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Abstract

Emotions are at the core of human cognition and behavior. Traditionally, emotions have been 

classified dichotomously as being either positive or negative. However, recent behavioral research 

An et al (2017) suggests that emotions contain both positivity and negativity. The current work 

investigated neural correlates of experiencing positive and negative emotions in response to happy 

and sad photos. Functional MRI revealed the precuneus and posterior cingulate cortex showed 

stronger activation when experiencing positivity compared to negativity of sadness, but not 

happiness, whereas the bilateral cerebellum showed greater response to positivity than negativity 

regardless of emotion. Results suggest that there are similarities and differences in the neural 

activation of positivity and negativity of happiness and sadness, consistent with previous findings 

An et al (2017). Emotion from both the neural and psychological perspectives were investigated. 

Further implications are discussed.
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INTRODUCTION

A fundamental assumption about emotion is that emotions are dichotomous, and must be 

categorized as either positive or negative, regardless of variations in activation or arousal 

[2,3,4]. However, recent behavioral findings suggest that experiencing each emotion, 

regardless of traditional emotion dichotomies, can produce both favorable and unfavorable 

consequences [5,6,7]. Cacioppo and colleagues [8] proposed a model whereby positivity and 

negativity can exist simultaneously. Recent behavioral findings [1] corroborate this, showing 

that each emotion contains both positivity and negativity, and there are cross-cultural 
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differences. Yet, we know little about how the human brain processes positivity and 

negativity of different emotions. To clarify, this issue has at least two important implications 

for understanding the nature of emotional processing.

First, neural responses to emotional stimuli have been identified in multiple brain regions 

that play different roles in emotional processing; the amygdala is activated during coding the 

emotional significance of salient stimuli [9,10], and the medial prefrontal cortex (mPFC) is 

engaged in a volitional act of appraising the extent of personal associations with emotional 

stimuli [11]. Activation in these brain regions is usually observed when viewing emotional 

expression (e.g. facial expression). Thus an important question concerns whether other brain 

regions might be activated in response to the emotional content of stimuli (which would 

induce such an emotion). Second, since previous behavioral findings suggest that 

participants experienced positivity/negativity of different emotions (e.g. happiness, and 

sadness), it is pivotal to clarify whether there are common and distinct neural substrates of 

processing positivity/negativity for different emotions.

The current work examined the neurocognitive processes involved in the evaluating of the 

two sides of emotions by scanning healthy adults using functional magnetic resonance 

imaging (fMRI) when viewing photos depicting happiness and sadness. Participants rated 

their feelings of positivity and negativity in response to each photo; participants’ neural 

activity was examined while both viewing photos and performing ratings to separate brain 

activations related to evaluating positivity/negativity. This design allowed us to examine 

neural responses to emotional content by contrasting the blood oxygenation level-dependent 

responses valence of happiness and sadness.

Candidates for the neural underpinnings of positivity evaluation of happy and sad photos 

include the posterior cingulate cortex (PCC) and precuneus, which have been associated 

with positive emotions (e.g., happiness, [12]) and retrieval of episodic memory [13,14]. This 

can be tested by comparing the brain activity of positivity versus negativity, and testing 

whether emotion (happiness/sadness) modulates such activity.

Candidates for the neural underpinnings of negativity evaluation of happy and sad photos 

include the cerebellum, frontal cortex, superior temporal gyrus. These areas are known to 

relate to sadness, and negative emotions in general [15,16,17]. This can be tested by 

comparing brain activity of negativity versus positivity of both happy and sad photos. 

Female adults were tested to avoid the confounding of both sex differences in feeling and 

reporting emotion [18] and distinct brain activity in response to emotion in the two sexes 

[19,20].

METHODS

Participants

An a priori power analysis using G*power software [21] revealed 27 participants were 

necessary to detect a moderate effect size with 80% power for the rating task. A sample of 

this size is in line with typical fMRI studies. Thus, we recruited 30 Chinese female adults 

(M=22.38, SD=2.08 years) who were paid 100RMB for participation. All participants were 
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right-handed, had normal or corrected-to-normal vision, and reported no neurological or 

psychiatric history. Four participants were excluded from further fMRI data analyses 

because their functional images showed head movement larger than one voxel (3.75 mm). 

Participants provided informed consent prior to fMRI scanning. This study was approved by 

the local ethics committee of Peking University.

Stimuli

We gathered over 100 online photos representing each emotion (i.e., sadness and happiness). 

We then presented 45 pre-selected photos for each emotion to Americans (N=51; M=19.82 

years, SD=1.84) and Chinese (N=51; M=21.98 years, SD=2.22) in a lab setting and asked 

them to rate each photo for the six basic emotions (i.e., sadness, happiness, surprise, disgust, 

fear, and anger) with 0=not at all, 6=very much. We next selected photos of sadness or 

happiness to which rating scores were matched in the two cultural groups (in order to 

conduct cross-cultural comparisons in future research). 16 sad (M=4.08, SD=0.38) and 16 

happy (M=4.52, SD=0.43) photos showing humans in social situations that were perceived 

to reflect sadness or happiness were ultimately chosen for the current fMRI study. Thus, a 

total of 32 photos, 16 photos for each emotion (happiness and sadness) were used in the 

fMRI study. The cursor started at 0 at all times.

Procedure

We employed a 2 (Emotion: happiness vs. sadness) × 2 (Valence: negativity and positivity) 

within-subjects design. After participants granted consent, we checked their eligibility for 

the fMRI experiment, their demographic information, and the Self Construal Scale (SCS). 

For the fMRI session, participants were presented with photos of sadness and happiness and 

had to rate the positivity and negativity of each photo. Each photo was presented twice in a 

random order and participants rated each photo in terms of positivity or negativity. There 

were 4 functional runs, and 16 photos (8 happy, and 8 sad) were presented in each run. Each 

photo subtended a visual angle of 3.6°×3.6° (width × height) at a viewing distance of 80 cm. 

Fig. 1 illustrates the stimuli and procedure of a single trial during fMRI scanning. On each 

trial, the question “How positive (or negative) is this photo to you?” was first presented for 

2000 ms, which was followed by a photo for 2000 ms. After an inter-stimulus interval of 1, 

3, or 5 s, a rating scale appeared for 6000 ms and participants rated each photo from 0 (not at 

all) to 6 (extremely) by pressing the left or right button on a response keyboard using their 

right index or middle finger. An inter-trial interval varying among 2, 4, or 6 s followed the 

rating scale. All questions, photos, and ratings were presented in the center of the screen.

Imaging Parameters

One hundred and fifty-six functional images were acquired during each functional run using 

a 3.0 T GE Signa MR750 scanner (GE Healthcare; Waukesha, WI) with a standard head 

coil. Functional images were acquired using a T2-weighted, gradient-echo, echo-planar 

imaging sequence (64 × 64 × 32matrix with 3.75 × 3.75 × 5 mm3 resolution, repetition 

time=2000 ms, echo time=30 ms, flip angle=90°, field of view=24 × 24 cm2). A high-

resolution T1-weighted structural image (512 × 512 × 180matrix with a spatial resolution of 

0.47 × 0.47 × 1.0 mm3, repetition time=8.204 ms, echo time=3.22 ms, flip angle=12°) was 

acquired before the functional runs.
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Imaging Data Analysis

Images were preprocessed using SPM 8 software (Wellcome Trust Centre for Neuroimaging, 

London, UK). The first three volumes were removed to allow for T1 equilibration effects. 

Images were adjusted for slice timing by correcting all to the first slice, realigned to the first 

scan to correct for head motion, normalized into stereotactic Montreal Neurological Institute 

(MNI) space with 3-mm cubic voxels, and spatially smoothed by a Gaussian filter with full-

width/half-maximum parameter (FWHM) set to 8 mm. We then modeled trials of each 

condition by convolving the canonical hemodynamic response function (HRF) and its time 

derivative at the onset of the presentation of photos and onset of the presentation of ratings. 

Six motion parameters (translation: x, y, z; rotation: pitch, roll, yaw) were also included in 

the model to account for effects of no interest. Low-frequency signal drifts were removed by 

high-pass filtering (cutoff 128 s), and temporal autocorrelations were corrected by using an 

autoregressive AR(1) function. We conducted individual-level analysis to identify neural 

responses that showed main effects of Valence and Emotion and Valence-by-Emotion 

interaction. Specifically, the contrast [1 −1 −1 1] and its reverse contrast were applied to the 

four conditions (happy_positive, happy_negative, sad_positive, sad_negative) to test for 

Valence-by-Emotion interaction; [1 −1 1 −1] and its reverse contrast were used to test for the 

main effect of Valence; and [1 1 −1 −1] and its reverse contrast tested for the main effect of 

Emotion. These contrasts were conducted separately for brain activity during presentation of 

photos and during rating. Group-level analysis was then conducted based on the contrast 

images from individual participants to allow population inference. Significant activations 

were identified using a voxel threshold of p < 0.001 and a cluster threshold of p < 0.05 (FDR 

corrected for multiple comparisons). In order to inspect the direction of the neural activities 

that showed significant Valence-by-Emotion interaction, regions of interest were defined as a 

spherical region of 5-mm radius centered at the peak voxel of the activated cluster, and post-

hoc analysis was performed on the parameter estimates extracted from those regions.

RESULTS

Behavioral Results

Rating scores of the stimuli during the fMRI scanning were subject to ANOVA with 

Emotion (happiness vs. sadness) and Valence (positivity vs. negativity) as within-subjects 

independent variables. There were significant main effects of Emotion (F(1, 25)=17.81, p < .

001, η2=.42) and Valence (F(1, 25)=47.51, p < .001, η2=.66) and a significant interaction 

between Emotion and Valence (F(1, 25)=179.10, p < .001, η2==.88).The positivity for 

happy photos was rated stronger (M=4.76, SD=.85) compared to the positivity for sad 

photos (M=1.37, SD=.65). The negativity for sad photos (M=3.47, SD=.82) was rated 

stronger compared to the negativity for happy photos (M=.80, SD=.98). The simple effect 

tests revealed that all the ratings were significantly different from each other (ps<.001). The 

SCS score was −6.19, indicating participants were more interdependent than independent.

Brain Activity during the Presentation of Photos

The whole-brain 2 × 2 ANOVA did not reveal any significant main effect of Valence or 

Emotion. Significant Valence-by-Emotion interaction was revealed by the contrast [−1 1 1 
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−1] in the precuneus (k=121, Z=4.42, x/y/z=12/-64/46), right middle frontal gyrus (MFG) 

(k=127, Z=4.33, x/y/z=42/35/34), and the PCC (k=186, Z=3.86, x/y/z=3/-22/31) (Fig. 2A).

Post-hoc analyses showed that the precuneus activity did not differ in response to 

happy_positivity vs. happy_negativity (t(25)= −0.59, p=.560), but was significantly greater 

in response to sad_positivity compared to sad_negativity (t(25)=2.83, p=.009). The right 

MFG showed marginally weaker response to happy_positivity compared to 

happy_negativity (t(25)= −1.93, p=.064), and significantly stronger response to 

sad_positivity compared to sad_negativity (t(25)=2.29, p=.031). The PCC activity did not 

differ in response to happy_positivity vs. happy_negativity (t(25)=−1.31, p=.203), but was 

marginally greater in response to sad_positivity compared to sad_negativity (t(25)=1.76, p=.

090).

Brain Activity during Rating

The whole-brain 2 × 2 ANOVA revealed a significant main effect of Valence at the bilateral 

cerebellum which showed greater activity in response in the positivity vs. negativity 

conditions (k=279, Z=4.81 & 3.72, x/y/z=−30/−82/−23 & 21/−73/−20) (Fig. 2B). There was 

a main effect of Emotion in the medial prefrontal cortex (mPFC), which showed greater 

response in the happy vs. sad conditions (k=301, Z=5.09, x/y/z=0/56/1). A main effect of 

Emotion was also found in the left inferior frontal gyrus (k=544, Z=4.82, x/y/z=−42/8/28), 

right inferior/middle frontal gyrus (k=106, Z=4.49, x/y/z=51/32/25), left superior frontal 

gyrus/supplementary motor area (k=154, Z=4.20, x/y/z=−27/2/61), right superior frontal 

gyrus (k=121, Z=4.55, x/y/z=27/−1/61), left superior parietal lobule (k=141, Z=3.74, x/y/z=

−21/−61/52), and right superior parietal lobule (k=126, Z=3.97, x/y/z=15/−70/49), which 

showed greater response in the sad vs. happy conditions (Fig. 2C). A significant Valence-by- 

Emotion interaction was revealed by the contrast [1 −1 −1 1] in the left motor cortex (k=663, 

Z=5.36, x/y/z=−36/−22/70), right cerebellum/cerebellar vermis (k=380, Z=4.48, x/y/

z=6/−73/−17), and mid-cingulate cortex (k=140, Z=3.95, x/y/z=−6/2/43). The reverse 

contrast [−1 1 1 −1] showed interaction in the cuneus (k=236, Z=4.85, x/y/z=−9/−79/31) and 

the right superior temporal gyrus (k=167, Z=3.80, x/y/z=51/−19/−5) (Fig. 2D).

Post-hoc analyses showed that the left motor cortex activity was significantly stronger in 

response to happy_positivity vs. happy_negativity (t(25)=4.43, p < .001), and did not differ 

in response to sad_positivity and sad_negativity (t(25)=−1.09, p=.286). The right cerebellar 

activity was significantly stronger in response to happy_positivity vs. happy_negativity 

(t(25)=4.95, p < .001), and was marginally weaker in response to sad_positivity vs. 

sad_negativity (t(25)=−1.76, p=0.091). The mid-cingulate activity was significantly stronger 

in response to happy_positivity vs. happy_negativity (t(25)=3.10, p=.005), and was 

marginally weaker in response to sad_positivity and sad_negativity (t(25)=−1.77, p=.089). 

The cuneus activity was significantly weaker in response to happy_positivity vs. 

happy_negativity (t(25)=−4.70, p < .001), and did not differ in response to sad_positivity 

and sad_negativity (t(25)=1.11, p=.278). The right superior temporal activity was 

significantly weaker in response to happy_positivity vs. happy_negativity (t(25)=−5.03, p < .

001), and did not differ in response to sad_positivity and sad_negativity (t(25)=0.64, p=.

527).
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DISCUSSION

The present research aimed to understand how the human brain encodes positivity and 

negativity of emotions via the emotion induced by photo stimuli, and the rating processes in 

response to them. While the behavioral results in the current work are consistent with 

previous findings [1] and support the claim that individuals can process both positivity and 

negativity when viewing happy and sad photos, the fMRI results further revealed the 

underlying neural substrates.

First, the imaging results during the photo viewing revealed an interaction between Valence 

and Emotion at the PCC/precuneus and right middle frontal gyrus (MFG). The PCC/

precuneus plays a key role in experiencing positivity is consistent with the findings of 

previous neuroimaging studies of emotion; both the PCC and precuneus were found to be 

associated with subjective happiness when participants were asked to rate subjective feelings 

of happiness and life satisfaction [12]. The PCC/precuneus also plays an important role in 

episodic memory retrieval [22,23]. Recollecting one’s own experiences might be even more 

critical when participants tried to assess their feelings of positivity when viewing sad photos, 

because intuitive emotional responses to sad photos are negative. Altogether, this explains 

why and how the PCC/precuneus was only activated for positivity of sadness in the current 

paradigm.

The right MFG is related to attention and working memory [24]. This suggests that the right 

MFG was activated in order for the participants to control and pay more attention towards 

their feelings of contradicting emotions, negativity of happiness, and positivity of sadness. 

However, the effect was only marginally significant for sadness, since the difference 

between valences of sadness was smaller compared to happiness. Also, this supports the 

notion that East Asians tend to have stronger positivity of sadness compared to Westerners 

[1].

There was no significant activation for negativity minus positivity for neither happiness nor 

sadness. Neural structures such as the amygdala and insula are frequently activated by facial 

expressions of others [25,26,27]. This is not surprising because we contrasted positivity 

minus negativity (or the reverse) judgments, and this analysis might have reduced the effect 

of arousal on brain activity to a minimum degree.

The imaging results for rating showed more complex activation, because it involved more 

cognitive attention. The bilateral cerebellum was activated in response to positivity relative 

to negativity for a main effect of Valence. Cerebellum is associated with higher emotion 

processing [28,29]. The mPFC was activated in response to happiness relative to sadness for 

a main effect of Emotion. The mPFC is known for appraising the extent of personal 

association with emotional stimuli [11].

The bilateral inferior frontal gyrus, left middle frontal gyrus, right superior frontal gyrus, 

and bilateral superior parietal lobule were activated in response to sadness relative to 

happiness for a main effect of emotion. The bilateral inferior frontal gyrus is frequently 

activated in response to sad and negative emotions in general, and triggers other areas related 

to memory retrieval and empathy [30,31]. The left middle frontal gyrus and the right 
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superior frontal gyrus are found to be related to emotion regulation [32] as well as 

depression [33]; it might be possible that sadness requires more complex neurocognitive 

processing compared to happiness.

The main effects were qualified by an interaction between Valence and Emotion; this 

involved the left motor cortex, right cerebellum, mid-cingulate cortex, cuneus, and right 

superior temporal gyrus activations. The left motor cortex was activated most strongly for 

positivity of happiness compared to negativity of happiness. There was no difference 

between the positivity and negativity of sadness, which could be due to the relatively strong 

positivity of sadness, while differences of positivity and negativity of happiness were much 

stronger. A simple account of the left motor activity was that participants pressed buttons 

more frequently to produce the rating scores. The cerebellum is again known for higher 

emotion processing [28,29]. On the other hand, mid-cingulate activation was stronger for 

positivity of happiness and negativity of sadness compared to negativity of happiness and 

positivity of sadness, respectively. The mid-cingulate was activated when there was 

unpleasant affect and motor interaction when unpleasantness and neutral stimuli were 

examined [34]. However, we found that this also was the case for happiness, suggesting that 

the mid-cingulate area might be related to the salience of emotions. The reverse interaction 

showed cuneus and right superior temporal gyrus activation. The cuneus was found to be 

related to negative emotion, particularly relevant to negative autobiographical memory [35], 

and negative emotion regulation processes [17,36]. Also, recent findings showed that the 

superior temporal gyrus is activated in response to some negative emotions such as sadness 

and depression [15,37].

There are caveats to overcome. First, we tested only two emotions (i.e., happiness and 

sadness) in the current work. Although many studies use happiness as a representative 

positive emotion and sadness as a representative negative emotion, including additional 

emotions could be useful. Second, it is possible that the results are due to emotion 

regulation; determining what extent emotion regulation was involved could be informative. 

Lastly, the current study only scanned female participants. Given the sex differences in 

subjective feelings of emotion [38] and brain activity in response to emotion [19,20], future 

research should test male participants.

Finally, the previous fMRI findings suggest cross-cultural differences in brain responses to 

emotion such that European Americans showed greater activity in circuits associated with 

affect and reward (bilateral ventral striatum, left caudate) while viewing excited versus calm 

expressions than did Chinese [39]. This can be addressed by employing cross-cultural 

comparisons.

In summary, ourt brain imaging findings provide evidence for neural activity underlying the 

processing of positivity and negativity when viewing happy and sad photos, and rating 

processes. There was stronger activation in PCC/precuneus for positivity than negativity of 

sadness, but no differences in PCC/precuneus for positivity and negativity of happiness. The 

cerebellum was activated during the rating processes for positivity for both happiness and 

sadness. The current findings help us to understand and better explain the mixed feelings 

that we often experience.
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Figure 1. 
Sample stimuli and procedure. (A) Two samples of happy and sad photos. (B) The structure 

of a trial during fMRI scanning. Each photo was presented twice for positivity and 

negativity.
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Figure 2. 
Brain regions showing1: (A) valence-by-emotion interaction during photo display; (B) main 

effect of valence during rating; (C) main effect of emotion during rating; and (D) valence-

by-emotion interaction during rating.

1Regions in red/yellow were identified by the following contrasts applied to happy_positive, happy_negative, sad_positive, and 
sad_negative: (A)&(D) [1 −1 −1 1]; (B) [1 −1 1 −1]; and (C) [1 1 −1 −1]. Regions in blue/green were identified by the reverse 
contrasts. L/R.: left/right; SFG/MFG/IFG: superior/middle/inferior frontal gyrus; PreCu: precuneus; PCC/MCC: posterior/mid-
cingulate cortex; SPL: superior parietal lobule; SMA: supplementary motor area; mPFC: medial prefrontal cortex; Mot: motor cortex; 
STG: superior temporal gyrus.
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