level of interactional complexity.

4.	 fMRI settings and inter-brain analyses. We categorized each 
study based on scanner specifications, the specific analytical 
approach adopted to assess inter-brain dynamics (e.g. 
time-series correlation, cross-correlation, effective connec-
tivity), and the eventual validation procedures used to assess 
the real brain synchronization within the interactive partic-
ipants (e.g. re-randomized or permuted pairing). We also 
considered whether the analyses were conducted at a 
whole-brain level or focused on regions of interest (ROIs). In 
the latter case, we listed the specific ROIs. Characteristics of 
MRI scanners used in each study, scanning site information, 
and details on analytical validation procedures are reported 
in the online supplementary material.

5.	 Added theoretical value of hyperscanning as a function of 
the interactive task. Each experimental paradigm was 
assessed based on whether it met key features that make 
the use of hyperscanning over single-brain approaches par-
ticularly meaningful. As discussed in the introduction, these 
include real-time reciprocal engagement, mutual informa-
tion inflow, and interaction dynamics inherently unpredict-
able and irreproducible. By real-time reciprocal engagement, 
we refer to online, ongoing interaction in which participants 
are actively involved and mutually responsive to each other’s 
behavior. By mutual information inflow, we mean that indi-
viduals have access to behaviorally relevant signals from 
their partner, ensuring a continuous exchange of 

information – even if implicit (e.g. simply through visual 
access to the partner’s face). By unpredictable, we mean the 
dynamic, non-deterministic, and unprogrammable influence 
of one’s behavior on that of the other. This renders the course 
of the exchange inherently emergent, such that it cannot be 
fully anticipated or pre-scripted by task design constraints, 
allowing participants at least some degree of freedom in how 
they respond to, and are influenced by, each other’s behavior. 
By irreproducible in repeated sessions we refer to the impos-
sibility of replicating the same interaction across sessions, 
as each exchange is influenced by its unique temporal 
dynamics and the participants’ relational history (Przyrem-
bel et al. 2012, Schilbach et al. 2013, Hasson and Frith 2016, 
Redcay and Schilbach 2019, Misaki et al. 2021, Bilek et al. 
2022, Tsoi et al. 2022, Hamilton 2021).

Quantitative assessment
We included the 17 studies reporting stereotactic coordinates and 
performed coordinate-based hierarchical clustering to identify 
regions showing inter-brain synchrony. Studies were classified as 
using either residual or task-based coupling analyses, and activa-
tion peaks were extracted accordingly. For task-based data, we also 
tested whether patterns of inter-brain synchrony varied as a func-
tion of social interaction complexity.

Analytical classification
To account for methodological differences, the dataset was divided 
into two groups based on the analytical approach:

•	 Residual time-series correlation analyses, also known as innova-
tions analyses (Saito et al. 2010), which assess synchroniza-
tion after removing task-related variance. The resulting 
residual signals are assumed to reflect spontaneous, intrinsic 
and shared neural dynamics that are per se not evoked by 
task characteristics.

•	 Task-based coupling analyses, which assess inter-brain synchro-
nization directly tied to specific task conditions.

Data extraction
For each study, we extracted stereotactic coordinates of regions 
showing significant inter-brain coupling. All coordinates were 
reported in Montreal Neurological Institute (MNI) space. Three 
studies (Krueger et al. 2007, Wang et al. 2022, 2024) originally 
reported Talairach coordinates, which we converted to MNI space 
using the GingerALE transformation tool (version 3.0.2). Given the 
limited number of studies and activation peaks, we included all 
reported coordinates, regardless of whether they were derived from 
whole-brain or ROIs-based analyses.

Hierarchical clustering analysis
We used the unique-solution clustering algorithm developed by 
Cattinelli et al. (2013), implemented in the CluB MATLAB toolbox 
(Berlingeri et al. 2019).

This approach was selected for two main reasons. First, the lim-
ited number of fMRI hyperscanning studies with stereotactic coor-
dinates reduces the feasibility of meta-analytic methods like 
Activation Likelihood Estimation (ALE). Second, hierarchical clus-
tering enabled us to examine whether inter-brain coupling patterns 
varied by interaction complexity. Although it does not account for 
sample size or spatial uncertainty, it offers a pragmatic and theo-
retically grounded alternative suited to our aims.
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CluB calculates squared Euclidean distances between reported 
foci and merges them recursively using Ward’s criterion (Ward 
1963), minimizing intra-cluster variance while maximizing the 
between-cluster sum of squares (Cattinelli et al. 2013). We set the 
maximum mean spatial variance within each cluster to 7.5 mm in 
all three spatial dimensions to approximate the typical spatial res-
olution of neuroimaging results (Berlingeri et al. 2019). Resulting 
cluster centroids were labeled using the Automatic Anatomical 
Labeling atlas (AAL, Rolls et al. 2020) and visualized in MRIcron 
(version 1.0.20190902).

Cluster composition analysis
To examine whether inter-brain coupling patterns varied with the 
complexity of the interaction elicited by the task, we performed a 
cluster composition analysis limited to the subset of studies that 
employed task-based coupling analyses. This restriction was nec-
essary, as only task-based designs explicitly manipulated or mea-
sured features of interactional complexity.

Each task-based study was classified as eliciting either low- or 
high-complexity interactions. Tasks classified as low-complexity 
primarily elicited perceptual and reactive behaviors, with minimal 
engagement of inferential mechanisms (e.g. simple imitation or 
basic joint attention). In contrast, tasks classified as high-complexity 
elicited higher-order processes such as mentalizing, intention 
attribution, and socio-affective evaluation (e.g. trust-based 
decision-making).

For each cluster identified through hierarchical clustering, we 
calculated the proportion of foci associated with each level of inter-
actional complexity and compared it to the expected distribution 
across the full task-based dataset. Binomial tests were then used 
to assess whether these proportions significantly deviated from 
chance, indicating whether specific brain regions were differen-
tially recruited as a function of the complexity of the interaction.

Results
Qualitative assessment
This section includes detailed information on all key aspects of the 
included studies. For a more concise yet comprehensive overview, 
readers can refer to the corresponding tables and figures.

Characteristics of the experimental sample
The final sample across the selected fMRI hyperscanning studies 
comprised 1502 participants, including 469 males and 614 females 
(in 419 cases, gender was not reported), based on post-exclusion data. 
Of these, 1401 were healthy individuals (1366 adults and 35 adoles-
cents), while 101 were from clinical populations. The clinical groups 
consisted of 21 individuals with autism spectrum disorder (Tanabe 
et al. 2012), 40 individuals with borderline personality disorder (17 in 
remission; Bilek et al. 2017), and 40 individuals with fibromyalgia 
(Ellingsen et al. 2020, 2022, 2023). See Table 1 and Fig. 3 for details.

Description of the experimental task
The included studies explored a broad range of cognitive and 
behavioral phenomena through diverse experimental paradigms. 
We classified tasks by cognitive domain, spanning from basic per-
ceptual exchanges to more complex, goal-directed interactions 
such as cooperation, competition, and pain-related dynamics in 
patient–clinician contexts. See Table 2 and Fig. 3 for an overview.

Mutual gazing

Two studies examined mutual gaze as a foundational form of social 
interaction, in which participants simply looked at each other’s 
faces. Koike et al. (2016) investigated whether joint attention train-
ing following mutual gaze enhances inter-brain synchronization 
and creates a pair-specific social memory trace. Koike et al. (2019a) 
compared neural and behavioral responses during live eye contact 

Table 1.  Demographic characteristics of each study, including sample size, gender distribution, and clinical conditions.

First author Year Final sample Gender M/F Condition First author Year Final sample Gender M/F Condition

Koike 2019a 30 healthy adults 18/12 - Ratliff 2021 35 healthy adults (parents)
35 adolescents

13/57 -

Koike 2016 94 healthy adults 44/50 - Shaw 2020 54 healthy adults 54/0 -
Bilek 2015 76 healthy adultsa 10/66 - Špiláková 2020 38 healthy adults 22/16 -
Bilek 2017 80 healthy adults

40 BPD adults
0/120 Borderline 

Personality 
Disorder 
(current and 
remission)

Stolk 2014 54 healthy adults 54/0 -

Bilek 2022 84 healthy adultsb Ns - Xie 2020 36 healthy adults 20/16 -
Goelman 2019 54 healthy adults 0/54 - Shaw 2018 38 healthy adults 38/0 -
Koike 2019b See Koike, 2016 - King-Casas 2005 96 healthy adults Ns -
Saito 2010 38 healthy adults 38/0 - Tomlin 2006 136 healthy adultsd Ns -
Tanabe 2012 21 healthy adults

21 ASD adultsc

32/10c High- 
functioning  
ASD

Krueger 2007 44 healthy adults 22/22 -

Yoshioka 2021 44 healthy adults 20/24 - Wang 2022 66 healthy adults Ns -
Miyata 2021 32 healthy adults 10/22 - Wang 2024 78 healthy adults 42/36 -
Abe 2019 37 healthy adults Ns - Ellingsen 2020 17 healthy adult clinicians

17 adult patients
5/29 Chronic pain 

(fibromyalgia)
Spiegelhalder 2014 22 healthy adults 0/22 - Ellingsen 2022 22 healthy adult clinicians

23 adults patients
7/38 Chronic pain 

(fibromyalgia)
Salazar 2021 40 healthy adults 20/20 - Ellingsen 2023 See Ellingsen, 2022 Chronic pain 

(fibromyalgia)

Note. If gender information is not available (Ns = not specified), it is because the gender distribution was not reported in the final sample (after excluding outliers).
aThe sample consisted of 26 participants from a preliminary discovery experiment and 50 from a subsequent replication experiment.
bIn addition to the 84 participants, the authors also included 36 additional adults who had participated in a previous study (Bilek et al. 2017).
cIn the study, the sample also included 19 additional pairs of healthy adults from Saito et al. (2010), who were subtracted from the counts of males and females.
dThis study also included the 96 participants from King-Casas et al. (2005), which are not included in this count.
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Figure 3.  Summary of key qualitative features extracted from the included fMRI hyperscanning studies. The top left panel shows the total number of 
participants, their gender distribution, and the breakdown between healthy individuals and clinical populations. The two pie charts below summarize 
the gender composition of dyads and the type of relationship between participants. The top right bar chart reports the number of studies per type of 
experimental task. The bottom right panel illustrates the distribution of specific interaction features across studies, including shared goals, informa-
tion and role asymmetries, verbal communication, partner visibility and the degree of access to the partner’s behavior.

versus a delayed, non-interactive replay, isolating the effects of 
real-time mutual engagement.

Gaze-oriented and verbal-oriented Joint Attention

Eight studies explored joint attention as a non-verbally or verbally 
mediated mechanism for coordinating shared attention between 
individuals. Most employed gaze-based paradigms in which dyads 
alternated roles as sender and receiver: the former directed atten-
tion by looking at a target, while the latter inferred the target based 
on gaze cues (Saito et al. 2010, Tanabe et al. 2012, Bilek et al. 2015, 
2017, 2022, Goelman et al. 2019, Koike et al. 2019b). These tasks 
were used to investigate clinical populations, including borderline 
personality disorder (Bilek et al. 2017) and autism spectrum disor-
der (Tanabe et al. 2012). In contrast, Yoshioka et al. (2021) employed 
a verbal joint attention task, where participants coordinated atten-
tion through spoken instructions rather than gaze, targeting spatial 
locations or object features.

Reciprocal imitation of facial expressions or joint force 
production

Two studies examined distinct forms of reciprocal imitation. 
Miyata et al. (2021) investigated real-time imitation of facial 
expressions with emotional valence (happy, sad, neutral), as par-
ticipants alternated between expressing and mimicking their 
partner’s facial cues. Abe et al. (2019) used a joint force-production 
task, where dyads had to match the average of their grip forces 
to a target in real time, adjusting one’s own force based on their 
partner’s input.

Speaking interaction

Three studies examined spoken social interaction, ranging from 
natural conversation to structured communicative games. 
Spiegelhalder et al. (2014) involved close female friends in live 
autobiographical storytelling. Ratliff et al. (2021) investigated 
parent–adolescent dyads engaged in conflict-resolution dialogues. 
Salazar et al. (2021) employed the ‘Say the Same Thing’ task, a 
joint-action game where participants aimed to say the same word 
simultaneously across rounds, fostering mutual prediction and 
semantic alignment.

Cooperative and/or competitive problem-solving

Four studies investigated goal-directed social interaction, spanning 
both cooperative and competitive contexts. Xie et al. (2020) used a 
multiplayer Pictionary-style game, where participants first drew 
action words individually and then collaborated by viewing each 
other’s real-time sketches. Stolk et al. (2014) designed a communi-
cation task in which a Communicator guided an Addressee to rec-
reate a target configuration on a digital board, involving both 
familiar (pre-trained) and novel (negotiated) signal mappings. Shaw 
et al. (2020) and Špiláková et al. (2020) employed the Pattern Game 
(Decety et al. 2004), in which a Builder reproduces a configuration 
of tokens either assisted by a Helper (cooperative condition) or 
sabotaged by a Hinderer (competitive condition).

Trust and decision-making

Six studies focused on trust, reciprocity, and strategic 
decision-making in interactive contexts. King-Casas et al. (2005) 

D
ow

nloaded from
 https://academ

ic.oup.com
/scan/article/21/1/nsaf122/8343554 by guest on 04 April 2026



Ta
b

le
 2

. 
O

ve
rv

ie
w

 o
f 

in
te

ra
ct

iv
e 

ex
p

er
im

en
ta

l 
p

ar
ad

ig
m

s 
u

se
d

 in
 e

ac
h

 f
M

R
I 

h
yp

er
sc

an
n

in
g 

st
u

d
y.

Fi
rs

t 
au

th
or

Y
ea

r
D

om
ai

n
Ta

sk
Fo

rm
at

Ta
sk

 d
es

cr
ip

ti
on

C
on

tr
ol

 c
on

d
it

io
n

K
oi

ke
20

19
a

Pa
ss

iv
e 

ob
se

rv
at

io
n

M
u

tu
al

 g
az

in
g 

ta
sk

N
at

u
ra

li
st

ic
  

ta
sk

Pa
rt

ic
ip

an
ts

 w
at

ch
ed

 t
h

ei
r 

p
ar

tn
er

’s
 f

ac
e 

th
ro

u
gh

 a
 li

ve
 v

id
eo

 f
ee

d
 a

n
d

 w
er

e 
in

st
ru

ct
ed

 t
o 

ga
ze

 
at

 t
h

ei
r 

p
ar

tn
er

’s
 e

ye
s 

an
d

 im
ag

in
e 

w
h

at
 t

h
ei

r 
p

ar
tn

er
 w

as
 t

h
in

ki
n

g
D

el
ay

ed
 v

id
eo

 o
f 

th
e 

p
ar

tn
er

’s
 f

ac
e

K
oi

ke
20

16
N

o 
p

re
vi

ou
s 

JA
 t

as
k 

an
d

 V
id

eo
 c

on
d

it
io

n

B
il

ek
20

15
A

tt
en

ti
on

G
az

e-
gu

id
ed

 jo
in

t 
at

te
n

ti
on

 t
as

k
N

at
u

ra
li

st
ic

  
ta

sk
T

h
e 

In
it

ia
to

r 
(o

r 
Se

n
d

er
) s

p
on

ta
n

eo
u

sl
y 

se
le

ct
ed

 a
n

d
 fi

xa
te

d
 o

n
e 

of
 f

ou
r 

ta
rg

et
 o

b
je

ct
s,

 w
h

il
e 

th
e 

R
es

p
on

d
er

 (o
r 

R
ec

ei
ve

r)
 f

ol
lo

w
ed

 t
h

e 
in

it
ia

to
r’

s 
ga

ze
 t

o 
th

e 
sa

m
e 

ob
je

ct
N

o 
jo

in
t 

in
te

ra
ct

io
n

B
il

ek
20

17
N

o 
jo

in
t 

in
te

ra
ct

io
n

B
il

ek
20

22
N

o 
jo

in
t 

in
te

ra
ct

io
n

G
oe

lm
an

20
19

N
sa

K
oi

ke
20

19
b

D
es

ig
n

at
ed

-c
h

oi
ce

 JA
 t

as
k 

an
d

 N
o 

jo
in

t 
in

te
ra

ct
io

n
Sa

it
o

20
10

Pa
rt

ic
ip

an
ts

 v
ie

w
ed

 e
ac

h
 o

th
er

’s
 e

ye
s 

an
d

 t
w

o 
b

al
l 

ta
rg

et
s,

 a
n

d
 s

h
if

te
d

 t
h

ei
r 

ga
ze

 e
it

h
er

 in
 

re
sp

on
se

 t
o 

th
ei

r 
p

ar
tn

er
’s

 e
ye

 m
ov

em
en

t 
or

 b
as

ed
 o

n
 a

 c
h

an
ge

 in
 b

al
l 

co
lo

u
r. 

T
h

ey
 w

er
e 

in
st

ru
ct

ed
 t

o 
p

ro
d

u
ce

 e
it

h
er

 c
on

co
rd

an
t 

(s
am

e 
si

d
e)

 o
r 

d
is

co
rd

an
t 

(o
p

p
os

it
e 

si
d

e)
 g

az
e 

sh
if

ts

N
on

-s
h

ar
in

g 
at

te
n

ti
on

Ey
e 

co
n

ta
ct

 c
on

d
it

io
n

Ta
n

ab
e

20
12

N
on

-s
h

ar
in

g 
at

te
n

ti
on

Ey
e 

co
n

ta
ct

 c
on

d
it

io
n

Y
os

h
io

ka
20

21
V

er
b

al
-g

u
id

ed
 jo

in
t 

at
te

n
ti

on
 t

as
k

N
at

u
ra

li
st

ic
  

ta
sk

O
n

e 
p

ar
ti

ci
p

an
t 

p
ro

vi
d

ed
 v

er
b

al
 c

u
es

 t
o 

d
ir

ec
t 

th
e 

ot
h

er
’s

 a
tt

en
ti

on
 t

ow
ar

d
 a

 s
p

at
ia

l 
lo

ca
ti

on
 

or
 o

b
je

ct
 f

ea
tu

re
, w

h
ic

h
 t

h
e 

re
sp

on
d

er
 t

h
en

 c
on

fi
rm

ed
 a

n
d

 id
en

ti
fi

ed
N

o 
jo

in
t 

in
te

ra
ct

io
n

 (
So

lo
)

M
iy

at
a

20
21

R
ec

ip
ro

ca
l 

im
it

at
io

n
Pa

rt
n

er
’s

 f
ac

ia
l 

ex
p

re
ss

io
n

 
im

it
at

io
n

 t
as

k
N

at
u

ra
li

st
ic

  
ta

sk
O

n
e 

pa
rt

ic
ip

an
t 

w
as

 a
ss

ig
n

ed
 t

h
e 

ro
le

 o
f 

In
it

ia
to

r 
an

d 
as

ke
d 

to
 d

is
pl

ay
 a

 h
ap

py
, s

ad
, o

r 
n

eu
tr

al
 

fa
ci

al
 e

xp
re

ss
io

n
; t

h
e 

ot
h

er
, a

s 
R

es
po

n
de

r, 
w

as
 in

st
ru

ct
ed

 t
o 

im
it

at
e 

th
e 

In
it

ia
to

r’s
 e

xp
re

ss
io

n
Si

m
u

lt
an

eo
u

s 
fa

ci
al

 e
xp

re
ss

io
n

 (
N

o 
im

it
at

io
n

)
A

b
e

20
19

Jo
in

t 
fo

rc
e 

p
ro

d
u

ct
io

n
 t

as
k

C
om

p
u

te
r-

 
b

as
ed

 t
as

k
Pa

rt
ic

ip
an

ts
 c

oo
p

er
at

iv
el

y 
m

at
ch

ed
 t

h
ei

r 
av

er
ag

e 
gr

ip
 f

or
ce

s 
to

 a
 t

ar
ge

t 
va

lu
e 

by
 a

d
ju

st
in

g 
th

ei
r 

in
d

iv
id

u
al

 f
or

ce
 l

ev
el

s 
b

as
ed

 o
n

 v
is

u
al

 f
ee

d
b

ac
k

N
o 

jo
in

t 
in

te
ra

ct
io

n
 (

So
lo

) 
an

d
 

W
at

ch
-s

ol
o 

an
d

 w
at

ch
-j

oi
n

t 
co

n
d

it
io

n
s

Sp
ie

ge
lh

al
d

er
20

14
Sp

ea
ki

n
g 

in
te

ra
ct

io
n

Li
ve

 v
er

ba
l i

n
te

ra
ct

io
n

 t
as

k
N

at
u

ra
li

st
ic

  
ta

sk
Pa

rt
ic

ip
an

ts
 a

lt
er

n
at

el
y 

sp
ea

k 
ab

ou
t 

au
to

bi
og

ra
ph

ic
al

 li
fe

 e
ve

n
ts

 o
r 

lis
te

n
 t

o 
th

ei
r 

pa
rt

n
er

 
sp

ea
ki

n
g

Im
ag

in
in

g 
au

to
b

io
gr

ap
h

ic
al

 e
ve

n
ts

Sa
la

za
r

20
21

Sa
y 

th
e 

sa
m

e 
th

in
g 

ga
m

e
Pa

rt
ic

ip
an

ts
 in

d
ep

en
d

en
tl

y 
se

le
ct

ed
 a

n
d

 s
im

u
lt

an
eo

u
sl

y 
sp

ok
e 

a 
w

or
d

, a
im

in
g 

to
 p

ro
gr

es
-

si
ve

ly
 c

on
ve

rg
e 

on
 t

h
e 

sa
m

e 
w

or
d

 a
s 

th
ei

r 
p

ar
tn

er
 t

h
ro

u
gh

 it
er

at
iv

e 
ex

ch
an

ge
s 

b
as

ed
 s

ol
el

y 
on

 p
ri

or
 v

er
b

al
 r

es
p

on
se

s

La
st

 L
et

te
r 

ga
m

e

R
at

li
ff

20
21

C
on

fl
ic

t 
d

is
cu

ss
io

n
 t

as
k

Pa
re

n
t–

ad
ol

es
ce

n
t 

d
ya

d
s 

d
is

cu
ss

ed
 t

h
ei

r 
m

os
t 

fr
eq

u
en

t 
co

n
fl

ic
ts

, d
es

cr
ib

in
g 

th
e 

is
su

es
 a

n
d

 
co

ll
ab

or
at

iv
el

y 
ge

n
er

at
in

g 
so

lu
ti

on
s

N
s

Sh
aw

20
20

C
oo

p
er

at
iv

e 
 

co
m

p
et

it
iv

e 
  

p
ro

b
le

m
- 

so
lv

in
g

Pa
tt

er
n

 g
am

e
C

om
p

u
te

r-
 

b
as

ed
 t

as
k

Pa
rt

ic
ip

an
ts

 e
it

h
er

 c
oo

p
er

at
ed

 o
r 

co
m

p
et

ed
 t

o 
re

cr
ea

te
 g

eo
m

et
ri

c 
p

at
te

rn
s 

by
 s

eq
u

en
ti

al
ly

 
p

la
ci

n
g 

co
lo

u
re

d
 t

ok
en

s 
on

 a
 b

oa
rd

, a
lt

er
n

at
in

g 
ro

le
s 

as
 B

u
il

d
er

 a
n

d
 e

it
h

er
 H

el
p

er
, H

in
d

er
er

, 
or

 O
b

se
rv

er

N
o 

jo
in

t 
co

n
d

it
io

n
s 

(S
ol

o 
an

d
 

O
b

se
rv

at
io

n
)

Šp
il

ák
ov

á
20

20

St
ol

k
20

14
To

ke
n

 m
ov

em
en

t 
co

m
m

u
n

ic
at

io
n

 t
as

k
T

h
e 

C
om

m
u

n
ic

at
or

 k
n

ew
 t

h
e 

ta
rg

et
 c

on
fi

gu
ra

ti
on

 a
n

d
 c

ou
ld

 o
n

ly
 u

se
 t

ok
en

 m
ov

em
en

ts
 t

o 
gu

id
e 

th
e 

A
dd

re
ss

ee
, w

h
o 

h
ad

 t
o 

in
fe

r 
w

h
er

e 
an

d
 h

ow
 t

o 
p

la
ce

 h
er

 t
ok

en
 t

o 
ac

h
ie

ve
 t

h
e 

sh
ar

ed
 g

oa
l

K
n

ow
n

 in
te

ra
ct

io
n

s

X
ie

20
20

D
ra

w
in

g 
ta

sk
 (P

ic
ti

on
ar

y)
Pa

rt
ic

ip
an

ts
 fi

rs
t 

in
d

ep
en

d
en

tl
y 

d
re

w
 a

ss
ig

n
ed

 a
ct

io
n

 w
or

d
s,

 t
h

en
 e

va
lu

at
ed

 e
ac

h
 o

th
er

’s
 

d
ra

w
in

gs
, a

n
d

 fi
n

al
ly

 c
ol

la
b

or
at

ed
 t

o 
re

d
ra

w
 t

h
e 

w
or

d
s 

on
 a

 s
h

ar
ed

 s
cr

ee
n

, t
ak

in
g 

tu
rn

s 
an

d
 

vi
ew

in
g 

ea
ch

 o
th

er
’s

 c
on

tr
ib

u
ti

on
s 

in
 r

ea
l 

ti
m

e

D
ra

w
in

g 
co

n
tr

ol
 w

or
d

s 
(s

p
ir

al
s)

Sh
aw

20
18

Tr
u

st
 a

n
d

  
d

ec
is

io
n

- 
m

ak
in

g

It
er

at
ed

 u
lt

im
at

u
m

 g
am

e
C

om
p

u
te

r-
 

b
as

ed
 t

as
k

T
h

e 
Pr

op
os

er
 s

el
ec

te
d

 o
n

e 
of

 t
w

o 
p

os
si

b
le

 w
ay

s 
to

 d
iv

id
e 

a 
su

m
 o

f 
m

on
ey

 a
n

d
 o

ff
er

ed
 it

 t
o 

th
e 

R
es

p
on

d
er

, w
h

o 
th

en
 d

ec
id

ed
 w

h
et

h
er

 t
o 

ac
ce

p
t 

or
 r

ej
ec

t 
th

e 
of

fe
r 

w
it

h
in

 a
 t

im
e 

li
m

it
N

o 
m

on
et

ar
y 

ex
ch

an
ge

s/
co

n
se

q
u

en
ce

s

K
in

g-
C

as
as

20
05

In
ve

st
m

en
t 

ga
m

e
T

h
e 

In
ve

st
or

 d
ec

id
ed

 h
ow

 m
u

ch
 m

on
ey

 t
o 

in
ve

st
; t

h
e 

am
ou

n
t 

w
as

 t
h

en
 t

ri
p

le
d

 a
n

d
 

tr
an

sf
er

re
d

 t
o 

th
e 

Tr
u

st
ee

, w
h

o 
d

et
er

m
in

ed
 h

ow
 m

u
ch

 t
o 

re
tu

rn
 t

o 
th

e 
In

ve
st

or
N

eu
tr

al
 in

ve
st

or
 r

ec
ip

ro
ci

ty
To

m
li

n
20

06
M

ot
or

 a
n

d
 s

en
so

ry
 t

as
ks

K
ru

eg
er

20
07

Pa
rt

ic
ip

an
ts

 a
lt

er
n

at
ed

 r
ol

es
 a

s 
Fi

rs
t 

M
ov

er
 (d

ec
id

in
g 

w
h

et
h

er
 t

o 
tr

u
st

) a
n

d 
Se

co
n

d 
M

ov
er

 
(d

ec
id

in
g 

w
h

et
h

er
 t

o 
re

ci
pr

oc
at

e 
or

 d
ef

ec
t)

 m
ak

in
g 

m
on

et
ar

y 
de

ci
si

on
s 

w
it

h
in

 a
 b

in
ar

y 
ga

m
e 

tr
ee

 
st

ru
ct

u
re

N
o 

in
te

ra
ct

io
n

 c
on

d
it

io
n

W
an

g
20

22
St

ra
te

gi
c 

ch
ea

p
 t

al
k 

ga
m

e
T

h
e 

Se
n

d
er

, k
n

ow
in

g 
th

e 
re

w
ar

d
 p

ro
b

ab
il

it
ie

s 
fo

r 
tw

o 
b

ox
es

, a
d

vi
se

d
 t

h
e 

R
ec

ei
ve

r 
on

 w
h

ic
h

 
b

ox
 t

o 
op

en
. R

ew
ar

d
s 

w
er

e 
sh

ar
ed

 in
 t

h
e 

co
op

er
at

iv
e 

co
n

d
it

io
n

 o
r 

gi
ve

n
 o

n
ly

 t
o 

th
e 

w
in

n
er

 in
 

th
e 

co
m

p
et

it
iv

e 
co

n
d

it
io

n

N
s

W
an

g
20

24
Tr

u
st

 g
am

e
Pa

rt
ic

ip
an

ts
 jo

in
tl

y 
ai

m
ed

 t
o 

m
ax

im
iz

e 
re

w
ar

d
s 

by
 a

lt
er

n
at

in
g 

w
h

o 
re

ce
iv

ed
 t

h
e 

la
rg

er
 

p
ay

of
f, 

th
ro

u
gh

 a
n

 in
it

ia
l 

co
m

m
u

n
ic

at
io

n
 s

ta
ge

 f
ol

lo
w

ed
 b

y 
a 

fi
n

al
 d

ec
is

io
n

W
it

h
in

-g
ro

u
p

 n
on

-i
n

te
ra

ct
iv

e 
p

ai
rs

El
li

n
gs

en
20

20
Pa

in
 a

n
d

  
p

at
ie

n
t-

 
cl

in
ic

ia
n

  
in

te
ra

ct
io

n

Pr
es

su
re

 p
ai

n
 a

n
ti

ci
p

at
io

n
 

an
d

 t
re

at
m

en
t 

(a
cu

p
u

n
ct

u
re

)

N
at

u
ra

li
st

ic
  

ta
sk

Pa
ti

en
ts

 r
ec

ei
ve

d 
m

od
er

at
el

y 
pa

in
fu

l a
n

d 
n

on
-p

ai
n

fu
l c

u
ff

-p
re

ss
u

re
 s

ti
m

u
li 

to
 t

h
e 

le
ft

 le
g,

 w
h

ile
 

cl
in

ic
ia

n
s 

ei
th

er
 a

pp
lie

d 
or

 n
ot

 r
em

ot
el

y 
co

n
tr

ol
le

d 
el

ec
tr

oa
cu

pu
n

ct
u

re
 t

re
at

m
en

t
N

o 
p

re
vi

ou
s 

cl
in

ic
al

 in
ta

ke
N

o 
tr

ea
tm

en
t 

an
d

 s
h

am
 c

on
d

it
io

n
s

El
li

n
gs

en
20

22

El
li

n
gs

en
20

23
Pr

es
su

re
 p

ai
n

 p
ro

ce
ss

in
g

Pa
ti

en
ts

 r
ec

ei
ve

d
 a

 s
er

ie
s 

of
 n

on
-p

ai
n

fu
l 

an
d

 m
od

er
at

el
y 

p
ai

n
fu

l 
le

g 
p

re
ss

u
re

 s
ti

m
u

li
, e

it
h

er
 

al
on

e 
or

 w
h

il
e 

in
te

ra
ct

in
g 

w
it

h
 a

 c
li

n
ic

ia
n

 v
ia

 l
iv

e 
vi

d
eo

 l
in

k
N

o 
in

te
ra

ct
io

n
 c

on
d

it
io

n
 (

So
lo

)

N
ot

e.
 S

tu
d

ie
s 

ar
e 

ca
te

go
ri

ze
d

 b
y 

co
gn

it
iv

e 
d

om
ai

n
, s

p
ec

ifi
c 

ta
sk

, a
n

d
 e

xp
er

im
en

ta
l 

fo
rm

at
, e

it
h

er
 n

at
u

ra
li

st
ic

 o
r 

co
m

p
u

te
r-

b
as

ed
. E

ac
h

 e
n

tr
y 

in
cl

u
d

es
 a

 b
ri

ef
 d

es
cr

ip
ti

on
 o

f 
th

e 
ta

sk
 p

ro
ce

d
u

re
 a

n
d

 t
h

e 
co

rr
es

p
on

d
in

g 
co

n
tr

ol
 

co
n

d
it

io
n

. N
s 

=
 n

ot
 s

p
ec

ifi
ed

.
a I

n
 G

oe
lm

an
 e

t 
al

. (
20

19
), 

th
e 

im
p

le
m

en
ta

ti
on

 o
f 

a 
co

n
tr

ol
 c

on
d

it
io

n
 is

 n
ot

 s
p

ec
ifi

ed
; h

ow
ev

er
, t

h
e 

st
u

d
y 

ad
op

ts
 t

h
e 

sa
m

e 
p

ar
ad

ig
m

 u
se

d
 b

y 
B

il
ek

 e
t 

al
., 

w
h

o 
d

id
 in

cl
u

d
e 

a 
N

o-
In

te
ra

ct
io

n
 c

on
d

it
io

n
.

D
ow

nloaded from
 https://academ

ic.oup.com
/scan/article/21/1/nsaf122/8343554 by guest on 04 April 2026



10  |  Berni et al.

and Tomlin et al. (2006) employed multi-round trust games where 
one participant invested money and the other decided how much 
to return, enabling the examination of evolving patterns of coop-
eration and betrayal. Shaw et al. (2018) adapted an iterated Ulti-
matum Game, where participants alternated roles across rounds 
and adjusted offers based on prior outcomes. Krueger et al. (2007) 
used a sequential trust paradigm in which participants decided 
whether to trust or reciprocate, modeling turn-based contingency. 
Wang et al. (2022) implemented a strategic communication task 
based on a ‘cheap talk’ game, contrasting cooperative and compet-
itive conditions where the sender could either guide or deceive the 
receiver in finding the reward inside one of two boxes. Wang et al. 
(2024) used a coordination game with asymmetric payoffs, requir-
ing dyads to align decisions through an initial communicative 
phase followed by an outcome phase, allowing the study of strate-
gic planning and achievement of balanced reciprocity.

Pain and patient-clinician interaction

Ellingsen et al. (2020) investigated inter-brain dynamics between 
fibromyalgia patients and acupuncturists, comparing conditions 
with or without a prior clinical intake to establish rapport. During 
scanning, patients received pain stimuli while clinicians either 
delivered real or sham electroacupuncture or remained passive. 
The study assessed how therapeutic relationship influenced behav-
ioral mirroring and neural synchrony during pain anticipation. In 
a subsequent study (Ellingsen et al. 2022), the authors examined 
the role of facial expressions during treatment in shaping interper-
sonal concordance. The third study (Ellingsen et al. 2023) focused 
on the stimulation phase itself, comparing pain responses in solo 
versus interactive conditions and assessing how the presence of a 
trusted clinician shaped inter-brain synchrony during direct pain 
experience.

Characteristics of the social interaction
Group division, gender distribution, acquaintance, and type 
of relationship

Most studies involved dyadic interactions, with two exceptions: 
Xie et al. (2020), who examined triads during a joint drawing task, 
and Wang et al. (2024), who investigated trust dynamics among 
four participants interacting in rotating pairs (three scanned 
simultaneously, one unscanned).

Of the 28 studies, 19 (67.9%) controlled for gender when forming 
participant pairs. Some studies (e.g. Ellingsen et al. 2020, 2022, 2023, 
Xie et al. 2020, Ratliff et al. 2021) deliberately used mixed-gender 
dyads, while others (King-Casas et al. 2005, Tomlin et al. 2006, Wang 
et al. 2022, 2024) did not report gender composition.

In terms of prior acquaintance, over half the studies (64.3%) 
involved unfamiliar participants. Notable exceptions included 
parent–adolescent dyads (Ratliff et al. 2021), friend pairs (Spiegel-
halder et al. 2014), and cases where a therapeutic alliance was 
established pre-experiment (Ellingsen et al. 2020, 2022, 2023). A few 
studies (e.g. Stolk et al. 2014, Bilek et al. 2015, Goelman et al. 2019, 
Xie et al. 2020, Wang et al. 2022) did not report on participants’ prior 
familiarity. See Table 3 and Fig. 3.

Shared goals, information/role asymmetry, verbal commu-
nication, partner visibility, access to others’ behavior, verbal 
communication and interaction complexity

We first assessed whether the task involved an explicit shared goal, 
defined as a collaborative outcome requiring coordinated contri-
butions from all the agents involved in the interaction and that 
could not be achieved by single individuals. In 18 out of 28 studies 

(64.3%), the interaction was structured around such goals. These 
included gaze- and verbally guided joint attention tasks, where 
success depended on accurately aligning attention to a shared tar-
get; collaborative drawing tasks, where participants worked 
together to represent or guess a word; cooperative problem-solving 
tasks involving spatial or symbolic coordination; and joint motor 
tasks requiring synchronized effort (e.g. matching average grip 
force). No explicit shared goal was present in mutual gaze para-
digms (Koike et al. 2016, 2019a), where participants simply looked 
into each other’s eyes without pursuing an outcome. The same 
applies to simple storytelling tasks, based on alternating personal 
narratives, and to economic games (e.g. Trust Game, Investment 
Game, Ultimatum Game), in which each player aims to maximize 
their own monetary gain, potentially leading to conflicting interests 
or decisions based on distrust (King-Casas et al. 2005, Tomlin et al. 
2006, Krueger et al. 2007, Shaw et al. 2018). Finally, an absence of 
an explicit shared goal is also evident in studies involving pain 
processing and anticipation in patient–clinician interactions 
(Ellingsen et al. 2020, 2023).

We also assessed information asymmetry, defined as a structural 
imbalance in knowledge that necessitates communication or infer-
ence. This feature was central to many joint attention tasks, either 
mediated by gaze (e.g. Bilek et al. 2015, Koike et al. 2019b) or verbal 
cues (Yoshioka et al. 2021), as well as narrative tasks, imitation, and 
semantic coordination (e.g. Salazar et al. 2021). More complex forms 
were evident in interactive games requiring spatial guidance (Stolk 
et al. 2014) or strategic decisions affecting joint outcomes (e.g. trust 
games). In contrast, studies based on mutual gaze (Koike et al. 2016, 
2019a), joint force production (Abe et al. 2019), or the Pattern Game 
(Shaw et al. 2020, Špiláková et al. 2020) involved symmetrical infor-
mation and shared access to task parameters.

Role asymmetry was present when participants had functionally 
distinct roles, as in clinician–patient (Ellingsen et al. 2020, 2023), 
parent–adolescent (Ratliff et al. 2021), or Builder–Helper/Hinderer 
dynamics in structured tasks (Shaw et al. 2020). At variance from 
the previous case, these asymmetries existed even when both par-
ties had equivalent access to task information.

Verbal communication was allowed in only 4 of the 28 studies 
(14.3%) – specifically, in three speaking tasks (Spiegelhalder et al. 
2014, Ratliff et al. 2021, Salazar et al. 2021) and one verbal joint 
attention task (Yoshioka et al. 2021). All other studies relied on 
nonverbal or indirect communication.

Partner visibility was permitted in 13 studies (42.4%), particu-
larly in gaze-based interactions, imitation, and patient–clinician 
dyads. In contrast, decision-making studies often limited visibility, 
sometimes providing only a photo of the partner (e.g. Tomlin et al. 
2006, Krueger et al. 2007).

Access to partner behavior also varied across studies. In some 
(39.2%), participants had full visibility into their partner’s actions 
and responses in real time; in others, they saw only the outcomes 
(e.g. monetary decisions; 25%) or received indirect cues (e.g. via 
cursor movements or audio input; 28.6%).

Finally, tasks were classified as characterized low or high inter-
action complexity based on whether tasks primarily involved 
perceptual alignment or low-level inferential processes, versus 
higher-order inferential, strategic, or socio-affective demands. See 
Table 4 and Fig. 3 for a detailed overview.

fMRI settings and inter-brain analyses
Characteristics of MRI scanners used in each study, scanning site 
information, and details on analytical validation procedures are 
reported in the Supplementary Materials.
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Analytical approaches

This section outlines the analytical strategies used to assess 
inter-brain coupling, highlighting how they differ in processing 
time-series data, modeling neural dynamics, and quantifying 
between-brain relationships. Note that some studies employed mul-
tiple methods, contributing to more than one analytical category.

The most common was time-series correlation analysis, applied 
in 13 studies (46.4%). Of these, seven focused on residual time-series 
correlation, where task-related activity and nuisance regressors 
were modeled out to isolate task-independent fluctuations. The 
remaining residuals, or ‘innovations,’ were interpreted as reflecting 
spontaneous, potentially socially meaningful neural activity. Sta-
tistically, these residuals reflect structured variance unexplained 
by the task model. If consistently correlated across interacting 
pairs, they may capture endogenous neural alignment driven by 
shared internal states or implicit social processes (Saito et al. 2010, 
Tanabe et al. 2012). Five of these studies used a whole-brain 
approach (Saito et al. 2010, Tanabe et al. 2012, Koike et al. 2019a, 
Xie et al. 2020, Yoshioka et al. 2021), while two used ROI-based 
strategies. Abe et al. (2019) targeted the right anterior TPJ, and Koike 
et al. (2016) focused on the right middle temporal gyrus and the 
right inferior frontal gyrus to test whether the inter-individual neu-
ral synchronization, found through task-related time-series anal-
ysis, was merely due to eye-blink related brain activation while 
looking at the partner’s face.

The remaining studies in this category used task-related 
time-series, rather than residuals, to examine inter-brain dynamics. 
These included whole-brain analyses (Koike et al. 2016, Shaw et al. 
2018) and data-driven approaches based on spatial or temporal 
components from principal component analysis and group inde-
pendent component analysis, rather than anatomical landmarks 
(Bilek et al. 2017, Shaw et al. 2020, Špiláková et al. 2020, Salazar et 
al. 2021). In contrast, Krueger et al. (2007) used an anatomically 
constrained ROI approach targeting the paracingulate cortex, sep-
tal area, and ventral tegmental area. Another set of studies 
employed beta-series correlation analyses, using whole-brain 
approaches (Koike et al. 2019b, Miyata et al. 2021, Yoshioka et al. 
2021) or focusing on regions identified through prior whole-brain 
analyses (i.e. the right superior temporal gyrus; Stolk et al. 2014). 
In this method each trial is modeled separately using a distinct 
regressor, yielding trial-specific beta estimates for every voxel. 
These beta images are compiled into time series preserving the 
experiment’s temporal structure. Pearson correlations are then 
computed voxel-wise across dyads and normalized via Fisher’s 
r-to-z transformation.

Three studies by Ellingsen et al. (2020, 2022, 2023) employed a 
method known as dynamic concordance. In this approach, trial-by-
trial parameter estimates (Z-statistics) were extracted from pre-
defined ROIs in one participant and used as regressors in a 
second-level whole-brain GLM of their partner’s data. This allowed 
the identification of brain regions in one individual whose activity 
dynamically predicted the trial-by-trial ROI activity of the other 
member of the dyad, capturing interpersonal neural alignment 
over time.

Six studies employed time-lagged cross-correlation, aligning 
one participant’s brain signal with their partner’s across temporal 
lags. This approach captures both simultaneous and delayed syn-
chronization, reflecting the natural timing of social cues and 
responses. The approaches included ROI-based analyses directly 
targeting the cingulate and paracingulate cortex (Tomlin et al. 
2006), or focusing on regions identified through prior General Linear 
Model analyses, as in King-Casas et al. (2005), who concentrated 
on the middle and anterior cingulate cortex and on the caudate 

nucleus. Other works employed whole-brain seed-to-voxel analy-
ses, starting from the bilateral pre- and motor areas of the speaker 
(Spiegelhalder et al. 2014) or from the bilateral anterior insula, 
bilateral dorsolateral and ventrolateral prefrontal cortex, and bilat-
eral amygdala (Ratliff et al. 2021). Another study adopted a more 
data-driven approach based on group independent component 
analysis (Bilek et al. 2015).

Coherence-based methods were also used in four studies, which 
examined inter-brain coupling in the frequency domain. Coherence 
reflects the consistency of phase and amplitude between two 
time-series across specific frequency bands. ROI-to-ROI coherence 
analyses targeted regions such as the right superior temporal gyrus 
(Stolk et al. 2014, Wang et al. 2022), right TPJ and left precuneus 
(Wang et al. 2022), while seed-to-voxel methods used regions such 
as the right TPJ as seeds (Wang et al. 2022, 2024). Additionally, Goel-
man et al. (2019) used an advanced coherence-based method com-
bining wavelet transforms and nonlinear multivariate analysis, 
identifying directed information flows across four-node cortical 
networks during a joint attention task. This study focused on spe-
cific bilateral seeds, including the dorsomedial and ventromedial 
prefrontal cortex, TPJ, posterior cingulate cortex, superior temporal 
sulcus (STS), fusiform gyrus, and precuneus.

Finally, one study applied hyperscanning Dynamic Causal Mod-
eling (Bilek et al. 2022) to assess effective connectivity between 
brains during a gaze-guided joint attention task. Each dyad’s model 
included four nodes (right TPJ and medial prefrontal cortex from 
both participants), capturing within- and between-brain dynamics. 
Task role asymmetries were modeled as modulatory inputs, and 
Bayesian estimation with Parametric Empirical Bayes revealed con-
sistent cross-brain connectivity patterns. See Table 5.

Added theoretical value of hyperscanning as a function of 
the interactive task
We assessed whether each experimental task embedded the fea-
tures that make hyperscanning data most suitable for providing 
theoretically meaningful information on the neurophysiological 
correlates of inter-subjective social processes. These features 
include real-time mutual engagement, bidirectional information 
inflow, unpredictable behavioral dynamics, and irreproducibility of 
the interaction. According to the classification proposed by 

Table 5.  Summary of analytical methods used to assess 
inter-brain coupling across hyperscanning studies, categorized 
by type of analysis and listing representative studies.

Type of inter-brain analysis Studies

Residual time-series 
correlation

Saito et al. (2010), Tanabe et al. (2012), 
Koike et al. (2016), Abe et al. (2019), 
Koike et al. (2019a), Xie et al. (2020), 
Yoshioka et al. (2021)

Task-related time-series 
correlation

Krueger et al. (2007), Koike et al. (2016), 
Bilek et al. (2017), Shaw et al. (2018, 
2020), Špiláková et al. (2020), Salazar  
et al. (2021)

Beta-series correlation Stolk et al. (2014), Koike et al. (2019b), 
Miyata et al. (2021), Yoshioka  
et al. (2021)

Dynamic concordance Ellingsen et al. (2020, 2022, 2023)
Time-lagged 
cross-correlation

King-Casas et al. (2005), Tomlin et al. 
(2006), Spiegelhalder et al. (2014), Bilek 
et al. (2015), Ratliff et al. (2021)

Coherence-based analyses Stolk et al. (2014), Goelman et al. (2019), 
Wang et al. (2022, 2024)

Hyperscanning Dynamic 
Causal Modeling

Bilek et al. (2022)

D
ow

nloaded from
 https://academ

ic.oup.com
/scan/article/21/1/nsaf122/8343554 by guest on 04 April 2026



fMRI hyperscanning: a systematic review  |  15

previous authors, such features are considered necessary to fully 
harness the unique potential of dual-brain imaging (Przyrembel et 
al. 2012, Schilbach et al. 2013, Hasson and Frith 2016, Redcay and 
Schilbach 2019, Misaki et al. 2021, Bilek et al. 2022, Tsoi et al. 2022).

Only the experimental paradigms from seven studies (25%) met 
al. four criteria. Notably, all included tasks incorporated the first 
two features – real-time reciprocal engagement and mutual infor-
mation inflow. The aspects that appeared less consistently imple-
mented were interaction unpredictability and irreproducibility in 
repeated sessions.

In Stolk et al. (2014), participants worked in pairs to collabora-
tively recreate a target configuration of tokens on a digital board. 
One participant (the ‘Communicator’) had access to the target lay-
out and conveyed this information through spatial token move-
ments, which the ‘Addressee’ interpreted and replicated. Crucially, 
there were no pre-defined signals or correct solutions; instead, each 
dyad developed spontaneous, pair-specific signal-meaning map-
pings, leading to the emergence of ‘conceptual pacts’ (i.e. shared 
interpretations negotiated and refined over time).

Ratliff et al. (2021) implemented a conflict discussion and reso-
lution task involving parent–adolescent dyads. The interaction was 
open-ended and emotionally dynamic. Behavioral exchanges 
evolved in real time, shaped by each participant’s responses and 
their prior relational history, resulting in an inherently unpredict-
able and non-replicable social interaction.

Other five studies focused on trust-based dynamics, primarily 
using investment games to explore how players’ decisions were 
influenced by their partner’s prior behavior, such as perceived fair-
ness and the partner’s past actions (Shaw et al. 2018), the gradual 
reputation-building between participants (King-Casas et al. 2005, 
Tomlin et al. 2006, partnership formation and maintenance 
between interacting agents (Krueger et al. 2007), or the develop-
ment and achievement of perfect reciprocity through repeated 
decisions (Wang et al. 2024). They featured real-time, highly engag-
ing interactions in which participants respond dynamically to one 
another; constant mutual information inflow; exhibited behavioral 
unpredictability shaped by mutual adaptation; and were irrepro-
ducible, as each interaction unfolded uniquely based on the dyad’s 
evolving history and context. Table 6 summarizes which interaction 
features were included in each study.

Quantitative assessment
Residual time-series correlation analysis studies
We conducted a quantitative, coordinate-based hierarchical clus-
tering analysis on six fMRI hyperscanning studies that examined 
residual (task-independent) inter-brain coupling. These included 
two studies on mutual gaze (Koike et al. 2016, 2019a), three on joint 
attention (two gaze-based; Saito et al. 2010, Tanabe et al. 2012; and 
one verbal-guided; Yoshioka et al. 2021), and one study on joint 
force coordination (Abe et al. 2019).

All but two studies used whole-brain approaches; Abe et al. 
(2019) employed a ROI analysis targeting the right anterior TPJ, and 
Koike et al. (2016) focused on the right middle temporal gyrus and 
right inferior frontal gyrus, regions identified in their previous 
task-related time-series correlation analyses. Notably, we included 
the study by Tanabe et al. (2012), which examined inter-brain cou-
pling in both healthy dyads and mixed dyads composed of one 
participant with ASD and one neurotypical partner. We included 
the coordinate peak as it was found to be significant only in the 
healthy–healthy dyads compared to mixed dyads. The latter, more-
over, did not exhibit significant inter-brain synchronization relative 
to pseudo-pairs.

Together, these studies reported 21 activation peaks reflecting 
significant inter-brain coupling.

The hierarchical clustering analysis revealed six clusters, each 
composed of 2–8 peaks. The average SD across clusters was 4.68 mm 
(x), 6.32 mm (y), and 6.86 mm (z), indicating spatial coherence of 
the identified clusters. These values indicate how much activation 
peaks spread and deviate from the cluster centroid along each 
spatial axis.

Two main inclusion criteria were applied to determine which of 
the identified clusters would be retained for interpretation. First, 
the spatial dispersion of activation peaks within each cluster was 
evaluated by calculating the mean + 1.5 SD along each axis. Clus-
ters showing a dispersion value outside this range on any axis were 
excluded. Second, only clusters comprising activation peaks from 
at least two independent studies were retained for interpretation. 
This approach identified one anatomically coherent cluster in the 
right posterior portion of the superior temporal gyrus (3 peaks), 
falling within the anterior TPJ, and included contributions from 
different studies: anecdotally, these were on mutual gaze (Koike et 
al. 2016), joint force production (Abe et al. 2019), and verbal-guided 
joint attention (Yoshioka et al. 2021; see Table 7a and Fig. 4a). As 
the analysis was based on residual time series, task labels are 
reported for illustration only and do not imply causal links with 
clustering.

Despite the limited number of peaks, these findings suggest that 
residual coupling consistently emerges in temporo-parietal regions, 
supporting their role in spontaneous neural alignment related to 
shared internal states, social attention, and self–other 
distinction.

Task-based coupling analyses studies
We conducted a quantitative, coordinate-based hierarchical clus-
tering analysis on 13 fMRI hyperscanning studies that examined 
task-related inter-brain coupling. These included studies using 
beta-series correlation (Koike et al. 2019b, Miyata et al. 2021, Yosh-
ioka et al. 2021), task-based time-series correlation (Krueger et al. 
2007, Koike et al. 2016, Shaw et al. 2018), cross-correlation 
(King-Casas et al. 2005, Tomlin et al. 2006, Spiegelhalder et al. 2014, 
Ratliff et al. 2021), and coherence analysis (Stolk et al. 2014, Wang 
et al. 2022, 2024). Notably, Yoshioka et al. (2021) and Koike et al. 
(2016) contributed to both residual and task-related datasets and 
were therefore included in both analyses.

Among these studies, three employed ROI-based analyses (Tom-
lin et al. 2006, Krueger et al. 2007, Stolk et al. 2014), three used 
seed-to-voxel approaches (Spiegelhalder et al. 2014, Ratliff et al. 
2021, Wang et al. 2024), and one study combined ROI-to-ROI and 
seed-to-voxel analyses (Wang et al. 2022). Collectively, these studies 
yielded 214 activation peaks.

The hierarchical clustering analysis revealed 37 clusters, each 
composed of 2–16 peaks. The mean spatial dispersion across clus-
ters was 7.32 mm (x-axis), 7.55 mm (y-axis), and 6.22 mm (z-axis), 
respectively.

As with the clustering of residual analyses, two inclusion criteria 
were applied for further interpretation: (i) spatial dispersion thresh-
olds were calculated for each axis, retaining only clusters whose 
dispersion on each axis fell within the range of mean spatial dis-
persion + 1.5 SD; and (ii) clusters had to comprise activation peaks 
reported by at least two independent studies. Based on those cri-
teria, we identified 27 clusters.

For the binomial analysis, studies were grouped by the level of 
interaction complexity. Low-complexity paradigms included 
mutual gaze, joint attention (gaze- or verbal-guided), facial imita-
tion, joint force production, and simple storytelling. High-complexity 
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paradigms involved conflict resolution, cooperative or competitive 
problem-solving, trust, and strategic decision-making. See Table 4.

The binomial analysis revealed five clusters whose composition 
significantly reflected interaction complexity. To ensure robustness, 

we considered only those clusters that included activation peaks 
from at least two studies classified within the same level of com-
plexity factor, toward which the cluster showed systematic recruit-
ment. A cluster in the right posterior middle temporal gyrus showed 

Figure 4.  (a) Anatomical localization of the cluster identified through hierarchical clustering of activation peaks reported in residual time-series 
correlation studies. The cluster is located in the posterior portion of the right superior temporal gyrus, overlapping with the anterior part of the right 
TPJ (yellow). For the TPJ mask, we used the parcellation provided by Mars et al. (2012;https://www.rbmars.dds.nl/CBPatlases.htm). Visualization was 
performed using 3D render maps in MRIcroGL (version 12.6). (b) Clusters emerged from the binomial analysis. (b1) The clusters in the middle and 
superior temporal gyri were systematically associated with tasks involving lower social exchange complexity. The second cluster partially overlaps 
with the ventral portion of the anterior right TPJ (in yellow). (b2) Clusters became more involved as interaction complexity increased, including the 
medial superior frontal gyrus, the middle cingulum and the left anterior insula. Notably, all these clusters met both the inclusion criteria employed in 
the initial hierarchical cluster analysis. Visualizations were rendered using MRIcroGL (version 12.6) with the MNI152 template.

Table 7  Results of hierarchical clustering and cluster composition analyses of activation peaks associated with inter-brain coupling.

a.  Hierarchical clustering of residual time-series correlation analysis studies 

Centroid label Left hemisphere Right hemisphere x SD y SD z SD Number 
of studies

Number 
of peaks

x y z x y z

Posterior superior temporal gyrus/
anterior temporo-parietal junction

- - - 61 −41 21 5.77 8.19 7.55 3 3

b.  Hierarchical clustering and cluster composition of task-based coupling analyses studies

Centroid label Left hemisphere Right hemisphere x SD y SD z SD Number 
of studies

Number 
of peaks

x y z x y z

Medial orbital superior frontal gyrus −1 42 −7 - - - 10.07 2.65 8.08 3 3
Medial superior frontal gyrus - - - 1 41 29 6.89 12.88 8.65 4 8
Middle frontal gyrus - - - 36 39 34 6.89 7.15 4.14 3 6
Dorsolateral superior frontal gyrus - - - 15 25 49 8.14 5.57 7 2 3
Anterior insula - - - 42 24 1 5.85 9.21 6.03 5 16
Anterior insula −41 19 −2 - - - 6.33 6 5.63 3 8
Middle cingulate cortex −7 16 41 - - - 7.75 5.95 6.63 4 8
Precentral gyrus - - - 46 1 42 5.01 9.04 9.15 3 8
Thalamus - - - 1 −1 6 7.14 12.95 5.44 3 4
Middle insula - - - 38 −2 11 6.22 5.45 7.15 3 10
Postcentral gyrus - - - 64 −4 17 3.65 11.43 3.59 2 4
Precentral gyrus −41 −6 51 - - - 1.29 4.11 2.22 4 3
Middle cingulate cortex −2 −9 41 - - - 3 8.6 2.63 2 4
Postcentral gyrus −53 −18 31 - - - 10.39 4.69 4.57 3 4
Superior temporal gyrus - - - 54 −33 8 3.38 7.4 6.05 4 8
Middle temporal gyrus - - - 60 −34 −13 2.16 5.32 7.09 4 4
Inferior parietal gyrus - - - 41 −38 48 5.94 10.93 9.89 3 5
Supramarginal gyrus - - - 60 −39 39 6.93 6.31 4.11 2 7
Middle cingulate cortex −3 −41 36 - - - 5.18 7.7 7.34 3 7
Superior temporal gyrus - - - 59 −49 20 5.43 3.18 6.54 4 7
Praecuneus −9 −51 52 - - - 9.6 8.86 7.53 3 5
Middle temporal gyrus - - - 48 −57 5 5.99 2.42 5.32 2 6
Superior parietal gyrus - - - 16 −58 53 1.73 5.51 6.43 3 2
Superior occipital gyrus - - - 28 −75 45 9.64 6.77 6.94 3 10
Middle occipital gyrus - - - 42 −77 8 4.16 5.52 8.3 3 10
Inferior occipital gyrus −26 −81 −7 - - - 9.95 5.69 9.93 4 11
Lingual gyrus - - - 19 −82 −2 5.31 8.03 4.31 4 8

Note. For each cluster, the following information is reported: the anatomical label according to the AAL atlas, the centroid coordinates in MNI stereotaxic space 
(with SD), the number of activation peaks (foci) within the cluster, and the number of independent studies (≥2) contributing to the cluster. The areas identified 
through the binomial analysis are highlighted in bold.
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a greater-than-expected proportion of peaks from low-complexity 
interactions (6 out of 6 peaks; prior likelihood = .318, P = .001), with 
contributions from two studies, including Koike et al. (2016) and 
Yoshioka et al. (2021). A second cluster in the right posterior superior 
temporal gyrus – in part overlapping with the ventral part of the 
anterior TPJ – (6 out of 8 peaks, prior likelihood = .318, P = .015), 
extending into the superior temporal sulcus, showed contribution 
from three studies (Spiegelhalder et al. 2014, Koike et al. 2016, Yosh-
ioka et al. 2021). In contrast, three clusters were systematically 
recruited as interaction complexity increased and were exclusively 
composed of peaks derived from high-complexity interactions. The 
first cluster was located in the middle cingulate cortex (8 out of 8 
peaks; prior likelihood = .682, P = .047), with contributions from four 
studies (King-Casas et al. 2005, Tomlin et al. 2006, Ratliff et al. 2021, 
Wang et al. 2022). The second cluster is located in the left 
mid-anterior insular cortex (8 out of 8 peaks; prior likelihood = .682, 
P = .047): the cluster contained peaks from three studies (Shaw et 
al. 2018, Ratliff et al. 2021, Wang et al. 2024). Finally, the third cluster 
was identified in the posterior part of the superior medial frontal 
gyrus (8 out of 8 peaks; prior likelihood = .682, P = .047), with con-
tributions from four studies (Tomlin et al. 2006, Shaw et al. 2018, 
Ratliff et al. 2021, Wang et al. 2022). See Table 7b and Fig. 4b.

Discussion
This review offers an integrated synthesis of fMRI hyperscanning 
studies on inter-brain coupling during social interaction. Combin-
ing a systematic qualitative assessment with quantitative cluster-
ing analyses, we evaluated how current paradigms operationalize 
real-time interaction and whether consistent neural coupling pat-
terns emerge across studies.

Our findings reveal increased attention to ecological validity, 
alongside substantial variability in task design and theoretical 
framing. In the following sections, we outline key neural conver-
gence patterns, discuss differences in task interactivity, and high-
light conceptual and methodological issues relevant for future 
research.

Neural convergence across paradigms: insights 
from hierarchical clustering analyses
Our hierarchical clustering analysis revealed patterns of spatial 
convergence that varied according to the type of inter-brain anal-
ysis and the complexity of the social interaction.

A central hub repeatedly identified is the right TPJ, encompass-
ing the ventral supramarginal gyrus, angular gyrus, inferior parietal 
lobule, and posterior superior temporal sulcus (Mars et al. 2012, 
Bzdok et al. 2013, Quesque and Brass 2019). The right TPJ appeared 
both as a core cluster in residual analyses and as part of clusters 
associated with task-related studies, underscoring its pivotal role 
in neural alignment during social interaction.

This region is implicated in a wide range of cognitive functions 
(Eddy 2016), including multisensory integration (Matsuhashi et al. 
2004), perspective-taking and imitation (Santiesteban et al. 2015), 
stimulus-driven attentional reorienting (Corbetta et al. 2008), exter-
nal attribution of agency (Sperduti et al. 2011), self-other distinction 
(Quesque and Brass 2019), and higher-level theory of mind and 
social cognitive processes (Schurz et al. 2014, Donaldson et al. 2015, 
Redcay and Schilbach 2019). The same region is the core lesion site 
for the spatial neglect syndrome (Bisiach et al. 2000).

A recent meta-analysis (Merchant et al. 2025) suggests a func-
tional subdivision within the TPJ: the anterior-ventral portion 
appears to be more strongly associated with social interaction – 
namely, contingent and reciprocal exchanges between individuals 

in which each partner’s actions influence the other – whereas the 
dorsal-posterior TPJ is more engaged during social engagement, 
defined as the subjective emotional experience of being involved 
with, and aware of, a social partner, whether real or perceived. The 
predominance of anterior-ventral TPJ involvement in our results 
suggests that the observed inter-brain coupling may reflect pro-
cesses of active interpersonal coordination rather than mere social 
engagement.

The TPJ is part of the Default Mode Network (DMN; Schilbach et 
al. 2008), a network consistently implicated in inter-brain coupling 
during social interaction. For instance, during communication tasks 
such as storytelling or teaching, DMN activity becomes synchro-
nized between speaker and listener – an effect that is stronger when 
communication is effective and when participants share social 
closeness (Yeshurun et al. 2021). Moreover, the central role of the 
right TPJ in interpersonal neural synchronization is reinforced by 
Lotter et al. (2023), who identified it as part of a broader co-activation 
network including bilateral frontotemporal cortices, the insulae, 
dorsolateral prefrontal cortices, supplementary motor areas, and 
the thalami – regions collectively implicated in theory of mind, 
action observation, attention, and social interaction. These converg-
ing findings suggest that posterior right TPJ engagement during 
inter-brain coupling may support the alignment of cognitive states 
necessary for effective communication and coordinated behavior.

Aside from its significant involvement highlighted from the quan-
titative analyses, it is worth mentioning that this region emerges as 
a central hub of inter-brain coupling in several hyperscanning stud-
ies that were not included in the clustering analyses because they 
lacked information about peak stereotactic coordinates (Bilek et al. 
2015, 2017, 2022, Goelman et al. 2019, Špiláková et al. 2020, Xie et al. 
2020, Salazar et al. 2021). Notably, this area (61, −41, 21) also overlaps 
with the cluster identified in the previous fMRI hyperscanning ALE 
meta-analysis (62, −48, 16; Lotter et al. 2023), underscoring strong 
convergence across approaches. However, in the same work, Lotter 
et al. (2023) also reported an fNIRS-based TPJ cluster located more 
anteriorly, encompassing more anterior portions of the middle and 
superior temporal gyri.

Binomial analyses revealed the involvement of the posterior 
portion of the middle and superior temporal gyri in interaction 
contexts characterized by low levels of complexity. The second 
cluster included the superior temporal sulcus and, in part, overlaps 
with the ventral part of the anterior TPJ. These regions appear to 
overlap with areas implicated in attentional processes dedicated 
to interpreting overt social cues, such as actions and behaviors, 
making them key components of a social attention system that 
monitors and aligns with social partners (Arioli and Canessa 2019, 
Merchant et al. 2025). Moreover, these areas are thought to integrate 
both sensory inputs from the partner’s behavior and efference cop-
ies of one’s own actions, thereby enabling the detection of contin-
gency between self- and other-generated behavior (Redcay et al. 
2010, Koike et al. 2016, 2019a).

The convergence in posterior temporal regions observed in 
low-complexity interactions within our dataset is consistent with 
their role in processing externally available social information from 
a ‘social space,’ particularly in contexts where interaction is struc-
tured, predictable, or turn-based. The engagement of these regions 
likely reflects participants’ reliance on overt behavioral cues in 
order to guide attention, actions, and low-order mentalizing mech-
anisms (David et al. 2008, Bzdok et al. 2013).

With the increase in interaction complexity, inter-brain coupling 
reliably engages higher-order regions such as the posterior supe-
rior medial frontal cortex and the anterior mid-cingulate cortex. 
These areas are implicated in adaptive cognitive control and 
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performance monitoring, particularly in response to errors and 
unexpected outcomes (Ridderinkhof et al. 2004), as well as in dis-
tinguishing between self- and other-generated actions during 
social exchanges (King-Casas et al. 2005, Tomlin et al. 2006). These 
regions are also sensitive to task contingencies, including outcome 
evaluation and reward uncertainty (Rushworth and Behrens 2008, 
Shaw et al. 2018), and are functionally linked to the posterior supe-
rior temporal sulcus, supporting the integration of social informa-
tion in dynamic contexts (Apps et al. 2013). Their consistent 
involvement in high-complexity paradigms may thus reflect the 
cognitive demands of strategic coordination, dynamic goal mon-
itoring, and mutual adaptation under conditions of 
unpredictability.

Another brain region associated with higher social interaction 
complexity is the left anterior insula. This region is involved in the 
affective aspects of reciprocity during social decision-making 
(Shaw et al. 2018), in processing both cognitive and emotional stim-
uli to promote emotion regulation (Ratliff et al. 2021), and in gen-
eral, insular regions represent a critical hub for empathy, facilitating 
the understanding and sharing of others’ emotional experiences 
and social affects (Golland et al. 2017, Uddin et al. 2017, 
Corradi-Dell’Acqua et al. 2020). Taken together, these findings point 
to the insula’s potential as a bridge between cognitive and affective 
domains of inter-brain coupling, helping to sustain the shared emo-
tional context that supports effective social interaction.

Beyond identifying convergent brain regions, it is crucial to inte-
grate these findings with insights from studies that incorporated 
all key features of interaction, as they provide compelling evidence 
on the cognitive mechanisms underlying social exchanges. Exper-
imental paradigms based on trust and reciprocity games 
(King-Casas et al. 2005, Tomlin et al. 2006, Krueger et al. 2007) show 
that inter-brain coupling in cingulate and striatal circuits supports 
key social processes, including monitoring reciprocity, tracking 
reputation, detecting expectation violations, and adapting flexibly 
to a partner’s intentions.

In communicative interaction settings, Stolk et al. (2014) showed 
that neural coherence in the right superior temporal gyrus reflects 
the joint negotiation of shared meanings. Their findings suggest 
that mutual understanding does not arise from isolated signals but 
from pair-specific brain synchronization that builds across inter-
actions, supporting the view that successful communication relies 
on shared conceptualizations rather than simple signal priming.

Extending to economic decision-making, Shaw et al. (2018) 
showed that in repeated exchanges, reciprocity is supported by 
inter-brain alignment in the anterior insula and cingulate, reflect-
ing neural mechanisms that sustain fairness evaluations and guide 
adaptive responses to a partner’s behavior.

Within family interactions, Ratliff et al. (2021) showed that 
parent–adolescent cross-brain connectivity in socio-emotional net-
works, particularly the anterior insula, relates to emotion regulation 
and adolescent internalizing symptoms, highlighting the role of syn-
chrony in affective development. At the level of dyadic coordination, 
Wang et al. (2024) reported that right TPJ-related coupling tracked 
reciprocal exchanges and predicted higher joint rewards, pointing to 
interpersonal dynamics as a mechanism for achieving shared bene-
fits and emphasizing the TPJ’s central role in sustaining alignment.

Taken together, these studies converge on a set of regions – 
including the anterior insula and cingulate for socio-emotional 
evaluation and regulation, temporo-parietal areas (right superior 
temporal gyrus, right TPJ) for communication and alignment during 
cooperation – that anchor the neural computations underlying 
social exchanges. In this way, fMRI hyperscanning emerges not 
merely as a methodological extension of single-brain research but 

as a theoretical framework that reveals the interpersonal compu-
tations at the core of human social cognition.

While previous efforts have begun to address consistent spatial 
patterns of inter-brain coupling across hyperscanning studies (Lot-
ter et al. 2023), our quantitative synthesis represents an additional 
step forward in identifying consistent spatial patterns of neural 
coupling, though several limitations must be acknowledged. First, 
our hierarchical clustering analyses included only a subset of eli-
gible studies, which limits the generalizability of the findings. Sec-
ond, considerable heterogeneity across studies – in terms of task 
design, interaction features, and analytic strategies (e.g. inter-brain 
coupling methods, ROI vs. whole-brain approaches) – introduces 
variability that may limit spatial convergence. Third, our classifi-
cation of interaction complexity, while grounded in theoretical 
considerations, remains partly subjective and will benefit from 
further refinement as the field evolves. Notably, the binary classi-
fication adopted here likely oversimplifies the multidimensional 
nature of social interaction, an unavoidable constraint given the 
current limited number of studies. Fourth, while we reviewed a 
broad range of analytical techniques, it is important to acknowl-
edge that some of these methods were originally developed for 
modalities with higher temporal resolution than fMRI. The rela-
tively slow sampling rate of the BOLD signal may limit the temporal 
precision required to interpret inter-brain synchrony or causality 
claims robustly. As such, findings based on these techniques should 
be interpreted cautiously and ideally integrated with complemen-
tary evidence from higher-temporal-resolution modalities such as 
EEG. Moreover, while inter-brain coupling is a valuable index of 
shared neural activity, it typically reflects undirected associations 
and does not imply causality. Only one study (Bilek et al. 2022) used 
hyperscanning Dynamic Causal Modeling to examine directed 
influences between brains – a promising yet underused approach 
that deserves further exploration. On a final note, although we 
included all eligible studies regardless of outcome, potential pub-
lication bias remains a concern and should be addressed in future 
meta-analytic efforts.

Despite these constraints, we believe this work represents a step 
towards a more cumulative and integrative perspective on fMRI 
hyperscanning. In particular, the observed dissociation between 
clusters as a function of interaction type and analytical approach 
may encourage future studies to integrate these dimensions, 
through whole-brain or data-driven methodologies capable of cap-
turing the distinct neurofunctional mappings underlying social 
interaction.

How interactive are current hyperscanning 
paradigms
Our qualitative review revealed considerable variability in the 
extent to which current fMRI hyperscanning studies engage par-
ticipants in genuinely interactive social exchanges. Only a subset 
of paradigms fully incorporated the four key features defined above 
(Schilbach et al. 2013, Hasson and Frith 2016, Redcay and Schilbach 
2019, Tsoi et al. 2022). The studies that met these criteria often 
involved open-ended communication (Ratliff et al. 2021), strategic 
decision-making (King-Casas et al. 2005, Tomlin et al. 2006, Krueger 
et al. 2007, Shaw et al. 2018), or iterative cooperation (Stolk et al. 
2014, Wang et al. 2024), where participants could continuously 
influence each other’s behavior. In these contexts, mutual respon-
siveness and co-regulation were central to task performance, cre-
ating the kind of dynamic coupling that hyperscanning is uniquely 
positioned to capture (Misaki et al. 2021).

By contrast, other studies have employed tasks that emphasized 
structured or mirrored behaviors, such as synchronized actions, 
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scripted exchanges, or fixed turn-taking. While these designs 
ensure high experimental control and can provide valuable insights 
into shared cognitive processes, they may offer more limited oppor-
tunities for real-time behavioral adaptation and mutual unpredict-
ability – features often considered central to dynamic social 
interaction and which contribute to making each exchange unique 
and unrepeatable. Considering these aspects is essential for 
advancing the field and for addressing key questions about the 
interpretive value of hyperscanning: indeed, when both partici-
pants are engaged in identical or highly structured activities with-
out influencing each other, observed neural synchrony may simply 
reflect shared stimulus processing or task timing rather than true 
interpersonal alignment (Bilek et al. 2022, Holroyd 2022).

Another important aspect that remains relatively underexplored 
is the behavioral dimension of progressive co-regulation and 
mutual evolving influence as it unfolds during interaction. While 
inter-brain synchrony is frequently interpreted as a neural marker 
of social coordination, few studies have directly assessed the extent 
to which participants adapt their behavior to one another in real 
time. This includes dynamic adjustments such as timing, 
turn-taking, strategic shifts, or the gradual emergence of shared 
goals. Incorporating such behavioral measures could help clarify 
whether neural synchrony reflects not only shared task structure, 
but also the quality and dynamics of the social exchange itself.

Beyond current paradigms: what fMRI 
hyperscanning has yet to capture
Beyond task interactivity, our review highlights several underex-
plored areas in current fMRI hyperscanning research. Even studies 
with interactive features cover a limited range of social behaviors 
and contexts, restricting insights into inter-brain dynamics in nat-
uralistic settings.

The majority of the available research has concentrated on a 
few core interaction types, primarily joint attention, where partic-
ipants coordinate their focus on a common target, and trust-based 
decision-making, which investigates reciprocal economic or stra-
tegic exchanges. While these domains are fundamental to social 
cognition, they represent only a fraction of the rich repertoire of 
human social behavior. To deepen our understanding of interper-
sonal neural dynamics, it is imperative that future studies broaden 
the spectrum of social interactions under examination. For exam-
ple, empathy-driven interactions (Tsoi et al. 2022), which involve 
shared emotional experiences and affective attunement, could 
provide invaluable insights into how neural coupling supports emo-
tional understanding and social bonding.

Similarly, exploring the neural correlates of reciprocal social 
inclusion and exclusion could illuminate the dynamics of social 
acceptance, ostracism, and their cognitive-affective consequences. 
Additionally, real-time negotiation and persuasion tasks, which 
inherently require strategic adaptation and complex communica-
tion, represent fertile ground for investigating the interplay of 
higher-order cognitive and affective processes within dyads, har-
nessing the full potential of hyperscanning methods.

Beyond the types of social tasks studied, several contextual fac-
tors have received little attention in fMRI hyperscanning research. 
One such factor is the degree of prior acquaintance between inter-
acting individuals. Although EEG and fNIRS studies have examined 
how inter-brain synchrony varies between strangers, friends, and 
romantic partners, similar investigations are scarce in fMRI hyper-
scanning. This is a significant gap, as familiarity likely modulates 
the depth and nature of neural coupling during social exchanges, 
influencing trust, empathy, and communication dynamics. Another 
pivotal but underutilized variable is the presence of hierarchical 

or asymmetric social roles, such as those found in teacher-student, 
clinician-patient, or leader-follower relationships. Understanding 
how status and power differentials shape inter-brain connectivity 
would deepen insights into real-world social interactions. Visual 
access to the partner during scanning also remains inconsistent. 
Providing participants with visual contact may reduce the artificial 
constraints of the MRI environment, enhancing ecological validity 
and enabling more naturalistic interaction studies.

Finally, fMRI hyperscanning has seen limited application to clin-
ical populations or studies explicitly targeting social dysfunction. 
Aside from a few pioneering works focusing on pain processing and 
treatment in patient–clinician dyads (Ellingsen et al. 2020, 2022, 
2023), only a handful of studies have explored altered social cog-
nition in clinical groups. For instance, Bilek et al. (2017) demon-
strated reduced inter-brain synchrony in individuals with borderline 
personality disorder, despite no detectable anomalies in individual 
brain structure or function. This finding underscores the added 
value of two-person neuroscience in capturing social deficits that 
might be invisible to traditional single-subject approaches or the 
dyadic dynamics in patient-to-clinician relationships. Expanding 
hyperscanning research in clinical contexts may hold important 
potentials for translational neuroscience.

Beyond current paradigms: what fMRI 
hyperscanning cannot capture
While fMRI hyperscanning provides high spatial resolution and 
access to deep brain structures, it is constrained by low temporal 
resolution, immobility of the scanner environment, and limitations 
in allowing natural face-to-face engagement (Glover 2011). These 
factors make it challenging to investigate more ecologically valid 
social interactions. EEG and MEG, by contrast, offer excellent tem-
poral resolution and, with the advent of mobile EEG and MEG sys-
tems, increasing opportunities for studying more naturalistic 
interactions (Melnik et al. 2017, Michel and Brunet 2019). However, 
EEG and MEG are associated with relatively lower spatial resolu-
tion/indeterminacy compared to fMRI. fNIRS occupies an import-
ant intermediate position: although limited to cortical surfaces and 
with lower spatial resolution than fMRI and lower temporal reso-
lution than EEG or MEG, it is highly mobile, more tolerant of move-
ment artifacts, and particularly well suited to capturing real-life, 
ecologically valid social exchanges (Quaresima and Ferrari 2019, 
Liu et al. 2021, Greaves et al. 2022, Bembich et al. 2024, Papoutselou 
et al. 2024). Importantly, fMRI research can build on this body of 
work by adopting or adapting designs already developed in fNIRS 
hyperscanning – such as persuasion or creativity tasks (Mayseless 
et al. 2019, Zhang et al. 2023) – thereby bridging ecological validity 
with anatomical specificity. In this way, the integration of fMRI, 
fNIRS, and EEG will provide a more complete framework for under-
standing interpersonal neural dynamics.

At the same time, it is worth noting that the broader opportu-
nities for implementing ecologically valid, real-life paradigms with 
fNIRS may also contribute to differences in the neural patterns 
reported across modalities, thereby enriching our understanding 
of inter-brain coupling. For example, in their multimodal 
meta-analysis, Lotter et al. (2023) reported fNIRS-based activations 
in the left inferior frontal gyrus and in a more anterior portion of 
the TPJ – compared with the more posterior region identified in the 
present study – which did not emerge in our hierarchical clustering 
analysis. This anterior shift may partly reflect methodological con-
straints of each modality, in particular the resolution constraints 
of fNIRS versus fMRI with greater sensitivity for cortical surface as 
opposed to deeper brain structures such as the insula or the cin-
gulate cortex, which we do find involved in our analysis. Moreover, 
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they also highlight how the increased ecological validity afforded 
by fNIRS designs can uncover complementary aspects of interper-
sonal neural dynamics.

Conclusions
This review provides a systematic synthesis of fMRI hyperscanning 
studies on social interaction, combining qualitative and quantita-
tive analyses. We identified consistent inter-brain coupling in 
temporo-parietal and frontal regions, modulated by interaction 
complexity. While many studies only partially implement features 
needed to exploit dual-brain imaging fully, this highlights oppor-
tunities for future research to adopt more interactive, ecologically 
valid designs.

Addressing underexplored dimensions will be key to advancing 
the field. Despite current limitations, fMRI hyperscanning uniquely 
captures how brains connect and coordinate during real social 
exchanges, offering valuable insight into the neural basis of human 
interaction.
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