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An Affective Adaptation Model Explaining the 
Intensity-Duration Relationship of Emotion 
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Abstract—Intensity and duration are both pertinent aspects of an emotional experience, yet how they are related is unclear. 
Though stronger emotions usually last longer, sometimes they abate faster than the weaker ones. We present a quantitative 
model of affective adaptation, the process by which emotional responses to unchanging affective stimuli weaken with time, that 
addresses this intensity-duration problem. The model, described by three simple linear algebraic equations, assumes that the 
relationship between an affective stimulus and its experiencer can be broken down into three parameters. Self-relevance and 
explanation level combine multiplicatively to determine emotion intensity whereas the interaction of these with explanatory ease 
determines its duration. The model makes predictions, consistent with available empirical data, about emotion intensity, its 
duration, and adaptation speed for different scenarios. It predicts when the intensity-duration correlation is positive, negative or 
even absent, thus offering a solution to the intensity-duration problem. The model also addresses the shortcomings of past 
models of affective adaptation with its enhanced predictive power and by offering a more complete explanation to empirical 
observations that earlier models explain inadequately or fail to explain altogether. The model has potential applications in areas 
such as virtual reality training, games, human-computer interactions, and robotics.  

Index Terms—affective adaptation, intensity and duration, modeling human emotion, region-β paradox 

——————————      —————————— 

1 INTRODUCTION

he overall emotional experience of an event results from both 
the intensity and duration of the elicited emotion. Yet, while 

making daily choices, we may be tempted to focus a lot more on 
emotion intensity than how long it is likely to last, often leading 
to poorer decisions in life. The duration aspect has received only 
a limited attention even from cognitive scientists in spite of it 
being a pertinent feature of an emotional response. For instance, 
research that evaluates the efficacy of different stimuli in mood 
induction appears to focus only on the initial emotion strength 
and not how long it would last (e.g. [1]). While several studies 
and appraisal theories of emotion (e.g. [2], [3], [4]) have focused 
on its causes and elicitation, its duration has often been ignored 
[5], [6]. Studies that tried to elucidate the relation between the 
intensity and duration of an emotional response have been even 
fewer. 

Different emotions have been reported to have different dura-
tions. For instance, it has been reported that joy and sadness gen-
erally last longer than fear and anger [7], [8]. It has also been 
reported that negative emotions have a longer duration than pos-
itive emotions [8], [9], [10], [11], [12]. It has been suggested (e.g. 
[5], [13]) and one would intuitively expect, that within an emo-
tion type, the duration of an emotional experience would increase 
with its intensity. For instance, in a study by Gilbert, Lieberman, 
Morewedge, & Wilson  [14], subjects expected the duration of 

their emotional response to correlate positively with its initial in-
tensity. 

There is some empirical evidence for this expected relation 
between intensity and duration. For instance, Sonnemans & 
Frijda [5] reported that the duration of an emotional response cor-
relates with its intensity for positive emotions, disappointment, 
and sadness as long as there is no change in the situation that 
induced the emotion. The lengths of episodes of depressed mood 
also have been positively correlated with the severity of depres-
sion. The duration of the startle response has been reported to 
parallel stimulus strength, suggesting the same for the experi-
enced fear underlying it [8]. A study by Rasinski, Berktold, 
Smith, & Albertson [15] showed that Americans who were more 
affected psychologically and emotionally by the 9/11 attacks re-
tained the corresponding symptoms for a longer period on aver-
age. The amount of mental rumination and its duration have been 
observed to increase with initial emotion intensity [8], [16]. A 
prolonged duration of emotional consequences have also been 
found for extremely strong emotional events [8]. All these sug-
gest a positive correlation between emotion intensity and its du-
ration. 

On the other hand, it has been reported that humans some-
times have a tendency to recover more quickly from deeply dis-
tressing incidents than the less painful ones [17], [18], [19]. 
Sonnemans & Frijda [5] observed a negative correlation between 
intensity and duration for fear. Rasinski et al. [15] found that 
Americans who knew someone killed or injured in the 9/11 at-
tacks showed faster recovery from high stress levels as compared 
to those who did not. The experiments of Gilbert et al. [13], [14] 
provided additional evidence for this counter-intuitive phenome-
non, who called this negative correlation the region-β paradox. 
Brandon & Silke [20] suggested that this paradox is perhaps pre-
sent for anxiety problems as well, on the basis of the findings of 
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Smith,  Perrin, Yule, & Rabe-Hesketh [21] and Thabet & Vosta-
nis [22]. Thus it is clear that a simple relation does not exist be-
tween emotion intensity and its duration and the conflicting re-
ports and arguments in the literature are hard to merge into a uni-
fying hypothesis. We refer to this as the intensity-duration prob-
lem of emotion. The duration of an emotional response is primar-
ily controlled by affective adaptation, the process by which ac-
tive and passive psychological processes weaken emotional re-
sponses with time [6], [10], [11]. In addition to anecdotal ac-
counts on affective adaptation, studies have demonstrated that 
we adapt to both pleasant (such as receiving an award or getting 
a promotion) and unpleasant (such as incarceration or losing 
money in a casino) incidents of life with time [10], [11]. The rate 
at which adaptation happens is known to differ across persons 
[12] and substantially between affective events [9], [12]. Three 
principles have been suggested to underlie affective adaptation 
on the basis of decades of research [6]. According to the antago-
nism principle, affective responses trigger conscious and subcon-
scious processes that antagonize and weaken them. As per the 
attention principle, as subsequent events draw the attention from 
an emotional event, its emotional impact progressively decreases 
[6]. According to the adaptation-level principle or theory, emo-
tional response decays as a result of the difference between stim-
ulus strength and a reference point called adaptation-level, which 
is a function of past stimulus levels, reducing with time  [6], [11], 
[23], [24].  

In 2008, a simple affective adaptation model called AREA 
was proposed by Wilson & Gilbert [6]. According to AREA, if 
an affective event is self-relevant and poorly understood, it grabs 
our attention. Attending to it results in both an emotional reaction 
and an attempt at explaining the event. The process of explana-
tion involves learning the nature of the event, determining its 
causes and understanding its consequences for our goals and self-
concept. This results in the transformation of the event from be-
ing perceived as an extraordinary event to an ordinary one. As 
the event gets better and better understood by our attempts at ex-
plaining it, our attention to it also progressively reduces, result-
ing in our emotional reaction getting weaker with time. Once the 
event is completely explained successfully, it will no more hold 
our attention and we will not have an emotional reaction any-
more. The process of adaptation is now complete. In this model, 
emotion intensity and its duration are determined by two factors, 
the self-relevance of the affective stimulus and how well or 
poorly understood the stimulus is to the experiencer. The greater 
the self-relevance and poorer the understanding, the stronger the 
emotion and longer its duration. 

In spite of its elegance, AREA does not provide a satisfactory 
solution to the intensity-duration problem. To begin with, the 
model does not clearly specify the individual roles of self-rele-
vance and understanding in determining intensity and duration. 
For instance, it does not predict the differences in emotional re-
sponses between two stimuli if one of them is more self-relevant 
but better understood than the other. The model also proposes 
that an event that is difficult to explain would enhance the emo-
tional reaction. This is not fully consistent with empirical obser-
vations (see [25], [26]). For instance, in study 2 of Wilson et al. 
[26], there was no significant difference in the initial happiness 
intensity between the certain and uncertain conditions, though it 
was more difficult to explain the stimulus in the uncertain condi-
tion. This model also implicitly endorses a positive correlation 

between intensity and duration and does not accommodate the 
possibility of the region-β paradox. Further, it is based on the an-
tagonism and attention principles and is reportedly inconsistent 
with the adaptation-level theory. Finally, it has not been formal-
ized and cannot be used in artificial systems in the current form. 

With respect to the intensity-duration problem, one pertinent 
question is whether duration can be predicted fairly reliably from 
intensity alone, i.e., is it a sole function of intensity or whether 
other factors also need to be considered. The former implies that 
the stimulus features that determine emotion intensity would also 
determine its duration. The latter would instead mean that the 
stimulus features determining intensity and duration are not iden-
tical. It needs to be stressed that an affective stimulus is a subjec-
tive quantity, and hence by stimulus feature we mean a feature of 
the stimulus-experiencer relationship and not any objective as-
pect of the stimulus. Though the examples given earlier suggest 
that intensity and duration are unlikely to share a monotonic re-
lationship due to the absence of a positive correlation in some 
cases, the possibility of duration being a sole function of intensity 
through a non-monotonic relationship cannot be ruled out.  

In 2013, a computational model of affective adaptation called 
HED was proposed by Steephen [27]. HED not only captured the 
primary features of affective adaptation but also made predic-
tions consistent with several different characteristics of affective 
phenomena reported across literature. HED was based on the ad-
aptation-level theory and it also proposed that adaptation rate is 
intensity dependent and that adaptation processes activate 
quickly but deactivate sluggishly. This resulted in an inverted-U 
shaped relation between intensity and duration, causing the du-
ration to increase with intensity for lower intensities and decrease 
at higher intensities. This led to a positive correlation between 
them in some situations and the region-β paradox in others. HED 
argued, along the lines of the proposal of Gilbert et al. [14], that 
region-β paradox would occur only if an intense emotion is pre-
sent. However, this is inconsistent with empirical data. For in-
stance, the paradox was observed in the experiments of Gilbert 
et al. [14], where the stimulus, being just a mild attack on the 
self-esteem, would not have caused an intense emotion. 

Since HED also aligned with the notion of duration being the 
sole function of intensity, it predicted emotional responses with 
the same initial intensity to have the same duration even if elic-
ited by dissimilar affective stimuli. This, however, is not ob-
served to be true, at least for positive emotions (see for e.g. [25], 
[26]). For instance, study 2 of Wilson et al. [26] demonstrated 
that in spite of equally happy emotions initially, the emotion 
lasted longer in the uncertain condition. This suggests that dura-
tion is unlikely to be an exclusive function of intensity and that 
the stimulus features that decide intensity and duration are not 
the same. Thus, while we feel that HED was an important step 
towards a comprehensive model of affective adaptation and emo-
tion dynamics, and remains the only computational model to sim-
ulate and provide an explanation for the region-β paradox, it has 
also not addressed the intensity-duration problem sufficiently. 

Yet the concepts underlying HED and AREA are based on 
years of affective adaptation research. In this paper, by adapting, 
modifying and extending these concepts, we propose a new com-
putational model of affective adaptation that (1) addresses the 
limitations of past models, (2) is consistent with the antagonism, 
attention and adaptation-level principles and most importantly, 
(3) provides, perhaps for the first time, a plausible solution to the 
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intensity-duration problem consistent with empirical data.  

2 EMPIRICAL STUDY 
As discussed in the previous section, earlier research (e.g. [25], 
[26]) suggests that duration is not determined by intensity alone. 
Before developing the model, to strengthen this proposition, and 
to address the lacuna that this has not been shown for negative 
emotions, we conducted an empirical study. We used two video 
clips as stimuli that self-reports during pre-testing suggested to 
elicit similar sadness intensities. Subjects in the fiction condition 
watched the final scene of the movie The Champ [28], and those 
in the non-fiction condition watched an abridged version of the 
documentary The Suicide Tourist [29]. We expected subjects to 
adapt faster to the movie clip, it being merely a made-up story 
unlike the documentary clip which is an actual recorded event. 
Consequently, we hypothesized that subjects in both conditions 
would be comparably sad immediately after watching the clip, 
but that the subjects in the non-fiction condition would remain 
sad longer. 

2.1 Method 
Subjects. Ninety-one student volunteers participated in this 
study. The sample size was similar to that of an earlier study of 
the same type (study 2 of [26]).Written informed consent was 
taken before the experiment. During debriefing after the experi-
ment, all of them reported that they had not previously watched 
their respective video clip. The data of subjects who reported 
neutral or happy emotions after watching the clip were excluded 
being irrelevant to the study. The resulting sample consisted of 
42 subjects (22 m, 20 f) in the fiction condition and 37 subjects 
(17 m, 20 f) in the non-fiction condition. 
Procedure. The experiment was conducted individually for each 
subject. The presentation of stimuli and collection of data were 
controlled using the PsychoPy software program [30]. Upon en-
tering the laboratory, we explained the purpose of the experi-
ment, the experiment procedure and its expected duration to the 
subjects. They read a short introduction to the clip they were as-
signed to and watched it on a 22” LCD monitor. The fiction and 
the non-fiction video clips were both around 8.5 min long. After 
watching their respective video clip, they performed the filler 
task of identifying emotions on 40 virtual faces that gave time 
for affective adaptation to happen. This was followed by a funny 
video clip to elevate their mood before debriefing and dismissing 
them. The subjective ratings of their emotional states made on a 
continuous rating scale whose end points were marked very sad 
and very happy, corresponding to the values -1 and +1 respec-
tively, immediately after the clip and after the filler task were 
analyzed. 

2.2 Results 
A 2 x 2 mixed design ANOVA with one between-subjects factor 
(condition: fiction vs. non-fiction) and one within-subjects factor 
(time: right after clip vs. after filler task) revealed that the condi-
tion x time interaction was highly significant (F(1, 77) = 12.17, 
p < 0.001) consistent with our hypothesis (Fig. 1). The simple 
effect of condition was not significant right after the clip (t(77) = 
-0.81, p = 0.42, 2-tailed test; Cohen's d [95% CI] = -0.18 [-0.63, 
0.27]), but the subjects in the non-fiction condition were signifi-
cantly sadder than those in the fiction condition after the filler 
task (t(77) = 2.68, p = 0.005, 1-tailed test; d = 0.61[0.15, 1.06]), 

demonstrating that those in the non-fiction condition remained 
sad longer than those in the fiction condition in spite of compa-
rable initial intensities. The experiment strengthened the conjec-
ture that duration is not dependent on intensity alone and conse-
quently that stimulus features that determine intensity and dura-
tion are not exactly the same. Secondly, the experiment showed 
that this conjecture is valid for negative emotions as well. Having 
gained sufficient confidence that duration is dependent more on 
specific stimulus features than on intensity, we moved on to 
model development.  

 

2 HED-ID (HUMAN EMOTION DYNAMICS – 

INTENSITY AND DURATION) 
We put forward an affective adaptation model called HED-ID 
that proposes that emotion intensity and duration are determined 
by three parameters associated with the affective stimulus, 
namely self-relevance, explanation level and explanatory ease. 
Like AREA, we assume affective adaptation to happen through 
a process of explanation of the affective stimulus. We adapt the 
meaning of explanation from AREA and use it in an extended 
sense as follows. When an affective event occurs, our cognitive 
mechanisms start analyzing it so as to determine its nature, its 
meaning, how it fits into our self-concepts, its consequences for 
our goals, its causes and its coping potential. These include ap-
praisal processes that estimate the self-relevance of the event by 
determining its implications for our goals and well-being [2], [3] 
as well as processes that help us to come to terms with it by 
reaching an understanding of it by determining its causes and ad-
dressing other knowledge gaps. Reaching an understanding re-
fers to the assimilation of the event to one’s existing schemas or 
the alteration of these knowledge structures to account for the 
event [6]. We refer to the conscious and nonconscious processes 
involved in reaching an understanding of the event as explana-
tion.  

2.1 Self-relevance 
Perceived self-relevance or desirability is one factor that deter-
mines emotion intensity as has been discussed in detail with am-
ple evidence by Wilson et al. [6]. HED-ID also assumes initial 
emotion intensity to increase with the self-relevance of the event. 
According to AREA, elicited emotion ameliorates as people suc-
ceed in explaining the event or it stops being self-relevant. It may 
be emphasized that for emotion to dissipate, it is sufficient for 
either one of the above to happen. Thus, it is possible for the self-
relevance of an event to remain unchanged, yet achieve emotion 
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Fig. 1. Reported change in emotion intensity over time as a function 
of stimulus type. Means (with 95% CI) are ratings of how sad people 
felt. Higher negative numbers reflect greater sadness.  
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abatement through successful explanation of the event. Alterna-
tively, an event can remain poorly understood, yet the emotion 
can abate if it eventually turns out to be no more self-relevant.  

Self-relevance can change and even disappear with time if the 
situation itself changes owing to the active steps taken by the 
person or due to other external factors. For instance, when the 
risk of death due to a certain disease gets greatly reduced by med-
ical intervention, the disease becomes less self-relevant than be-
fore, bringing down the associated stress. Perceived self-rele-
vance may also change on acquiring additional knowledge about 
or reassessing the event which is again nothing but a subjective 
change in the situation. After being pleased with topping a quiz, 
its self-relevance and the joy will reduce on learning that it will 
have no impact on the course grade. Similarly, when careful con-
sideration reveals that the monetary loss from a business deal is 
not as big as initially thought, the event’s self-relevance as well 
as the associated sadness decreases. A change in self-relevance 
is essentially a change in the affective stimulus itself and we take 
the position that emotion dissipation resulting from a change in 
the stimulus is not true affective adaptation. The abatement of 
sorrow over time even when a lost pet is not found is affective 
adaptation, whereas its abatement on finding the pet is not affec-
tive adaptation. 

AREA model does not distinguish between cognitive pro-
cesses that improve understanding and those that estimate or 
change the perceived self-relevance and refers to both as expla-
nation. Consequently, emotion reduction resulting from a change 
in self-relevance also becomes affective adaptation in AREA. In 
contrast, along the lines of our argument that a change of self-
relevance cannot be termed affective adaptation, we consider 
only those cognitive processes that improve the understanding of 
the stimulus as explanation.  

It also needs to be noted that even after complete adaptation 
through a process of explanation, an event’s self-relevance can 
remain unchanged. Consider someone getting a pay hike. They 
would be happy, but over time it gets explained and the happiness 
disappears. But, the raised pay is still self-relevant. Now if the 
hike is reversed, they would undoubtedly feel sad. This would 
not have happened had the hiked pay lost its self-relevance. 

2.2 Explanation level 
According to AREA, unexpected events attract attention and 
strengthen emotional responses since they are more difficult to 
explain than expected events, because when an event is expected, 
some explanatory work has already been done in advance. We do 
agree that for an expected event, the process of explanation 
would have started before the event occurrence, with the event 
being partially explained by the time it actually happens. Affec-
tive adaptation would also have thus started in anticipation of the 
event, a process that has been termed anticipatory adaptation 
[11]. Compared to an unexpected event, the amount of explana-
tion to be done after event occurrence would be less in this case, 
allowing adaptation to complete faster. The earlier a future event 
is known about, the greater the amount of explanation completed 
by the time of event occurrence, and the shorter the time required 
to complete adaptation post the beginning of the event.  

However, we do not agree with AREA that expectedness de-
creases the inherent difficulty in explaining an affective event. 
Instead, we believe that prior explanation only makes the event 
better understood by the time it happens. Some events are easy 

to explain, some are not, whether they are unexpected or not. An 
event can be completely unexpected and hence very poorly un-
derstood, but it may be very easy to explain. On the contrary, the 
expectation for an event may have begun a long time before its 
happening, causing the explanation process to start early, making 
it fairly understood by the time it happens. But it may be one that 
is difficult to explain that it may still take a long time for the 
explanation to complete after it has happened. For example, it is 
easier to explain the death of a pet cat if the cause is known as 
opposed to if it is unknown, irrespective of whether the death was 
expected or unexpected. Thus, an affective stimulus being poorly 
understood does not automatically imply that it is also hard to 
explain. Therefore, it is important to make a distinction between 
the extent of understanding of an event and the difficulty in ex-
plaining it and treat them as different factors.  

This is in contrast to the approach of AREA where these two 
have not been unambiguously distinguished. In that model, the 
extent of understanding one has of an event is treated as the main 
determinant of the difficulty in explaining it and both these pa-
rameters have mostly been grouped together as a single entity 
that intensifies emotion and impedes adaptation. In HED-ID, we 
postulate that these two factors influence the emotional experi-
ence in different ways. While we agree with AREA that poor un-
derstanding intensifies the initial emotional reaction, we suggest 
that the difficulty in explaining the stimulus does not influence 
the initial emotion directly. Thus, the more unexpected an event, 
the more poorly understood it is, and the stronger the resulting 
initial emotion. In HED-ID, we refer to the degree of understand-
ing of an affective stimulus at any given time as its explanation 
level and its value at the time of event occurrence as the initial 
explanation level. Two factors that determine the initial explana-
tion level are the duration of expectation of a future event and the 
certainty with which the event is expected. The longer one ex-
pects the occurrence of a future event, or the greater the certainty 
with which one expects it, the lower the initial explanation level. 

As per AREA, the stimulus attributes that aid or hinder expla-
nation are novelty, surprise, variability, certainty, and explana-
tory coherence. We make a distinction between the first three var-
iables and the remaining two. According to Wilson & Gilbert [6], 
a novel event is one which has not happened before, a surprising 
event is an unexpected experience, and a variable event is one 
which does not repeat in exactly the same way as before. Thus 
all three are essentially events which present themselves in an 
unexpected manner, that is, novelty, surprise, and variability are 
just different flavors of unexpectedness. When an unexpected 
event happens, it is novel, when an event happens at an unex-
pected time, it is surprising and when an event does not happen 
as expected, it is variable. Thus, novelty, surprise, and variability 
are the variables that decide how well or poorly understood an 
affective event is by controlling the extent of expectation.  

2.3 Explanatory ease 
Explanatory ease is the ease with which an event can be ex-
plained or adapted to. It is independent of whether the event is 
expected or unexpected. When the details of the event are uncer-
tain or if it lacks explanatory coherence, the event becomes more 
difficult to explain. Thus certainty and explanatory coherence, 
the last two of the five variables suggested by Wilson & Gilbert 
[6] to aid or delay adaptation, are subservient to explanatory ease. 
Note that by explanatory coherence, we mean the factors other 
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than certainty that make a stimulus difficult or easy to explain 
and adapt to. As was noted by Wilson & Gilbert [6], an event 
may affect many people in the same way, but the difficulty in 
explaining it, i.e. explanatory ease, can be different for each of 
them depending on the methods of explanation chosen.  

Like AREA, HED-ID proposes that explanatory ease influ-
ences the rate of explanation but unlike AREA, does not propose 
that it affects initial intensity directly. However, it can affect ini-
tial intensity indirectly for anticipated events. As stated earlier, 
anticipating an affective event can make it better understood by 
the time it happens. How much better understood it becomes de-
pends on the amount of explanation completed during the antic-
ipation phase, which in turn is determined by the ease with which 
it can be explained. Thus the explanation level at the time of the 
event depends on, in addition to how much it is expected and how 
early it is anticipated, how easy it is to explain. 

2.4 Explanatory effort 
There is one more factor other than explanatory ease that influ-
ences the rate of explanation and that is the amount of cognitive 
resources allocated to explain the event. For an event with a 
given explanatory ease, the more the cognitive resources allotted, 
the faster one will be able to explain it.  

To explain the region-β paradox, Gilbert et al. [14] had pro-
posed that a strong emotion leads to the rapid mobilization of 
several adaptation processes which speeds up adaptation, caus-
ing the emotion to die down faster than other less intense emo-
tional responses. They suggested that these psychological pro-
cesses get initiated only when the intensity of emotion goes 
above a certain critical threshold. Since adaptation always hap-
pens irrespective of emotion intensity, this conjecture raises the 
question as to how one would adapt to weaker emotions whose 
intensity does not cross that threshold. Hence, this proposal was 
modified by Steephen [27] who suggested that it is more plausi-
ble for adaptation processes to increase monotonically in strength 
and number with emotion magnitude than the existence of a sin-
gle threshold when all the processes get switched on suddenly. 

Adapting this idea to HED-ID, which assumes explanation as 
the process underlying adaptation, we propose that an event elic-
iting a strong emotion would result in the exertion of a large cog-
nitive effort, in terms of the number and strength of the cognitive 
mechanisms assigned, to explain it. On the contrary, a weak emo-
tion would cause only a minimal effort being put towards ex-
plaining the event. Thus, through a greater cognitive effort, a 
larger emotion would help increase the speed of explanation. 
Care must be taken to note that in this paper, the term explanatory 

effort (or adaptation effort) refers to the amount of effort put in 
and not the amount of effort required to explain (or adapt). 

This proposition is also supported by Rimé et al. [16] who 
showed that adaptation processes such as mental rumination and 
social sharing increases with emotion intensity. Further, this pro-
posal is consistent with AREA which associates a greater emo-
tion with greater attention. One would expect that paying more 
attention to an event would lead to an increase in the effort ex-
erted to explain it. Additional evidence may also be present in 
the data from the empirical study in this paper. Fig. 2 shows the 
relationship between the initial emotion intensity and the change 
in emotion over time for each subject in the fiction and non-fic-
tion conditions. Linear regression analysis suggests that across 
subjects, the reduction in emotion correlates positively with ini-
tial intensity in both the fiction (r = 0.56, p < 0.001) and non-
fiction (r = 0.42, p < 0.01) conditions. That is, within each con-
dition, the subjects who reported a higher initial sadness were 
also the ones who recovered faster during the filler task. This is 
indicative of and consistent with our proposal since this is what 
would happen if the explanatory effort increased with intensity. 

2.5 Quantitative specification 
According to AREA, an event triggers an affective reaction only 
when it is both self-relevant and unexplained. Adaptation is com-
plete when either the explanation is complete or when it is no 
longer self-relevant. Further, the elicited affective reaction has 
been shown to increase with self-relevance and decrease with the 
understanding of the event. On the basis of this, one could as-
sume that self-relevance (SR) and explanation level (ELt) of an 
event at a given time (t) combine multiplicatively as follows to 
determine the magnitude of the emotion (ut) at that time.  
ut = SR × (1 - ELt)        (1) 
A value of 0 for explanation level indicates that the event is com-
pletely unexplained, whereas a value of 1 means that it has been 
fully explained. The highest possible emotion intensity for a 
given self-relevance will happen when explanation level is 0. 
When an event occurs totally unexpectedly (surprise), or when a 
completely unexpected event (novel) occurs, explanation level 
will be 0 initially. An affective reaction proportional to the self-
relevance of the stimulus will result. As one goes through the 
psychological process of explaining the event and it becomes 
more understood, its explanation level slowly rises and ap-
proaches 1. Consequently, the emotion also abates with time and 
disappears completely when explanation level reaches 1. If an 
affective stimulus has been expected since a long time, and it 
happens in exactly the same way and at the same time as antici-
pated, it would have been wholly explained by the time the event 
actually happens. There would be nothing more to explain and 
the initial explanation level will be 1. So even if it is high in self-
relevance, there will be no emotional response when it happens.  

However, in real life, an initial explanation level of 0 or 1 is 
unlikely since hardly anything ever happens in an entirely ex-
pected or unexpected way. The degree of expectedness just dif-
fers between events. Further, this expectedness can begin at any 
time before the event, with the time elapsed until the event influ-
encing the initial explanation level. If an event is only partially 
surprising or novel, or different from previous occurrences, i.e., 
if the event is partially unexpected (the event itself or its occur-
rence), it would also be a partially explained event. When it oc-
curs, its explanation level would be between 0 and 1 and depend 

Fig. 2. Reported change in emotion intensity as a function of initial 
emotion intensity across subjects. Change in emotion has a significant 
correlation with initial emotion intensity under both fiction and non-fic-
tion conditions. The dotted lines show the results of linear regression. 
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on how much more explanation remains to be done. The initial 
emotion would be proportional to its self-relevance, but dis-
counted by the explanation level. 

As mentioned earlier, the explanation rate at a given time is 
dependent on the explanatory ease of the event and the explana-
tory effort exerted. We assume a linear relationship between 
emotion intensity and explanatory effort, and consequently a 
similar relationship between emotion intensity and the explana-
tion rate (rt). The slope of this relationship would depend on how 
simple or hard it is to explain the stimulus and hence it is deter-
mined by the explanatory ease. Explanatory ease (EE), being a 
characteristic of the event and its experiencer is considered a con-
stant like self-relevance and assumed to not change with time. 
rt = EE × |ut|        (2) 
Explanation rate is a time varying quantity and it refers to the 
amount of explanation done per unit time. At any given time in-
stant, to find the explanation level for the next instant, the current 
explanation level has to be added with the amount of explanation 
that will be done between the current and next instants. The 
amount of explanation that will be done during this time is the 
explanation rate at the current instant. Thus, once the rate at 
which explanation is proceeding has been determined for a given 
time instant (t) using (2), the explanation level at the next instant 
(t +1) will be given by 
ELt+1 = ELt + rt      (3) 
The new explanation level along with self-relevance will deter-
mine the new emotion intensity. This will continue until the emo-
tion decays completely. The process of affective adaptation ac-
cording to HED-ID is shown in Fig. 3. The Python programming 
language was used to implement HED-ID computationally and 
run simulations. The executable model code is provided as sup-
plemental material. Affective stimulus parameters can be varied 
and simulations run using its graphical user interface. 

3    MODEL PREDICTIONS 
HED-ID is a quantitative model that assumes a certain magnitude 
for all the variables it deals with. Their counterparts in the real 
world also have magnitudes and are quantitative entities. For in-
stance, there are magnitudes for the perceived self-relevance of 
an event, the extent of understanding one has of an event, the 
intensity of emotion elicited, the amount of attention paid to an 
event, the amount of active and passive cognitive efforts put in 
to explain an event and so on. However, these are primarily sub-
jective quantities, and due to limitations in the accurate quantita-
tive measurement of subjective phenomena, a quantitative com-
parison between the model predictions and real life observations 
is difficult. Nevertheless, to examine whether the model is con-
sistent with empirical data, one can look at scenarios where an 
ordinal comparison between multiple affective stimuli as well as 
their corresponding emotional responses is possible.  

Now we discuss the predictions made by HED-ID under nine 
different scenarios using computer simulations. For each sce-
nario, we consider two affective stimuli designated X and Y that 
differ in one or two parameters. X and Y can be considered as 
two non-overlapping events happening in an individual’s life or 
as events happening to different individuals or groups of individ-
uals. They are never two events happening simultaneously in a 
single person’s life. We make ordinal predictions of the emo-
tional responses using HED-ID. We also compare them with the 
findings from every instance of the scenario we could find in em-
pirical literature.  

The emotion response characteristics we are interested in are 
emotion intensity, its duration and overall adaptation rate. Emo-
tion duration is the time taken for an elicited emotion to com-
pletely vanish or reach a negligible level. For the purpose of our 
simulations, we take this level as 1% of the maximum possible 
intensity. The overall adaptation rate is the average rate at which 
emotion decays from the beginning to the end of adaptation. It is 
the ratio of initial emotion intensity to duration. Table 1 summa-
rizes the results from our simulations and Fig. 4 shows repre-
sentative simulation outputs for each scenario. 

Some predictions such as those for Scenarios 1, 2 and 4 (see 
Table 1) may not be surprising, given the assumptions of the 
model, whereas the others are not so obvious. The predictions for 
Scenario 1 are interesting in that, unlike the predictions of prior 
models such as AREA and HED, they underscore the principle 
that intensity is not the sole predictor of duration. Scenario 1 hap-
pens when two events differ in certainty or explanatory coher-
ence. In Kurtz et al. [25] and studies 1A, 1B, 2 and 3 of Wilson 
et al. [26], when certainty alone was manipulated, the initial in-
tensity was unaffected, but a slower adaptation and a longer du-
ration for the uncertain condition resulted. As according to HED-
ID, certainty manipulation would affect explanatory ease but not 
self-relevance or initial explanation level, these experiments are 
likely instances of Scenario 1. As is evident from Table 1, HED-
ID’s predictions are in accordance with the experimental obser-
vations detailed below. 

In Kurtz et al. [25], subjects were told that they would receive 
gifts. Those in the certain condition were told immediately which 
gifts they would receive whereas those in the uncertain condition 
were not given this information until the end of the study. The 
initial happiness was similar for both the groups but the subjects 
in the uncertain condition remained happy longer. 

In study 1A of Wilson et al. [26], students in a library were 

Fig. 3. The process of affective adaptation according to HED-ID. In 
the figure, (+) indicates a positive effect whereas (-) indicates a nega-
tive effect. Self-relevance, explanation level and explanatory ease are 
aspects of an individual’s relationship with an affective stimulus. Self-
relevance and explanation level together determine emotion intensity 
where self-relevance has a positive effect and explanation level a neg-
ative effect. The rate at which explanation happens increases with 
both emotion intensity, through increased explanatory effort, and ex-
planatory ease of the stimulus. The rate at which explanation level 
increases is decided by this explanation rate. The increasing explana-
tion level decreases emotion intensity. The process continues until 
emotion decays completely. 
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gifted a card with a United States golden dollar coin attached. In 
the uncertain condition, there was ambiguity about the source of 
the gift whereas there was no ambiguity in the certain condition. 
Similarly, in study 1B of Wilson et al. [26], students in a cafeteria 
were gifted a card with a golden dollar coin and a dime. In the 
uncertain condition, there was ambiguity about the odd amount 
whereas there was no such ambiguity in the certain condition. 
Around 5 minutes later in both these studies, the students in the 
uncertain condition were happier, implying that the emotion elic-
ited by the gift lasted longer in the uncertain condition. 

In study 2 of Wilson et al. [26], participants watched an up-
beat film based on the true story of a man named Rudy. Partici-
pants in the certain condition were unambiguously informed 
what happened to Rudy after what was shown in the film. Partic-
ipants in the uncertain condition were given two accounts of what 
happened to him and were told that only one of them was true. It 
was observed that although positive emotions of similar intensity 
were elicited in both the groups, the emotion lasted longer in the 
participants in the uncertain condition. 

In study 3 of Wilson et al. [26], student participants were 
made to believe that they received positive feedbacks from three 
opposite-gender students. In the certain condition, the partici-
pants got to know which feedback was written by each student 
whereas in the uncertain condition, they only got to know who 
the three students were. Though the initial emotion intensities of 
the participants in both the conditions were not statistically dif-
ferent, those in the uncertain condition maintained their positive 
emotion longer.  

Study 4 of Gilbert et al. [31] is another potential instance of 
Scenario 1, with explanatory coherence the likely manipulated 
variable. In this study, the personalities of subjects with positive 
and negative self-views were rated poorly. Those in the fallible 
and infallible conditions were then told that they were assessed 
by a computer and a team of experts respectively. The self-rele-
vance of the undesirable classification and the initial explanation 
level would be the same for the subjects with a positive self-view 

in both the conditions. The explanatory ease would be greater for 
those in the fallible condition as it is easier to explain an undesir-
able classification from a potentially incompetent computer pro-
gram as opposed to a team of experts. In this scenario, HED-ID 
would predict similar initial emotion intensities for both the 
groups and a longer emotion duration for those in the infallible 
condition. This is consistent with the experiment finding that 
those in the infallible condition felt worse after 5 min, implying 
a longer emotional response for them. No significant difference 
was observed in the emotion after 5 min between subjects with a 
negative self-view in the fallible and infallible conditions. Since 
their initial emotion was not assessed, it is not known whether 
they were even affected by the stimulus. It is possible that they 
expected the undesirable classification due to their negative self-
view. This self-view may have caused anticipatory adaptation to 
any stimuli that could hurt one’s self-esteem and consequently 
could have prevented any emotional response. It may be noted 
that unlike HED-ID, both AREA and HED are inconsistent with 
the results of any experiment matching Scenario 1. 

On the basis of a meta-analysis of close to 200 studies, Luh-
mann et al. [9] suggested that marriage, childbirth, and divorce 
are more likely to be actively initiated than bereavement and un-
employment. Hence, the former are events one starts expecting 
months or years early. Indeed, one anticipates the birth of a child 
several months in advance. Therefore, the initial explanation lev-
els of the former would be higher. This can be considered an in-
stance of Scenario 2, if we were to assume the differences in self-
relevance and explanatory ease between the two event categories 
to be insignificant compared to that of explanation level. Con-
sistent with HED-ID’s prediction, they found stronger affective 
reactions for the latter. The logarithmic adaptation rate was re-
ported to be similar for all the events. If two stimuli with different 
initial intensities have the same logarithmic adaptation rate, the 
one with the higher intensity will have the longer duration. This 
suggests that bereavement and unemployment have a longer 
emotion duration, again consistent with the model’s predictions. 

TABLE 1 
SUMMARY OF RESULTS FOR DIFFERENT SCENARIOS 

Scenario SR EL EE Emotion 
intensity 

Emotion 
duration 

Overall adapta-
tion rate 

Intensity-duration 
relation 

Consistent empirical obser-
vations 

1 X=Y X=Y X>Y X=Y X<Y X>Y EE dependent Studies 1A, 1B, 2, 3 in 
[26]; Study 1 in [25]; Study 
4 in [31] 

2 X=Y X<Y X=Y X>Y X>Y X>Y Positive correlation [9] 

3 X>Y X=Y X=Y X>Y X<Y X>Y Region-β [5]; [15]; Study 2, 3 in [14] 

4 X=Y X<Y X<Y X>Y X>Y EE, EL dependent Positive correlation Study 6 in [31]. 

5 X=Y X<Y X>Y X>Y X<Y X>Y Region-β NA 

6 X>Y X=Y X>Y X>Y X<Y X>Y Region-β NA 

7 X>Y X=Y X<Y X>Y SR, EE 
dependent 

SR, EE dependent SR, EE dependent NA 

8 X>Y X<Y X=Y X>Y X<Y X>Y Region-β NA 

9 X>Y X>Y X=Y X=Y 
X<Y 
X>Y 

Y>X 
Y>X 
Y>X 

X>Y 
SR, EL dependent 

X>Y 

No correlation 
Positive correlation 

Region-β 

NA 
NA 
NA 

SR = Self-relevance, EL=Explanation level, EE = Explanatory ease 
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In study 6 of Gilbert et al. [31], subjects were told they would 
be selected for a job on the basis of a screening procedure that 
involved answering a set of questions. Subjects in the unfair con-
dition received questions that appeared irrelevant to the hiring 
decision and were told that the decision would be made by one 
expert. Those in the fair condition received questions that ap-
peared a lot more relevant and were told that they would be re-
jected only if three experts unanimously decided so. After eval-
uation, each of them was told that they were not selected. The 

self-relevance of rejection would be the same for all subjects. It 
would be easier to explain rejection by one expert on the basis of 
answers to irrelevant questions than rejection by all three experts 
on the basis of answers to relevant questions. Since all the sub-
jects would have considered the possibility of rejection from the 
beginning itself, explanation would have started in anticipation 
much before the rejection. The explanation level at the time of 
rejection would be higher for those in the unfair condition due to 
two reasons. First, they would expect to get rejected more than 
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Fig. 4. HED-ID’s predicted explanation and emotion dynamics for two affective stimuli, X and Y under different scenarios. In Scenario1, X has 
the same self-relevance and is as poorly understood initially as Y, but is easier to explain. X and Y will elicit the same initial intensity but X’s 
adaptation completes faster due to its greater explanatory ease. In Scenario 2, X has the same self-relevance and is as easy to explain as Y, 
but is less understood. X elicits a higher initial intensity than Y and maintains the higher relative intensity throughout adaptation, resulting in its 
emotion to last longer. In Scenario 3, X is equally understood and as hard to explain as Y, but more self-relevant. X elicits a higher initial 
intensity than Y due to its higher self-relevance, but in due course, its emotion dies down faster thanks to quicker adaptation, demonstrating 
the region-β paradox. In Scenario 4, X is as self-relevant as Y but less understood and harder to explain. X elicits a stronger emotion than Y 
due to its poorer understanding and the intensity remains higher throughout, also causing the emotion to last longer. In Scenario 5, X is as 
self-relevant as Y but less understood and easier to explain. X elicits a stronger emotion than Y due to its poorer understanding but the emotion 
drops below that of Y in due course resulting in a shorter emotion duration and exhibiting the region-β paradox. In Scenario 6, X is as under-
stood as Y but more self-relevant and easier to explain. X elicits a stronger emotion due to its higher self-relevance but the emotion drops 
below that of Y in due course, resulting in a shorter emotion duration and exhibiting the region-β paradox. In Scenario 7, X is as understood 
as Y but more self-relevant and harder to explain. Y elicits a weaker emotion due to its lower self-relevance, but the emotion may (Y1) or may 
not (Y2) go above that of X in due course depending on the relative values of self-relevance and explanatory ease. Consequently, Y’s emotion 
duration may be longer (Y1) or shorter (Y2) than that of X and thus the region-β paradox may (X & Y1) or may not (X & Y2) occur. In Scenario 
8, X is as hard to explain as Y, but is less understood and more self-relevant. X elicits a stronger emotion due to its higher self-relevance and 
lower understanding but the emotion will drop below that of Y in due course causing the region-β paradox. In Scenario 9, X is as hard to explain 
as Y, but is more self-relevant and understood. X can elicit an emotion as strong as (Y1), stronger than (Y2) or weaker than Y (Y3 & Y4), but 
it will always have the shorter duration. Hence, if the initial emotion intensity of Y is less than that of X, region-β paradox can be observed 
(compare X & Y2).  



1949-3045 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TAFFC.2018.2848656, IEEE
Transactions on Affective Computing

10 IEEE TRANSACTIONS ON AFFECTIVE COMPUTING,  MANUSCRIPT ID 

 

those in the fair condition since they were being evaluated by 
only a single individual. This is because, if we take the chance of 
getting rejected by a single judge as 50%, the chance of getting 
rejected by all the three judges would be only 12.5%. A higher 
expectation would increase the initial explanation level. Sec-
ondly, anticipatory explanation would also have been easier for 
these subjects because, as they were going through the experi-
ment, they would feel the unfairness in the evaluation process 
and could easily explain that if they did not get selected, it would 
be because of this unfairness and not because of their incompe-
tence. The easier anticipatory explanation would also raise the 
initial explanation level. This is an instance of Scenario 4 and 
consistent with HED-ID’s predictions, subjects in the fair condi-
tion felt worse than those in the unfair condition immediately af-
ter rejection and also their emotion lasted longer. Further, the au-
thors reported the difference in emotion intensity between the 
subjects of the two conditions to widen with time, which as 
shown in Fig. 4, is also consistent with HED-ID. 

The prediction of the region-β paradox in Scenarios 3, 5, 6 
and 8, which cannot be easily deduced from the underlying prin-
ciples, nonetheless arises from them. The paradox’s prediction in 
Scenario 3 is particularly intriguing. Consider the study by 
Rasinski et al. [15] on the psychological and emotional symp-
toms experienced by Americans after the 9/11 attacks. Naturally 
the event was more self-relevant to those who knew someone 
hurt or killed in the attacks than those who did not. The event 
was equally unexpected by both the groups and hence their initial 
explanation level was the same. Both the groups were trying to 
explain the same event, and hence the explanatory ease would be 
similar for both. These conditions represent Scenario 3 and HED-
ID would predict the more affected group to have a higher initial 
emotional intensity, which is consistent with the authors’ report 
that they had more psychological and emotional symptoms ini-
tially (5.5 vs. 4.3). HED-ID would also predict that this group 
would adapt faster in that they would have a higher overall adap-
tation rate as well as a shorter emotion duration. In other words, 
HED-ID would predict the region-β paradox. When the symp-
toms of both the groups were evaluated after 4 to 6 months, sur-
prisingly this is exactly what was found. In the group that was 
affected more, the symptoms reduced by 3 from 5.5 to 2.5, 
whereas the symptoms of the less affected group reduced by only 
1.7 from 4.3 to 2.6. A similar trend was seen even when the pop-
ulation of New York alone was considered. Also, the initial reac-
tion for those from the city was stronger than those from all over 
America, since the event has greater self-relevance for them, 
New York being the site of attack. 

In study 2 of Gilbert et al. [14], the personalities of the partic-
ipants were rated poorly. They were either told that they would 
meet their rater (partner condition) or that they would not (non-
partner condition). One would expect the negative rating to be 
more self-relevant to those who have been told that they would 
meet their rater. All the participants would have the same initial 
explanation level as the affective stimulus was equally unantici-
pated. The explanatory ease would be the same for participants 
in both the conditions since what they have to explain is the same. 
Thus this would be another instance of Scenario 3. Region-β par-
adox, as predicted by HED-ID, was observed when the partici-
pants’ responses were assessed immediately after the rating and 
5 min later.  

In study 3 of Gilbert et al. [14], the participants were divided 

into the victim and bystander groups. The procedure for the vic-
tims was identical to those in the partner condition of study 2. 
Bystanders were provided with all the information the victim had 
including that the victim was rated poorly by the rater. They were 
also told that they would later interact with the victim but not the 
rater. After 5 min, the bystanders were found to dislike the rater 
more than the victims. Obviously the victims would have been 
emotionally more affected initially as the negative rating was 
more relevant to them. The initial explanation level was the same 
for both the bystanders and the victims because the affective 
stimulus was equally unexpected by both of them. There is no 
reason to assume a different explanatory ease for both the groups. 
Thus this would again be an instance of Scenario 3 and HED-ID 
would predict the victims to adapt faster causing them to dislike 
the rater less than the bystanders after some time, consistent with 
the empirical observation. 

Sonnemans & Frijda [5] had reported a negative correlation 
between intensity and duration in the case of fear. As compared 
to emotions such as happiness and sadness, fear is not usually 
anticipated. Thus incidents that cause fear may be assumed to 
have comparable initial explanation levels. This suggests that the 
different initial fear intensities from different events are likely to 
be more due to differences in self-relevance than initial explana-
tion levels. If the explanatory ease of these events are also not so 
different, it is a case of Scenario 3, and one can expect a negative 
correlation between intensity and duration. 

Unlike other scenarios, Scenarios 7 and 9 have multiple pos-
sible outcomes. For Scenario 7, the emotional response to the 
more self-relevant stimulus is stronger initially. The stronger 
emotion would lead to more cognitive resources being allotted 
for explanation, but since the stimulus is harder to explain, the 
rate at which explanation happens can be greater or less than the 
less self-relevant stimulus. Consequently, either stimulus can get 
explained faster depending on their specific values of self-rele-
vance and explanatory ease. In contrast, in Scenario 9, while the 
emotional response of the more self-relevant stimulus can be 
stronger than, weaker than or equal to that of the less self-rele-
vant stimulus depending on the specific values of self-relevance 
and initial explanation level of the stimuli, the latter would al-
ways last longer. Empirical instances matching Scenarios 5 to 9 
could not be located in literature.  

3 HED-ID AND ADAPTATION-LEVEL THEORY 
Since some of the core ideas underlying HED-ID are adapted 
from AREA, it is consistent with the antagonism and attention 
principles. However, unlike AREA, we now show mathemati-
cally that HED-ID is within the framework of adaptation-level 
theory also. According to adaptation-level theory [11], [23], [24], 
the emotional response to an affective stimulus is determined by 
the difference between the stimulus strength and a reference 
point called the adaptation-level. Adaptation-level is a function 
of past stimulus levels. At the beginning of the stimulus when 
adaptation has not yet begun, adaptation-level is zero and the 
emotion elicited is a function of the stimulus intensity alone. 
With time, the adaptation-level increases since it is determined 
by the previous stimulus levels. This causes the elicited emotion 
to decrease with time as the gap between the stimulus strength 
and the adaptation-level reduces, leading to affective adaptation. 
When the adaptation-level reaches the stimulus level, that is, 
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when it becomes equal to the strength of the stimulus, adaptation 
is complete and no more emotion results. Thus, adaptation-level 
is nothing but a measure of how much one has adapted to an af-
fective stimulus. We suggest that it is the process of explanation 
that causes adaptation-level to increase as a function of past stim-
ulus levels, that stimulus intensity corresponds to the self-rele-
vance of the stimulus and that the rate at which adaptation-level 
rises is determined by the self-relevance and explanatory ease of 
the stimulus. 

Adaptation-level is often formulated as a weighted average of 
past stimulus levels with the weight decreasing towards the older 
stimulus levels [11], [27], [32] using an equation such as: 
ALt = αXt-1 + (1 - α) ALt-1                (4) 
where AL and X are the adaptation and stimulus levels respec-
tively and α represents the speed of adaptation. If we consider the 
stimulus level to not change with time, like the affective stimuli 
we dealt with in this paper before, X would be a time invariant 
quantity and (4) can be written as: 
ALt = αX + (1 - α) ALt-1 (5) 
Using (1) – (3), the formula for explanation level can be rewritten 
as (the derivation is provided as appendix): 
ELt = SR × EE + (1 – SR × EE) ELt (6) 
How the adaptation-level starts from zero and changes over time 
until it reaches the stimulus level is given by (5), whereas how 
the explanation level starts from zero and approaches 1 is given 
by (6). It may be noted that both the equations are identical in 
their form. Adaptation-level theory does not state why adapta-
tion-level changes as a function of past stimulus levels. The the-
ory also does not specify the factors that determine the speed of 
affective adaptation, α.  

Comparing (5) and (6), we suggest that it is the process of 
explanation that causes the adaptation-level to rise over time and 
therefore it essentially mirrors the explanation level. We suggest 
that the adaptation-level is determined by the explanation and 
stimulus levels and that the adaptation speed in the adaptation-
level model is determined by the self-relevance and explanatory 
ease of the stimulus as follows: 
ALt = ELt × X (7) 
α = SR × EE (8) 
It may be noted from (7) that when the explanation level is zero, 
the adaptation-level is also zero, and when the explanation level 
reaches 1, the adaptation-level reaches the stimulus level. 

According to adaptation-level theory, emotion intensity is a 
function of the difference between the stimulus and adaptation-
levels, i.e. 
ut = f(X - ALt) (9) 
Unlike a physical stimulus, an affective stimulus does not have 
an objective intensity. One way to deal with this problem is to 
specify it in terms of the intensity of the emotion it elicits before 
adaptation sets in. This approach can be taken since stimulus in-
tensity is nothing but a measure of its desirability and the emo-
tion before the onset of adaptation would correspond to this de-
sirability (See [27]). Thus a stimulus that would elicit 10 units of 
emotion can be taken to have a strength of 10 units. Using this 
approach, (9) can be simplified as: 
ut = X - ALt (10) 
According to HED-ID, emotion intensity is determined by a mul-
tiplicative combination of self-relevance and explanation level as 
given by (1). The equation can be rewritten as: 
ut = SR – SR × ELt  (11) 

From this equation, it can be seen that the emotion intensity be-
fore the onset of adaptation is given by the self-relevance of the 
stimulus since the explanation level is zero at that point. In the 
adaptation-level model, this emotion intensity is given by X (see 
(10)). Replacing SR with X in (11), 
ut = X - X × ELt  (12) 
Now since ALt = (X × ELt) as shown in (7), (12) becomes 
ut = X – ALt  (13) 
which is the equation for emotion intensity in the adaptation-
level model. Thus, starting from the equation for emotion inten-
sity in HED-ID, we arrive at the same in the adaptation-level 
model. Thus we show that HED-ID is consistent with the formu-
lation for the adaptation-level theory and suggest that the stimu-
lus intensity, the adaptation-level and the adaptation speed of the 
adaptation-level theory are given by the self-relevance, the prod-
uct of self-relevance and explanation level, and the product of 
self-relevance and explanatory ease of HED-ID respectively. 

4 DISCUSSION 
Using a new computational model of affective adaptation called 
HED-ID, we have offered a plausible solution to the intensity-
duration problem of emotion. In this model, the relationship be-
tween an individual or a group and an affective event was de-
composed into three parameters namely, self-relevance, explana-
tion level, and explanatory ease. Persuaded by past and our own 
empirical observations, the model adheres to the principle that 
emotion intensity and its duration are determined by different 
stimulus feature sets. Thus, self-relevance and explanation level 
determine intensity, whereas the interaction of explanatory ease 
with them decides duration. Our model shows why intensity cor-
relates with duration sometimes, why stronger emotions die 
faster on some occasions, and how similarly intense emotions 
can have a range of durations. For instance, if the difference in 
emotion intensity between two stimuli is due to one of them be-
ing anticipated, the stronger response would take longer than the 
weaker one to subside (Scenario 2), whereas if the difference is 
due to a difference in self-relevance, the stronger emotion would 
die down faster (Scenario 3). HED-ID is also consistent with the 
three principles that have been proposed to explain affective ad-
aptation namely the attention principle, the antagonism principle, 
and the adaptation-level theory (see [6]). 

4.1 Affective adaptation curve 
One thing of interest is how the emotion magnitude changes over 
time during the process of affective adaptation. In HED-ID, emo-
tional responses decay as a negatively accelerated curve, that is, 
the change in emotion intensity per unit time decreases with time 
(see Fig. 4). Though it has not been empirically tested if emotion 
dissipation is better approximated by a linear or negatively ac-
celerated curve, there is more evidence suggesting the latter as 
has been argued by Steephen [27]. The observation of Luhmann 
et al. [9] that logarithmic change models have a better fit than 
linear change models for the decay of emotions from major life 
events and the apparent negatively accelerated dissipation of the 
distress induced by the fear of contracting an incurable disease 
[33] further support that argument. Even the data from our ex-
periment shown in Fig. 2 is more consistent with a negatively 
accelerated course of emotion amelioration as it suggests emo-
tion change to be proportional to its initial intensity. This pattern 
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of decay can be explained by the intensity dependence of explan-
atory effort that we have proposed.  

4.2 AREA, HED and HED-ID 
AREA and HED are both affective adaptation models with the for-
mer incorporating the antagonism and attention principles and the 
latter based on the adaptation-level theory. Though HED-ID shares 
some features with these models, there are aspects in which it differs 
from either one or both of them. For instance, whereas in HED, ad-
aptation speed was treated as more of an individual’s property and 
less of the nature of the event, HED-ID, along the lines of AREA, 
views it as a property of the relationship between the individual and 
the event in accordance with the suggestion that it varies across per-
sons and situations [12]. On the other hand, similar to HED but un-
like AREA, HED-ID proposes that the effort put into adaptation in-
creases with emotion intensity. HED and HED-ID predict the time 
course of emotion during the process of adaptation and suggest it to 
follow a negatively exponential curve whereas the AREA model 
does not discuss the shape of the curve at all. HED and HED-ID ex-
plain the region-β paradox, whereas the AREA model does not. 
However, the mechanisms proposed by HED as the basis of the par-
adox are different from what HED-ID suggests. HED suggests that 
the paradox results from the combined effect of an emotion-depend-
ent adaptation speed and sluggish deactivation of adaptation pro-
cesses. Instead HED-ID shows how differences in explanatory ease, 
initial explanation level and self-relevance between affective stimuli 
alone can lead to the paradox. As shown by simulations using HED 
by its author, HED explains the paradox successfully only when an 
intense emotion is involved whereas HED-ID demonstrates that the 
paradox can occur across the full range of emotion intensities, which 
is more in line with empirical observations.  

One of the major departures of HED-ID from both the models is 
the introduction and definition of the explanation level. The under-
standing one has of an event, as defined by the AREA model, is split 
into the separate parameters of explanation level and explanatory 
ease. Whereas explanatory ease represents the ease with which one 
could explain the event, the level of anticipation of the event is the 
dominant determinant of the explanation level. For an unanticipated 
event, the explanation level at the time of event occurrence is always 
zero irrespective of the event’s self-relevance and how hard or easy 
it is to explain. If the event is anticipated, the explanation level at the 
time of its occurrence depends on how early it was anticipated, with 
how much certainty it is anticipated and how easy it is to explain the 
stimulus. We believe, this segregation has helped us to provide a 
more accurate explanation to empirical observations and make more 
specific empirically testable predictions. 

For instance, in all the empirical instances of Scenario 1, the 
AREA model would just predict a stronger and longer emotional re-
sponse for the stimulus with less certainty or coherence. HED-ID is 
more accurate with its predictions. It predicts that the emotion elic-
ited by both the stimuli would be similar initially but that the emotion 
resulting from the less coherent or uncertain stimulus would last 
longer which is more consistent with the actual observations. To take 
another example,  for the study by Rasinski et al. [15], which is an 
instance of Scenario 3, AREA would predict a higher initial emo-
tional impact for the more affected group due to the event being of 
greater relevance to them, consistent with the observations of the au-
thors. But, contradictory to what they observed, it would also predict 
a longer duration of emotional impact for the more affected group 

because it would not be easier for them to explain the event com-
pared to the less affected group. This is also the case with other sim-
ilar studies demonstrating the region-β paradox such as those in [14]. 
On the other hand, the predictions of HED-ID are fully consistent 
with the observations in all these studies. Whereas the AREA model 
provided a general framework to explain affective adaptation and the 
resulting emotional response, HED-ID is able to offer more targeted 
predictions and explain specific observations. Being quantitative in 
nature, in addition to emotion duration and intensity, HED-ID can 
predict how experienced emotion changes over time due to affective 
adaptation. Further, the model can be used in artificial systems that 
require affectively intelligent agents.  

4.3 Region-β paradox 
The only direct demonstration of the region-β paradox in the la-
boratory till date has been study 2 of Gilbert et al. [14]. That 
study’s limitations, such as the use of small sample sizes and dif-
ferent dependent variables for the 2a and 2b parts, coupled with 
the lack of other relevant research may question the actual exist-
ence of the phenomenon in the real world. However, since emo-
tional responses of the same intensity can adapt at different rates, 
as empirical data have shown, one can directly infer that it is pos-
sible for a larger emotional response to adapt completely before 
a smaller one if it adapts sufficiently faster. Further, HED-ID 
computationally shows that the paradox can easily happen under 
different circumstances and for different reasons. Thus one may 
conclude that the paradox, though fascinating, is not surprising 
and is a likely regular occurrence in everyday life. Indeed, a real-
life example of the paradox can be seen in Rasinski et al. [15] as 
discussed earlier. 

Gilbert et al. [14] had proposed that the paradox would arise 
only when an intense emotion is involved. As pointed out in the 
Introduction, empirical data is inconsistent with this proposal. 
Simulations with HED-ID suggest that the paradox can happen 
within the full range of emotion intensities. HED-ID also pro-
poses that the paradox is not a function of intensities alone as 
suggested by Gilbert et al. [14] and Steephen [27]. It is more of 
a function of the relative levels of understanding and self-rele-
vance as well as the ease of explaining the stimulus. Our simula-
tions further showed that depending on conditions, the cross-over 
associated with the paradox can happen either early or late in the 
adaptation process. However, the reader needs to be cautioned 
that even under the conditions for which HED-ID predicts the 
paradox, it would not occur if the emotion from the weaker stim-
ulus is so small that it dies down before getting a chance to cross 
over. We hope this paper motivates further research into this in-
teresting phenomenon. 

4.4 Applications 
Development of computational models of emotion serves at least 
two purposes. One is to help understand the emotion system and 
emotion processing better. The other is to apply in artificial sys-
tems. For instance, an analogue of emotion is sometimes required 
during decision making in an artificial organism [34], [35], [36], 
[37]. When the goal is the former, the focus would be to make 
the system as close to reality as possible whereas believability 
may be more important in the latter. While the primary purpose 
of HED-ID is to gain more insights into emotion psychology, we 
believe it can be usefully employed in developing affectively in-
telligent agents that can be used in areas such as virtual reality 
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training, games, human-computer interactions, and robotics. The 
simplicity and computational cost effectiveness of HED-ID can 
be taken advantage of in such applications. See Steephen [27] for 
examples of how models such as HED-ID can be used benefi-
cially in different affective computing environments. 

4.4 Limitations and future directions 
Although retrospective comparisons show that the model predic-
tions are consistent with existing empirical data, a stronger vali-
dation of HED-ID would come only when controlled experi-
ments designed specifically to test it are conducted. One may 
wonder as to whether it is possible to create the different scenar-
ios empirically by controlling the values of the relevant psycho-
logical variables of the model. Though quantities such as self-
relevance, explanation level and explanatory ease cannot always 
be accurately compared between stimuli, one could design stim-
uli where these can be clearly made to differ. For instance, for 
most people, winning $1000 is more self-relevant than winning 
$100. Initial explanation level can be manipulated by providing 
advance information of the stimulus to half the subjects. Experi-
ments similar to a more controlled variant of our empirical study 
could be used to manipulate explanatory ease. For instance, the 
same clip can be shown to all the subjects, but half of them may 
be informed that it is fiction whereas the others told otherwise. 

A limitation of HED-ID is that it assumes the amount of cog-
nitive resources allotted to affective adaptation to be a function 
of emotion intensity alone. While one may get increasingly mo-
tivated to enhance the adaptation effort exerted with increasing 
emotion intensity, and this may be what happens most of the 
time, it is important to note that there could be additional factors 
that influence this effort. For instance, Larson & Sbarra [38] re-
ported that just participating in a research assessing coping, that 
involved only measurements and no interventions, promoted 
emotional recovery. Here, participation in the research is unlikely 
to have changed the self-relevance or explanatory ease. How-
ever, being assessed would make one allocate more attentional 
resources to the event, thereby increasing the cognitive effort em-
ployed for adaptation. Secondly, an increased cognitive effort 
need not always translate into faster adaptation as assumed by 
HED-ID. Certain coping strategies such as rumination that have 
been reported to increase in amount and duration with affect in-
tensity [8], [16], if sustained for too long may end up prolonging 
the emotional experience. Third, anticipating a future affective 
stimulus starts the process of explanation and adaptation even 
before its actual occurrence. HED-ID does not predict the varia-
tions in explanation level and emotional response during this an-
ticipation phase. It should be noted that empirical as well as the-
oretical work on anticipatory adaptation is virtually non-existent 
and is an area that deserves greater attention. Fourth, HED-ID 
does not model the net emotional experience of overlapping af-
fective stimuli. For instance, if the conditions are such that two 
sad events occurring at different times in an individual’s life lead 
to the region-β paradox, would the paradox happen if they were 
to occur simultaneously, that is, would the individual adapt faster 
to the sadder event? Fifth, HED-ID, in its current form, cannot 
be used with multidimensional emotion models (e.g. [39], [40]). 
A HED-ID variant incorporating emotion’s underlying dimen-
sions, in which the time course of each dimension is tracked sep-
arately, could be a useful addition to literature. Sixth, we assumed 
that linear relationships between the HED-ID parameters would 

be parsimonious on the basis of available data and literature. 
However, in reality, it is possible that these relationships are more 
complex. HED-ID would need appropriate revisions once the na-
ture of these relationships become clearer from future empirical 
studies. Finally, how HED-ID relates to the psychopathologies 
and psychotherapeutic approaches related to emotion was not ex-
amined and is a potential area for further exploration.  

5 CONCLUSION 
We explored the relationship between emotion intensity and 
its duration using empirical and computational approaches 
and also addressed the shortcomings of past affective adapta-
tion models. We proposed the HED-ID model, described by 
three algebraic equations and three independent variables, by 
extending and quantifying the concepts underlying the AREA 
and HED models. HED-ID addressed the intensity-duration 
problem of emotion by proposing the factors that determine 
emotion intensity and duration and how they individually in-
fluence these aspects. HED-ID predicted the conditions under 
which the correlation between intensity and duration is posi-
tive, negative and absent and helped explain the conflicting 
observations on the intensity-duration relationship. We also 
showed that the model is consistent with past empirical ob-
servations. Our empirical work, supported the modeling effort 
by successfully validating the hypothesis that emotion inten-
sity is not the sole predictor of its duration, thereby strength-
ening the notion that these two aspects are determined differ-
ently by the stimulus. We hope that future research would ad-
dress the limitations of HED-ID and facilitate further under-
standing of affective adaptation and emotion dynamics. 
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