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Research on basic emotions has expanded beyond the traditional six categories, identifying over 
20 distinct emotional states. However, differentiating some emotions remained challenging due to 
partially overlapping facial expressions. Grief and sadness are two such emotions that are difficult 
to distinguish. This study investigated the behavioral and neural mechanisms of grief perception in 
the prefrontal cortex (PFC), comparing it with sadness. Participants categorized and rated emotional 
facial images in grief and sadness conditions on valence, arousal, and dominance scales. While 
participants perceiving emotional facial images prefrontal cortex (PFC) hemodynamic activities 
were measured using functional near-infrared spectroscopy (fNIRS). Explicit behavioral responses 
showed no significant differences, however implicit measures (reaction times) revealed distinctions 
between grief and sadness perception. Further fNIRS results indicated increased oxy-Hb in the right 
dorsolateral PFC for grief condition images compared to sadness condition images. Additionally, 
cultural differences were observed, with Asian participants showing higher oxy-Hb responses in the 
dorsal PFC for unpleasant facial stimuli in grief conditions. These findings support cultural variability 
in emotion perception and regulation. The combination of behavioral reaction time and neuroimaging 
data suggests distinct implicit perceptual and neural processing mechanisms for grief and sadness. This 
indicates separate automatic implicit mechanisms for these emotions.

Conveying your emotions through cues such as body language and facial expressions is an important aspect 
of interacting with others. You may also choose to explicitly convey your feelings by telling your friends or 
family members how you feel, thus providing information upon which they can act. Understanding the 
emotional expressions of others is also important in responding appropriately in a given situation. Darwin’s 
"The Expression of the Emotions in Man and Animals" laid the foundation for the emotion theory, suggesting 
the innateness and universality of certain emotions and their expressions across cultures and species1. Since 
then, much research has been devoted to understanding its complexity. Previous research has suggested the 
existence of six basic universal emotions. These are anger, disgust, fear, happiness, sadness, and surprise2. These, 
they argue, have unique facial expressions and physiological correlates, and can be observed in distinct cultural 
groups, as supported by Ekman3, Panksepp4, and Tracy and Randles5. More recently, Keltner and colleagues6 
reported more than 20 distinct facial expressions representing different emotional categories, each with a unique 
and recognizable configuration. Based on this body of recent research, we can say that there are more than six 
basic emotions, each with distinctive physiological states and subjective evaluations and prototypical expressions 
associated with them.

A vital source of information for decoding cues of emotion is the face. However, the perception of emotions 
in a face can be influenced by a variety of factors, such as visual scenes, voices, bodies, cultural background, and 
even the words used7. Recent studies have indicated that human faces may not always accurately reflect their 
self-reported emotional experiences8,9. For example, Aviezer and colleagues10 reported that an identical facial 
expression can convey different emotions depending on the context. Considering all these studies, it becomes 
clear that contextual information is necessary when conducting research on emotion perception.

Our research presented in this paper centers on understanding human emotions, particularly the similarities 
and differences of grief and sadness. Grief is a very emotionally challenging experience that has similarities with 
other emotions, particularly sadness, when viewed superficially11. Perhaps that is the reason so many of us use 
the word sadness and grief interchangeably. In this study, we examined the behavioral mechanism and neural 
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correlates of grief perception in the PFC and compared it with sadness. Grief occurs after the loss of a closely 
attached individual; it is irreversible, while sadness is a low arousal emotion generally associated with failure and 
powerlessness12. As one of the basic emotions, sadness has been studied vastly, although results are mostly mixed 
in comparison to other basic emotions. In the following section, we describe the background of this research.

Grief
Grief is defined as a psychobiological response to bereavement whose hallmark is a combination of yearning and 
sadness, along with thoughts, memories, and images of the deceased person13. Few studies have been performed 
investigating the neural mechanisms of grief. In a study, grief was elicited by photographs of deceased versus a 
stranger, combined with words specific to the death event versus neutral words. The photos activated the superior 
lingual gyrus, insula, dorsal anterior cingulate cortex, inferior temporal gyrus, and fusiform gyrus, whereas words 
activated the precuneus, precentral gyrus, midbrain, and vermis14. Another study exploring the activation of brain 
areas associated with mourning by inducing it with iconography as a stimulus (using symbols to represent the 
idea) revealed an activation of cortical areas commonly observed in studies of social cognition (temporoparietal 
junction, superior temporal gyrus, and inferior temporal lobe), empathy for pain (somatosensory cortex), and loss 
(precuneus, middle/posterior cingular gyrus)15. Some limitations to the abovementioned studies on the biological 
basis of grief emotion are sample size, culture-specific stimuli, and a population that cannot be generalized 
widely (based on only western population).

Sadness
Sadness, a basic emotion, has been extensively studied across cultures with mixed findings16,17. Its characteristics 
are considered the least clear among basic emotions. Previous research has shown that sadness can decrease 
peripheral nervous system activity while increasing analytical thinking abilities16,17. Exposure to sadness-inducing 
stimuli typically increases physiological responses like skin conductance and heart rate18–22. Brain imaging 
studies associate sadness with various regions: the subgenual frontal cortex (affective change and cardiovascular 
control), posterior cingulate cortex (executive and cognitive processes), prefrontal cortex (decreased activity in 
higher-order executive functions), and temporal lobe and insula, including the right amygdala (increased activity, 
linked to physiological arousal and automatic emotional processing)23. These findings suggest complex neural 
and physiological mechanisms underlying sadness experience and perception.

Differences between grief and sadness
Human experience includes inevitable and universal feelings of sadness and grief. While the two terms are often 
used interchangeably, because they are conceptually and phenomenally so similar, it is important to understand 
that they are not the same. In his book "The Expression of Emotions in Man and Animals," Darwin made a 
distinction between grief and sorrow, noting that grief is characterized by “frantic” and “energetic,” while sorrow 
is marked by a more “resigned” and “languid.” However, in contemporary emotion research, this distinction is 
often overlooked, and sadness is typically viewed as a singular, basic emotion. In the twentieth century, while rare, 
some research on emotion attempted to understand the difference between grief and sadness and reported that 
they are different and have distinct functions24. Parker and colleagues25 defined sadness as a temporary feeling 
of sorrow without decreased self-esteem, while grief involves heartache from a seemingly permanent social bond 
break. Recent investigations have demonstrated that loss-related and failure-related sadness produce distinct 
subjective evaluations, physiological reactions, and emotional word encodings20,26. Furthermore, Tsikandilakis 
and colleagues27 identified melancholy, misery, bereavement, and despair as distinguishable emotional states 
associated with sadness, each exhibiting dissociable physiological responses. These findings underscore the 
complexity and nuanced nature of sadness and grief as separate emotional experiences.

Present study
Our study utilized functional near-infrared spectroscopy to investigate the neural mechanisms of grief and 
sadness, alongside behavioral responses. To our knowledge, only one prior brain imaging study by Shirai and 
Soshi28 has attempted to differentiate these emotions using EEG. Their research examined the neurological 
processing of loss-related and failure-related sadness, finding distinct middle-phase neurophysiological 
processing for each. Failure contexts showed greater contextual conflict, while loss contexts demonstrated 
stronger congruency effects under sadness bias. Late-phase neural processing, however, supported similarities 
between these emotions. It is important to recognize certain constraints in the study conducted by28. Initially, 
the onomatopoeic emotional words utilized in this research conveyed the method of crying and were formulated 
within the context of Japanese culture. Given that the manner of crying may differ across various cultures29, 
this could influence the differentiation between sadness subtypes, leading to varying patterns of event-related 
potential (ERP) effects observed in diverse cultural groups.

In our study, we define loss-related sadness as a separate concept or emotional state that is best categorized 
as grief. Failure-related sadness can be defined or categorized as sadness. While long-term sadness can result 
in depression, little is known about distinguishing sadness from grief, which can lead to complicated grief. 
Understanding the differences between these emotions and their neural correlates can help with related disorders 
and long-term treatment.

Research aim
To date, no standard method has been developed to study grief ’s basic behavioral and neural mechanisms and 
attempt to differentiate it from other overlapping emotions. Considering the importance of contextual cues 
based on previous research, in this study, faces expressing basic emotion sadness were presented as a target, 
preceded by contextual prime stimuli (graveyards/caskets for grief condition, natural neutral scenes for sadness 
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condition). We aimed to differentiate grief and sadness in behavioural and neural responses. fNIRS was applied 
to the PFC region to explore underlying neural mechanisms, measuring oxy/deoxy hemoglobin correlated with 
cortical neural activity.

Results
Behavioral results
Weak association between stimulus type and emotion categorization in grief and sadness perception
The results are illustrated in (Fig.  1) and show the effect of stimulus type. A chi-square analysis shows a 
significant correlation between stimulus type (sadness and grief images) and categories (Sadness, Anger, 
Disgust, Happiness, Fear, Grief, Neutral, Surprise), χ2 (7, N = 840) = 18.68, p < 0.01. However, further post hoc 
tests (Bonferroni) did not show any difference between grief stimuli and categorization of emotional word grief; 
and sadness stimuli and categorization of emotional word sad. Furthermore, we performed the cramerV test for 
measuring the strength of association between stimuli and categorization of emotion given the eight options 
of categorization, and the results showed very weak strength of association between stimuli and categorization 
(CramerV = 0.1496).

Valence, arousal, and dominance: indicates no difference between grief from sadness
Wilcoxon signed rank tests showed significant differences between positive and neutral stimuli in valence 
(Z = 4.02, p < 0.001) and arousal ratings (Z = 3.01, p < 0.002). Positive stimuli were rated as more pleasant and 
arousing than neutral stimuli. However, no significant difference was found in dominance ratings (Z = 0.8, 
p < 0.41) (Figs. S2–S4). In contrast, comparisons between grief and sadness stimuli showed no statistically 
significant differences in valence (Z = 0.6, p < 0.5), arousal (Z = 0.7, p < 0.9), or dominance (Z = 1.2, p < 0.2) ratings. 
Participants reported similar emotional experiences for both conditions, suggesting a lack of distinguishable 
impact between grief and sadness stimuli on these emotional dimensions (Figs. S5–S7).

Significant faster reaction time to grief vs. sadness condition emotional facial images
While explicit behavioral responses showed no significant differences, our extended analysis of implicit 
behavioural measures, which is reaction time (RT) data revealed important distinctions. RT results (Wilcoxon 
signed rank test) for valence, arousal, and dominance demonstrated significant differences between grief and 
sadness conditions. Participants consistently responded faster to grief-related stimuli across all measures 
(valence: V = 21, p = 0.0004; arousal: V = 31, p = 0.0021; dominance: V = 19, p = 0.0002), suggesting enhanced 
cognitive processing for grief-related content (Fig. 2a–c). We also observed the faster RTs for positive target 
stimuli in comparison to neutral stimuli in the control conditions (Fig. S8a–c).

fNIRS results
The results of the fNIRS analysis showed region-specific PFC activity in response to emotion-eliciting images. 
The R6 corresponding to the right PFrd (Fig. 3) showed significantly higher Oxy-Hb for grief-related stimulus 
conditions in comparison to sadness, LMM, p < 0.0001; post hoc (Tukey), GR-SD, estimate = − 56, p < 0.0001 
(Table 1, Figs. 4 and 5). This observed effect in dorsal PFC region, roughly corresponding to the Brodmann areas 
10/9/8. However, such differences were not observed for deoxy-Hb (Table 2). Given our preliminary results, we 
can suggest that there is a difference between overlapping emotions grief and sadness at the neural processing 
level.

Fig. 1. Balloon plot showing the result of categorization of emotion. Values in each cell represent the number 
of times, across all trials, all the participants categorized grief and sad condition stimuli in a given optional 
category.
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Furthermore, we identified a noteworthy main effect of ethnicity (LMM, estimate = -52.92, SE = 18.20, 
p = 0.009), as well as an interactive effect of stimuli and ethnicity (linear mixed model, estimate = 54.20, SE = 7.07, 
p < 0.001) on oxy-Hb levels in the dorsal PFC region (Table 1; Fig. 6). Post hoc analysis using Tukey’s method 
for p-value adjustment revealed that overall Asian participants exhibited a significantly higher oxyhemoglobin 
(oxy-Hb) response to facial stimuli preceded by death-related images (grief condition) compared to facial stimuli 
preceded by neutral images (sad condition) (estimate = 56.91, SE = 5, p < 0.0001). Additionally, a significant 

Fig. 3. Diagram illustrating the emitter and detector positions. The red square indicates the emitters, and 
the blue circles indicate the positions of the detectors, which are located 3 cm apart from the emitters. 1–10 
indicate the areas between emitters and detectors that have been recorded. The right side of the image shows 
the corresponding regions (1–10) being recorded.

 

Fig. 2. Graphs showing the average reaction time for valence (a), arousal (b), dominance (c) of grief (GR) vs. 
sadness (SD) emotion conditions.
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Fig. 5. Bar graph showing the mean difference between grief and sadness conditions at channel 6. Oxy-Hb 
showed a significant increase for grief conditions in comparison to sadness (a). Deoxy-Hb (b) didn’t show any 
significant differences.

 

Fig. 4. Radar chart showing the mean difference of Oxy-Hb (a) and Deoxy-Hb (b) change for grief (red) and 
sadness (green) conditions for all participants across all channels. R1 to R10 represent the recorded barin 
regions/sites (for detail, see Fig. 3).

 

Predictor variables Estimate SE t p

Response variable: Oxy-Hb

 Intercept 50.4619 12.8713 3.9204 0.0001

 StimSD − 56.91270 4.9980 − 11.3870 0.0001

 EthnicityW − 52.9241 18.2017 − 2.9076 0.0094

 StimSD:EthnicityW 54.2033 7.0784 7.6575 0.0001

Table 1. LMM Model for hemodynamic (Oxy-Hb; CH6) activity as a response variable and emotion 
conditions (grief and sadness) and ethnicity as predictor variables.
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disparity was observed when comparing the oxy-Hb response of Asian and Western participants to facial images 
in the grief condition. Asian participants exhibited notably higher oxy-Hb levels than Western participants 
in response to grief condition images (estimate = 52.92, SE = 18.20, p = 0.042), as well as sad condition images 
response of Western participants (estimate = 55.63, SE = 18.21, p = 0.031).

Discussion
This study investigated the behavioral and neural mechanisms of grief and sadness, two similar but distinct 
emotions. Previous research demonstrates that contextual information significantly influences emotion 
perception, even in early stages10. We hypothesized that grief-related contextual cues (graveyards/caskets) would 
lead to categorization of negative facial expressions as grief, while neutral contextual images would result in 
sadness categorization. Depending on the context more closely associated with, each will show a different neural 
signature.

Unlike previous studies, our behavioral data showed no significant difference in sad and grief emotion 
categorization despite contextual cues. This could be due to the separate presentation of context and faces, 
reducing ecological validity compared to studies like Aviezer and collegues10 where emotional faces and context 
were paired, which makes the stimuli more natural/ecologically relevant. Additionally, cultural and linguistic 
factors may influence emotion categorization, primarily through top-down mechanisms. In our study, this 
potential effect was considered by recruiting both Japanese and Caucasian participants. While the Japanese 
language distinguishes between sadness (かなし, ‘kanashi’) and grief (悲嘆, ‘hitan’)30, the everyday usage of 
these terms may not consistently reflect this linguistic differentiation. This discrepancy between formal language 
and colloquial use could impact how participants categorize and process these emotions.

While explicit behavioral responses for valence, arousal, and dominance showed no significant differences, 
interestingly our extended analysis of implicit behavioural measures, that is reaction time (RT) data revealed 
important distinctions. RT results for valence, arousal, and dominance demonstrated significant differences 
between grief and sadness conditions. Participants consistently responded faster to grief-related stimuli across all 
measure’s valence, arousal, and dominance suggesting enhanced cognitive processing for grief-related content. 
These findings corroborate previous research on basic emotion recognition31, which reported significant RT 
differences across basic emotions, with sadness eliciting slower responses compared to other emotions. The 
observed discrepancy in implicit (RT) measures may indicate subtle processing differences between grief and 
sadness. Furthermore, observed faster response times to grief-condition images compared to sadness-condition 

Fig. 6. These graphs showing the interactive effect of stimulus condition and Ethnicity Fig. 5a showing the 
mean difference for oxy-Hb in response to SD (sad) and GR (grief) conditions for A (Asian ethnicity) and W 
(Westerners Ethnicity). Figure 5b shows the deoxy-HB response.

 

Predictor variables Estimate SE t p

Response variable: Deoxy-Hb

 Intercept 11.1702 8.0098 1.3945 0.1632

 StimSD 4.2453 3.3206 1.2784 0.2011

 EthnicityW − 8.5638 11.3267 − 0.7560 0.4594

 StimSD:EthnicityW − 10.8861 4.7041 − 2.3141 0.0207

Table 2. LMM Model for hemodynamic (Deoxy-Hb; CH6) activity as a response variable and emotion 
conditions (grief and sadness) and ethnicity as predictor variables.
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images, extend Carroll and Russell’s32 concept that context significantly influences emotion perception. This 
supports the view that situational information can override facial cues in emotional interpretation, highlighting 
the nuanced nature of emotional recognition and the importance of considering multiple information sources 
in emotion research. Additionally, observed faster response times to grief-condition images potentially be due 
to the specificity of the emotional context, with grief uniquely associated with loss, facilitating rapid cognitive 
processing. Furthermore, our study’s discrepancy between explicit and implicit measures aligns with previous 
research33, suggesting that implicit measures can effectively capture emotional states when explicit self-reports 
may not. Mauss and Robbinson34 proposed that implicit and explicit measures capture distinct aspects of 
emotion. These findings underscore the importance of employing both measurement types in emotion research 
for comprehensive insights.

Our fNIRS data showed a significant difference between grief and sadness conditions. Brain imaging results 
showed significantly increased oxygenated hemoglobin in the right dorsolateral prefrontal cortex (dlPFC) in 
response to grief image conditions compared to sadness images. Previous studies using fNIRS have shown 
that oxy-Hb levels increase in the PFC region in response to the experience, recognition, and regulation of 
negative emotions35–40. Danushka and colleagues built a model using fNIRS data to demonstrate its capability 
for discriminating between affective states on valence and arousal, and their model’s prediction of valence relied 
heavily on Brodmann regions 9 and 4641, which correspond to the dorsolateral prefrontal cortex (DLPFC). They 
concluded that the reason could be the involvement of the DLPFC in emotion regulation. It is worth pointing 
out that in the current experiment, participants were instructed to categorize or label the external stimuli rather 
than their own internal affective state. Affect labeling is a process that involves consciously converting either 
one’s internal emotional experience or an external evocative stimulus into a linguistic symbol, which can be 
challenging. Despite the effort needed, affect labeling can serve as an implicit form of emotion regulation. This 
is because its counterintuitive effects can occur without conscious awareness42. Therefore, while affect labeling 
may feel like an explicit process due to the effort involved, it can still be considered a form of emotion regulation. 
In the present study, participants had to categorize the emotion (a form of labeling) that might have caused 
automatic reappraisal and regulation of their emotion subconsciously, resulting in increased oxy-Hb for the grief 
condition in comparison to sadness. Thus, these results suggest that grief and sadness are different at least at the 
level of engagement of the dlPFC.

One can speculate that this after effect may be associated with priming stimuli rather than face stimuli. 
Given the time sensitivity of electroencephalography (EEG), in an event-related potential study, researchers 
investigated how emotional scenes impact the early processing of faces. They found that the N170 component, 
associated with face processing, showed larger amplitudes for faces in fearful scenes compared to happy and 
neutral scenes. Notably, N170 amplitudes were significantly higher for fearful faces within fearful scenes than for 
fearful faces in happy scenes. They concluded that facial expressions and scene context are combined during early 
face processing stages43. However, there exists a distinction between the present study and the aforementioned 
research, as the previous study introduced face and context stimuli simultaneously, whereas we presented a 
priming stimulus independent of the target stimulus. Additionally, we incorporated an interstimulus interval of 
two seconds, effectively eliminating the influence of contextual stimuli on the initial processing of facial targets. 
It is worth noting that fNIRS, in comparison to EEG, suffers from a limited temporal resolution, which poses 
challenges in capturing millisecond temporal changes. However, these findings suggest that death-related primes 
can significantly influence neural responses to facial stimuli, even with temporal separation, highlighting the 
enduring impact of emotional context on face processing.

In the current study, we also observed hemispheric asymmetry; a significant effect was found only in 
the right hemisphere. Such results partially support the right hemisphere hypothesis (dominance of the right 
hemisphere for processing all emotions) and valence-specific hypothesis that explains the relative dominance 
of the right hemisphere for negative affect processing44,45. These findings align with previous studies showing 
elevated BOLD signals in the right DLPFC for unpleasant emotional experiences46 and increased activation 
in the right frontopolar region for negative emotions47. Additionally, our results corroborate fMRI studies 
associating downregulation of negative emotion with increased right lateral PFC activity48. While in previous 
study participants were not explicitly instructed to downregulate emotions, this may reflect a natural tendency 
to reduce negative emotional experiences.

Additionally, we also observed cultural differences in the emotion perception of the presented stimuli. 
Ethnicity significantly impacted oxy-Hb levels in the dorsal PFC, with an interaction between stimuli and 
ethnicity. Asian participants showed higher oxy-Hb responses in the dorsal PFC for facial stimuli preceded by 
death-related images (grief condition) compared to neutral images (sad condition). They also demonstrated 
significantly higher oxy-Hb levels than Western participants in response to grief condition images. This effect 
persisted when comparing Asian participants’ responses to grief conditions with Western participants’ responses 
to sad conditions. The ongoing debate on cultural differences in emotion perception explores the universality 
hypothesis, which suggests that basic emotions are universally expressed and recognized, and the social 
constructivist view, which argues that different human groups adapt to their unique environments, resulting in 
cultural variability in emotions. In this study, disparity in culture might be associated with the latter. Previous 
research by Masuda and colleagues49 revealed that Asian individuals, specifically Japanese individuals, have a 
broader focus when assessing others’ emotions compared to Westerners, who primarily rely on facial expressions 
without considering contextual information. This suggests that cultural variability influences emotion perception, 
with Japanese individuals being more sensitive to emotional context while Americans show lower sensitivity. 
Further, the disparity in emotional face perception between Asian and Western participants may be attributed 
to cultural factors such as display rules, cultural norms, and emotional accents. Western cultures encourage 
the expression of emotions, leading to more intense displays of negative emotions. Therefore, Westerners may 
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anticipate greater intensity in negative emotional displays, which may influence their perception of emotional 
faces following death-related primes.

Overall, while explicit behavioral responses for categorization along with valence, arousal, and dominance 
showed no significant differences, interestingly implicit behavioural measures revealed important distinctions 
between grief and sadness. Further, our brain imaging results showed significantly increased oxygenated 
hemoglobin in the right dorsolateral prefrontal cortex in response to grief images compared to sadness images. 
Additionally, cultural differences in the emotion perception of the presented stimuli shed light on the cultural 
variability in the perception of these two emotions (grief vs sadness).

This study was subject to several limitations. First, the relatively small sample size was a notable constraint. 
However, this was mitigated by a high-density data collection design, which yielded 200 data points per block 
per participant. This approach aligns with neuroimaging research practices, where numerous observations per 
participant often compensate for smaller sample sizes50. Robust statistical methods, including mixed-effects 
models suited for nested data structures, were utilized to account for both within-subject and between-subject 
variability. Second, the age range of the participants was limited, with the majority being around 30  years 
old, which restricts the generalizability of the results. Further studies are needed with a wider age spectrum, 
encompassing young adults and older individuals, to enhance the generalizability of the results. Third, the study 
was constrained to two categories of contextual images: neutral and death-related. This limitation was partly to 
avoid long trials due to concerns about potential headaches from prolonged fNIRS cap use. In future research, 
a more comprehensive understanding of how context affects perception of sadness and grief emotion could be 
achieved by incorporating a broader range of contextual images, including positive ones. Future studies could 
benefit from integrating and comparing facial images displaying different emotions with a range of contextual 
stimuli (e.g., death-related, neutral, and positive) to yield more nuanced outcomes.

Conclusion and implications
Together behavioral reaction time and neuroimaging data indicate perceptual and neural processing differences 
between grief and sadness, despite similarities in conscious emotion reporting. These findings suggest distinct 
automatic implicit mechanisms for these emotions. However, generalizing these findings requires caution. 
Further research is encouraged to investigate these emotions as potentially distinct entities, utilizing varied 
approaches, stimuli, and rigorous testing protocols to validate and expand upon these observations.

Our findings suggest questioning the long-lasting basic emotion approach and rethinking having more than 
six emotions that are perceived and regulated by a separate set of neural circuits, resulting in different brain 
activations for each. Some recent studies have attempted to differentiate these overlapping emotions20,27, with 
the purpose of differentiating sadness into subtypes. This can have numerous implications in the context of 
differentiating emotional states and further in clinical applications in diagnosing emotion-related disorders such 
as depression and prolonged grief disorder. These observed areas in response to grief and sadness stimuli can 
be used as biomarkers for understanding the perception of grief and sadness, along with the regulation of these 
emotions in the normal population and compared with the clinical population for further development of newer 
treatments.

Methods
Participants
Twenty-one participants, twelve females and nine males, with ages ranging from 23 to 41 (28.95 ± 4.52; 
mean ± SD), participated in the experiment. Among all, eleven were from Asian cultural backgrounds (Chinese 
and Japanese students), and ten participants were from Western cultural backgrounds (Table 3). All the 
participants were right-handed and had normal vision or corrected-to-normal vision. Before participating in 
the experiment, each participant received a form for reporting any psychological and neurological disorders and 
was only included for participation when reported to be free from any abnormalities.

The human ethics committee of Kyoto University Primate Research Institute approved the project. Prior to 
the experiment, all participants were given the informed consent and monetary incentive of 1000 JPY (equivalent 
to approximately 8 USD) and were instructed to avoid consuming coffee at least before two hours of the starting 
experiment.

Male Female Total

Asian

 Chinese 1 4 5

 Japanese 2 4 6

Caucasians

 United states 2 1 3

 Canadian 1 1 2

 Europeans 3 2 5

 Total 9 12 21

Table 3. Cultural background and gender of the participants.
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Material and equipment’s
Our study comprised two experimental (grief and sadness) and two control conditions (positive and neutral). 
Experimental conditions stimuli consisted of forty facial images expressing sadness emotion. Twenty images of 
faces expressing negative valence were from Caucasians, ten were Chinese, and ten were Japanese. The images 
of Caucasians were taken from the database “The Karolinska Directed Emotional Faces” (KDEF), which is a 
set of pictures of humans displaying seven different facial emotional expressions (neutral, happy, angry, afraid, 
disgusted, sad, surprised) from five different angles (full left profile, half left profile, straight, half right profile, full 
right profile)51. In this study, we chose twenty pictures expressing sad emotion with straight angle and number 
of male and female pictures was balanced (10 male and 10 female models). To balance the stimuli between 
Asians and Caucasians, we used the remaining twenty images from the Chinese and Japanese databases. For 
the Chinese pictures, we used the “Tsinghua facial expression database,” which comprises Chinese young and 
older adults displaying eight different facial emotional expressions: neutral, happiness, anger, disgust, surprise, 
fear, content, and sadness52. In this experiment, we selected ten young Chinese images displaying sadness. For 
the Japanese pictures, we used the images from the database “The Japanese Female Facial Expression (JAFFE).” 
This database contains images of seven facial expressions (6 basic facial expressions + 1 neutral), and we selected 
ten images displaying sadness53. In addition to facial images, twenty non-social priming/contextual images were 
employed: ten death-related (e.g., caskets, graveyards) and ten neutral (e.g., fields, streets) images, all sourced 
from the internet and matched for size, resolution, and brightness. Emotional responses were assessed using the 
Self-Assessment Manikin (Fig. S1) scale54, measuring valence, arousal, and dominance. The control condition 
comprised forty facial images (twenty positive, twenty neutral) from the same databases as the experimental 
condition. Unlike experimental conditions, no contextual images were used for control conditions. Functional 
near-infrared spectroscopy (fNIRS) used across all conditions to measure the hemodynamic activity in the brain 
with control conditions serving to validate fNIRS as an appropriate measure for distinguishing emotional and 
non-emotional states. The experiment totaled eighty trials divided into four blocks, each defined by stimulus 
type (positive, neutral, grief, sadness) and consisting of twenty trials.

Procedure
Participants were seated in front of the computer screen, and instructions were given (see S1 for details of 
instruction). In experimental conditions (grief and sadness) the trial sequence began with a white central 
fixation cross displayed for 300 ms, followed by a 300 ms presentation of the prime stimulus. After a 2-s inter-
stimulus interval (ISI), the target (emotional facial image) stimulus was presented for 20 s (Fig. 7). In the control 
conditions the trial sequence was the same, except presentation of priming stimulus, which was omitted in 
control conditions. Stimuli were presented in pseudorandom order within a block, and presentation of each 
block was counterbalanced across participants. Participants were instructed to perceive and evaluate emotional 
facial images using the 9-point SAM scale (Fig. S1) across three dimensions.: valence (1 most unpleasant to 9 
most pleasant), arousal (1 most relaxing to 9 most stimulating), and dominance (1 most submissive to 9 most 
dominant). They were also instructed to categorize each facial expression from eight given options: Sadness, 
Anger, Disgust, Happy, Fear, Grief, Neutral, Surprise. While participants were observing the emotional facial 
images (target), oxygenated and deoxygenated (oxy and deoxy) hemoglobin (Hb) dynamics in the PFC were 
observed using fNIRS (Fig. 3), to investigate the hemodynamic changes across different experimental conditions. 
A tutorial was given to the participants, and they had the chance to practice prior to the main experiment. After 
each block, a break was given to all the subjects to allow for rest and to maintain their performance efficiency.

Basic emotion is universal and easy to recognize only by looking at the facial expression, while emotions 
like grief often require contextual cues for accurate interpretation. Previous studies have shown that emotion 
perception is malleable and context dependent. The same facial expression can be categorized differently based 
on contextual cues10,43, highlighting the interplay between visual processing of facial features and cognitive 
integration of contextual information in emotion recognition. We hypothesized that altering contextual 

Fig. 7. Schematic illustration of the sequence of the task.
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information would lead to the same sad facial expression being perceived differently. In the grief condition, we 
presented images of caskets and graveyards, which are associated with death, to potentially shift the perception 
of sad faces towards grief. Conversely, in the sadness condition, we displayed neutral natural scenes that provided 
no additional contextual information. We assumed that without relevant contextual cues, participants would 
perceive the faces as expressing sadness based solely on facial information, given that sadness is a basic emotion 
typically recognizable from facial expressions alone.

Behavioral data analysis
For behavioral data, categorization of emotion testing for the association between the presented emotional 
stimuli and emotion categorization, a chi-square test was performed. We hypothesized that, given the contextual 
information associated with grief and sadness, with unpleasant similar facial stimuli as targets, will result in the 
categorization of different emotions associated with the specific context in which the facial stimulus (target) was 
presented.

H0: Contextual information and facial stimuli are independent, thus resulting in no difference in 
categorization of sadness and grief along with no difference in neuronal activity.

H1: Contextual information and facial stimuli are associated, thus resulting in differences in the categorization 
of sadness and grief along with neuronal activity differences.

To investigate potential differences in participants’ evaluations of valence, arousal, and dominance between 
grief and sadness condition stimuli, as well as their associated reaction times (RT), we employed a Wilcoxon 
signed-rank test. Due to the control conditions (positive and neutral stimuli) lacking contextual images, 
rendering them directly incomparable to the experimental conditions (grief and sadness). To address this, we 
conducted separate analyses for the control conditions using the same Wilcoxon signed-rank test.

fNIRS data acquisition and processing
A fNIRS device (NIRO-200, Hamamatsu Photonic K.K., Japan) with eight probes allowing ten points of 
measurement was used to measure oxygenation and deoxygenation of blood hemoglobin in the left and right 
prefrontal cortical regions (Fig. 3). The distance between the source and detector was 3 cm. The experimental 
condition is a 2x (blood hemoglobin: oxy-Hb and deoxy-Hb) 2x (images: grief (GR); sadness (SD)) 10 (channels/
regions) factorial design. For control conditions the factorial design is a 2x (blood hemoglobin: oxy-Hb and 
deoxy-Hb) 2x (images: neutral (NU); positive (POS)) 10 (channels/regions). The fNIRS system employed two 
emitters with laser pulse wavelengths of 775, 810, and 850  nm, and eight detectors. These were positioned 
over the frontal lobe with a 3 cm source-detector separation. This configuration allowed for the simultaneous 
recording of oxygenated (oxy-Hb) and deoxygenated (deoxy-Hb) hemoglobin concentrations at a sampling rate 
of 0.5 Hz while participants observed emotional facial images.

fNIRS data analysis
Data preprocessing involved three key steps, first, unresponsive channels, due to poor scalp coupling were 
identified by straight-line patterns in the graph and were excluded for further analysis. Second, artifacts (sudden 
amplitude changes) were corrected based on visual inspection of raw time-series data. Finally, twenty-sec 
moving average methods were performed to attenuate high-frequency components such as motion artifacts. 
All the data analysis was performed using R 3.6.255, and the graphs were created using the ggplot2 package in R.

To validate fNIRS as a measure for differentiating neural mechanisms in prefrontal cortex (PFC) regions, 
underlying the perception of affective (positive) and non-affective (neutral) stimuli in control conditions, we 
employed linear mixed effects models (LMMs). Hemodynamic response (HDR) served as the dependent variable, 
with control conditions (positive and neutral facial images) and channels as predictor variables. Participant 
numbers were included as a random factor to account for individual variability. This approach allowed us to 
assess the sensitivity of fNIRS in detecting distinct neural activation patterns associated with affective and non-
affective visual stimuli processing.

Further, our main interest was in experimental conditions to investigate the neural mechanism of grief 
perception in the PFC and its comparison with another overlapping emotion, sadness LMMs were run with 
HDR as a dependent variable, emotion conditions (facial images in sadness and grief block conditions), channels 
(PFC regions, the values for the 10 channels were not simultaneously entered into the model; rather, the value 
of each channel was entered individually), ethnicity as predictor variables, and participant number as a random 
factor, using the lme function (nlme R-package). Post hoc Tukey’s HSD tests were used to explore the specific 
effects of the predictor variables on HDR. LMMs were compared using AIC (Akaike’s information criterion), R2 
values and ANOVA.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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