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Abstract: Toward understanding the role of emotion played in cognitive processing, an emotional model has been
proposed to quantify the computation involved in assessing the disparity between the expected and the actual outcomes. This
study provides the experimental evidence to validate the above emotional model. In this model, emotion serves as an internal
feedback to assess the disparity between the internal predicted outcomes and the actual (external) outcomes in reality. It
predicts that emotion provides a feedback to reduce the discrepancy between the expected (subjective) reality and actual
(objective) reality. The hypothesis for this model is that the intensity of emotional response is proportional to the disparity
between the expected outcome and the actual outcome (i.e., gain/loss magnitude). Happiness is an emotional feedback that
indicates the congruency between the predicted and actual outcomes. In order to validate this theoretical model of emotion,
the classical Ultimatum Game (UQG) is used as an experimental paradigm to elicit self-generated (endogenous) emotions in
response to a monetary offer, so that the emotional responses with respect to the perceived monetary gain/loss can be assessed
by the stimulus-response function. The results showed that the self-reported happiness intensity is directly proportional to the
magnitude of the desirable monetary gain. An empirically derived emotion stimulus-response function is shown to quantify
the specific emotional biases graphically by the emotional-disparity graph. The results validated the hypothesis that the
intensity of self-reported happy emotion is directly proportional to the monetary gain. The analysis also showed that the
happy emotional sensitivity is also changed by the perception of fairness (whether the offer is fair or unfair), which can be

represented graphically by the emotional-disparity graph.
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1. Introduction

Emotion is a well-recognized phenomenon that provides
important survival functions for animals and humans.
Toward this goal to examine the functional role of emotions
in survival, a neurobiological model had been developed to
explore the computations involved in emotional processing
[1, 2]. Using a minimal assumption approach, it can be
shown that an objective model of emotion can be quantified
using basic principles of survival [1, 2].

Rather than using a traditional model of emotion, this
model proposed that emotion is evolved to provide an
internal feedback to an organism to assess the accuracy of its
internal predictions of the outcomes in the real world. If the
internally generated model of the world by its brain is an
accurate model, then the survivability of the organism will
increase. If the internally generated prediction is inaccurate,
then the survivability will decrease in the real world. The

internal model of the external world is essentially the belief
system of the organism, in which it predicts how to interact
with the real world accurately for survival. The disparity
between the internal model and the external world provides
a self-derived measure to assess the accuracy of the internal
model. The bigger the disparity, the greater the inaccuracy is
assessed. Thus, an organism can correct itself by this
neurobiological self-assessment mechanism automatically
(as an autonomic response) without necessary any conscious
control. This discrepancy signal is essentially the emotional
feedback for correcting any inaccuracy of its internal model
prediction with respect to the sensory (perceptual) or
execution (motor) errors.

The initial step in this self-discovery of inaccuracy of the
internal model is the detection of the existence of error,
based on the disparity between the model prediction and the
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actuality. Once the source of error has been self-discovered,
then steps can be taken to correct the error, so that
congruency between the internal prediction and the actual
outcome can be achieved, resulting in an increase in
survivability of the organism. The congruency is represented
by the happy emotion, while incongruency is represented by
the unhappy emotion. This serves as an internal feedback
mechanism for assessing errors, in which error-detection and
error-correction can be achieved by the emotional
processing circuitry. Once the errors are reduced, the state of
happiness serves as an internal feedback to the organism to
signify the sense of content, in which no further
error-corrections are needed. Thus, it reaches a state of
internal equilibrium emotionally, once the incongruencies
are resolved. Emotional resolution is an internal process in
which these errors and incongruencies are resolved by the
brain.

This quantitative computational model of emotion has
been validated experimentally in human subjects, which
showed that the intensity of emotion is proportional to the
disparity between the expected and actual outcomes.
Specifically, it showed that the anger emotion is directly
proportional to the magnitude of the loss (disparity between
the expected and actual outcomes) [3]. In this study, we will
show that the happy emotion is proportional to the gain,
opposite to the inverse proportional relationship of anger
emotion to the gain.

1.1. The Unified Theoretical Model of Emotion

The theoretical model of emotion is based on two emotion
models combined together. The EMOTION-I model
proposes that emotion is evolved as a mechanism for
increasing survival by assessing the contextual information
of the environment to produce a more appropriate response
[1]. The EMOTION-II model proposes that emotion is a
feedback signal for increasing survival by assessing the
accuracy of the internal (brain) model of the external world
[2]. That is, the probability of survival of an animal is
dependent on the appropriateness of the response (as
proposed by the EMOTION-I model) [1] and the accuracy
of the prediction of the interactions with the external world
(as proposed by the EMOTION-II model) [2].

A unified model is proposed by combining the above two
models, where emotion is a feedback for an animal to assess
the discrepancy between the internal reality (internal model
prediction) and the external reality (actuality in the external
world). The likelihood of survival will increase if the
internal (brain) model accurately predicts the interactions
with the external world (without any errors). The likelihood
of survival will decrease if the predictions are inaccurate.
Thus, emotions serve as the vital feedback signals for an
animal to detect, identify and correct any errors that may
exist. When errors are detected, the state of unhappiness
serves as the feedback for an animal to identify and correct
such errors. Once these errors are corrected, an accurate
prediction of the external world will produce congruency
between the expected and actual outcomes, reaching the

state of happiness.

Intuitively, emotions are assessments of the difference
between what one wants and what one gets. An animal is
happy, if it gets what it wants (given that what it wants is also
desirable in survival). If it does not get what it wants, it may
be unhappy. This is consistent with the tendency that we
often ask, “what is wrong?” when we see someone unhappy,
so as to help him/her to reduce the discrepancy between
what he/she expects and what he/she gets.

Computationally, the emotional model predicts that the
emotional response is an internal feedback signal to reduce
the error (disparity) between the internal model of the world
(expected outcome) and the external world (actual outcomes.
Thus, resolving an emotion is essentially an
error-minimization process to reduce the disparity between
the “wants” and “gets,” so that congruency between the
expected and actual outcomes can be achieved [4].
Happiness is the internal emotional feedback to indicate the
congruency between the expected and actual outcomes,
while unhappiness is the internal feedback to indicate that
there is a discrepancy (incongruency) between the expected
and actual outcomes.

In order to provide a quantitative assessment of these
wants and gets, the brain has to compute and estimate the
“gains” and “losses.” The gain/loss signals provide the
quantifiable variables needed for computing the emotional
response with respect to the expectancy. If such gains were
desirable, the emotional feedback would be a happy
emotional response. This happy emotion would provide the
necessary feedback as an indicator that the brain’s prediction
is congruent with the external world, which means that the
brain’s prediction (belief system) is accurate. Otherwise,
unhappy emotion is triggered to indicate incongruency, i.e.,
some errors must have existed.

1.2. Stimuli for Eliciting Emotional Responses

Although emotions have been studied extensively in
relation to animal’s behavior, due to the subjective nature of
emotions, it is often difficult to quantify objectively.
Traditionally, emotions are often quantified and elicited
experimentally using facial expressions or emotional words
as the stimuli [5]. But the emotional ratings elicited by facial
expressions as stimuli are often dependent on many other
factors, such as visual field [6] and mental disorders [7]. The
mental disorders affected by emotions include unipolar
depression [8], anxiety disorder, [9] and schizophrenia [10].
Furthermore, the ability to perceive emotions in others is
also affected by the ability to activate similar emotion in
oneself, particularly in disorders such as alexithymia [11,
12]. Alternatively, emotional words are also commonly used
as stimuli to elicit emotional responses [13, 14] or an
emotional movie scene. Yet these stimuli (facial expressions,
emotional words or movies) are non-quantifiable numeric
stimuli to elicit emotional response. Since the goal of this
study is to establish the stimulus-response function for
emotion, it requires quantification of both the stimulus and
response with numerical measures.
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1.3. Experimental Paradigm to Validate the Theoretical
Model of Emotion

Toward this goal to quantify both the emotional stimulus
and response, this study combined the theoretical emotion
model [1, 2] and the experimental paradigm of ultimatum
game (UG) [15] to establish a stimulus-response function for
emotion quantitatively.

In order to confirm whether humans respond emotionally
with respect to the gain/loss signals, we use the classical
ultimatum game (UG) paradigm. UG is widely used in
behavioral economics in the past 60 years to assess
emotions and decision-making responses in neuroscience,
psychology, social science, economics and mathematical
psychology [15-18] with hundreds of studies published to
examine the decision-making process in humans. It is also
used to examine the emotional response in relation to the
decision-making process [19-28].

UG is a simple split-the-money game, in which 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 parties lose the money.
Although most studies use the UG paradigm to examine the
decision-making process [20, 27-31], we use this paradigm
to elicit self-generated (endogenous) emotions in relation to
the gain/loss disparity. That is, we employed a quantitative
and objective stimulus (monetary disparity) to elicit an
emotional response rather than using subjective
(non-quantitative) stimuli, such as facial expression or
emotional words, to elicit an emotional response.

It has been shown that emotions do interact with
decisions, especially in UG paradigm [19-28], which
provided the validate justifications for using UG paradigm
to elicit emotions. Thus, the UG paradigm is used as the
experimental paradigm to elicit emotions in humans using a
numerical quantifiable variable — the monetary offer-ratio
between the proposer and responder. This allows the
elicitation of emotional response without resorting to use
subjective facial expressions or emotional words.

2. Methods

Healthy human subjects were recruited in the UG
experiment, where the subjects played as the “responder” to
accept or reject the monetary proposal presented to them on
a computer screen. We did not indicate whether the
“proposer” is human or computer because it has been
shown that knowledge of whether it is proposed by a
human or a computer could bias the perception and
response of the subjects in UG, if such hints were made [28,
29]. Nine randomized offers were proposed to the subjects

ranging from stingy $1 : $9 offers to generous $9 : $1 offers.

The trials were randomized so that the subject cannot guess
at the amount of money being offered. Self-reported
emotional ratings (+5 to -5) were recorded immediately
after the participants accepted (or rejected) each offer in the

one-shot trial experiment (without repeating the same
randomized offer-ratios). The emotional ratings included
happy, sad, angry and jealous emotions (using the same +5
to -5 Likert scale [32]). The subjects were also asked to rate
other attributes — including 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. The other self-reported
ratings served, in part, as distracters to reduce the
likelihood of the subjects to skew their responses according
to what they expected from the experimenter.

As with other UG experiments [22, 28, 30, 31, 33-45],
the experiments were designed without asking the subjects
explicitly why they opted to accept/reject the offer; why
they felt the way they did emotionally; what their perceived
gains/losses were; and whether money or fairness was what
they wanted in the experiment. Otherwise asking such
questions could skew their responses. This paper focuses on
analyzing the happy emotion, while the analysis of other
emotions were provided elsewhere [4, 41, 46]; specifically,
it has already been confirmed that an inverse proportional
relationship exists between the intensity of anger and the
size of gain/loss signals [41]. The experimental protocol
was approved by the Institutional Review Board.

3. Results

A total of 425 voluntary subjects were included in this
study (age ranging from 18 to 80, median = 21; mean =
22.3; SD =4.7). Fig. 1 shows the self-reported rating of the
happiness emotion for the entire sampled population,
independent of whether they accepted or rejected the offer.
(Note the responses were sorted in the graphs according to
the ascending order of offer-ratios from the original
randomized orders.) It shows a direct proportional
relationship between self-reported happiness rating and the
monetary offer-ratio (Fig. 1), with a high regression
coefficient (r=0.939, +*=0.881). This shows a strong
correlation between the emotional intensity and the
offer-ratio, as predicted by the theoretical emotional model.

Note that the proportional relationship does not pass
through the origin of the axes. That is, the neutral
emotional threshold (happiness rating of 0) is neither
located at the axis-origin nor at the $5 : $5 even-split (most
equitable fair-share offer). The crossover threshold point
(for neutral emotion) is at $2 : $8 offer-ratio instead, similar
to the crossover threshold for rejection in other UG studies
[3, 47]. This means it takes a minimum gain of a $2 offer to
make them happy; anything less is unhappy.

The shift in the threshold for neutral emotion quantifies
the emotional bias graphically. If fairness (or equity) were
the criterion for what they want, then the $5 : $5 even-split
would be the most equitable and fair offer; anything less
would be inequitable and unfair, and above that would be
hyper-fair and hyper-equitable [48]. When the emotional
threshold crossover point is located at $2 : $8 offer-ratio
(Fig. 1), it suggests that subjects were rather happy just
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getting some money, and the offer did not need to be equal
or fair (absolutely even) in order for them to be happy.
Thus, this stimulus-response graph quantified the
relationship between the emotional response and the
offer-ratio, which showed a proportionality relationship
between them. The more favorable the monetary offer, the
higher the self-reported happy emotional intensity is.

Although the stimulus-response function approximates a
direct-proportional function, there are some anomalies in
the fitted curve. The emotional response to the $5:$5
even-split offer (representing the fairest offer objectively)
deviates from the fitted regression line. This suggests that
the human subjects reported happier to the $5 : §5 fair-offer
than the $6 : $4 generous-offer. Thus, this reveals that the
emotional response is not only related to the expected gain,
but can also be biased by the perception of objective
fairness. That is, even though the $6 : $4 generous-offer is
more than fair subjectively (relative to self), the intensity of
happiness is not as high as the objectively $5 : $5 fair-offer
(relative to both parties — self and other). Thus, this shows
that the sense of objective fairness can override the sense of
subjective selfishness in the hyper-fair (more than fair)
offer. The emotional response can be higher for objective
fairness than subjective fairness.

In order to assess the difference in emotional response to
the relativity of fairness (i.e., relative to self vs. relative to
other), Fig. 2 shows the same graph as Fig. 1, except that it
is fitted with two separate regression lines instead of one.
The regression lines are fitted according to the relative
fairness — one regression line is fitted according to the
unfavorable offer-ratio (i.e., unfair offers), while the other
regression line is fitted according to the favorable
offer-ratio (i.e., hyper-fair offers).

The stimulus-response function in Fig. 2 reveals that the
emotional intensity is proportional to the offer-ratio for
both unfair offers (= 0.953, #* = 0.909) (left-half of Fig. 2)
and hyper-fair offers (» = 0.929, /* = 0.863), except that the
slopes are different. The slope for the unfair offers
(slope = 0.623) (left-half of Fig. 2) is twice as steep as the
slope for the hyper-fair offers (slope = 0.311). This suggests
that the emotional responses are two times more sensitive
to fairness, when the offers are unfair, than the offers that
are hyper-fair. In other words, the human subjects reported
that their emotional responses are highly sensitive to the
unfair offers (with a steeper slope), while their emotional
responses are much less sensitive to the hyper-fair offers
(with a shallower slope).

Note that the slope for the overall graph (slope =0.637)
(Fig. 1) is similar to the slope for the unfair offers
(slope = 0.623) (left-half of Fig. 2). This suggests that the
emotional sensitivity did not change with unfair offers.
Rather, the emotional sensitivity decreased by half
(slope =0.311) for the hyper-fair offers (right-half of Fig.
2). This suggests the desensitization effect by
hyper-fairness, as revealed by a decrease in the slope of the
stimulus-response function.

This suggests that when the offers are more than fair, the

human subjects responded with less emotional sensitivity to
happiness than unfair offers. On the other hand, the
emotional sensitivity to unfair offers remained unchanged
compared to the overall emotional responses, with one
exception (comparing Fig. 1 and left-half of Fig. 2). The
exception is that when the offer is an objective fair-share
offer at the absolute equity $5:$5 offer-ratio, then the
happy emotion is greatly enhanced (elated).

More interestingly, the emotional baselines are shifted
according to the fairness perception, as revealed by the
y-intercepts of stimulus-response functions. The y-intercept
for the unfair offers is —1.512 (left-half of Fig. 2, from the
regression line: y = 0.623x — 1.512), while the y-intercept
for the hyper-fair offers is +1.071 (right-half of Fig. 2).
This shows that the emotional baseline for the unfair offers
is negative, while the emotional baseline for the hyper-fair
offers is positive. This suggests that the emotional baseline
can be shifted up from a negative emotion to a positive
emotion by the fairness perception, with a happier
emotional baseline for the hyper-fair offers than the unfair
offers. Nonetheless, the emotional intensity for absolute
equity $5:8$5 (objective fairness) is higher than the
baseline emotion for hyper-fairness.

Note also that the y-intercept (—1.278) for the overall
graph (Fig. 1) is similar to the y-intercept (—1.512) for the
unfair offers (left-half of Fig. 2). This shows that the
emotional baseline remains unchanged for the overall
emotional response and for the unfair response. This
phenomenon is similar to how the emotional sensitivity
remains unchanged for the unfair offer, but it changed for
the hyper-fair offers, as discussed earlier. On the other hand,
the emotional baseline (y-intercept = +1.071) is shifted to
the positive emotion, while the emotional sensitivity
decreased by half (from the slope = 0.623 to slope =0.311)
for the hyper-fair offers (Fig. 2).

Thus, this analysis quantitatively identifies how the
emotional baseline (y-intercept) is shifted (up or down) by
the fairness perception, and how the emotional sensitivity
(slope) is changed (shallower or steeper) by the fairness
perception, as revealed graphically by the happy emotion
stimulus-response functions.

4. Discussion

The data revealed the quantitative proportional
relationship between emotional intensity and the disparity
of gain/loss. It is consistent with the hypothesis that the
more we gain, the happier we are; when the gain is
desirable and favorable (rather than undesirable or
unfavorable). Conversely, the more we lose, the less happy
we are. This direct proportional relationship provided a
quantitative measure for assessing how emotional
responses can be biased. That is, the stimulus-response
function of the emotional-disparity graph approximates a
piecewise linear function, which can be shifted up or down,
or tilted by changing the slope.
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Figure 1. Average response of entire population in our sample (n = 425)
for self-reported emotional rating of happiness with respect to monetary
offer-ratios. The fitted regression line shows a linear proportional
relationship between the emotional intensity and the offer-ratios. Error
bars represent standard errors of means (SEMs).

More interestingly, the above quantitative analysis also
revealed some anomalies to the above proportionality
relationship. First, it revealed that the human subjects can
identify the difference between objective and subjective
fairness, by reporting a higher happiness rating for an
objective $5:$5 even-split fair-offer than the subjective
$6 : $4 hyper-fair offer. Thus, it suggests that the emotional
response is not only dependent on the magnitude of gain,
but also on the relative fairness perception. The sense of
objective fairness in equality is happier than the sense of
subjective fairness with a bigger gain.

Second, it also revealed that the sensitivity of emotional
responses is also biased by the degree of fairness. The
emotional response is more sensitive to unfair offers than
hyper-fair offers. That is, when the offers are unfair, it will
elicit a bigger emotional response than when the offers are
hyper-fair. This suggests that when a person receives a
hyper-fair offer, it elicits a much lesser emotional response
than when a person receives an unfair offer. Thus, this
quantifies that humans pay more attention (hyper-sensitive)
to unfair offers than hyper-fair offers. It is less important
when the person has already gained more than its share.
Thus, the above analysis quantified how emotional
response is biased by the perception of fairness (unfair
offers compared to the hyper-fair). This is represented by
the change in the slope of the stimulus-response function.
The slope is steeper for the unfair offers than the hyper-fair
offers.

To further our analysis, let us assume both money and
fairness are the desirable goals wanted by the subjects. Let

Emotional Intensity conditioned on
5 Offer Ratio
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Figure 2. Same graph as in Fig. 1 except that the regression lines are fitted
according to the unfair offers (lefi-half) and the hyper-fair offers (right-half).
This shows that the stimulus-response function is steeper for the unfair offers
than the hyper-fair offers. This represents a change in emotional sensitivity
according to the perception of unfair vs. hyper-fair.

us also assume fairness is centered on the absolute equity
$5 : $5 ratio (fair share) in social transactions [27, 28, 35,
36], even though it has been shown that the subjects often
biased the fairness threshold to an inequitable offer-ratio of
$2 : $8 instead of $5 : $5 [41, 49]. Then the UG creates the
classical dilemma for unfair offers — they can only get one
(either fairness or money), but not both.

Our analysis shows that human subjects displayed a
sense of lenience toward unfair offers, responding to the
unfair (inequitable) offers as happy (such as $3 : $7) rather
than unhappy, unless the offer is less than the $2:$8
offer-ratio. That is, they shifted their threshold of happiness
from the absolute equity $5 : $5 (even-split) offer-ratio to a
rather unfair offer of $2:$8. This is quantified by the
threshold crossover point at the $2 : $8 offer-ratio instead
of the $5: 85 offer-ratio (see Figs 1 and 2). It shifts the
stimulus-response function to the left without altering the
proportional relationship between the emotional response
and the offer-ratio. This is consistent with the findings in
other UG studies that emotional responses are related to
unfairness [35, 36], anger and spite [31, 39], or altruistic
punishment [47, 50] rather than being irrational.

These findings may also shed light on the emotional
processing neural circuitry for assessing the amount of
gain/loss. Satiation could devalue the size of the gains in
the emotional feedback. This devaluing effect in satiation is
a well-known innate response in animals when they have
gotten (satisfied with) what they wanted. For instance,
when monkeys were completely satisfied with consuming a
large quantity of peanuts, they would devalue the gains
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(peanut rewards) by choosing to eat raisins instead of
peanuts, if given the choice [51].

The amygdala is known to be one of the crucial brain
structures in producing this devaluing effect [52], which
updates the re-valued information to the orbitofrontal
cortex (OFC) [53] for final decision in choice preference
[54]. This suggests that the amygdala (a known brain
structure for processing emotional response) is also
involved in processing gain/loss assessment by devaluing
the gain signal.

The gain/loss assessment neural pathways also include
the emotional circuitry in the striatum, ventromedial
prefrontal cortex (PFC), ventral anterior cingulate cortex
(ACC) and medial OFC, which increase the neural activity
for gains, but decrease the activity for losses [55]. Taken
together, our result is consistent with other UG studies that
subjects reported a higher level of positive affect (i.e.
happier), when subjects received fair offers than when they
received unfair offers [40]. It is also consistent with the
findings that skin conductance (emotional arousal)
physiological measures were higher for unfair than fair
offers [43].

The current model of emotion also complements
Solomon’s model of opponent-process theory of motivation
in the temporal dynamics of affect [56], in which emotion
is described as the result of the opposing hedonic-affective
arousal and the slave processes. The driving force for the
affective response is a result of the similar opposing
pleasure-aversion processes in Pavlovian conditioning [57].
Although the emotional models are similar in terms of the
opponent processes that differentiate the happy and
unhappy emotions, which leads to pleasure-seeking and
aversion-avoidance behaviors, the difference is that the
disparity signal in gain/loss in our emotional model is the
stimulus that elicits the emotional response. Whereas the
pleasure-seeking/aversion-avoidance behavior is not a
stimulus, but rather, it is a response to the emotion. The
pleasure/pain is a response to the gain/loss signal; but the
gain/loss cannot be a response to pleasure/pain. Thus, the
assessment of the amount of gain/loss by an animal or
human is crucial prior to any response to pleasure/pain or
pleasure-seeking/aversion-avoidance behavior. This sets
our emotional model apart from other emotional models.
Because the amount of gain/loss is quantifiable (and can be
measured objectively), our emotional model is also
quantifiable based on the response to the quantifiable
gain/loss signal. On the other hand, because the stimuli of
other emotional models are often subjective and
unquantifiable with objective measures, it presents
difficulties in experimental validation of the models.

This provides the first of a series of experiments to
validate the emotion model, while further experiments
will be needed to delineate the causal relationships
between the emotional responses, decisions, fairness,
gain/loss signals, expectancy, reward prediction and loss
aversion. The relationship between emotion and decision
is addressed in the companion paper [58].

5. Summary

This study demonstrated that emotion responses can be
elicited by using the disparity signals as the stimuli in the
classical UG paradigm. It revealed that the emotional
responses are proportional to the offer-ratios graphically
by the emotion stimulus-response function. It quantified
the sense of objective fairness in equality can override the
sense of subjective fairness in hyper-fairness, even though
a person can potentially gain more. It also quantified that
the threshold for happy emotion is not set at the absolute
equity of $5:85 even-split offer-ratio. Instead, the
threshold for happy emotion is set at a much lower
unfair-ratio (inequity) — at the $2 : $8 offer-ratio — than
the absolute equity $5 : $5 offer-ratio. This suggests that
humans are rather lenient to inequity without getting
angry.

Furthermore, the sensitivity to happiness also changes
depending on whether the offers are unfair or hyper-fair.
This is quantified graphically by the change in the slope
of the stimulus-response function, with a shallower slope
for the hyper-fair offers than the unfair offers. The
emotional baseline is also changed by the fairness
perception (shifting from a negative emotional intensity
for unfair-offers to a positive emotional intensity for
hyper-fair offers. This is quantified by the change in the
y-intercept, shifting from a negative emotional baseline
for the unfair offers to a positive emotional baseline for
the hyper-fair offers.

6. Conclusion

The experimental evidence using the UG paradigm
shows that the emotional response can be quantified
graphically by the stimulus-response function. The happy
emotional intensity is shown to be proportional to the
offer-ratio in the UG paradigm. The proportionality
relationship can be changed by the fairness perception.
The emotional baseline is shown quantitatively to shift
from a negative emotional intensity for the unfair offers to
a positive emotional intensity for the hyper-fair offers.
The emotional sensitivity is also shown quantitatively to
change from a highly sensitive emotion for the unfair
offers to a less sensitive emotion for the hyper-fair offers.
This is represented by a change from a steeper slope to a
shallower slope in the stimulus-response function. These
quantitative results are consistent with the intuitive
qualitative assessment of emotional responses, validating
the proposed theoretical emotional model that the
intensity of emotional response is proportional to the
magnitude of the perceived gain, which can be biased by
the fairness perception.
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