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Abstract: In the previously proposed theoretical model of emotion, emotion serves as an internal feedback to assess the 

disparity between the internal prediction and the actual outcomes in the external world, so that congruency between the 

desirable wants and needs can be met by resolving the emotions. The Emotional-Gain Model predicts that the happy 

emotional intensity is proportional to the magnitude of the desirable gain signals, while unhappy emotional intensity is 

proportional to the magnitude loss signals. Using the classical Ultimatum Game (UG) experimental paradigm to elicit 

self-generated emotions in response to a monetary offer, we want to determine whether the emotional responses are altered in 

relation to the decision to accept or reject the offer. If so, then does it change the emotional baseline level or the emotional 

sensitivity? The results showed that the proportionality relationship between emotional intensity and offer-ratios remains the 

same with respect to the acceptance or rejection decision. The only difference between the decisions is that the baseline level 

of happiness is shifted by 40% higher for the decisions to accept the offer, compared to the decisions that rejected the offer. 

The emotional baseline level is changed without changing the emotional sensitivity. This is quantified by the shift in the 

y-intercept of the emotional stimulus-response function. The happy emotional intensity is shifted upward (toward positive 

emotion) for those trials that accepted the offer, compared to those who rejected the offer. The slope of the stimulus-response 

function does not change with respect to the decision, indicating the constancy of the emotional sensitivity. These results 

validated the hypothesis that happy emotion is inter-related to the decision-making process, such that the decision to accept an 

offer is related to a shift towards a happier emotion, while the decision to reject an offer is associated with a shift towards an 

unhappier emotion. This provided the quantitative assessment of how emotion is biased in relation to the decision. The 

decision to accept an offer is related to a shift to the emotional baseline level rather than a change in the emotional sensitivity 

— without altering the proportionality relationship between happiness intensity and monetary offer-ratios in UG. 
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1. Introduction

A theoretical emotional model was proposed previously to 

describe how emotion is evolved to increase the 

survivability of an organism by providing the feedback to 

correct for any discrepancy between the internal predictions 

and the actual outcomes [1, 2]. Using a set of minimal 

assumptions, it can be shown that the computations in 

emotional processing involve the assessment of the disparity 

between the internally generated world model (subjective 

reality) and the actual real world (objective reality) [3]. This 

provides a means to detect and correct errors without relying 

on other external agents. The Emotional-Gain Model 

predicts that the intensity of emotion is proportional to the 

gain/loss signals. With a quantitative model available, it 

provides a set of testable hypotheses to quantify how 

emotions are processed. 

1.1. Quantification of Emotion in Relation to Decision 

Toward this goal to quantify not only how emotion is 

processed, but also how emotion is biased using objective 

measures, the present study addresses how emotion is 

inter-related to the decision-making process. This study 

extends the quantified relationship between the emotional 

intensity and the disparity gain/loss signals described in the 

companion paper [4], by addressing how this proportionality 

relationship is related to decisions using the 

stimulus-response function. 
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1.2. Quantification Using Stimulus-Response Function 

Derived from the Ultimatum Game Paradigm 

As described in the previous paper [4], a numeric 

quantitative measure is used to elicit emotions by using the 

ultimatum game (UG) [5] experimental paradigm without 

relying on using subjective stimuli, such as facial expression 

[6] or emotional words [7, 8]. Using this UG paradigm, a 

stimulus-response function for emotion has been quantified 

for happy emotion [4] and angry emotion [9]. The emotional 

stimulus-response function provides a quantifiable measure 

for revealing how emotions are biased by other factors, such 

as fairness and decisions. That is, if the perception of 

fairness and the decision-making process are involved in 

emotional processing, then the stimulus-response function 

can be used to quantify how the emotional response is biased 

by the shifting of the stimulus-response function with 

respect to decisions. 

1.3. Factors Affecting Emotions 

It has been shown that emotion is an optimization process 

to minimize the errors in the cost functions [3] with respect 

to fairness and decisions. The companion paper has 

quantified that the happy emotion can be biased by the 

perception of fairness [4], this present study addresses how 

decision and happy emotion are inter-related quantitatively. 

It has been shown that decision interacts with emotions, 

especially in the UG paradigm [10-19]. This paper extends 

the previous findings by quantifying the specific 

interactions between emotion and decision, as revealed by 

the stimulus-response function graphically. 

1.4. Objectives 

The objective of this study is to determine how emotion 

can be biased by decisions, and how decisions can affect 

emotion. Although we do not know the causality of this 

inter-relationship, we want to determine how the emotion is 

biased in relation to the decision using the UG paradigm. 

Specifically, if the level of emotion is changed with respect 

to the acceptance or rejection decision in the UG, we want 

to quantify whether the decision is correlated with a change 

in the emotion baseline level or a change in the emotional 

sensitivity. 

2. Methods 

2.1. Ultimatum Game Experimental Paradigm 

UG is a widely used experimental paradigm to assess 

emotions and decision-making responses in neuroscience, 

psychology, social science, economics and mathematical 

psychology [5, 11, 18-25]. It is a simple split-the-money 

game, when an amount of money (such as $10) is divided 

between two persons (a proposer and a responder). If the 

responder accepts the offer, then they both keep the money. 

If the responder rejects the offer, both lose the money. 

Human subjects were recruited to play as the “responder” 

to accept or reject the monetary offer presented to them on a 

computer screen. The monetary offer-ratios were 

randomized, ranging from stingy $1 : $9 offers to generous 

$9 : $1 offers. The experiments were done using the 

one-shot trial experiment protocol, i.e., the offer was 

presented once without repeating the same randomized 

offer-ratios. 

Self-reported emotional ratings (+5 to –5) were recorded 

immediately after the participants accepted (or rejected) 

each offer. The emotional ratings of happy, sad, angry and 

jealous (using the same +5 to –5 Likert scale [26]) were 

recorded. The subjects were also asked to rate other 

variables — whether they won the trial; whether the offer 

was fair; how important fairness is; how important money is; 

and how important winning is to them — using the same +5 

to –5 scale. These other self-reported ratings served as 

distracters to reduce the likelihood of the subjects to skew 

their responses, if they expected which variables the 

experimenter is addressing. The subjects were not asked 

explicitly why they opted to accept/reject the offer, similar to 

other UG studies [9, 13, 19, 24, 25, 27-35], so as not to skew 

the subject’s perception. The experimental protocol was 

approved by the Institutional Review Board. 

3. Results 

A total of 425 human subjects were included in this study 

(age ranging from 18 to 80; median age = 21; mean age = 

22.3; standard deviation of age = 4.7). The data set included 

here is the same data set reported in the companion paper [4], 

except that the data were separated according to the 

acceptance or rejection decision trials in the analysis. The 

emotional level with respect to the acceptance and rejection 

decisions can then be analyzed. 

3.1. Sorting the Emotional Responses by the Decision to 

Accept or Reject the Monetary Offers 

Fig. 1 shows the self-reported rating of the happiness 

emotion for the acceptance decision trials to the monetary 

offer, while Fig. 2 shows the happiness ratings for the 

rejection decision trials. The emotional responses were 

sorted according to the ascending order of offer-ratios in the 

graphs (from the original randomized orders). In order to 

assess whether the emotional response changed when the 

subjects accepted vs. rejected the offers, we separate the data 

analysis according to the acceptance trials (see Fig. 1) or 

rejection trials (see Fig. 2) for each offer-ratio. 

Note that the data points in the graphs are separated 

according to the acceptance or rejection decision for a 

specific offer-ratio (independent of whether the same subject 

accepted or rejected other trials with a different offer-ratio). 

For instance, the same subject may decide to accept an offer 

in one trial (to a hyper-fair/hyper-equitable offer), but reject 

an offer in another trial (to an unfair/inequitable offer). Thus, 

the response of the same subject may appear in both Fig. 1 

and Fig. 2, depending on his/her decision in response to a 

specific offer for that trial. That is, the subject may be happy 
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for one specific offer, but unhappy for another offer. The 

subject may decide to accept an offer in one trial, but decide 

to reject another offer in another trial. Note that the subject 

may not necessarily report happy when he/she accepted the 

offer, i.e., the subject may accept the offer grudgingly. Thus, 

by separating the emotional responses based on the 

acceptance or rejection trials, it will allow us to determine 

whether the subjects were happy (or unhappy), when they 

accepted (or rejected) a specific offer-ratio. Furthermore, it 

will allow us to determine which offer-ratio would their 

emotion switch from happy to unhappy, i.e., identifying the 

threshold offer-ratio for happiness. 

  
Figure 1. Emotional responses sorted by the condition of acceptance 

decision for each specific offer-ratio. It shows that the happy emotional 

intensity is proportional to the offer-ratios. The subjects reported happy 

when they decide to accept the offers for all offer-ratios (irrespective of 

whether the offer was equitable or fair). The regression line shows a 

linear proportional relationship between the emotional intensity and the 

offer-ratios. Error bars represent standard errors of means (SEMs). 

Figure 2. Emotional responses sorted by the condition of rejection 

decision for each specific offer-ratio. It shows that the happy emotional 

intensity is also proportional to the offer-ratios, similar to those who 

accepted the offers in Fig. 1 (except that the emotional level is shifted 

down, indicating their unhappiness). For rejection decision trials, only 

the baseline emotional level is shifted compared to the acceptance trials, 

without changing the slope (i.e., the emotional sensitivity). 

 

3.2. Lifting of Baseline Emotional Level for the 

Acceptance Decision Trials 

Fig. 1 shows the emotional responses for the acceptance 

trials for the specific offer-ratios. It shows a direct 

proportional relationship of the self-reported happiness 

rating to the offer-ratios (r = 0.951; r2 = 0.904), when the 

subjects accepted the offers. This is similar to the previous 

findings [4] that the happy emotional intensity is 

proportional to the offer-ratio, independent of whether they 

accepts or rejected the offer. The proportionality relationship 

of the stimulus-response function remains the same, except 

that the emotional intensity is shifted upward compared to 

overall responses, without changing the slope (see Fig. 1 [4]) 

(ANCOVA, p < 0.02; 2-tailed paired-sample t-test, p < 0.02). 

The human subjects reported being happy to all 

offer-ratios (even to the most inequitable or unfair offers) 

when they accepted the offers. The baseline emotion 

(y-intercept) is at the happy region (positive ratings above 

the horizontal-axis). There is no minimum offer that they 

reported unhappy. They were happy to any monetary gain, 

when they decided to accept the money. This is consistent 

with the interpretation that they would accept any monetary 

offers, when they consider the offers as free money. There 

were probably no reasons to reject them, irrespective of 

whether the offer-ratio is equitable or not. 

This stimulus-response function quantifies the emotional 

bias toward happiness when the subjects accepted the offers 

independent of how much money they were offered. On the 

other hand, it takes a minimum of an $2 : $8 offer to be 

happy for the overall population response (see Fig, 1 in [4]). 

This indicates a shift toward happier emotion, when they 

accepted the offer, compared to the overall population. 

The baseline emotion (y-intercept) is increased to the 

happy rating of +0.921 point in the 10-point scale (above the 

horizontal-axis) (see regression line: y = 0.371x + 0.921 in 

Fig. 1). This shows the elevation of the baseline happiness 

level to a positive emotion when the subjects accepted the 

offer, irrespective of whether the offer is fair or not, 

equitable or not (for all offer-ratios). 

3.3. Reduction of Baseline Emotional Level for the 

Rejection Decision Trials 

When the subjects rejected the offers (Fig. 2), the 

happiness ratings were still proportional to the monetary 

offer-ratio (r = 0.885; r
2 = 0.783), i.e., the proportional 

relationship remains unchanged. The only difference is that 
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the emotional response is shifted down compared to Fig. 1 

(ANCOVA, p < 0.00001; 2-tailed paired-sample t-test, p < 

0.00001). The emotional intensity for those trials that 

rejected the offers was significantly lower than those trials 

that accepted the offers. This shows how the emotional bias 

is related to the decision, which is quantified by the shifting 

of the stimulus-response function. 

The baseline emotion (y-intercept) is reduced to the 

unhappy region of –3.054 point in the 10-point scale (below 

the horizontal-axis) (see regression line: y = 0.411x – 3.054 

in Fig. 2). This is a significant reduction of emotional 

intensity from +0.921 (y-intercept for the acceptance trials in 

Fig. 1) to –3.054 (y-intercept for the rejection trials in Fig. 2), 

i.e., a –40% reduction in the baseline emotional intensity. 

The emotional sensitivity remains essentially unchanged, as 

revealed by the slopes of the stimulus-response function 

(comparing Figs. 1 and 2). 

3.4. Shifting of Emotional Crossover Threshold to the 

Right for the Rejection Decision Trials 

The emotional crossover point (threshold) is shifted to the 

right at the $7.5 : $2.5 offer-ratio (Fig. 2) when the subject 

rejected the offers. That is, it required a minimum offer of a 

$7.5 : $2.5 offer to make them happy. They were unhappy 

below that minimum, suggesting they were probably too 

greedy to expect a hyper-fair (hyper-equitable) offer to be 

happy. Thus, this analysis allows us to determine what the 

threshold emotion is for happiness, as revealed by the 

crossover point in the emotional stimulus-response function 

graphically. Shifting of the emotional crossover threshold to 

the right (for the rejection case) suggests greediness, as it 

requires a more hyper-equitable amount to make a person 

happy. On the other hand, shifting of the crossover point to 

the left (for the acceptance case) suggests leniency, as the 

person is happy to accept even an inequitable amount of 

money between the two parties. 

4. Discussion 

The analysis shows that the emotional intensity level is 

related to the decision to accept or reject the monetary offer. 

The stimulus-response function quantifies graphically that 

the happiness level is 40% higher for the decision trials to 

accept the offer than the decision to reject the offer. The 

emotional sensitivity remains unchanged. 

4.1. Quantification of Emotional Baseline in Relation to 

Decision by the Shifting of the Baseline in the 

Stimulus-Response Function 

Specifically, the shifting of emotional stimulus-response 

curve up/down quantifies this emotioinal bias, depending on 

whether the subjects accepted/rejected the offer. The 

emotional curve is shifted to the happier emotion by +40% 

in the y-intercept (4 points in the 10-point scale) for those 

who accepted the offer compared to those who rejected the 

offer (comparing Fig. 1 with Fig. 2). The graphs clearly 

show that when the subject decided to accept the offers, 

he/she reported being happy (see Fig. 1). In contrast, if 

he/she rejected the money, he/she reported unhappy, unless 

the offer was hyper-fair/hyper-equitable (at least $7.5 : $2.5 

for the emotional crossover threshold) (see Fig. 2). 

Note also that the graphs do not necessarily imply any 

causal relationship between emotions and decision (i.e., 

whether being happy would make them accept the offer, or 

accepting the offer would make them happy). The 

stimulus-response function merely indicates how the 

emotional intensity is correlated with the decision to accept 

or reject the offer for a specific offer-ratio trial.  

The proportional relationship between emotional 

intensity and the offer-ratio does not change with the 

decision. The emotional sensitivity (as represented by the 

slope of the stimulus-response function) remains the same 

for both acceptance and rejection trials. The only 

difference is the shift in the baseline emotional level by 

–40% from happy to unhappy when the decision is 

acceptance vs. rejection. This suggests that the subject 

responded similarly for the acceptance or rejection 

decision, except that the baseline emotional intensity level 

changes from positive to negative.  

4.2. Quantification of Emotional Threshold in Relation 

to Decision by Shifting the Happiness Crossover 

Threshold Left/Right in the Stimulus-Response 

Function 

The graphs also reveal the bias in happiness threshold, 

which is not centered on $5 : $5 fair-share offer (at the 

axes-origin for neutral emotion), but shifted to either left or 

right of the graph depending on the subject’s subjective 

bias to fairness [9, 36-38]. The crossover emotional 

threshold point is shifted to the left when the subject 

accepted the offer (see Fig. 1), and shifted to the right when 

the subject rejected it (see Fig. 2). This is consistent with 

similar shifts in anger threshold crossover point [9], and 

decision threshold crossover point [39] were reported. 

This analysis suggests that the level of happiness is 

related to the decision, independent of the sense of fairness. 

If fairness is centered on the absolute equity $5 : $5 

offer-ratio (fair share) in social transactions [18, 19, 27, 28], 

where offer-ratios > $5 : $5 is considered as hyper-fair, and 

offer-ratios < $5 : $5 is considered as unfair, then the 

analysis suggests that the happiness level is more related to 

the decision than the perception of fairness, unless the 

perception of fairness is also biased. It has been shown that 

fairness bias occurs in other studies. Human subjects do 

tolerate a small amount of unfairness by accepting some 

inequity as fair rather than insisting absolute equity as fair 

[9, 38]. The fairness threshold can be shifted, such that an 

inequitable offer-ratio of $2 : $8 is still considered as fair 

instead of $5 : $5 [9, 38]. 

 
 



72  Nicoladie D. Tam:  Quantification of Happy Emotion: Dependence on Decisions 
 

4.3. Quantification of the Constancy in Emotional 

Sensitivity irrespective of the Decision by Keeping the 

Same Slope in the Stimulus-Response Function 

This analysis reveals what the emotional bias is in relation 

to the decision — it only shifts the emotional baseline up 

(towards happiness) or down (towards unhappiness), but 

does not alter the emotional sensitivity. This is delineated by 

the shift in the emotional baseline (y-intercept), but not in 

the emotional sensitivity (slope). 

Nonetheless, independent of whether the subject decided 

to accept or reject the offer, the proportional relationship 

between the self-reported happiness perception and the 

perceived amount of monetary gains compared to losses 

remains unchanged. The analysis quantified how much their 

emotional responses were biased (by shifting up/down or 

left/right) with respect to their decision graphically. 

4.4. Rejecting Monetary Offers without being Irrational 

This shows that rather than assuming the rejection as an 

irrational decision (by throwing money away) [11, 29, 30], 

this analysis of emotion showed that the subject’s perception 

is emotionally consistent — without being irrational — by 

shifting the emotional baseline (y-intercept) downward by 

40% for the rejection decision, and by shifting the emotional 

crossover point rightward to the hyper-fair/hyper-equitable 

offer-ratio. It does not alter the proportional relationship 

between the emotional response and the offer-ratio (i.e., it 

did not change the slope of the stimulus-response function). 

4.5. Consistency with Other UG Studies 

This is consistent with the findings in other UG studies 

that rejection decisions are related to unfairness [27, 28], 

anger and spite [25, 40], or altruistic punishment [39, 41] 

rather than being irrational in the decision. This shift to an 

unhappy emotion is also consistent with other studies, which 

showed that “maximizers” (who opt for more choices) are 

unhappier than those “satisfiers” (who opt for less choices) 

[42]. That is, those who want both money and fairness could 

not always get everything that they want, whereas those who 

choose only one, but not the other can get something that 

they want. Those who choose to want more may end up 

getting less in the end, as a result. Choosing one (money 

only) is more likely to result in a smaller disparity than 

choosing both (money and fairness); thus the emotional 

level for happiness could be higher for those who accepted 

the money than those who rejected it. 

This is consistent with other studies that the subject’s 

responses can be biased by decisions [18, 19, 43]. Other 

factors can also bias the response, such as fairness [11, 25, 

27, 28, 30, 32, 40], negativity bias [44], and satiation effect 

[45]. Testosterone can also affect the bias by increasing the 

rejection rate [46] or decreasing the generosity of the offer in 

UG [34, 47], whereas oxytocin is shown to increase the 

generosity of the offer in UG [35]. 

5. Conclusion 

This study quantifies graphically how emotions are biased 

in relation to decision by the emotion stimulus-response 

function. It also quantified that the baseline emotional level 

is shifted (in the y-intercept) from an unhappy region to a 

happier region, when the subjects accepted instead of 

rejected the money, without changing the emotional 

sensitivity (slope). It also showed that the emotional 

threshold (crossover point for neutral emotion) is also 

shifted either to the left or right of the equal-share ($5 : $5) 

offer-ratio, depending on the decision to accept or reject, 

respectively. The decision and fairness perception only 

shifted (biased) the emotional response up/down and 

left/right, but they did not alter the proportional relationship 

between the emotional intensity and the offer-ratios. 
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