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Gender differences in oxyhemoglobin (oxy-Hb) changes during drawing interactions in romantic couples: an fNIRS study
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Interpersonal interaction is essential to romantic couples. Understanding how gender impacts an individual’s brain activities during intimate interaction is crucial. The present study examined gender differences in oxyhemoglobin (oxy-Hb) changes during real-time drawing interactions between members of romantic couples using non-invasive functional near-infrared spectroscopy (fNIRS). We analyzed the oxy-Hb concentrations of romantic couples engaged in interactive (i.e., chase and escape) and non-interactive (i.e., individual) drawing sessions. Our findings indicated that males (vs. females) exhibited more pronounced oxy-Hb concentrations in Broca’s area, motor area, sensorimotor cortex, and temporal lobe areas than women in an interactive drawing task, suggesting a heightened goal-oriented engagement in social interaction. Significant positive correlations were found between oxy-Hb volumes of the temporal area and the Quality of Relationship Index (QRI), underscoring the impact of interpersonal dynamics on brain function during interactive tasks. This study deepens the understanding of gender differences in neural mechanisms in social interaction tasks and provides important insights for intimacy research.
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1 Introduction

Elucidating the dynamics of interpersonal interactions is crucial. One compelling aspect of these dynamics is how gender influences interactive behaviors and neural responses during interaction tasks. Previous studies have revealed that men and women may approach differently interactive activities (Jones et al., 2020; Huikku et al., 2022), as revealed by different communication styles (Barnett et al., 2021; Plug et al., 2021), expression of non-verbal cues (Hall et al., 2000; Thompson and Voyer, 2014), and task performance (Bartlett and Camba, 2023; Karaboga et al., 2023).

In verbal communication, women typically emphasize emotional expression and empathy (Löffler and Greitemeyer, 2023), fostering connections through supportive and inclusive dialog. In contrast, men tend to adopt a more direct and goal-oriented communication style, focusing on problem-solving and efficiency (Maliakkal and Reiter-Palmon, 2023). Furthermore, non-verbal cues also differ. Compared to men, women tend to display more facial expressions and gestures to convey emotions (Phutela, 2015). These behavioral differences extend to task performance, where women may prefer cooperative and integrative approaches, while men lean toward competitive or independent methods (Spadaro et al., 2023).

Recent advancements in social neuroscience have attracted attention to gender differences in neural activity during couple interactions (Long et al., 2022). Neurological studies have revealed distinct patterns in brain activity (Spets and Slotnick, 2021; Zhang et al., 2020) and connectivity (İçer et al., 2020; Stoica et al., 2021) between men and women during social interactions. Women typically show greater activation in the prefrontal cortex and anterior cingulate cortex, which are areas associated with empathy, emotional regulation, and social cognition (Di Tella et al., 2020; Rodríguez-Nieto et al., 2022; Taddei et al., 2023). Women also show greater activation in the insula, which is involved in emotional awareness and empathy (Wu et al., 2023). These neural patterns support the tendency for women to engage in more empathetic and emotionally expressive interactions. Men, on the other hand, often exhibit increased neural activations aligning with their tendency to endorse a more goal-oriented and less emotionally driven approach in social interactions. For example, men are found to show greater activation in brain regions involved in spatial processing (posterior cingulate) (Khaleghimoghaddam, 2024), self-referential thinking and memory (posterior cingulate) (Compère et al., 2016). Additionally, studies revealed that women have more robust interhemispheric connectivity, facilitating the integration of emotional and cognitive processes, whereas men show stronger intrahemispheric connectivity, supporting focused unilateral processing (Beltz et al., 2020). These differences may result in gender-specific behaviors in social contexts, highlighting the importance of considering these neural patterns in psychological research and practice.

Although neuroimaging studies have indicated gender differences in social interactions, their limitations do not allow for exploring of neural activity under real interpersonal interactions. Most existing studies used static measures like functional Magnetic Resonance Imaging (fMRI), which require participants to remain still, limiting the assessment of neural activity during real-time interactions. Moreover, previous studies mainly focused on gender differences in social interaction tasks but not specifically in couple interactions (Vanutelli et al., 2020), overlooking the neural mechanisms of intimate interactions. Understanding how gender differences manifest in more naturalistic settings is crucial for translating findings into practical applications. Real-time measurements of brain activity during dynamic interactions can provide more immediate and accurate insights into how gender differences unfold during a task.

Functional near-infrared spectroscopy (fNIRS) has provided a new avenue to explore gender differences at the neural level in more naturalistic settings. Importantly, fNIRS represents a non-invasive method to measure cortical activity by monitoring changes in oxyhemoglobin (oxy-Hb) and deoxyhemoglobin (deoxy-Hb) levels, allowing researchers to investigate real-time brain dynamics during interactive tasks (Huang et al., 2022). This technology is particularly suited for studying naturalistic interactions as it does not restrict movement and interaction, unlike other modalities such as fMRI. The fNIRS field has made great progress in the investigation of interpersonal interactions, including mother-infant and romantic couple interactions. The mother-infant interactions studies revealed Oxy-Hb changes in infants during different types of interactions with their mothers. For example, a study of live verbal interactions between infants and their mothers found that Oxy-Hb concentrations were higher during infants’ interactions with their mothers than during interactions with strangers (Behrendt et al., 2020). The fNIRS study of nonverbal interactions explored the relationship between cortical activation patterns and maternal sensitivity (the ability to acknowledge the infant’s needs and communications) in infants receiving maternal touch and found that the lower the mother’s sensitivity, the higher the neural response in infants’ temporal lobe regions (Mateus et al., 2021). The romantic couple’s studies mainly focused on differences in interbrain functional synchronization (IBS) between couples and other control participants (usually strangers), with the main findings showing stronger IBS in couples compared to controls. For example, Zhang et al. (2023) explored the IBS of negative emotion regulation in 30 heterosexual couples, setting strangers as a control group (Zhang et al., 2023). The results revealed that couples were able to regulate sadness more effectively, accompanied by stronger IBS. Additionally, a systematic review and meta-analysis of IBS studies in intimate relationships indicated that IBS in couples follows a similar pattern to parent–child relationships, with significant IBS brain regions concentrated in frontal, temporal, and parietal regions, implying a neural basis for social interaction (Zhao et al., 2024).

To date, the fNIRS couples’ studies suggested that couples have stronger IBS than strangers, with the main brain regions of significance including the prefrontal lobe, temporal lobe, and others. However, these studies have not analyzed gender differences between couples during intimate interactions, which is critical to understanding patterns and differences between men and women, with potential application in clinical couple therapy. Additionally, many studies have used structured tasks (Shirzadi et al., 2024) or individual activities (Sugiura et al., 2015), which do not capture the real-time interactions’ dynamic and reciprocal nature. We still know little about how gender differences manifest in more naturalistic settings.

Therefore, the present study aimed to investigate the oxy-Hb changes underlying gender differences during real-time, non-verbal drawing interactions between romantic partners by fNIRS. In this study, fNIRS was employed to measure oxy-Hb changes, aiming to explore the differences between men and women in their neural responses during various interactive drawing tasks. The present study focused on the prefrontal and temporal lobe regions, as previous research has suggested that they are the neural basis for interactive interpersonal communication (Zhao et al., 2024).

The present study also employed more naturalistic interaction tasks inspired by art therapy. Art therapy in couples holds significant potential for advancing our understanding of relational dynamics and interpersonal well-being (Van Lith, 2016), because it provides an alternative, non-verbal means of expression (e.g., interactive painting or interactive scribbling), allowing partners to convey emotions and thoughts that might be difficult to articulate verbally (Wagner and Hurst, 2018; Harris et al., 2020). Specifically, our study compared oxy-Hb changes based on the scribble interactions across different drawing conditions (i.e., chase, escape, and alone). Scribbling is a common and effective drawing style in couples’ art therapy (Revell, 1997), and is often used by clinical psychologists (Hall, 2021). In addition, the present study examined how these oxy-Hb changes correlate with relationship satisfaction. In our study, we invited participants to complete interactive (i.e., chase and escape) and non-interactive (i.e., alone) scribbling tasks. In the chase task, participants are instructed to chase their partner’s crayon with their own crayon on a piece of drawing paper. In the escape condition, participants are asked to escape from their partner’s crayon. In the alone task, participants completed scribbling by themselves.

In the present study, we hypothesized that there are significant differences in brain activation patterns between males and females in an interactive drawing task, and that these differences reflect functional properties of gender in social interaction and motor coordination tasks. We hypothesized that males exhibit higher levels of activation in brain regions associated with motor coordination and goal-directed behavior. In Broca’s area, motor area, and sensorimotor cortex, males (vs. females) showed stronger changes in oxy-Hb concentration. This hypothesis is based on research showing that males are more task-focused in body-movement control (Kuniki et al., 2021), movement planning, and goal-directed tasks (Hautala et al., 2024). Furthermore, we hypothesized that females (vs. males) exhibit higher levels of activation in brain regions associated with social cognition and emotion regulation. Females (vs. males) showed more significant brain activation in temporal lobe (specifically middle and superior temporal gyrus) and prefrontal regions (including DLPFC and frontal pole). This hypothesis was founded on the female advantage in interpreting nonverbal social cues (Obidovna, 2022) and emotional empathy (Martínez-Velázquez et al., 2020).

We additionally hypothesized that the interactive drawing task condition would further amplify this gender difference. Males and females may exhibit different activation patterns during the chase and escape tasks, reflecting gender-specific social preferences and behavioral strategies. The movement complexity in the chase task may enhance males’ activation in motor and Broca’s areas, whereas the escape task may be more involved in females’ emotion regulation processes, thus showing higher activation in temporal and prefrontal regions.

To test these hypotheses, we included Broca’s area, temporal lobe, motor area, sensorimotor cortex, DLPFC, and frontal pole as regions of interest (ROIs). The study was conducted to record brain changes across genders in an interactive drawing task by fNIRS. This study provides new perspectives for revealing gender differences in neural mechanisms in social interaction tasks and for understanding the unique contributions of gender in couple social interactions.



2 Methods


2.1 Participants

We determined our sample size by a power analysis based on prior research (Zhang et al., 2023). At least 56 participants were needed to obtain power = 0.95 (ɑ = 0.05). We recruited 70 participants from a university community to ensure the reliability of the experiment. All participants included were in a heterosexual relationship, right-handed, normally developed, and free from physical and mental illnesses. The exclusion criteria included being on psychotropic medication and having serious psychiatric disorders. Two participants were excluded from the fNIRS analyses due to poor signal quality. The final sample consisted of 68 participants (34 pairs of heterosexual couples; 34 females and 34 males). The age of the participants ranged between 18 and 22 years, with an average age of 20.09 years (SD = 1.19). To understand participants’ relationship experiences, we collected the number of relationships each participant had experienced and the duration of their current relationship. On average, participants had love experiences for 2.12 times 2.12 times (SD = 1.28) and had been in their current relationship for 17.58 months (SD = 13.73). All participants provided informed consent. The study adhered to the Declaration of Helsinki and was approved by the Ethics Committee of Shaoguan University (2024-YXLLSC-003).



2.2 Questionnaire

Participants arrived at a quiet laboratory at the agreed time, where they were briefed on the study and signed informed consent forms. Participants first filled out questionnaires collecting basic information (i.e., age, gender, number of relationships, length of current relationship) and the 6-item Quality of Relationship Index (QRI) (Patrick et al., 2007) assessing their relationship quality on a 7-point scale (1 = strongly disagree, 7 = strongly agree). The responses on the items were summed and averaged, with higher scores indicating greater relationship satisfaction (ɑ = 0.88).



2.3 Experimental procedure

Next, participants were asked to take part in the three drawing sessions. Each drawing session was repeated five times. Each couple completed two sets of 15 trials of the modified scribble chase game (Freeman, 2012). One participant wore the fNIRS device while the other did not; they switched roles for the second set. Both sets of experiments were identical. The participants were instructed to complete drawing tasks following prerecorded video-recordings throughout the experiment.

The specific processes of each trial are shown in Figure 1. In each trial, the participants closed their eyes to avoid eye contact with the lover and counted silently from 1 to 5 for 30 s as rest time. Subsequently, they engaged in one of three drawing tasks for 30 s: chase (one partner tries to catch the other’s pen), escape (one partner tries to avoid the other’s pen), or draw alone (one partner draws while the other rests). Specifically, in the chase drawing, the participants and their partner each held a crayon of a different color and started at the bottom right corner of the drawing paper in front of them; when the video-recording communicated to start drawing, the participant, as the chaser, began to draw from the starting point, catching up to the partner’s pen with his or her pen on the drawing paper; and the partner, as the escapee, avoided the chaser’s crayon to keep the chaser from catching her/him. Neither subject could stop during the task; both subjects had to perform the chase and escape interactive drawing tasks for 30 s until the next recording appeared. In the escape drawing task, participants switched roles with their partners and completed the task as escapees, with the same process as the chase condition, just in different roles. After each task, participants rested by closing their eyes and counting silently from 1 to 5 for 30 s. The experimental design was counterbalanced regarding the start condition and the initial participant wearing the device.

[image: Figure 1]

FIGURE 1
 Experimental procedure. (A) Participant engaged in the interactive drawing tasks (chasing or escaping) with the partner; (B) participant engaged in the individual drawing task (draw alone condition).




2.4 fNIRS recording, preprocessing, and analysis

fNIRS signals were collected using a multichannel continuous fNIRS measuring system (NirSmart II-3000A, Huichuang, China) with a sampling rate of 11 Hz, using wavelengths of 730 nm and 850 nm. The participant wore a probe cap with 15 infrared light sources and 16 detectors placed on the scalp according to the international 10–20 system (D3 corresponds to FPZ). These probes formed 48 channels (3 cm in length) covering the frontal and partial temporal cortical areas (see Figure 2). The 48 fNIRS channels were divided into six brain regions of interest (ROIs): (1) Broca’s area in the inferior frontal gyrus (left A1 and right A2; BA 44, 45); (2) the posterior part of the superior/middle temporal gyrus/temporopolar area (left B1 and right B2; BA 21, 22, 38); (3) motor-sensory areas (left C1 and right C2; including motor areas BA 6 or BA 4, and somatosensory areas BA1, 2, 3); (4) the dorsolateral prefrontal cortex (DLPFC) (left E1 and right E2; BA 9, 46); (5) the frontopolar area (left F1 and right F2; BA 10); and (6) the frontal eye fields (left F1 and right F2; BA 8). Table 1 shows the six ROIs (see Table 1). The Brodmann area distribution of each fNIRS channel is detailed in Supplementary Table 1.

[image: Figure 2]

FIGURE 2
 Spatial distribution of the recording channels. (A–C) show the fNIRS channels from the right hemisphere, frontal view and left hemisphere angles, respectively; the numbers 1–48 indicate the 48 fNIRS channels (CH 1–48).




TABLE 1 Distribution of ROIs.
[image: Table1]

First, we performed a channel signal quality check to exclude channels that were judged to have poor signal quality by both the algorithms of Sappia et al. (2020) and Cui et al. (2010). In this work, we used two signal quality check functions, SQI and checkDataQuality (Sappia et al., 2020; Cui et al., 2010). They are all MATLAB-based functions based on different criteria that are independent of the specific instrument and experimental paradigm. The exclusion criterion was to remove channels with an SQI score of 1 (the best possible quality being 5) and a checkDataQuality score of bad channels, with no more than 7 channels removed for all participants.

Subsequently, we performed preprocessing and block averaging with HOMER3 (version 1.80.2) (Carius et al., 2023). Preprocessing was performed on the fNIRS data using MATLAB (MathWorks, Natick, MA, USA) using the HOMER3. We used a spline approach for motion artifact correction. We used the algorithm described by Scholkmann et al. (2020), which is implemented in the HOMER3 hmrR_MotionCorrectSpline_Nirs function. After motion artifact correction, the data were band-pass filtered with a low-pass cutoff frequency of 0.2 Hz and a high-pass cutoff frequency of 0.01 Hz. Next, the changes in optical density were converted into changes in oxy-Hb and deoxy-Hb concentrations using the modified Beer–Lambert method (path-length factor: 6.0) (Holper et al., 2009). Particularly, oxy-Hb changes were evaluated, which are more sensitive to task changes (Holtzer et al., 2019).

After calculating the values of the block average (the first 2 s of the task onset as a baseline) for each channel using HOMER3, the change in oxygenated hemoglobin (HbO) concentration of the corresponding channel was averaged according to the ROIs, and the mean value of all channels in that ROI was used to represent the change in Oxy-Hb concentration in that brain region. Finally, we fully accounted for the properties of the hemodynamic delay by averaging the data from 3 s-27 s after stimulus presentation, that is after the brain produced a response during the task, and used it to measure the activation level of the current task. Differences in brain activation levels during the chase, escape, and alone drawing tasks were further analyzed.



2.5 Statistical analysis

To compare differences from baseline across tasks, we performed one-sample t-tests on the means during the task period (3 s-27 s) compared against the 0 value in each ROI, and we calculated FDR-corrected p-values for each ROI across tasks.

The average oxy-Hb volumes were extracted from the processed fNIRS data. A 2 (gender: male/female) × 3 (condition: chase/escape/alone) mixed design ANOVA was conducted using R (version 4.3.2) and the bruce R toolkit. ANOVA was used to investigate main and interaction effects, followed by Bonferroni comparisons. Thereafter, a simple effect analysis was performed for significant interactions. ANOVA p-values were corrected using the false discovery rate (FDR) method (Tak and Ye, 2014; Singh and Dan, 2006). Partial eta squared (η2p) was used to represent the effect size of main effect and interaction of MANOVA. The thresholds for partial eta squared were as follows: 0.01–0.06, small; 0.06–0.14, moderate; > 0.14, large (Pierce et al., 2004). Pearson correlations were computed for ROIs to determine the relationship between oxy-Hb activity and QRI. Linear regression analysis was conducted to investigate the effects of oxy-Hb changes during couple interactions further. The thresholds for the correlation coefficient (r) were as follows: 0–0.1, trivial; > 0.1–0.3, weak; > 0.3–0.5, moderate; > 0.5, strong (Cohen, 2013). The significance level was set to p < 0.05. For each ROI, we implemented the MANOVA function by R, and tested for sphericity by using the Mauchly test integrated into the MANOVA function. When the assumption of sphericity was violated, we used the Greenhouse–Geisser correction to adjust for degrees of freedom. We then extracted p-values for the main effect (gender and condition) and the interaction effect (gender × condition). Finally, we applied FDR corrections to these p-values to control for multiple comparisons. In order to test the effect of baseline length on the experimental results, we used the same methodology for when the baseline was 5 s.




3 Results


3.1 Activations in ROIs across the drawing conditions

Results of the one-sample t-test revealed that eight ROIs showed positive activation in three drawing conditions, including A1 (t = 6.813–7.809, cohen_d = 0.862–0.872, p_adj <0.01;), A2 (t = 4.692–5.382, cohen_d = 0.569–0.653, p_adj < 0.01), B1 (t = 7.638–8.655, cohen_d = 0.926–1.050, p_adj <0.01), B2 (t = 3.020–4.737, cohen_d = 0.366–0.574, p_adj <0.01), C2 (t = 2.495–3.494, cohen_d = 0.303–0.424, p_adj <0.05), E1 (t = 2.440–2.842, cohen_d = 0.296–0.345, p_adj <0.05), and E2 (t = 2.824–3.386, cohen_d = 0.342–0.411, p_adj <0.01). Moreover, ROI of the C1 showed positive activation in the chase condition (t = 3.027, cohen_d = 0.367, p_adj <0.01) and the escape condition (t = 3.209, cohen_d = 0.389, p_adj <0.01), whereas there was no significant activation in the alone condition. Furthermore, ROIs of D1 (t = 2.191, cohen_d = 0.266, p_adj < 0.05) and D2 (t = 2.635, cohen_d = 0.320, p_adj <0.05) showed positive activation in the alone condition and no significant activation in the interaction conditions (chase and escape). ROIs of F1 and F2 showed no significant activation in any drawing condition (see Table 2).



TABLE 2 Activated ROIs in tasks (n = 68).
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3.2 Oxy-Hb changes in ROIs by gender and conditions

As predicted, the ANOVA results showed significant interaction effects between gender and drawing conditions on three ROIs, namely A1 (F = 5.069, η2p = 0.071, FDR_p < 0.05), B1 (F = 4.885, η2p = 0.069, FDR_p < 0.05), and B2 (F = 10.604, η2p = 0.138, FDR_p < 0.01). Moreover, significant gender main effects were found for two ROIs, the A2 (F = 7.150, η2p = 0.098, FDR_p < 0.05) and C2 (F = 8.075, η2p = 0.109, FDR_p < 0.05). No significant condition effect was found in ROI regions (see Table 3; Figures 3, 4A–C). Time course of the significant interaction ROIs is shown in Figures 4D–F. The results for the baseline set to 5 s before the task were consistent with the results for the baseline set to 2 s before the task, illustrating the stability of the outcome (see Supplementary Table 2).



TABLE 3 Repeated measures ANOVA results for gender and conditions.
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FIGURE 3
 Brain activations for gender and condition interaction effects, with chromatic representation of the intensity of activation based on the F-values. R, right view; F, frontal view; L, left view.
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FIGURE 4
 Simple effects analysis results in ROIs (A–C) and the time course (D–F). (A) A1: left Broca’s area; (B,C) B1/B2: left/right temporal area; (D–F) the corresponding time course of A1/B1/B2.




3.3 Correlation between ROIs and QRI

Significant positive correlation was found between oxy-Hb volumes in B2 and QRI (r = 0.259, p < 0.05) (see Figure 5).

[image: Figure 5]

FIGURE 5
 Correlation between oxy-Hb volumes in right temporal area and QRI (Quality of Relationship Index).





4 Discussion

The current study investigated gender differences in brain region activation patterns during real-time drawing interactions among romantic partners, focusing on the oxy-Hb levels of interactive interactions using fNIRS. Participants, consisting of male–female couples, engaged in two types of drawing tasks: interactive (i.e., “chase,” “escape”) and non-interactive (i.e., “alone”). Oxy-Hb changes in Broca’s area, temporal lobe, motor area, sensorimotor cortex, dorsolateral prefrontal cortex (DLPFC), and frontal pole area were monitored by the fNIRS technique. Results showed that males had significantly higher oxy-Hb levels than females in the right Broca’s area, right motor area, and sensorimotor cortex. Males also exhibited significantly higher oxy-Hb levels in the left Broca’s area and bilateral temporal lobe areas than females during the chase and escape drawing conditions. Furthermore, positive correlations between oxy-Hb volumes in temporal lobe and QRI scores were observed. These findings revealed gender differences in neural mechanisms in a real-time drawing interaction task.

The results showed that males had significantly higher HbO concentrations in the left Broca’s area than females, which is consistent with our hypothesis and suggests that males may be more sensitive to the demands of action planning and strategy execution in interactive drawing tasks. Broca’s area is not only associated with language processing, but is also thought to play a key role in the comprehension of movement intentions and in movement planning for complex tasks (Papitto et al., 2024). The higher activation of males in the chase and escape condition may be related to their more competitive and goal-oriented behavior traits (Fjendbo, 2021), which may help to formulate and adapt strategies in fast-changing interactive tasks. In addition, research suggests that Broca’s area is also involved in cross-modal information integration (Yang et al., 2024), including the synergistic processing of visual and motor signals (Hickok et al., 2023). Interactive drawing tasks require participants to regulate their own movements while observing the other’s behavior, a process that may be more pronounced in males, reflecting their greater tendency to integrate movements and regulate feedback during task performance.

Furthermore, results showed that males had significantly higher HbO concentrations in bilateral temporal lobe regions than females, which is inconsistent with our expectation that females show higher activation in this region. Temporal lobe regions, particularly the middle and superior temporal gyrus, are closely associated with social cognition (Giovagnoli et al., 2021) and the processing of situational information (Oba et al., 2020). Specifically, this region has an important role in interpreting the intentions of others (Balgova et al., 2022) and processing contextually relevant social cues (Ziaei et al., 2023). In the chase and escape conditions, where the tasks placed higher demands on participants’ movement comprehension and interactive scenario modeling, the higher activation in temporal lobe regions in males may indicate a greater adaptability to the demands of these tasks. This result may be related to the specific manifestation of gender differences in social cognitive functioning. Although many studies suggest that females may be superior in emotional empathy tasks (Rochat, 2023), previous studies have focused on static tasks of face-emotion comprehension and have not addressed interpersonal tasks with specific goals (He et al., 2023). However, the tasks in the present study had explicit goals (escape or chase) and were dynamically interactive, and men’s temporal lobe activation may reflect their goal-directed behavior in understanding dynamic situations.

Moreover, the positive correlation between intimacy quality and activation levels in temporal lobe regions further supports the important role of the temporal lobe in interactive tasks. This result suggests that temporal lobe activation may not only reflect an individual’s engagement in a task, but also correlate with his or her ability to establish and maintain high-quality relationships in interpersonal interactions. Previous research indicated that couples’ neural activity strongly predicts marital satisfaction (Li et al., 2022). Our findings are consistent with that study. It may mean that changes in oxy-Hb activities during couples’ interpersonal interactions are an important physiological indicator for exploring couples’ relationship satisfaction.

In addition, the results showed significant activation of the DLPFC and frontal pole regions in interactive drawing. According to existing studies, the DLPFC and frontal pole regions are primarily involved in higher cognitive functions (Panikratova et al., 2020), including cognitive control (Yang et al., 2021), emotion regulation (Chen et al., 2023), and emotional empathy (Domínguez-Arriola et al., 2022). Particularly in tasks involving interactions with others, these regions are often thought to play an important role in supporting emotional empathy (Balconi and Angioletti, 2022) and regulating social behavior (Lin and Feng, 2024). However, the experimental results did not show significant gender differences, which is inconsistent with our hypothesis that females have higher levels of HbO activation in these regions than males. There may be differences in the demands placed on the DLPFC and frontal pole regions by the current task type. The interactive drawing task was guided by a phrase that asked subjects to chase or run away from each other’s pens as soon as possible, and the task was more focused on action planning and immediate responses to social situations than on deep processing of emotional information or long-term regulation. The DLPFC and the frontal pole regions may be more sensitive to more complex or sustained emotion-regulation tasks, whereas the dynamic interactive task in the present study may not have sufficiently mobilized these functions, resulting in a failure to reveal significant gender differences. In particular, men and women may have similar activation responses in these regions when the complexity of the task is low. Although the results do not test this hypothesis, they provided important insights suggesting that sex differences in DLPFC and frontal pole regions may depend on the nature and complexity of the task. Future studies could design more challenging or complex tasks, such as situations involving emotional conflict or long-term emotion regulation, to further explore the sex-specific functions of these regions. Meanwhile, dynamic activation patterns and sex differences in these regions may be investigated with a higher spatial resolution through the use of multimodal imaging techniques such as a combination of fMRI and fNIRS.

The present study explored brain activation patterns of males and females in an interactive drawing task, revealing the manifestation of gender differences in specific brain regions (e.g., Broca’s area, temporal lobe area, motor area, and sensorimotor cortex) and their underlying mechanisms. These results expand the understanding of the neural basis of gender in social interaction and motor planning. In particular, stronger activation in bilateral temporal lobe areas in males suggests that males may be more reliant on the integration of social context and action-related information, which provides a complementary and revised view to the traditional view that females are predominant regarding social cognition. Furthermore, the results of the present study suggest that brain activation in interactive tasks is not only influenced by gender, but may also be modulated by the type of task, contextual demands, and individual strategies. Such findings enrich the literature on the neural basis of gender and social cognition, and provide important clues for future research to delve deeper into how gender differences play a role in dynamic social tasks.

The present study has some limitations despite revealing gender-differentiated brain activation patterns in an interactive drawing task. One limitation of this study is the use of a single fNIRS device, which does not allow for monitoring brain-to-brain synchrony between partners during drawing interactions. This limits our understanding of the dynamics of mutual engagement and shared cognitive and emotional processes between partners. However, this was not the purpose of the present work. Future research should incorporate dual fNIRS systems to simultaneously monitor both partners’ neural activation, to assess interbrain synchrony and provide deeper insights into the neural mechanisms of interpersonal communication. This approach promises to enrich the theoretical framework of social neuroscience by providing a more complete picture of the neural processes that support mutual engagement and interaction in intimate relationships.

Another limitation of the present study is that the present study included participants at the age of 18, an age at which the PFC is approaching maturity levels and is already able to effectively engage in tasks such as complex cognitive control (KneŽević, 2024), emotion regulation (Liew et al., 2023), and social interaction (Li et al., 2024). However, neurological development tends to continue into the 20 years old, especially in brain regions such as the prefrontal cortex, where executive function and emotion regulation are closely linked, which does not fully mature until around 25 years old (Diamond, 2002). As the experimental tasks in this study did not involve complex interpersonal cognitive and interactional processes, and the PFC of individuals between the ages of 18 and 20 had already achieved a level of stability in some aspects, we regard that it did not affect the main results of this study. The limitation of participant age needs to be further explored in future studies, especially the effect of PFC maturation on social cognition and emotion regulation may become more pronounced as individuals enter adulthood.

Additionally, the female participants included in the current study were not observed for their menstrual cycle, which may affect women’s cognition, mood, and neural activity (Zhou et al., 2023). This limits the possibility of exploring the effects of the female menstrual cycle on couples’ interpersonal interactions, including cognitive, behavioral, and brain activity changes. Future research should consider this important factor. Moreover, data were only collected from the prefrontal and temporal lobes, and no data were collected from other brain regions, making it impossible to understand brain activity comprehensively. Therefore, future research could expand the regions of interest to explore the brain activity of couple interactions further.



5 Conclusion

The current fNIRS study investigated gender differences in oxy-Hb levels during couple drawing interactions. The results showed that males had higher oxy-Hb levels than females in the Broca’s area and temporal lobe during the interactive drawing process. These results contribute to a deeper understanding of gender-based neural responses during real-time interactive activities, especially in tasks that require social engagement and goal-orientation. The present study deepens the understanding of the differences in neural responses between men and women in interactive tasks.



Data availability statement

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



Ethics statement

The studies involving humans were approved by Medical Ethics Committee of Shaoguan University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

XH: Conceptualization, Data curation, Formal analysis, Funding acquisition, Writing – original draft, Writing review & editing. LB: Data curation, Writing – review & editing. YC: Data curation, Writing – review & editing. HC: Data curation, Writing – review & editing. LW: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by the Doctoral Research Initiation Grant of Shaoguan University, grant number 9900064707.



Acknowledgments

We thank Home for Researchers’ editorial team (www.home-for-researchers.com) for language editing service.



Conflict of interest

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



Publisher’s note

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



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnbeh.2024.1476535/full#supplementary-material



References

 Balconi, M., and Angioletti, L. (2022). Aching face and hand: the interoceptive attentiveness and social context in relation to empathy for pain. J. Integr. Neurosci. 21:34. doi: 10.31083/j.jin2101034 

 Balgova, E., Diveica, V., Walbrin, J., and Binney, R. J. (2022). The role of the ventrolateral anterior temporal lobes in social cognition. Hum. Brain Mapp. 43, 4589–4608. doi: 10.1002/hbm.25976 

 Barnett, M. D., Maciel, I. V., Johnson, D. M., and Ciepluch, I. (2021). Social anxiety and perceived social support: gender differences and the mediating role of communication styles. Psychol. Rep. 124, 70–87. doi: 10.1177/0033294119900975 

 Bartlett, K. A., and Camba, J. D. (2023). Gender differences in spatial ability: a critical review. Educ. Psychol. Rev. 35:8. doi: 10.1007/s10648-023-09728-2

 Behrendt, H. F., Konrad, K., Perdue, K. L., and Firk, C. (2020). Infant brain responses to live face-to-face interaction with their mothers: combining functional near-infrared spectroscopy (fnirs) with a modified still-face paradigm. Infant Behav. Dev. 58:101410. doi: 10.1016/j.infbeh.2019.101410 

 Beltz, A. M., Kelly, D. P., and Berenbaum, S. A. (2020). “Sex differences in brain and behavioral development” in Neural circuit and cognitive development. ed. H. Tager-Flusberg (Oxford, United Kingdom: Elsevier).

 Carius, D., Herold, F., Clauß, M., Kaminski, E., Wagemann, F., Sterl, C., et al. (2023). Increased cortical activity in novices compared to experts during table tennis: a whole-brain fnirs study using threshold-free cluster enhancement analysis. Brain Topogr. 36, 500–516. doi: 10.1007/s10548-023-00963-y 

 Chen, L., Oei, T. P., and Zhou, R. (2023). The cognitive control mechanism of improving emotion regulation: a high-definition tdcs and Erp study. J. Affect. Disord. 332, 19–28. doi: 10.1016/j.jad.2023.03.059 

 Cohen, J. (2013). Statistical power analysis for the behavioral sciences. New York: Routledge.

 Compère, L., Sperduti, M., Gallarda, T., Anssens, A., Lion, S., Delhommeau, M., et al. (2016). Sex differences in the neural correlates of specific and general autobiographical memory. Front. Hum. Neurosci. 10:285. doi: 10.3389/fnhum.2016.00285

 Cui, X., Bray, S., and Reiss, A. L. (2010). Functional near infrared spectroscopy (Nirs) signal improvement based on negative correlation between oxygenated and deoxygenated hemoglobin dynamics. NeuroImage 49, 3039–3046. doi: 10.1016/j.neuroimage.2009.11.050 

 Di Tella, M., Miti, F., Ardito, R. B., and Adenzato, M. (2020). Social cognition and sex: are men and women really different? Personal. Individ. Differ. 162:110045. doi: 10.1016/j.paid.2020.110045

 Diamond, A. (2002). “Normal development of prefrontal cortex from birth to young adulthood: cognitive functions, anatomy, and biochemistry” in Principles of frontal lobe function. eds. D. T. Stuss and R. T. Knight, Oxford University Press. vol. 466, 201–225.

 Domínguez-Arriola, M. E., Olalde-Mathieu, V. E., Garza-Villarreal, E. A., and Barrios, F. A. (2022). The dorsolateral prefrontal cortex presents structural variations associated with empathy and emotion regulation in psychotherapists. Brain Topogr. 35, 613–626. doi: 10.1007/s10548-022-00910-3 

 Fjendbo, T. H. (2021). Leading employees of different genders: the importance of gender for the leadership–motivation relationship. Rev. Public Per. Admin. 41, 651–673. doi: 10.1177/0734371X20925520

 Freeman, N. K. (2012). Art therapy to improve the relationship between caregivers and spouses with Alzheimer's disease. Florida State, USA: The Florida State University.

 Giovagnoli, A. R., Parente, A., Ciuffini, R., Tallarita, G. M., Turner, K., Maialetti, A., et al. (2021). Diversified social cognition in temporal lobe epilepsy. Acta Neurol. Scand. 143, 396–406. doi: 10.1111/ane.13386

 Hall, P. A. (2021). ‘Integrating Art Therapy and Emotionally Focused Therapy with Couples: A Conceptual Framework’, Master of Arts in Marital and Family Therapy with Specialized Training in Art Therapy, Loyola Marymount University. http://digitalcommons.lmu.edu/etd/1003

 Hall, J. A., Carter, J. D., and Horgan, T. G. (2000). “Gender differences in nonverbal communication of emotion” in Gender and emotion. Cambridge University Press: Social psychological perspectives. ed. A. H. Fischer, 97–117.

 Harris, C. B., Baird, A., Harris, S. A., and Thompson, W. F. (2020). “They’re playing our song”: couple-defining songs in intimate relationships. J. Soc. Pers. Relat. 37, 163–179. doi: 10.1177/0265407519859440

 Hautala, J., Karhunen, R., Junttila, E., Ronimus, M., and Young, C. (2024). The goal to perform in readers’ theater motivates boys who struggle with Reading. J. Res. Child. Educ. 38, 1–17. doi: 10.1080/02568543.2023.2301092

 He, K., Ji, S., Sun, L., Yang, T., Chen, L., Liu, H., et al. (2023). Gender differences in facial emotion recognition among adolescents depression with non-suicidal self-injury. Psychol. Res. Behav. Manag. 16, 3531–3539. doi: 10.2147/PRBM.S418966 

 Hickok, G., Venezia, J., and Teghipco, A. (2023). Beyond Broca: neural architecture and evolution of a dual motor speech coordination system. Brain 146, 1775–1790. doi: 10.1093/brain/awac454 

 Holper, L., Biallas, M., and Wolf, M. (2009). Task complexity relates to activation of cortical motor areas during uni-and bimanual performance: a functional Nirs study. NeuroImage 46, 1105–1113. doi: 10.1016/j.neuroimage.2009.03.027 

 Holtzer, R., Izzetoglu, M., Chen, M., and Wang, C. (2019). Distinct fnirs-derived HbO2 trajectories during the course and over repeated walking trials under single-and dual-task conditions: implications for within session learning and prefrontal cortex efficiency in older adults. J. Gerontol. 74, 1076–1083. doi: 10.1093/gerona/gly181

 Huang, X., Izumi, S.-I., and Suzukamo, Y. (2022). Neural and behavioral alterations of a real-time interpersonal distance (Ipd) development process in differing social status interactions. Front. Behav. Neurosci. 16:969440. doi: 10.3389/fnbeh.2022.969440 

 Huikku, J., Myllymäki, E.-R., and Ojala, H. (2022). Gender differences in the first course in accounting: an achievement goal approach. Br. Account. Rev. 54:101081. doi: 10.1016/j.bar.2022.101081

 İçer, S., Acer, İ., and Baş, A. (2020). Gender-based functional connectivity differences in brain networks in childhood. Comput. Methods Prog. Biomed. 192:105444. doi: 10.1016/j.cmpb.2020.105444 

 Jones, L. L., Wurm, L. H., Norville, G. A., and Mullins, K. L. (2020). Sex differences in emoji use, familiarity, and valence. Comput. Hum. Behav. 108:106305. doi: 10.1016/j.chb.2020.106305

 Karaboga, T., Erdal, N., Karaboga, H. A., and Tatoglu, E. (2023). Creativity as a mediator between personal accomplishment and task performance: a multigroup analysis based on gender during the Covid-19 pandemic. Curr. Psychol. 42, 12517–12529. doi: 10.1007/s12144-021-02510-z 

 Khaleghimoghaddam, N. (2024). A neurological examination of gender differences in architectural perception. Archit. Sci. Rev. 67, 281–290. doi: 10.1080/00038628.2023.2264822

 KneŽević, M. (2024). Differences in the efficiency of cognitive control across Young adulthood: an Erp perspective. Brain Sci. 14:347. doi: 10.3390/brainsci14040347 

 Kuniki, M., Iwamoto, Y., Yamagiwa, D., and Kito, N. (2021). Relationship among 3 different Core stability tests in healthy young adults: validity and gender differences. J. Sport Rehabil. 31, 385–390. doi: 10.1123/jsr.2021-0014

 Li, D. C., Hinton, E. A., Guo, J., Knight, K. A., Sequeira, M. K., Wynne, M. E., et al. (2024). Social experience in adolescence shapes prefrontal cortex structure and function in adulthood. Mol. Psychiatry, 29, 2787–2798. doi: 10.1038/s41380-024-02540-6

 Li, L., Huang, X., Xiao, J., Zheng, Q., Shan, X., He, C., et al. (2022). Neural synchronization predicts marital satisfaction. Proc. Natl. Acad. Sci. 119:e2202515119. doi: 10.1073/pnas.2202515119 

 Liew, J., Morris, A. S., and Kerr, K. L. (2023). Emotion regulation processes as transdiagnostic in adolescence and early adulthood: A neurobioecological systems framework. In L. J. Crockett, G. Carlo, and J. E. Schulenberg (Eds.), APA handbook of adolescent and young adult development. American Psychological Association. (pp. 91–106).

 Lin, Y., and Feng, T. (2024). Lateralization of self-control over the dorsolateral prefrontal cortex in decision-making: a systematic review and meta-analytic evidence from noninvasive brain stimulation. Cogn. Affect. Behav. Neurosci. 24, 19–41. doi: 10.3758/s13415-023-01148-7 

 Löffler, C. S., and Greitemeyer, T. (2023). Are women the more empathetic gender? The effects of gender role expectations. Curr. Psychol. 42, 220–231. doi: 10.1007/s12144-020-01260-8

 Long, Y., Chen, C., Wu, K., Zhou, S., Zhou, F., Zheng, L., et al. (2022). Interpersonal conflict increases interpersonal neural synchronization in romantic couples. Cereb. Cortex 32, 3254–3268. doi: 10.1093/cercor/bhab413 

 Maliakkal, N. T., and Reiter-Palmon, R. (2023). The effects of leader support for creativity and leader gender on subordinate creative problem-solving performance. J. Creat. Behav. 57, 109–126. doi: 10.1002/jocb.566

 Martínez-Velázquez, E. S., Ahuatzin González, A. L., Chamorro, Y., and Sequeira, H. (2020). The influence of empathy trait and gender on empathic responses. A study with dynamic emotional stimulus and eye movement recordings. Front. Psychol. 11:23. doi: 10.3389/fpsyg.2020.00023 

 Mateus, V., Osório, A., Miguel, H. O., Cruz, S., and Sampaio, A. (2021). Maternal sensitivity and infant neural response to touch: an fnirs study. Soc. Cogn. Affect. Neurosci. 16, 1256–1263. doi: 10.1093/scan/nsab069 

 Oba, K., Sugiura, M., Hanawa, S., Suzuki, M., Jeong, H., Kotozaki, Y., et al. (2020). Differential roles of amygdala and posterior superior temporal sulcus in social scene understanding. Soc. Neurosci. 15, 516–529. doi: 10.1080/17470919.2020.1793811 

 Obidovna, D. Z. (2022). Distinctive features of male and female oral speech in modern English. Int. J. Lit. Lang. 2, 14–21. doi: 10.37547/ijll/Volume02Issue10-03

 Panikratova, Y. R., Vlasova, R. M., Akhutina, T. V., Korneev, A. A., Sinitsyn, V. E., and Pechenkova, E. V. (2020). Functional connectivity of the dorsolateral prefrontal cortex contributes to different components of executive functions. Int. J. Psychophysiol. 151, 70–79. doi: 10.1016/j.ijpsycho.2020.02.013 

 Papitto, G., Friederici, A. D., and Zaccarella, E. (2024). Distinct neural mechanisms for action access and execution in the human brain: insights from an fmri study. Cereb. Cortex 34:bhae163. doi: 10.1093/cercor/bhae163 

 Patrick, H., Knee, C. R., Canevello, A., and Lonsbary, C. (2007). The role of need fulfillment in relationship functioning and well-being: a self-determination theory perspective. J. Pers. Soc. Psychol. 92, 434–457. doi: 10.1037/0022-3514.92.3.434 

 Phutela, D. (2015). The importance of non-verbal communication. Iup J. Soft Skills 9:43.

 Pierce, C. A., Block, R. A., and Aguinis, H. (2004). Cautionary note on reporting eta-squared values from multifactor Anova designs. Educ. Psychol. Meas. 64, 916–924. doi: 10.1177/0013164404264848

 Plug, I., Stommel, W., Lucassen, P. L., Dulmen, S. V., and Das, E. (2021). Do women and men use language differently in spoken face-to-face interaction? A scoping review. Rev. Commun. Res. 9, 43–79. doi: 10.12840/ISSN.2255-4165.026

 Revell, B. (1997). Using play and art therapy to work with families. In B. Bedard-Bidwell (Ed.), Hand in hand: A practical application of art and play therapy. London, ON: Thames River Publishing.

 Rochat, M. J. (2023). Sex and gender differences in the development of empathy. J. Neurosci. Res. 101, 718–729. doi: 10.1002/jnr.25009 

 Rodríguez-Nieto, G., Mercadillo, R. E., Pasaye, E. H., and Barrios, F. A. (2022). Affective and cognitive brain-networks are differently integrated in women and men while experiencing compassion. Front. Psychol. 13:992935. doi: 10.3389/fpsyg.2022.992935 

 Sappia, M. S., Hakimi, N., Colier, W. N., and Horschig, J. M. (2020). Signal quality index: an algorithm for quantitative assessment of functional near infrared spectroscopy signal quality. Biomed. Opt. Express, 11:6732–6754. doi: 10.1364/BOE.409317 

 Scholkmann, F., Spichtig, S., Muehlemann, T., and Wolf, W. (2020). How to detect and reduce movement artifacts in near-infrared imaging using moving standard deviation and spline interpolation. Physiol. Meas, 31, 649–662. doi: 10.1088/0967-3334/31/5/004 

 Shirzadi, S., Dadgostar, M., Einalou, Z., Erdoğan, S. B., and Akin, A. (2024). Sex based differences in functional connectivity during a working memory task: an fnirs study. Front. Psychol. 15:1207202. doi: 10.3389/fpsyg.2024.1207202 

 Singh, A. K., and Dan, I. (2006). Exploring the false discovery rate in multichannel Nirs. NeuroImage 33, 542–549. doi: 10.1016/j.neuroimage.2006.06.047 

 Spadaro, G., Jin, S., and Balliet, D. (2023). Gender differences in cooperation across 20 societies: a meta-analysis. Philos. Trans. R. Soc. B 378:20210438. doi: 10.1098/rstb.2021.0438 

 Spets, D. S., and Slotnick, S. D. (2021). Are there sex differences in brain activity during long-term memory? A systematic review and fmri activation likelihood estimation meta-analysis. Cogn. Neurosci. 12, 163–173. doi: 10.1080/17588928.2020.1806810 

 Stoica, T., Knight, L., Naaz, F., Patton, S., and Depue, B. (2021). Gender differences in functional connectivity during emotion regulation. Neuropsychologia 156:107829. doi: 10.1016/j.neuropsychologia.2021.107829 

 Sugiura, L., Ojima, S., Matsuba-Kurita, H., Dan, I., Tsuzuki, D., Katura, T., et al. (2015). Effects of sex and proficiency in second language processing as revealed by a large-scale fnirs study of school-aged children. Hum. Brain Mapp. 36, 3890–3911. doi: 10.1002/hbm.22885 

 Taddei, M., Bulgheroni, S., Riva, D., and Erbetta, A. (2023). Task-related functional neuroimaging contribution to sex/gender differences in cognition and emotion during development. J. Neurosci. Res. 101, 575–603. doi: 10.1002/jnr.25143 

 Tak, S., and Ye, J. C. (2014). Statistical analysis of fnirs data: a comprehensive review. NeuroImage 85, 72–91. doi: 10.1016/j.neuroimage.2013.06.016 

 Thompson, A. E., and Voyer, D. (2014). Sex differences in the ability to recognise non-verbal displays of emotion: a meta-analysis. Cognit. Emot. 28, 1164–1195. doi: 10.1080/02699931.2013.875889 

 Van Lith, T. (2016). Art therapy in mental health: a systematic review of approaches and practices. Arts Psychother. 47, 9–22. doi: 10.1016/j.aip.2015.09.003

 Vanutelli, M. E., Meroni, F., Fronda, G., Balconi, M., and Lucchiari, C. (2020). Gender differences and unfairness processing during economic and moral decision-making: a fnirs study. Brain Sci. 10:647. doi: 10.3390/brainsci10090647 

 Wagner, D., and Hurst, S. M. (2018). Couples dance/movement therapy: bringing a theoretical framework into practice. Am. J. Dance Ther. 40, 18–43. doi: 10.1007/s10465-018-9271-y

 Wu, X., Lu, X., Zhang, H., Bi, Y., Gu, R., Kong, Y., et al. (2023). Sex difference in trait empathy is encoded in the human anterior insula. Cereb. Cortex 33, 5055–5065. doi: 10.1093/cercor/bhac398 

 Yang, Y., Chen, Z., Chen, Q., and Feng, T. (2021). Neural basis responsible for episodic future thinking effects on procrastination: the interaction between the cognitive control pathway and emotional processing pathway. Cortex 145, 250–263. doi: 10.1016/j.cortex.2021.09.013 

 Yang, T., Fan, X., Hou, B., Wang, J., and Chen, X. (2024). Linguistic network in early deaf individuals: a neuroimaging meta-analysis. NeuroImage 299:120720. doi: 10.1016/j.neuroimage.2024.120720 

 Zhang, X., Liang, M., Qin, W., Wan, B., Yu, C., and Ming, D. (2020). Gender differences are encoded differently in the structure and function of the human brain revealed by multimodal Mri. Front. Hum. Neurosci. 14:244. doi: 10.3389/fnhum.2020.00244 

 Zhang, W., Qiu, L., Tang, F., and Sun, H.-J. (2023). Gender differences in cognitive and affective interpersonal emotion regulation in couples: an fnirs hyperscanning. Soc. Cogn. Affect. Neurosci. 18:nsad057. doi: 10.1093/scan/nsad057

 Zhao, Q., Zhao, W., Lu, C., Du, H., and Chi, P. (2024). Interpersonal neural synchronization during social interactions in close relationships: a systematic review and meta-analysis of fnirs hyperscanning studies. Neurosci. Biobehav. Rev. 158:105565. doi: 10.1016/j.neubiorev.2024.105565 

 Zhou, L., Wu, B., Deng, Y., and Liu, M. (2023). Brain activation and individual differences of emotional perception and imagery in healthy adults: a functional near-infrared spectroscopy (fnirs) study. Neurosci. Lett. 797:137072. doi: 10.1016/j.neulet.2023.137072 

 Ziaei, M., Arnold, C., Thompson, K., and Reutens, D. C. (2023). Social cognition in temporal and frontal lobe epilepsy: systematic review, meta-analysis, and clinical recommendations. J. Int. Neuropsychol. Soc. 29, 205–229. doi: 10.1017/S1355617722000066 


Copyright
 © 2025 Huang, Bai, Chen, Cui and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gender differences in oxyhemoglobin (oxy-Hb) changes during drawing interactions in romantic couples: an fNIRS study



		1 Introduction



		2 Methods



		2.1 Participants



		2.2 Questionnaire



		2.3 Experimental procedure



		2.4 fNIRS recording, preprocessing, and analysis



		2.5 Statistical analysis









		3 Results



		3.1 Activations in ROIs across the drawing conditions



		3.2 Oxy-Hb changes in ROIs by gender and conditions



		3.3 Correlation between ROIs and QRI









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Behavioral Neuroscience

Gender differences in
oxyhemoglobin (oxy-Hb) changes
during drawing interactions in
romantic couples: an fNIRS study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Behavioral Neuroscience






OPS/images/fnbeh-18-1476535-g005.jpg
0.117+0.005K
=0.259"
R=0067

¥

:\_umé 29 10 SaWnjoA OAH-AXO






OPS/images/fnbeh-18-1476535-t001.jpg
ROIs
Al
A2
Bl
B2
a1
c2
DI
D2
El
E2
FI
B2

ROI, region of interest; BA, Brodmann area.

Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

Channels
CHI2,1429.31,46
CH4,5,2237
CHI3,15,16,33
CH123,17,18
CH34,35,36,48
CH19,20,38
CH27,28,30,32,43.47
CH21,23,24,26,39.40
CHY,10,11,25
CH6,7.8

CH4445

CH4142

Brain areas

Broca’s area in the inferior frontal gyrus

Middle and Superior Temporal Gyrus, Temporopolar area

Pre-Motor and Supplementary Motor Cortex, Primary

Somatosensory Cortex, Primary Motor Cortex

Dorsolateral prefrontal cortex (DLPFC)

Frontopolar area

Includes Frontal eye fields

BA

BA#445

BA21,22,38

BA12346

BAY46

BAS





OPS/images/fnbeh-18-1476535-g003.jpg





OPS/images/fnbeh-18-1476535-g004.jpg
e
T

Oxy-Hb volumes (mmolL)

e

015

010,

005

Hb time course [m(mol/))*mm]

SR

©)
Al oy wreme  ®) B « B2
5 R e
Sois . - Soos . abile; T Bemnl.
gou T 3 007 o
[H iw
o b
x B
< 006 Zo0m
" I
' £on ol | m
& o & o
e S g il e B
oo o oo s
© ®
025 == Male-Chase 0.5 Male-Chase
o, o o
Male-Escag E —— Male-Alone —— Male-Alone.
= B e
Fome b s fleei o T e
s f : :
4 E
2o F o
] g
2o £ 0w
: E %
o 2 o 2 ime (9
2 Y Time (s)
Time (s) 005

005

Time (s)






OPS/images/fnbeh-18-1476535-t002.jpg
Al
A2
B1
B2
cl
c
D1
D2
El
E2
Fl
P2

6813
4692
8493
4737
3027
3494
1573
2114
2842
2824

—0.083

-1.058

Chase
cohen_d

0826
0569
1030
0574
0367
0424
0191
0.256
0345
0302

~0010

~0.128

p_adj

0.000
0.000
0.000
0.000
0.007
0.002
0145
0051
0.009
0.009
0934

0321

RO, region of interest; cohen_d, 0.2-small0.5-medium;0.8-large.

7.190
4918
8655
4178
3209
3192
1458
1835
2502
3.386

~0.361

~1.364

Escape
cohen_d
0872
0597
1050
0506
0389
0387
0177
0223
0303
011
~0.044

~0.165

p-adj
0.000
0.000
0.000
0.000
0.004
0004
0.179
0.095
0.022
0.003
0719

0193

7.092
5382
7.638
3020
1718
2495
2191
2635
2440
3178
0791

~0.005

Alone
cohen_d
0.860
0653
0926
0366
0.208
0303
0.266
0320
0.296
0385
009

~0.001

p-adj
0.000
0.000
0.000
0.009
0108
0026
0.043
0.021
0026
0.007
0471

0.996





OPS/images/fnbeh-18-1476535-t003.jpg
Main effect of gender Main effect of condition Interaction effect of gender and

condition

FDR_p FDR_p n’p FDR_p n’p
Al 4238 0.075 0.060 2759 0.268 0040 5069 0.036* 0071
A2 7.150 0.038* 0098 0369 0755 0.006 3219 0129 0047
Bl 4441 0075 0063 3665 0.255 0053 4885 0.036* 0.069
B2 3.000 0132 0043 1256 0548 0019 10.604 0.001%+% 0.138
el 1221 0.298 0018 1.700 0.448 0.025 2912 0.139 0042
c 8075 0.036* 0.109 053 0643 0013 1214 0.482 0018
DI 1927 0.204 0028 0439 0755 0.007 0638 0636 0010
D2 5176 0.063 0073 0.140 0.869 0.002 0720 0636 0011
El 0010 0921 0.000 1150 0548 0017 0489 0670 0007
E2 2292 0.180 0034 0693 0.669 0010 1145 0482 0017

ROL region of interest; FDR_p s the multiple comparison p-value correction using the False Discovery Rate (FDR) procedure; °p: partial eta squared, 0.01-0.06, smal 0.06-0.14, moderate;
> 0,14, larges A1/A2 lef/right Brocals area; BI/B2: left/right Middle and Superior Temporal Gyrus, Temporopolar area; C1/C2: lef/right Pre-Motor and Supplementary Motor Cortex, Primary
Somatosensory Cortex, Primary Motor Cortex; D1/D2: left/right Dorsolateral prefrontal cortex (DLPFC); E1/E2:lefu/right Frontopolar area; ***p < 0.001; *p < 0.05.
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