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Abstract

In the 19th century, Jevons wished for a way to measure the quantity of feeling, which he
envisioned as the integral of the intensity of feeling from an activity on which a subject
was spending time. I have derived the measure of intensity of feeling from both the
engaged activity and non-engaged activities with a theory founded on subjective feeling
as the primitive of human behavior. The integral of my measure of intensity of feeling
from the engaged activity measures the quantity of feeling, which I call integrated
experience in my research.

I have developed my theory of choice with weaker assumptions than those in neo-
classical economic theory because subjective feeling is a more basic primitive than the
preference relation. The application of my subjective feeling theory is in two parts.
In the first part, I explain with a descriptive framework any optimal or non-optimal
choice of time-allocations to activities without the observer’s assumption of optimiza-
tion for the subject. In the second part, I predict with a normative framework the
optimal choice of time-allocations to activities, as well as the sequence of engaged ac-
tivities, with the observer’s assumption of optimization for the subject who maximizes
his overall experience.

In the descriptive framework, the subject chooses a sequence of engaged activities
in a schedule based on the switch-time determination through a matching process

between the engaged activity and non-engaged activities. In the normative framework,
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the conditionally rational subject chooses the sequence of engaged activities in the
optimal schedule through a sorting process of all matchings. The choices that the
observer is able to analyze with my intensity of feeling functions extend those that she

is able to analyze with utility functions.
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Chapter 1

Introduction: The Research

1.1 The Primitive

The very foundation of neoclassical economic theory is a human characteristic believed
to be the drive, the force, or similar determining influence that compels us to make a
choice at any moment in time. This characteristic, treated as “the primitive character-
istic of the individual” (Mas-Colell et al., 1995, p. 5), is the preference relation. The
preference relation is defined as a mathematical binary relation over a choice set X.
In order to be well-defined, a preference relation (denoted by %) should be complete
(Mas-Colell et al., 1995, p. 6): for any pairs x and y in X, x is at least as good as y
(x = y), y is at least as good as x (y = x), or both x > y and y = x (z ~ y, in which
case an individual is indifferent between x and y)E] I refer to the individual studied by
neoclassical economic theory as the agent.

Neoclassical economic theory is the standard theory in modern economics. Its
utilization extends well beyond household economic decisions ranging from addiction

(Schelling, 1978; Becker and Murphy, 1988; Gruber and Koszegi, 2001; Allcott et al.,

! Another term for x = ¥y is x is preferred to y, and = > y usually means x is strictly preferred to



2022) and marriage (Becker, 1973; Becker, 1974; Lundberg and Pollak, 1993; Lafortune
and Low, 2023) to pollution and carbon dioxide levels (Hotlz-Eakin and Selden, 1995;
Grossman and Krueger, 1995; Stern et al., 1996; Copeland and Taylor, 2004; Muller
et al., 2011; Acemoglu et al., 2012; Anderson, 2019). Predicated on the preference
relation as the primitive characteristic of the individual, the reliance on the capability
of neoclassical economic theory to explain a large variety of choices goes hand in hand
with the belief in the preference relation as a biological force that determines these
choices. Perhaps such belief may undergird the claim that “economics is everywhere”
(Hamermesh, 2020), because if an observer of human behavior utilizes a theory founded
on an individual characteristic possessing the power to determine any type of choice,
then economics would be found in many places (if not everywhere).

However, the observation of choices made every day could cause to doubt that
economics is actually everywhere. Economists are aware that neoclassical economic
theory is unable to predictﬂ a variety of choices. Rather than considering a new theory
predicated on another individual characteristic, possibly with a greater potential than
the preference relation to explainﬂ and /or predict a larger variety of choices, the current
view of the emerging field of behavioral economics is to treat choices that fall outside
predictions of the standard theory as “mistakes.” Here is a description of the origin of

behavioral economics at Berkeley and its development as a new field:

In 1987, a cross-disciplinary course at the University of California, Berkeley
marked a milestone for a new field of study. Two professors, an economist
and a psychologist, joined forces to teach a PhD class that used the an-
alytical tools of social and cognitive psychology to investigate economic
problems. Their teaching was a foundation for what is now known as
behavioral economics. ...The two professors, George Akerlof and Daniel

2By predict, I mean that the theory utilized to study choice is normative. Neoclassical economic
theory is a normative theory because an agent must make an optimal choice among alternatives.

3By explain, I mean that the theory utilized to study choice is descriptive. A descriptive theory
does not require from the individual to behave optimally and hence he may or may not make an
optimal choice.



Kahneman, went on to win Nobel prizes. ... Berkeley’s philosophy is that
behavioral economics enriches rather than contradicts standard economic
thought. When the tools of psychology are joined with the proven analytical
methods of economics, the results are more powerful and scholars get closer
to underlying truths about human behavior. ... People make mistakes, they
have biases, they can’t always control their impulses, they react to social
pressure. (About the Initiative, Initiative for Behavioral Economics & Fi-
nance, behavioral.berkeley.edu/about.html, Accessed 9/24,/2023. ]
This view holds that these so-called mistakes could be understood and corrected with
methods developed by this field of study. In trying to correct these so-called mis-
takes, some researchers (Gilboa et al., 2019) suggest that a more effective mathemat-
ical rhetoric might convince people to make the choices that are recommended by
neoclassical economic theory.

They claim that a mathematical theorem stating that utility maximization is equiv-
alent to the two axioms of completeness and transitivityﬂ possesses rhetorical power
(Gilboa et al., 2019). Supposedly, such rhetoric could then help correct behavior: “[A
mathematical theorem] can also convince some decision makers to make the extra step
and attempt to assess their own utility functions in the hope of guaranteeing that their
choices are consistent” (Gilboa et al., 2019, pp. 343-344). Taking their efforts to correct
human behavior even further, they suggest that the axioms of standard economic the-

«

ory might teach people how to decide: “...axiomatic systems such as von Neumann
and Morgenstern (1944) or Savage (1954) might convince people that the way they
would like to make decisions in the face of risk or of uncertainty is by maximization of

expected utility” (Gilboa et al., 2019, p. 344, emphasis in original).

4The Initiative for Behavioral Economics & Finance (IBEF) has recently become part of the Robert
G. and Sue O’Donnell Center for Behavioral Economics and “errors” are among its research areas:
“For reference some of the current research by members in IBEF include: ...How do errors in beliefs
and judgements such overconfidence and the sunk-cost fallacy hamper entrepreneurs, and which orga-
nizational fixes might help to overcome these hurdles (About the Robert G. and Sue O’Donnell Cen-
ter for Behavioral Economics, haas.berkeley.edu/behavioral-economics/about/, Accessed 10/27/2023,
grammatical errors in original.)

A preference relation is transitive when z = y and y = z imply z = 2.


https://behavioral.berkeley.edu/about.html
https://haas.berkeley.edu/behavioral-economics/about/

I study human behavior differently. The observer of human behavior in my research
does not make normative judgments regarding choices of agents. Although the individ-
ual whose behavior I study might make judgments about his own choice, the observer
of someone else’s behavior does not judge. Therefore, I do not aim to correct behavior
or choicd’| because no choice is considered to be a mistake (or error) for the observer.

In my research, I study the behavior of an individual whose state allows him to
do several things such as eating, studying or even doing nothing either at the same
time or at different times during a given period. If the individual does some things
simultaneously, I call these things together an activity. 1 refer to the individual studied
by my theory as the subject.

Definition. An activity is a group of things that the subject does simultaneously.
The activity on which the subject is spending time is the engaged activity and activities
on which he is considering spending time are non-engaged activities.

Simultaneity in the definition of activity implies that activities are distinct. For
example, if an individual walks and chews gum for 1.5 hours and then reads and chews
gum for another 1.5 hours, he has spent a total of three hours on two different activities
doing three things: walking, reading and chewing gum. Although the individual chewed
gum for three hours, he did not walk and read simultaneously at any moment in time.

If his choice is studied by my theory, the observer assumes that the subject considers
spending time on two distinct activities such as “walk and chew gum” and “read and
chew gum.” Similarly, if his choice is studied by neoclassical economic theory, the
observer assumes that the agent (same individual) considers spending time on same
alternatives. In both my research and neoclassical economic settings, “walk and chew
gum” and “read and chew gum” are distinct categories under consideration.

Not all activities are part of my research. On one hand, things that are associated

6T use behavior and choice interchangeably because behavior in my research is represented by any
choice.



with activities create mental images that can be perceived if the subject is in a con-
scious state: “[The conscious state of mind] . ..is awake rather than asleep. It is alert
and focused rather than drowsy or confused or distracted. It is oriented to time and
place. The images in mind—sounds, visual images, feelings, you name it—are properly
formed, exhibited with clarity, and inspectable. They would not be if you were under
the action of “psychoactive” molecules, from alcohol to psychedelic drugs” (Damasio,
2018, p. 143). So some activities such as sleeping or being under the influence of
substances are not part of my research.

On the other hand, recent research has found a small degree of consciousness called
cognitive motor dissociation even in patients appearing in an unconscious state of mind
due to acute brain injury (Franzova et al., 2023). Because of the difficulty of defining
conscious versus unconscious states, Nilsen et al. (2022) suggest the use of a pragmatic
approach of characterizing such states in both scientific settings and clinical practices.
Without joining in the long debate on consciousness or lack thereof (Chalmers, 1995;
Melloni et al., 2021; Yaron et al., 2022; Lenharo, 2023), I adopt a pragmatic approach in
studying the behavior of a subject who is conscious, and thus able to consider spending
time on his activities.

I have created a new primitive characteristic, which I call subjective feeling, by
combining activities and time with individual experience.

Definition. Subjective feeling is the instantaneous experience of a subject’s mind
and body from the engaged activity as well as non-engaged activities.

Its advantage as “the primitive” is that it is more basic or more primitive than the
preference relation. A more basic primitive needs weaker assumptions or requirements

to found a theory. The weaker the assumptions, the wider the applicability of the



theory]]

Before elaborating on this new primitive, I use the term “subjective” for two pur-
poses. First, by subjective I mean two distinctions: 1) different subjects might expe-
rience things differently even if they are engaged in the same activity; and 2) unless
one analyzes her own behavior, the subject and the observer are different individuals.ﬂ
Second, by subjective I also mean the deep connection between the subject’s own sub-
jectivity and his feelings: “Feelings provide the qualia element included in subjectivity.
In turn, subjectivity permits feelings to be scrutinized as specific objects in conscious
experience” (Damasio 2018, p. 147).

Subjective feeling represents the role of feelings in the functioning of human organ-
ism as described by Damasio (2021, p. 83):

The sensory maps and images that are part of elaborate feelings incorpo-
rate in the ongoing mental flow facts regarding the state of the organism’s
interior. This informational role is a primary contribution of feelings, but
feelings have another role to play: they provide the urge and the incentive
to behave according to the information they carry and do what is most

appropriate for the current situation, be it running for cover or hugging the
person you have missed.

Summarizing this quote by Damasio (2021), feelings have:

1. an informational role, by which they inform the organism about its interior state;
and

2. a behavioral role, by which they tell the organism what to do.

The part of feelings consisting of sensory maps and images that inform the interior
of an organism about its state is outside the scope of my current research. I take the

interior state of the organism at every moment in time ¢ as given by a positive constant

"Weaker assumptions mean that less is assumed and so more cases can be explained and/or
predicted. A similar point is made by Ozgur and Ok (2011) to note the wide applicability of their
theorems of multi-utility representation of incomplete preference relations thanks to weak requirements
of such representations.

81 will use pronouns “she/her” for the observer and “he/him” for the subject.



function «(t) that changes in a stepwise fashion over time, that is «(t) is a piecewise

positive constant.

Definition. a(t) > 0 is a piecewise constant during intervals of time that measures
the interior state of the living organism at every moment in time.

The values of «(t) come from measurements of the feeling of different states of
the organism or self-assessments. Here is a description of such measurements in an
interview of ScienceNews (SN) with the neuroscientist Antonio Damasio discussing his

book “Knowing & Feeling” (2021):

SN: How do feelings help an organism manage life?

Damasio: Feelings are representations of the state of your body. To have a
feeling of pain, pleasure, well being, sickness, thirst, hunger or desire is to
generate a picture of some parts of your organs. For example, the feeling of
well-being is related to parameters that you can locate and measure. This is
something that we can analyze; we can actually study it in the laboratory.
A lot of what would be described as [the feeling of] well being is related to
the simple musculature that is around blood vessels in organs, like the stom-
ach, the gut and so forth. And even muscular skeletal components of our
body, how they are: Are they contracted?” Are they distended, a large part,
or not so much? What we are feeling from well-being is, in fact, describing
states of our body; that’s what feelings are about. So the root of feeling in
the state of the organism is unquestionable. (‘Feeling & Knowing’ explores
the origin and evolution of consciousness: Neuroscientist Antonio Dama-
sio discusses his latest book, ScienceNews, sciencenews.org/article/feeling-
knowing-book-consciousness-origin-evolution,

Accessed 10/10/2023.)

With the informational role of feelings represented by «(t) measuring the subject’s be-
ing (well, sick, exited, and so on) depending on interior state of the organism, subjective
feeling represents the behavioral role of feelings. The non-zero value of «(¢) means that
feelings are able to communicate to a living organism about its state. Its positive value

ensures that the dual role of feelings, as a combination of their information role repre-

sented by «(t) and their behavioral role represented by functions measuring subjective


https://www.sciencenews.org/article/feeling-knowing-book-consciousness-origin-evolution
https://www.sciencenews.org/article/feeling-knowing-book-consciousness-origin-evolution

feeling, is correct. For example, suppose that at some point in time ¢ = 7, a func-
tion f(¢) measuring subjective feeling is negative. Then the product «(7)f(7) < 0
ensures that the dual role of feelings is correct since it would be contradictory to the
organism to receive a positive value from feelings if both their informational role («(t))
and behavioral role (f(t)) were communicating to this organism negative values. Also,
a(t) is piecewise because although the state of the organism can change, it needs to
be stable or constant during intervals of time in order for the subject to experience
feelings, which are measured by f(t)f]

As seen from their definitions, the preference relation and subjective feeling are
biologically different primitives. When the preference relation is the primitive, the
agent creates a mathematical relation that determines choice. Neoclassical economic
theory does not make clear which biological processes, if any, would support the use of a
mathematical notion like the preference relation to be the drive that compels us to make
a Choice.m Nonetheless, Mas-Colell (1995, p. 6) recognize the considerable amount of
work required by the agent in neoclassical economic setting to create a preference
relation: “It takes work and serious reflection to find out one’s own preferences.”

Although presumably unintentionally, it would be misleading to use the term pref-
erences for the preference relation, as Mas-Colell (1995) in this quote and others else-

Wherﬂ do, because preferences differ from the preference relation biologically (rather

9Although my analysis is the same for both constant or non-constant a(t), it is unreasonable for
a(t) to change at every moment in time while f(¢) may do so. If a(t) were not stable during some
uninterrupted time, then both the informational role and the behavioral role would be interfering with
each others’ roles.

0Neoclassical economic theory (Samuelson, 1938; Samuelson, 1948; Houthakker, 1950; Debreu,
1954; Arrow, 1959; Debreu, 1959; Rader, 1963; Matzkin, 1991; Mas-Colell et al., 1995; McFadden,
2005; Jehle and Reny, 2011; Kreps, 2013; Chambers and Echenique, 2016) does not report any findings
from neuroscience or other sciences to support the use of the preference relation as the primitive.

1With a few exceptions (Schmeidler, 1971; Gilboa and Schmeidler, 1989; Ok, 2002; Evren znd
Ok, 2011), it is not unusual to see the use of the term preferences for the preference relation (Cox et
al., 1985; Barsky et al., 1997; Becker and Mulligan, 1997; Laibson, 1997; Andreoni and Miller, 2002;
Charness and Rabin, 2002; Frederick et al., 2002; Levitt and List, 2007; Fischbacher and Gachter,
2010; Polisson et al., 2020).
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than semantically). Preferences exist in basic form in the organism: “... the organ-
ism has a basic set of preferences—or criteria, biases, or values. Under their influence
and the agency of experience, the repertoire of things categorized as good or bad
grows rapidly, and the ability to detect new good and bad things grows exponentially”
(Damasio, 1994, p. 116). In contrast, the preference relation does not exist in an
equally basic form because from comparisons of areas in the brain that are responsible
for mathematical/logical and non-logical reasoning (Kroger et al., 2008; Amalric and
Dehaene, 2018), creating a mathematical binary relation such as the preference relation
requires considerable mental effort and cognition.

Subjective feeling is more basic than the preference relation because, rather than
the required mathematical ability to create the preference relation, the experience—a
defining ingredient—in subjective feeling represents preferences (or biases, or values) in
their basic form in the human organism, as Damasio (1994) noted that it is through the
agency of experience that the subject has the ability to categorize things as good or bad
and that his ability grows exponentially when new things are considered. Furthermore,
if the ability to categorize new things as good or bad grows so rapidly, then the ability
to evaluate how good and bad they are in (the preference) relation to each other must
grow even more rapidly. When the alternatives are infinite, such as when allocating
how much time to spend on each activity or alternative, the agent deciding with the
preference relation as the primitive looks like a superhuman being because of his ability
to order infinitely many bundles of every single moment spent on every alternative.

The difficulty in evaluating alternatives in the preference relation was noted by
Camerer et al. (2005, p. 10): “The variables that enter into the formulation of the
decision problem—the preferencesB information, and constraints—are precisely the

variables that should affect the decision, if the person had unlimited time and comput-

2Notwithstanding the use of preferences for the preference relation once again.



ing ability.” Such difficulty was also noted in connection with the individual experience
by Mas-Colell et al. (1995, p. 6): “Introspection quickly reveals how hard it is to
evaluate alternatives that are far from the realm of common experience.”

Individual experience has been considered in other contexts as well, but its role
in my research is different because it is a defining ingredient of the primitive. The
role of experience in other contexts is supplemental or external because it is not part
of the primitive, i.e. the preference relation. I note here two main contexts where
experience is considered: prospect theory (Kahneman and Tversky, 1979) where past
experience is considered among other elements to predict choice under uncertainty;
and experienced utility (Kahneman et al., 1997)@ instantaneous and past experiences
were considered for their experienced utility representations of the hedonic quality of
utility as introduced by Bentham (1789). In both contexts, experience has a secondary
role in choice because it is not a defining ingredient of the preference relation as the
primitive. In my research, experience has a primary role in choice because it is a
defining ingredient of subjective feeling as the primitive. There are other differences
on the role of experience in the theories of these contexts and my theory. I discuss
further differences in the next chapter.

Subjective feeling is also more basic than the preference relation because of where
feelings originate and how easily they function in the human organism. Rather than the
brain areas responsible for creating a mathematical notion like the preference relation,
feelings originate from the visceral interior of the organism: “Feelings arise in the
interior of organisms, in the depth of viscera and fluids where the chemistry responsible
for life in all its aspects reigns supreme” (Damasio, 2021, p. 95). When the subject

makes a choice with subjective feeling as the primitive, he does not spend much mental

13Kahneman et al. (1997) use the term experienced utility to distinguish it from decision utility
commonly known as utility, or ordinal utility, in modern economics. Utility/decision utility is a
function that represents the ordering of a preference relation without preserving differences that may
exist between any pairs.

10



effort because feelings “move with ease from mind to body and back again” (Damasio,
2021, p. 109). As they move easily between his mind and body, feelings execute their
behavioral role “effortlessly” by telling the agent what to do: “[Feelings|] provide the
mind with facts on the basis of which we know, effortlessly, that whatever else is in
mind, at the moment, also belongs to us, is happening in us. Feelings allow us to
experience and become conscious, to unify our mental holdings around our singular
being” (Damasio, 2021, p.148).

In subjective feeling, the way in which feelings allow the subject to experience what
is happening to him is by expressing the interconnection between feelings and expe-
rience as a process that involves both his mind and body at every instant in time,
from the engaged activity as well as non-engaged activities. Feelings and experience
are interconnected because they cannot exist without each other: “When the [men-
tal] images are properly placed in the perspective of the organism and are suitably
accompanied by feelings, a mental experience ensues” (Damasio, 2018, p. 152). The
subject’s experience occurs in both his mind and body because feelings are both men-

43

tal and physical: “...feelings are not purely mental; ...they are hybrids of mind and
body” (Damasio, 2021, p. 109).

Experience in subjective feeling is instantaneous because mental experiences hap-
pen over time: “Mental experiences are not “instant pictures” but processes in time
...”7 (Damasio, 2018, p. 121). Time is intrinsically linked to human experience through
what are called time cells, which are human hippocampal neurons that were first iden-
tified in humans by Umbach et al. (2021) in their study of 27 human epilepsy patients
performing an episodic memory taskE The significance of these time cells for human

experience was further elaborated by Reddy et al. (2022), who tracked neuronal ac-

tivity in 9 epilepsy patients and concluded that: “Our results provide further evidence

14 “Fpisodic memory describes our ability to weave temporally contiguous elements into rich and
coherent experiences” (Umbach et al., 2021, p. 28463).

11



that human hippocampal neurons represent the flow of time in an experience” (p.
6724). In my research, the experience is instantaneous and it happens over a period
during which the subjects consider spending time on a finite number of activities.

Activities constitute the final ingredient of subjective feeling. While the state of
the organism, measured by «(t), represents the interior of the subject’s being, in my
research, activities represent the exterior of his being. It is through the interaction
of a(t) and activities on which the subject is considering spending time that I obtain
the measure of subjective feeling. As noted in the definition of subjective feeling,
experience occurs at every instant from the engaged activity as well as non-engaged
activities. Hence, experience is an instantaneous process that occurs in both the mind
and body because it is created from things that he is doing while spending time on
the engaged activity as well as things that he is considering doing when, and if, he is
spending time on non-engaged activities.

As noted earlier, a mental experience ensues when mental images are accompanied
by feelings (Damasio, 2018). The subject’s mental images in my research are created
from events associated with the engaged activity as well as non-engaged activities.
Events associated with the engaged activity are real in the sense that they unfold
while the subject interacts with the exterior environment in which such activity takes
place, such as when walking the dog or even doing nothing but sitting comfortably in
a sofa. Events associated with non-engaged activities are imagined simultaneously as
the subject is spending time in the engaged activity.

Lee et al. (2021) identified which specific areas of the brain are responsible for
imagining the future by investigating the hypothesis that imagination consists of: 1)
a constructive process (the vividness of imagined events) to create a new future event
as proposed by Addis et al. (2007), Hassabis et al. (2007) and Schacter et al. (2007):

and 2) an evaluative process (the valence of imagined events) to judge the imagined

12



event as positive or negative as proposed by D’Argembeau and van der Linden (2004),
Gilbert and Wilson (2007) and Sharot et al. (2007). They found that “The vividness
of imagined events modulates the ventral [Default Mode Network] DMN, but not the
dorsal DMN, while the valence of imagined events modulates the dorsal DMN, but not
the ventral DMN” (Lee et al, 2021, p. 5243). As the observer of human behavior, I
organize all events, real or imagined, into activities.

Before I present in the next section my model of behavior, a note on the difference
between feelings and emotions. Although they sometimes may be considered equivalent
in everyday language, in my research, they are different. Here is how Damasio (1994,
p. 138) described his understanding of their difference: “In conclusion, emotion is
the combination of a mental evaluative process, simple or complex, with dispositional
responses to that process, mostly toward the body proper, resulting in an emotional body
state, but also toward the brain itself (neurotransmitter nuclei in brain stem), resulting
in additional mental changes. ...I reserve the term feeling for the experience of those
changes.” In my research, the primitive that determines behavior is subjective feeling
defined by three ingredients—experience, time and activities. Therefore, the subject
in my research acts on his feelings as defined in the primitive rather than his emotions.

Although some behaviors or choices might reflect the subject’s emotions, in my
research, his choice need not coincide with his emotions because not all feelings are

43

experienced as emotions: “...all emotions generate feelings if you are awake and alert,
but not feelings originate in emotions” (Damasio, 1994, p. 143). An illustration of the
difference between feelings and emotions is given by the description that “pain is a

feeling but not an emotion” in Psychology TodayE] by the psychiatrist Neel Burton

presenting his book “Heaven & Hell” (2020). In my research, if the subject were in pain,

15“What’s the Difference Between a Feeling and an Emotion? Pain is a feeling but not an emotion,”
Psychology Today, first posted in 2014 and revised in 2020, [psychologytoday.com /us/blog/hide-and-
seek/201412 /whats-the-difference-between-feeling-and-emotion, Accessed 10/28/2023.

13
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his choice would be determined by his painful experience—the ingredient of subjective
feeling—rather than his emotion.

My goal in choosing subjective feeling as the primitive is twofold. First, to use a
primitive that finds support in neuroscience, notably by Damasio (1994, 2018, 2021).
Second, to create a theory that is able to explain and predict a wider variety of choices
than neoclassical economic theory. At the same time, an unintended consequence in
founding a theory of human behavior with a different primitive from the preference
relation is that it may be viewed as a radical change in studying choice: “The radical
approach involves turning back the hands of time and asking how economics might
have evolved differently if it had been informed from the start by insights and findings
now available from neuroscience” (Camerer et al., 2005, p. 10).

Rather than a radical change in neoclassical economic theory, choosing subjective
feeling as the primitive for my theory is my answer to this question: “What if we studied
choice with a primitive that is more basic than the preference relation?” After choosing
subjective feeling as a more basic primitive than the preference relation, I explain how
I study choice in the next section where I present the model I have developed to study
the behavior of the subject who is considering spending time on a finite set of activities

during a given period.

1.2 The Model of Behavior

In my research, one can view my role as an observer sitting in a bench in a park and
observing a subject going about his daily business by switching from one activity to
another. While observing the subject, I then ask myself such questions as: 1) What
motivates this subject to choose an activity?; 2) When would he switch to another

activity?; 3) Is the subject optimizing anything with his behavior?

14



My answer to the first question is that subjective feeling motivates the subject
which activity to choose and how much time to spend on it. In the previous section I
explained why subjective feeling is a powerful force guiding our daily business, which
I organize into activities. To emphasize their power, feelings come first and cognition
comes next (Damasio, 1994, pp. 159-160): “... because of their inextricable ties to the
body, [feelings] come first in development and retain a primacy that subtly pervades
our mental life. ...feelings are winners among equals. And since what comes first
constitutes a frame of reference for what comes after, feelings have a say on how
the rest of the brain and cognition go about their business.” I answer the other two
questions by applying the model of behavior I have developed to analyze the choice
of the subject considering spending time ¢ on a finite set of n activities over a given
period of time.

The model of behavior includes a theory (explained in chapter 2) of the measure of
subjective feeling and the analysis choice includes its application (explained chapter 3)
in two steps: a) a descriptive framework where the subject is not required to make an
optimal choice; and b) a normative framework where he is required to make an optimal
choice.

At any moment in time ¢, given a finite set of n activities, the subject is spending
time on the engaged activity and considering spending time on non-engaged activities.
I call the instantaneous experience of the subject’s mind and body the intensity of
feeling. The differentiable function f;(¢) represents the intensity of feeling from the
engaged activity 4, i = 1,2,...n. Given 4, the sum ) f;;(¢) of differentiable functions
f;1i(t) represents the intensity of feeling from non-engaged activities j = 1,2,...,7 —
1,2+ 1,...,n while the subject is spending time on the engaged activity 7. Since the
sum of f;(t) and ) f;i(t) depends on the engaged activity ¢, I call it the subject’s

subjective feeling given i, f7(¢). It is the measure of the intensity of feeling from all
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activities given the engaged activity .

Definition. The intensity of feeling given the engaged activity i, f}(t) = fi(t) +
> [51i(t), measures subjective feeling, where f;(t) is the instantaneous experience from
i and, given i, Y f;i(t) is the instantaneous experience from j, j # i.

Using rates of change f; and f;;, I obtain fi(¢) and f;;(t) with three assumptions.
Assumption I The subject is considering spending time on a finite set of activities.
Assumption II At any moment in time, the subject is engaged in an activity.

Assumption IIT Given a(t) > 0 as the common coefficient of proportionality, the rate
of change in intensity of feeling from an activity is proportional to the difference
between the intensity of feeling from that activity and the sum of intensities of

feeling from other activities.

These assumptions give rise to a model with two systems of differential equations
working simultaneously. The engaged system for the intensity of feeling from each
engaged activity and the non-engaged system for the intensity of feeling from each
non-engaged activity given the engaged activity, which work together at every moment

in time.

The engaged system. The intensity of feeling from each engaged activity is given
by
fi=a®) (L =D f®) . V=120 k£

The non-engaged system. The intensity of feeling from each non-engaged activity

is

fii = al®) [Fp®) = (X fu@® + Fi0) | Vi =12, i= Lkl LA
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Changes in the organism’s intensities of feeling from different activities occur through
the interaction of the informational role of feelings represented by «(t) and their be-
havioral role represented by intensities of feeling. This interaction is expressed by the
right-hand sides of the engaged and non-engaged systems. These changes in the or-
ganism’s intensities of feeling from activities are traced by their rates of change in the
left-hand sides of both systems.

Although «(t) may change piecewise, it represents the common state of the organism
for all activities. For example, if the subject does not feel good today compared to
yesterday, the rate of change in the intensity of feeling from drinking coffee today
might be different from yesterday, but not because of how he likes coffee but because
his organism feels different.

In this model, the rate of change in the intensity of feeling depends on the state
of the organism «a(t) and the number of activities competing for time. Without loss
of generality, suppose that «(t) = 0 represents a state of the organism either dead or
completely unresponsive, and «(t) = 1 represents a normal state. Then 0 < a(t) < 1
represents states that are not so good and «(t) > 1 states that are really good. The
larger the value of «(t) the better the organism and the greater the change in the
intensity of feeling from each activity.

With n activities, each activity competes for time with the other n — 1 activitiesm
From the definition of an activity, the most suitable form to express such competition
is by the difference between the intensity of feeling from an activity and the sum
of intensities of feeling from the other activitiesﬂ Then the greater the force from

each activity to pull the subject in spending time on that activity as opposed to the

16In the engaged system, each activity competes with the other n — 1 activities to engage in any of
them. In the non-engaged system, given the engaged activity ¢, each non-engaged activity competes
with the other n — 2 non-engaged activities to engage in any of them as well as with the engaged
activity 4, so each non-engaged activity also competes with n — 1 activities.

I7Tf the model was formulated in a different form, say intensities of feeling from two activities were
multiplied, then their force would act simultaneously, hence they would not be two different activities.
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combined force of the remaining n — 1 activities, the greater the (absolute) change in
its intensity of feeling.

With my two-system model, I obtain unique functions f;(¢) and f;;(¢) to derive the
measure of subjective feeling f*(¢). By extending the model, I also obtain intensity of
feeling functions that include discounting and uncertainty in the subject’s choice.

I illustrate my assumptions with an example of a hypothetical subject who has
planets in the universe of his mind. These mind-planets are a metaphor for activities.
By Assumption I, the number n of mind-planets is finite. Imagine that the mind-planets
move with what the 19th century economist William Jevons (1888) called “incessant
variation” when describing our minds: “Incessant variation characterises our states of
mind, and this is the source of the main difficulties of the subject. Nevertheless, if
these variations can be traced out at all, or any approach to method and law can be
detected, it will be possible to form a conception of the resulting quantity of feeling.”
The notion of the quantity of feeling introduced by Jevons (1888) has inspired me
to choose subjective feeling as the primitive in my research. I trace such incessant
variation of our minds by rates of change in the intensity of feeling functions.

Now suppose that each mind-planet is pulling the subject to jump on its surface
with a force of gravity. The force of gravity is a metaphor for the intensity of feeling.
Also, the subject can jump effortlessly to a mind-planet. By Assumption II, the subject
is on a single mind-planet at any moment in time. While spending time on a mind-
planet, the other mind-planets are pulling the subject with a combined force equal to
the sum of their individual forces. By Assumption III, the rate of change of the force of
each mind-planet is proportional the difference between its own force and the combined
force of the other mind-planets.

When the three assumptions work together, each mind-planet competes with the

other n — 1 planets in two ways. First, as in the engaged system, the force of each
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mind-planet ¢ pulls the subject on its surface by withstanding the combined force of
the other n — 1 mind-planets that push the subject away from ¢ onto another surface.
Second, as in the non-engaged system, while the subject is on mind-planet 7, each
mind-planet j pulls the subject toward its surface by withstanding the combined force
of the remaining n — 2 mind-planets he is not on and the force of the mind-planet ¢ he
is on. But the subject is human and the rate of change of the force of each mind-planet
also depends on the state of his organism.

Models of rates of change proportional to suitable combinations of unknown func-
tions have been used widely. For example, proportional rates of change are used in
natural or logistic models to find the growth function for a given population as well
as in the predator-prey system, also known as Lotka-Volterra equations,@ to find the
growth functions for populations of two species that co-exist in the same habitat with
one species as the predator and the other species as the prey (Wangersky, 1978). In
neuroscientfic studies, rates of change are used to study neuronal activity of short-
term brain plasticity to model the rate of change of an unknown probability function
proportional to the difference between this (unknown) probability and a maximum
probability limit (similar to my model) by McElvain et al. (2015) and to model neural
population activity in order to understand (the unresolved problem) of decision-related
neural activity by Boucher et al. (2023).

My model has similarities with the Lotka-Volterra system of equations because ac-
tivities compete for time, but there are differences. Activities would be both “predator”
and “prey” because each activity can be the engaged activity and my model has two sys-
tems working simultaneously. The coefficient of proportionality a(t) is subject-specific
rather than activity-specific and it is not necessarily constant. If a(t) is combined with

activity-specific coefficients accounting for discounting and uncertainty, the new coef-

18The name comes from the differential equations that were initially developed by Lotka (1910)
and then further utilized by Volterra (1926).
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ficients of proportionality become activity-specific, but they more involved and they
also are not necessarily constant.

Assumptions impose requirements that are needed to develop a theory. Since sub-
jective feeling drives the subject to make a choice, the assumptions in my theory are
weaker than the assumptions in standard economic theory because the two dynamical
systems of my model do not require that the subject spend mental effort to create
a mathematical relation. From the observer’s point of view, weaker assumptions are
advantageous because they provide her with a stronger analytical tool to study choice.
In my theory, the analytical tool to study choice is the measure of subjective feeling
f(t). In standard economic theory, the analytical tool is utility (or ordinal utility).

One of the main advantages of my theory is that f/(¢) is independent from ra-
tionalityH which is defined as the agent’s ability to create a complete and transitive
preference relation (Mas-Colell et al., 1995). Rationality is a strong requirement be-
cause completeness and transitivity are strong assumptions: “The strength of the com-
pleteness assumption should not be underestimated. ... Transitivity is also a strong

assumption, and it goes to the heart of the concept of rationality” (Mas-Colell et al.,

1995, pp. 6—7)@ In turn, a utility function can represent a preference relation “only if

19The independence of my theory from rationality does not have anything to do with anyone being
rational or not. All it means is that the observer utilizing a theory that does not depend on the
strong assumption of rationality has more opportunities to apply the theory and to explain and/or
predict a wider variety of choices, including those that from the observer’s point view are considered
non-rational.

20Efforts to predict choices that are not predicted by the standard model include theories that
include individual experience such as prospect theory (Kahneman and Tversky, 1979) and experienced
utility (Kahneman et al., 1997) and those that can be figuratively described as “Mas-Colell et al.
(1995) +” (because they add to the standard model) such as the “dual-self” models (Bernheim and
Rangel, 2004; Fudenberg and Levine, 2006). I compare later my results with theories that involve
individual experience because they are more directly related to my research. However, I focus on
comparing my model with the standard model because although “dual-self” models have interesting
features, they impose considerable restrictions on the agent’s behavior: “It is important that we do
not allow the long-run self to precommit for the entire dynamic game (Fudenberg and Levine, 2006,
p. 1450).” Moreover, they aim, as in Thaler and Shefrin (1981), to extend orthodox models in order
to characterize the observed choice as rational (Fudenberg and Levine, 2006, p. 1451). In contrast, I
do not impose restrictions on the subject’s behavior or require that he is rational.
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it is rational” (Mas-Colell et al., 1995, p.9).

Note however that what I, as well as Mas-Colell et al. (1995), call assumptions
are presented as axioms elsewhereﬂ Although again presumably unintentionally, the
use of the term axioms rather than assumptions might be misleading for two reasons.
I illustrate these reasons with the use of the term axioms I noted earlier about the
claim that the observer’s rhetoric has convincing power to influence behavior: “Simple
axioms such as completeness and transitivity, by contrast, are likely to be accepted by
most listeners. A mathematical theorem stating that these two axioms are equivalent
to behavior that can be described by utility maximization is then a powerful rhetorical
device” (Gilboa et al., 2019, p. 343).

The first reason why using axioms for assumptions could be misleading is technical.
If rationality and utility were in fact equivalent, technically, it would be correct to call
them axioms because you can derive them from one another@. As noted, rationality
is an “only if” condition for the existence of utility. Therefore, completeness and
transitivity as the two defining components of rationality are not equivalent to utility.

The second reason why using axioms for assumptions could be misleading is behav-
ioral in the sense that axioms hide implicit requirements that the observer imposes on
the behavior of the agent being studied. Note that Gilboa et al. (2019) claim that the
behavior described by utility maximization is equivalent to the axioms of completeness
and transitivity (or rationality). This equivalence does not reveal the implicit require-
ment on behavior that the agent choose the most preferred bundle. Even if the agent

is able to create the preference relation, it is not guaranteed that he will optimize (or

21Tt is not unusual to find the use of the term axioms for assumptions in formulations of economic
theories of choice (von Neumann and Morgenstern, 1944; Arrow, 1950; Tversky et al., 1990; Loewen-
stein and Prelec, 1992; Machina and Schmeidler, 1992; Stoye, 2011; Harrison et al., 2015: Chambers
and Echenique, 2018).

22The physicist Richard Feynman discussed axioms in a now YouTube video when explain-
ing the difference between what he called Greek and Babylonian mathematics (Feynman: ‘Greek’
versus ‘Babylonian’ mathematics, YouTube, [youtube.com/watch?v=YaUlgXRPMmY, Accessed
10/21/2023.)
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maximize) with his choice, as reflected by the revealed preference notion introduced
by Samuelson (1948, p. 243): “...the individual guinea-pig, by his market behavior,
reveals his pattern—if there is such a consistent pattern.”

The distinction I am making between axioms and assumptions @ points to the
earlier distinction I made between the subject and the observer, because while axioms
could be simple facts about human behavior of the subject, assumptions are require-
ments that the observer imposes on the subject to create a theory so that she can
analyze his behavior. Indeed, the need for optimizing an ordinal utility is for the ob-
server to analyze the agent’s choice. There is no reason for the agent, who knows his
preference relation and presumably chooses his most preferred bundle, to spend extra
mental efforts in figuring out an ordinal utility in order to choose the most preferred
bundle that he already knew what is was. There is every reason for the observer to
choose an ordinal utility function and optimize it because the agent’s preference relation
is unobservable for the observer and it needs to be consistently revealed by his market
choice (Samuelson, 1948) in order for the observer to be able to analyze the agent’s
choice. Even if the agent and the observer were the same person, in contrast with the
characterization of completeness and transitivity as “simple” axioms by Gilboa et al.
(2019), as noted in the previous section, they are not simple because they are based
on the preference relation. In the next section, I make optimizing behavior an explicit
assumption where I apply my theory to analyze choice, but in its descriptive framework
the theory works without an assumption on optimization.

The difficulty, or what I would call the inaccuracy, of analyzing choice based on

the preference relation was also noted by Camerer et al. (2005, p. 10): “Although

23An axiom is “a statement or principle that is generally accepted to be true, but need not be so”
(dictionary.cambridge.org/us/dictionary /english /axiom) and an assumption is
“something  that you accept as true without question or  proof,” (dictio-
nary.cambridge.org/us/dictionary /english /assumption)),
Cambridge Dictionary, Accessed 10/15/2023.
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economists may privately acknowledge that actual flash-and-blood human beings often
choose without much deliberation, the economic models as written invariably repre-
sent decisions in a “deliberative equilibrium,” i.e., that are at a stage where further
deliberation, computation, reflection, etc. would not by itself alter the agent’s choice.”
Maintaining the distinction between the subject and the observer, I present next how

I apply my theory to analyze choice.

1.3 The Analysis of Choice

Neoclassical economic theory consists of the three intrinsic concepts: the preference
relation, rationality; and optimization, which are taken as given abilities of the agent.
Meanwhile, the observer cannot analyze the agent’s choice with any of these three
concepts because they are unobservable. Instead she uses utility, also known as ordinal
utility. Since the observer chooses which function to use when analyzing the agent’s
choice, she has basically unchecked freedom to use any function she sees fit. Once the
observer has decided which utility function to use, the agent’s choice is predicted by the
choice that maximizes such function. The implication of the process I am describing
here was also noted by Becker (1962, p. 1): “...now everyone more or less agrees that
rational behavior simply implies consistent maximization of a well-ordered function,
such as a utility or profit function.”

In this process, if the predicted choice is not supported by the data, there are a
few options. One option is to look for utility functions that are believed to represent
the agent’s preference relation and that are consistent with the observed behavior ]

Another option is to try and correct behavior as is done in the field of behavioral

2For example, Schmeidler (1989) replaced the axiom of independence in von Neumann-
Morgenstern (1994) by the weaker axiom of comonotonic independence to derive expected utility
without additivity and Campbell and Cochrane (1999) included habit in their utility function to
explain asset pricing.

23



economics noted earlier?’] Yet another option is to analyze behavior with a more
basic primitive than the preference relation, as I do by applying a theory founded on
subjective feeling as the primitive of behavior to explain and predict a wider variety
of choices than those in neoclassical economic theory. I illustrate these choices with
Figure 1.1, where I call my theory subjective feeling theory.

In Figure 1.1, F, is the set of choices studied by neoclassical economic theory and
Py is the set of choices studied by my subjective feeling theory. Their union is Py U Py
and their intersection is Py N P;. Py \ P; is the set of choices from subjects with
impaired brain damage affecting their ability to experience feelings and resulting in
poor choicesﬁ P\ Py is the set of choices from subjects who: a) have not created
or are unable to create a preference relation; b) are not rational (either because their
preference is not complete, or it is not transitive, or both); ¢) or do not optimize with

their behavior.

PyU P,

Choices Choices
studied by studied by
neoclassical [ subjective

economic feeling
theory theory
F Py

Figure 1.1: Choices studied in neoclassical economic theory and subjective feeling
theory

2For example, incorporating psychology and sociology, Akerlof and Kranton (2000) propose a
utility function that shows how people in different social categories should behave.
26Patients with damaged ventromedical prefrontal cortex but otherwise normal intellectual func-
tions make poor real-life decisions (Bechara et al., 1994; Bechara et al., 2000; Moretti et al, 2009). A
2



The larger size of P, relative to Py reflects the additional number of choices that
can be analyzed in subjective feeling theory compared to neoclassical economic theory.
This is more clear in the much bigger size of P, \ P, relative to Py \ P;. In Figure
1.1, area Py \ Py, I exclude choices that can be explained by subjective feeling theory
because it includes patients with impaired ability to experience feelings. It was the
existence of poor choices by such patients that led to the conclusion that: “It is not
enough to “know” what should be done; it is also necessary to “feel” it” (Camerer et
al., 2005, 29).

In my theory, feelings are center stage and the whole set of choices represented by P;
is based solely on subjective feeling as the primitive. The set P, is such a large set that
it can include choices from subjects who do not even have a preference relation. The
inability, or also unwillingness, of subjects to create a preference relation was noted by
Sen (1973, p. 248): “If a person chooses x rather than y, it is presumed that he regards
x to be at least as good as y, and not that may bem he has no clue about what to
choose and has chosen = because he had to choose something.” And yet, the observer
in neoclassical economic theory has no choice but to interpret the observed choice (not
a pun) as the most preferred choice because her analytical tool to study choice is the
maximization of her chosen utility. It is through the maximization of her chosen utility
function to study the agent’s behavior that she concludes that the utility-maximizing
bundle is the most preferred choice from the agent.

As noted, the preference relation, rationality and optimization are presumed abili-
ties of the agent and utility is the observer’s analytical tool that binds them together
in order to study choice in neoclassical economic theory. As also noted, the preference
relation is not a basic concept and rationality is a strong assumption. If the agent is

rational as assumed in neoclassical economic theory, unless utility represents his cardi-

2TGrammatical error in original.
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nal utility, there will be no benefit for this rational agent to construct an ordinal utility
function in order to find the most preferred bundle because he already knows which
bundle is his most preferred choice.

However, in its early stages, economic theory did not comprise the preference re-
lation or rationality, and the meaning of utility was different from its meaning today.
In the 19th century, classical economic theory consisted of two main concepts: util-
ity; and optimization, used jointly. Utility was both a concept believed to be the
guiding force of human behavior and an analytical tool used to explain an observed
choice as an optimization. Although not as well-defined as the preference relation, util-
ity in classical economic theory acted as the primitive of behavior, on the belief that
it represented individual “pleasure/displeasure.” For example, Bentham (1781) talked
about utility /disutility, Edgeworth (1881) imagined a hedonimeter, and as noted earlier
Jevons (1888) introduced the quantity of feeling.

In today’s literature, when a need to distinguish between the two meanings of utility
arises, utility in classical economic theory is usually referred to as cardinal utility and
utility in neoclassical economic theory as ordinal utility. The preference relation and
rationality, as well as the change in the meaning of utility, are products of further
developments in economic theory. By the middle of the 20th century, the classical
concept of (cardinal) utility as the guiding force of human behavior had been replaced
by the preference relation.

Nowadays cardinal utility is rarely mentioned because it has been largely replaced
by ordinal utility that is commonly referred to simply as utility.@ Although mod-
ern/ordinal utility is a convenient analytical tool to study rational behavior, its use
has come at the cost of requirements imposed on the agent by presuming that he has

a rational preference relation that guides him to make a choice—and not any choice

281t is convenient to simply use the term utility if everybody uses ordinal utility.
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but the optimal choice as prescribed by the observer’s chosen utility function to study
his behavior.

In my research, I analyze choice differently. I explain any choice with a descriptive
framework where the subject is not assumed to optimize or to be rational. Then I also
predict his choice with a normative framework where the subject is assumed to optimize
and to be rational to some extent, by which I mean that the subject is not presumed
to order as many alternatives as the agent in neoclassical economic theory. In fact, in
the normative framework the subject is presumed to make only a few orderings.

Neoclassical economic theory does not have an assumption on optimization. The
reason is because it is a normative theory and optimization is an inherent feature of
any normative theory. In my research, I include an extra assumption on optimization
when the theory of subjective feeling is applied with its normative framework where the
subject’s choice must be optimal, still based on a weaker version of rationality than
rationality in neoclassical economic theory. An assumption on optimization is not
needed when the theory of subjective feeling is applied in the descriptive framework,
where the subject’s choice need not be optimal.

The choice in my current research is the subject’s choice of time spent on each
activity. The explanation and prediction of such choice constitutes the immediate ap-
plication of subjective feeling theory because time is an ingredient of its primitive.
Once the choice of time spent on each activity is explained and predicted, the ob-
server can explain and predict the subject’s economic, health, social, and other choices
associated with the time he spends on his activities. Both the descriptive and nor-
mative frameworks provide vast opportunities to develop new consumer and producer
theories. These opportunities arise because subjective feeling theory has weaker as-
sumptions than neoclassical economic theory as the result of using subjective feeling

as a more basic primitive than the preference relation.
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The descriptive framework relies on the concepts of zero-state, switch-time, time-
allocation, and schedule. Given the engaged activity i, the zero-state is the instant of
time ¢* when intensities of feeling from non-engaged activities f;;(¢) are all 0, that is
the instant when no intensity of feeling function from any of non-engaged activities

affects affects the subject.
Definition. The zero-state t* is when f;;(t*) =0V j=1,2,...,i—1,i+1,...,n.

The switch-time is the instant when the subject switches the current engaged ac-
tivity with another engaged activity from one of non-engaged activities. That is, the
switch-time is the moment when the subject stops spending time on the current en-
gaged activity ¢ and starts spending time on another engaged activity j # ¢. The
switch-time can only happen at the zero-state t*, otherwise at least one of f;;(¢) would
have affected the subject, in which case activity 7 would have been the engaged activity.
Definition. The switch-time is the instant t* when the engaged activity becomes a
non-engaged activity and one of non-engaged activities becomes the engaged activity.

It is important for the switch-time to happen at an instant of time (rather than
an interval). A switch-time happening during an interval of time, however small it
might be, would mean that a subject is engaged in more than one activity at a time,
a contradiction of Assumption II. I prove that the switch-time can only happen at an
instant of time.

Given the zero-states during a period starting at ¢ = 0 and ending at t = T', a
time-allocation to an engaged activity is the length of interval between any two switch-
times, the initial time ¢ = 0 and the first switch-time, or the last switch-time and
the end of period t = T. The time-allocation to an activity that is not the engaged
activity during an interval is 0, and if an activity is not the engaged activity over [0, T

its time-allocation is then 0.
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Definition. A time-allocation to an activity i, T;, is the length of interval between:
two consecutive switch-times t; and t;, t = 0 and first switch-time, or last switch-time
andt =T. The time-allocation to an activity that s not the engaged activity is 0, and
the time-allocation to an activity that remains non-engaged over [0,T] is 0.

Given the time-allocations, a schedule is a sequence of engaged activities over [0, 7.
Definition. A schedule is a sequence of engaged activities.

With these concepts, I explain the subject’s choice of any schedule, that is any time-
allocations to different activities for any sequence of engaged activities. The ability to
create a sequence has been found to be unique in humans in the first empirical study
that tested bonobos and humans for the stimulus sequences-hypothesis (Lind et al.,
2023). The choice of the subject’s schedule of time-allocations might or might not
be optimal because it does not depend on the assumption of optimization. Also, the
explanation of the subject’s choice of a schedule is by the switch-times, which do not
depend on the assumption of rationality.

In terms of what the subject needs to know in the descriptive framework, he does
not need to know anything expect to feel—as given by subjective feeling—because
when intensities of feeling from non-engaged activities are all 0 he will switch from the
current engaged activity to another activity, for example, when he stops reading and
starts eating because he feels hungry. Therefore, compared with Camerer et al. (2005),
for the subject in my descriptive framework, it is enough to “feel”; it is not necessary
to “know” what should be done. With my explanation of the subject’s choice, I answer
the second question raised in the beginning of the previous section by noting that the
subject will switch from one activity to another when the intensities of feeling from
non-engaged activities are all 0.

The normative framework includes an assumption on optimization, and it relies on
the concepts of integrated experience from the engaged activity ¢ denoted by E;, overall

experience from schedule s denoted by Ey, and conditional rationality.
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E; denotes the accumulation of the subject’s intensity of feeling from the engaged
activity, that is during the time-allocation T;. If activity ¢ becomes the engaged ac-
tivity at the switch-time ¢; and activity h becomes the engaged activity at the next
switch-time ¢7, I measure the accumulation of the subject’s intensity of feeling from
the engaged activity during the time-allocation 7; to the engaged activity 7 as the in-
tegral of f;(t) from ¢ to t; — tf. Since T; is allocated to the engaged activity i, I take
integrated experience to be the accumulation of the intensity of feeling only from the

engaged activity but not non-engaged activities.

Definition. Integrated experience E; = / "’ fi(t)dt is the subject’s accumulation of
the intensity of feeling from the engaged actizj%ty during interval t; —t7, that is during
T;.

The next concept, overall experience F,, represents the subject’s integrated experi-
ence over [0, T] from a schedule s, that is during all the time-allocations to the engaged
activities in the sequence of s. For a finite number M — 1 of switch-times during (0,7),
there are M (including the last activity) engaged activities in a sequence s denoted by
M,. Note that M, does not necessarily equal n because the subject might be spending
time only on some of his activities or he might repeat spending time on some activities
over [0,T]. For example, if the subject engages once in only n — 1 activities, then
M, =n —1 < n, and if the subject engages twice in an activity and once in the other

n — 1 activities, then My =n + 1 > n. Given M, E, is the sum of E; over [0, T].

M

Definition. Overall experience E, = ZEz 15 the subject’s integrated experience
i=1

from schedule s over [0,T].

I predict the subject’s choice with an additional fourth assumption on optimization

that involves a comparison of overall experiences of different schedules over [0, 7],
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and the concept of conditional rationality, which requires that the subject order n
initial conditions at the initial time ¢ = 0 for each intensity of feeling function f;(t),
i =1,2,...n. From the uniqueness of engaged activity functions f;(¢), if the subject
knows how he will feel if he starts to engage in each activity, then he knows the (finite)
number N of all overall experiences from his possible schedules over [0, 7.

Note that N is not necessarily equal to n!. If the subject engages once in every
activity in any possible schedule, then N = n! because there are n! possible schedules.
However, M, might be greater than n, as explained earlier. If M} is the maximum
number of engaged activities for some schedule s over [0, T, then N < M?!. In any case,
given that switch-times are determined when intensities of feeling from non-engaged
activities are all 0 and the intensity of feeling from each engaged activity is (uniquely)
determined by the initial conditions at ¢ = 0, the only requirement on the subject’s
cognitive ability is to order n initial conditions for intensities of feeling from engaged
activities.

Definition. Given a maximum number of switch-times M; — 1, conditional ra-
tionality is the cognitive ability of the subject to know n initial conditions for his
intensities of feeling from engaged activities.

With this (weak) requirement of rationality, I present the fourth assumption where
I assume that a subject who satisfies conditional rationality maximizes overall experi-

ence.
Assumption IV The conditionally rational subject maximizes overall experience.

With Assumptions I-IV, I predict the subject’s choice of time-allocations to ac-
tivities. In addition, I also predict the order of engaged activities, or the order of
time-allocations because of the predicted schedule with the maximum overall experi-

ence.
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In terms of what the subject needs to know in the normative framework, he only
needs to know how feels when he starts to engage in each activity. Therefore, compared
with Camerer et al. (2005), for the subject in my normative framework, it is not
enough to “feel”; it is necessary to “know” only initial conditions for his intensities of
feeling from engaged activities. With my prediction of the subject’s choice, I answer
the third question raised in the beginning of the previous section by noting that the
subject chooses the schedule that optimizes his overall experience. Also, note that
my theory explains how the subject optimizes his overall experience by the optimizing
mechanism consisting of the switch-times and the (finite) ordering of initial conditions
for intensities of feeling from engaged activities. In contrast, neoclassical economic
theory does not explain how the agent optimizes utility.

Thanks to the weaker assumption of conditional rationality as opposed to the
stronger assumption of rationality, the choice predicted by subjective feeling theory
is possibly more accurate than the choice predicted by neoclassical economic theory.
Thanks to these weaker assumptions, by predicting time-allocations of the optimal
schedule of activities, I also predict the order of engaged activities, something that is
not possible to achieve when applying neoclassical economic theory to predict time-
allocations.

But knowing the sequence of engaged activities has many advantages. Imagine how
useful the order of activities is for an agricultural expert to learn when a farmer will
switch from harvesting the crop to starting a degree, an environmental researcher to
learn when an horticulturalist will switch from cultivating the garden to driving the
truck, or a financial analyst to learn when an investor will switch from holding stocks
to investing in real estate. By defining these descriptions of what the subject does as
activities on which he is spending time, subjective feeling theory provides the observer

with the opportunity to explain the choice of time-allocation to engaged activities and
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to predict the order of these activities.

Time-use is important and it has been studied in neoclassical economic theory as
well (Becker, 1965). Although economic theory can predict time-allocations, it does
so with stronger assumptions than mine because rationality in neoclassical economic
theory requires from the agent to order infinitely many bundles whereas conditional
rationality in subjective feeling theory requires from the subject to order a finite number
of initial conditions. The larger the number of activities n the greater the cognitive
ability required to order their initial conditions for intensities of feeling from engaged
activities. Regardless how big n is, it is always finite by Assumption I. So the subject
in my theory is not required to order infinitely many bundles, as is the case when the
agent in neoclassical economic theory orders infinitely many bundles of time allocations
even though the number of alternatives is finite.

To illustrate the practical benefits of building a theory with weaker assumptions,
imagine an app where you can enter the number of activities n, a constant for your
a(t), the time period [0, 77, f;(0) and a representative f;;(0) for each of your activities.
This mind-app is a metaphor for the brain, but it can actually be programmed quite
easily with the unique functions obtained by my theory. Then when you wake up in
the morning and simply enter these values, your mind-app will give you your optimal
schedule. You can add options to your mind-app to give you your optimal schedule
even if you want to enter a function rather than a constant for your «(t), or discounting
and uncertainty for each activity.

As an example, suppose that the subject is deciding in the morning how to spend the
next two hours on three (distinct) activities: walking the dog; reading his newspaper;
and drinking coffee. Let’s call these activities: Walk; Read; and Coffee. Suppose
that today he feels like enjoying walking the dog and drinking coffee, but not so much

reading any news (although he does want to stay in touch with what is going). In this
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scenario, the decision for the subject is to decide how much time to spend on Walk,
Read, and Coffee. If the subject does not care about optimizing his overall experience
(he just wants to go with the flow), he follows a random schedule among his possible
schedules given by the switch-times that tell him how much time to spend on each
activity today. If his decides to optimize, then he makes an extra effort to make three
evaluations on how he feels when he starts: walking the dog; reading his newspaper,
and drinking coffee, and he follows the schedule given by his mind-app that tell him
how much time to spend on Walk, Read, and Coffee today.

As noted earlier, the explanation and prediction of time-allocations in my research
is the immediate application of my theory because time is the defining ingredient of
subjective feeling. Now suppose that when spending time on these activities, the
subject can also eat (consume), work (produce), or maybe both (hence consume and
produce simultaneously). Then with the descriptive and normative frameworks, choices
of goods consumed and/or produced could also be explained by their association with
non-optimal and/or optimal choices of time spent on each activity. I will analyze such
choices in my future research.

Before T present in the next chapter my theory of subjective feeling, a note on a
recent finding about human behavior that I discovered from “The Heart of Mathemat-
ics” book by Burger and Starbird (2013) where they quote Galileo Galilei saying that:
“...where the senses fail us, reason must step in” (p.3). To the extent that my descrip-
tive framework represents the role of senses and my normative framework represents
the role of reason, the great Galileo understood human behavior long before I was able

to understand it with my subjective feeling theory, which I discuss in the next chapter.
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Chapter 2

The Theory

The preference relation is represented by a (continuous) utility function if it is rational
and continuousﬂ on a choice set X (Mas-Colell et al., 1995, p. 47). Subjective feeling
is measured by the intensity of feeling f(¢) if the rate of change in intensity of feeling
from an activity is proportional to the difference between the intensity of feeling from
that activity and the sum of intensities of feeling from other activities. Utility is ordinal,
and it is subject to the observer’s choice of which function to use; hence it represents
the preference relation.

In contrast, intensity of feeling is unique, and it is not subject to the observer’s
choice; hence it only represents but measures subjective feeling. Since the concepts of
utility and intensity of feeling are tools at the disposal of the observer to study human
behavior, I have chosen to present my theory through a comparative discussion of these
concepts.

Differences between utility and intensity of feeling are theoretical and applicable.
By theoretical, I mean differences in terms of requirements to obtain a function that

the observer can use to analyze choice. By applicable, I mean differences in terms

!The preference relation is continuous if it is preserved under limits (Mas-Colell et al., 1995, p.
46).
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of requirements to use this function in applied work and/or further theoretical devel-
opments. I discuss theoretical differences in this chapter and applicable differences
in the next chapter. The discussion of theoretical differences is presented in three
parts: 1) primal, by which I mean differences in terms of primitives; 2) existential, by
which I mean differences in terms of assumptions; and 3) functional, by which I mean
differences in terms of specifications.

The mathematical presentation of functional differences in this chapter includes
only intensities of feeling from engaged activities because they are the most comparable
with utility. As seen in the previous chapter, the measure of subjective feeling includes
both the intensity of feeling from the engaged activity and intensities of feeling from
non-engaged activities. There is no comparable representation of intensities of feeling
from non-engaged activities in neoclassical economic theory because bundles that are
not chosen have no impact on utility. In contrast, activities in which the subject is
not currently engaged while spending time on the engaged activity continue to have
impact on his choice of time-allocations to activities. The role intensities of feeling
from non-engaged activities is discussed in the next chapter where I apply my theory

to explain and predict the choice of time-allocations.

2.1 Primal Differences

Utility and intensity of feelings are both functions that the observer can use to analyze
choice, but they represent different primitives. Utility is an ordinal representation of the
preference relation, which has been the primitive of human behavior for economists for

about 100 years, based on an early axiomatic presentation by Frisch (1926)E] formalizing

2Tt is not easy to pinpoint the exact date when the preference relation was formalized as a mathe-
matical relation. The earlier formalization by Frisch in 1926 was republished later in Metroeconomica
in 1957.
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it as a mathematical relation.

In contrast, intensity of feeling is a unique representation of subjective feeling,
which I propose as the primitive to study human behavior by combining experience,
time and activities. Although it is a new primitive, elements of subjective feeling
can be traced back to classical economic theory. For example, aspects of experience
over time are in the notion of utility as a property of an object to produce benefit,
pleasure, etc. evaluated by the pleasure’s (or pain’s) intensity, duration, uncertainty
and remoteness by Bentham (1781), and the idea of a hedonimeter as a psycho-physical
machine to continuously measure the pleasure that is experienced and determined by
the individual’s consciousness by Edgeworth (1881). More directly, subjective feeling
can be traced to the notions of intensity of feeling and quantity of feeling introduced

by Jevons (1888), illustrated in Figure 2.1 below.
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Figure 2.1: Jevons’ Quantity of Feeling

In his Fig. I, Jevons noted that the quantity of feeling during each minute may be
represented by a rectangle with base one minute and height proportional to intensity
of feeling during that minute. While pointing out that it is artificial to assume that the
intensity of feeling varies by such sudden steps at regular time intervals, he noted that
the error becomes smaller and smaller as time intervals become shorter shorter, and
the error is avoided when the interval becomes infinitely short. According to Jevons,

the proper representation of the variation of feeling is by a curve, in his Fig. II, where
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each point on the curve indicates the intensity of feeling at a moment in time and the
whole quantity of feeling during a given time interval is measured by the area under
the curve during this interval. For example, the quantity of feeling during interval mn
is measured by pmnq and during ma by pmab.

Intensity of feeling and quantity of feeling, as envisioned by Jevons, correspond to
intensity of feeling f;(¢) and integrated experience E;, respectively. However, intensity
of feeling in my theory includes intensities of feeling from both the engaged activity ¢
and non-engaged activities j|i.

Aspects of experience over time in subjective feeling can also be found in the concept
of experienced utility by Kahneman et al. (1997). However, their theory is fundamen-
tally different from my theory. Their theory extends decision (or ordinal) utility: “We
propose a formal normative theory of the total experienced utility of temporally ex-
tended outcomes [TEOs]. ... Decision utility is a measure on TEOs which is inferred
from choices, either by direct comparisons of similar objects or by indirect methods,
such as elicited willingness to pay ” (Kahneman et al., 1997, pp. 375-377, emphasis in
original).

While experienced utility theory in Kahneman et al. (1997) is based on the prefer-
ence relation of outcomes extended by the time component as the primitive, my theory
is based on subjective feeling as the primitive. Therefore, unlike experienced utility
in Kahneman et al. (1997), the intensity of feeling in my theory is independent from
utility (or decision utility). Furthermore, my theory is applied in both descriptive and

normative frameworks, and is thus not confined to being only a normative theoryﬁ

3Given that experienced utility by Kahneman et al. (1997) is a known representation of the
concepts by Bentham (1781), Edgeworth (1881), and Jevons (1888), in the beginning of my research I
used the term experience utility for my primitive, which was limited to the hedonic experience from the
engaged activity and hence does not represent in full the role of feelings. Hedonic experience represents
experience only from the engaged activity whereas subjective feeling represents the behavioral role of
feelings through instantaneous experience of the subject’s mind and body from the engaged activity
as well as non-engaged activities.
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Although the agent in a neoclassical economic setting might derive individual ex-
perience from alternatives under consideration, utility leaves out his experience for
two reasons: the preference relation is not defined in terms of time and utility cannot
explain how outcomes are formed. The first reason why utility cannot represent expe-
rience is because the preference relation is not defined in terms of time, that is time is
not its defining ingredient. It might be tempting to think of analyses of choices that
involve time with utility as counterexamples, but they only make the inability of utility
to represent individual experience more evident. I present next two such cases, choice
of time allocated to different alternatives and inter-temporal choice.

In the case of analyzing choices of time allocated to alternatives with utility, the
agent with the preference relation as the primitive orders bundles of intervals of time
that he allocates to different alternatives rather than instances of time. In contrast,
the subject with subjective feeling as the primitive accumulates intensity of feeling at
each instant to create his individual experience, measured by the integrated experience
E;. A utility function can only represent alternatives as ordered elements of a mathe-
matical relation that are usually called outcomes (Kahneman et al., 1997; Dolan and
Kahneman, 2008; Berridge and O’Doherty, 2014). These outcomes are bundles of times
allotted rather than processes over time. As seen in the previous chapter, experience
is not an “instant picture” but a process over time (Damasio, 2018). Utility represents
the ordering of outcomes as instant pictures and not as temporal processes leading to
these outcomes, because outcomes are bundles of time allocated as a mathematical
relation and not as sources of individual experience.

In the case of analyzing choices of goods over time in inter-temporal one-shot or
recursive models with utility, these choices do not depend on time. In one-shot models,
time serves as an index to distinguish between goods in two different periods. A good

x at period t is considered different from the same good x at period t + 1, denoted by
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two different variables x; and ;1. In these models, choice comes from maximizing
a utility function of these variables. The solution of models with these variables does
not include experience because z; and x;,; do not measure any interval of time during
which individual experience occurs.

In contrast with one-shot models, goods in recursive models— with finite or infinite
periods—are the same goods in all periods even though they are still indexed by period.
However, the assumptions that are needed to solve these models make time irrelevant
and the inter-temporal choice of goods does not depend on time at all. To illustrate

that inter-temporal choice makes time irrelevant take the classic model by Stokey et

al. (1989):

o0

max_ Z n'U(cy)

(ct,ket1)e
st o+ kg < f(ky),
ki 20, t=0,1,---,

given kg > 0,

where c is consumption, 7 a discounting factorﬁ k the capital stock, f(k) total supply of
goods available per worker and U(¢;) is a utility function that represents the preference
relation over inter-temporal consumption bundles for a representative household.

In this sequential problem, period-to-period utility remains constant and it is equal
to the discounting factor n (that is U(c41)/U(¢;) = ). So the inter-temporal choice
does not depend on time. Further, when the sequential problem leads to the so-called

functional equation form, the choice does not depend on time either. Taking v as

4In their work Stokey et al. (1989) use 3 for the discounting factor but because I use 3 when
extending my model to include discounting and uncertainty, I denote here their discounting factor by

n.
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equal to the maximum value of the sequential problem above, Stokey et al. (1989)
show that there exists a unique function v called a value function that depends only
on the capital stock k, v(k) = max.,[U(c) +nu(y)] (c+y < f(k), 0 <y < f(k),
¢,y > 0), providing the solution to the recursive model. Note how the variables in
this solution are no longer indexed by time, because time is irrelevant, and hence the
agent’s inter-temporal choice does not depend on time.

The second reason why utility does not represent experience is because it cannot
explain how outcomes are formed. I illustrate why this is the case by comparing
lotteries of amounts of money for uncertain events. Suppose that the observer uses the
classic model to evaluate these lotteries, the expected utility from von Neumann and
Morgenstern (1944).

While it is clear that outcomes for lotteries are (uncertain) amounts of money, it
is not clear what outcomes are for the expected utility, or utility in general. If the
observer uses the expected utility, the question is: Are outcomes (uncertain) amounts
of money, or utilities from these amounts? If we take outcomes to be amounts of money
and the preference relation defined on lotteries of amounts of money as in Mas-Colell
(1995, p. 173), then the choice set consists of lotteries but not amounts of money
directly. Since the observer cannot observe the preference relation on lotteries, she
uses the expected utility.

However, the expected utility is obtained from utilities from amounts of money
directly rather than lotteries. So if the observer uses the expected utility, the choice set
must consist of utilities but not lotteries because utilities are not defined from lotteries
but from amounts of money directly. If the choice set is utilities from amounts of money
directly but the preference relation is on lotteries rather than these amounts, utilities
do not represent this preference relation because they do not maintain the ordering of

lotteries. If utilities represent amounts of money but not the preference relation on
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lotteries, then outcomes cannot be amounts of money directly as in Mas-Colell et al.
(1995) because the expected utility represents utilities from amounts of money but not
amounts directly.

So when using the expected utility, outcomes are utilities from amounts of money.
Then the next question is: Are utilities from amounts of money ordinal or cardinal?
It makes no sense for utilities from amounts of money to be ordinal for the agent.
Amounts of money are already ordered when expressed with a given currency, say in
US dollar. Using ordinal utilities for amounts expressed in US dollars is equivalent to
expressing these amounts in another currency, say the British pound, which makes no
sense for the agent.

It remains that utilities must be cardinal for the agent. If utilities were cardinal,
they would give the agent individual experience, which the preference relation on lot-
teries does not explain how it is formed because it orders lotteries but not cardinal
utilities. Furthermore, since utility in neoclassical economic theory is ordinal but not
cardinal, the expected utility would also be an ordinal representation of the preference
relation on lotteries to predict the agent’s choice of the optimal lottery. But if the
expected utility is ordinal, then utilities from amounts of money cannot be cardinal.
Hence utilities must be ordinal, and ordinal utility is unable to explain how outcomes
are formed because it is not cardinal.

However outcomes are defined, utility cannot explain how they are formed, but
concluding that utilities from amounts of money in a lottery are ordina]E] points to the
distinction I make between the observer and the agent. It is the observer who chooses
ordinal utilities for the agent to be able to predict his optimal lottery. It may come
as no surprise that utility only maintains the ordering of the preference relation but

cannot explain how outcomes are formed because the preference relation is void of

5The same conclusion follows from the same reasoning if lotteries did not have money for uncertain
events but other outcomes.
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individual experience.

In contrast, the intensity of feeling explains how the outcome of individual expe-
rience is formed. In my research, the outcome is measured by the overall experience
from a schedule E, formed by the sequence of integrated experiences F; as integrals of
intensity of feeling functions over time-allocations in that schedule. The observer who
chooses utility is limited because she can only look at outcomes and not where they
come from. The source of outcomes is “blocked from the observer’s view” when us-
ing utility because the preference relation does not explain from neuroscience or other
findings how outcomes are formed. However, the observer who chooses the intensity of
feeling is not limited because she can look at both outcomes and where they come from.
The source of outcomes is open when using the intensity of feeling because subjective
feeling explains how outcomes are formed.

I illustrate the advantage of knowing how outcomes are formed with a hypothetical
example of river flows by Professor C. Ford Runge. Suppose that the observer wants
to analyze the behavior of a grand-source where a given number of rivers originate
from. Suppose that these rivers form cascades as they flow. The grand-source is a
metaphor for the agent or the subject and rivers are a metaphor for alternatives or
activities. Let’s assume that each river’s rate of flow is proportional to the difference
between the force of its own current and sum of forces of other rivers’ currents (as in
my Assumption IIT). A popular tool called utility allows the observer to measure the
volume from every river by standing at the bottom of cascades where she can see the
water coming down but not the streams flowing. Imagine now if there is a new tool
called the intensity of feeling allowing her to measure the volume from every river by
standing at the top of cascades where she can see both the water coming down and

the streams flowing. I would choose the intensity of feeling.
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2.2 Existential Differences

Given that the preference relation is represented by a (continuous) utility function if it
is rational and continuous (Mas-Colell et al., 1995), the conditions for the existence of
utility can be grouped into three requirements or assumptions: [*) Finite number of
goods; I1") Choice of a single bundle; and I77") Rational and continuous preference
relation, where the superscript u denotes the assumptions needed to derive a utility
function. The conditions for the existence of intensity of feeling are also grouped
into three assumptions, which I write in abbreviated form as: I/) Finite number of
activities; I17) Choice of the engaged activity; and IT1/) Proportionality in the rate
of change, where the subscript f denotes the assumptions needed to derive intensity of
feeling functions.

Assumption I/ is similar to I*. Assumptions 717 and IT* are similar only to the
extent of the single choice, but they are substantially different. A utility function takes
its value from every bundle of alternatives whereas intensity of feeling functions from
the engaged activity and non-engaged activities take their values from every instant
of time. Practically, I7* has no impact on I* because choosing a bundle does not
change the number of alternatives under consideration. If there are n alternatives, for
every choice, the number of alternatives remains n. Although the number of activities
remains the same, 11/ works together with I/ because choosing to spend time on an
activity changes the number of activities an individual has under consideration. If
there are n activities, for every activity the subject engages in, there are n — 1 other
activities to engage in, as in the non-engaged system.

In my theory, non-chosen activities continue to influence the subject when he is
engaged in an activity. But these non-engaged activities cannot give intensity of feeling

in the same way as the engaged activity because from II/ the subject spends time on
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a single activity. For this reason, I use the term non-engaged activities for the other
activities the subject has under consideration while engaging in an activity.

There are other differences. Assumption /7" implies that for each bundle of alter-
natives there is a a utility function value that represents this bundle, and because of
the ordinal nature of utility there are many such values to represent the same (fixed)
bundle. However, assumption 717 implies that there are intensity of feeling functions
that represent intensities of feeling from the engaged activity as well as non-engaged
activities. Given initial conditions, these intensities of feeling functions are unique,
so there is only one (cardinal) intensity of feeling function for the engaged activity as
well as each of non-engaged activities while the subject is spending time on the chosen
engaged activity. Therefore, intensity of feeling functions measure subjective feeling.

Assumptions I717 and I11* are similar only to the extent of a technicality because
my theory assumes differentiability (with the rates of change) and neoclassical economic
theory assumes continuity of the preference relation. Also, a(t) in my theory can be
continuous or have a finite number of jump discontinuities during [0, 7.

If the subject in the earlier example is considering spending time on walking the dog,
drinking coffee, and reading the news while in his cabin, and suddenly notices a bear
outside the window, then «(t) could change. If he perceives a threat, the activities
have changed, and hence my assumption I has changed. If he does not perceive a
threat, and the activities remain the same, nevertheless it could be a new value for
a(t) due to a jump discontinuity that might have occurred at the moment when the
subject noticed the bear.

However, assumptions 1117 and II1* are intrinsically different because assumption
I117 is independent of rationality, that is a complete and transitive preference rela-
tion (Mas-Colell et al., 1995). Any usage of utility automatically assumes rationality

because utility is an only-if condition for rationality (Mas-Colell et al., 1995). The
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widespread usage of utility makes the assumption of a rational agent the predominant
assumption in economic and other analyses. However, rationality has been repeatedly
challenged (May, 1954; Tversky, 1969; Elster, 1979; Kahneman and Tversky, 1984;
Schelling, 2006).

Assumption I117 is weaker than 111" because assuming that the rate of change in
the intensity of feeling from each activity is proportional to the difference between the
intensity of feeling from that activity and the sum of intensities of feeling from other
activities up to the coefficient «(t) is practical. Presumably, values of the coefficient
of proportionality «(t) can come from clinical measurements of the organism, but they
need not. The values of a(t) do not have to be precise as long as they are sufficient—
and not perfect—to represent the state in which the subject feels his organism is when
making a choice. All that is needed from «(t) for the observer is a value (or values if
it changes over period [0,7T]) for a working assessment of how the subject feelsﬁ when
planning on spending time on a given number of activities.

For all practical purposes, without loss of generality, I normalize «(t) by three

states:
¢
(0,1)  State 0. Feels not so good: lower value, worse one feels
at) =141 State 1. Feels good: normal, average, or usual way one feels
(1,00) State 2. Feels really good: higher value, better one feels

\

Making State 2 unbounded allows for values associated with certain states such as
ecstatic ones. With the range of values for «(t) by these three states, all the observer
needs to know is a self-assessment by the subject of the state he is in and an associated

value for that state. For example, the observer can ask the subject “How do you feel?”

6Tt is striking how often the question “How do you feel?” can be heard in medical settings. Perhaps
how the patient answers this question gives the healthcare provider useful information.
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and then ask him to put a value if he is in State 0 or 2 (because State 1 already has 1
assigned to it).

Evaluations of states from self-assessments are not uncommon. For example, Bradley
and Lang (1994) used the so called self-assessment manikin (SAM)] to evaluate plea-
sure, arousal, and dominance experienced by 78 subjects on an 18-point scale, Re-
delmeier and Kahneman (1996)E| used self-assessment to evaluate the intensity of pain
experienced by two colonoscopy patients on a 10-point scale, and Lee et al. (2021) used
self-assessment to evaluate the intensity of arousal, current emotion, future emotion,
etc. experienced by 32-34 participants on a 7-point scale.

Given that «(t) represents the informational role of feelings, as in the previous
chapter, its value (either from self-assessments or clinical measurements) cannot be 0.
If a(t) = 0, then feelings have no role. In my research, individuals with «a(t) = 0 are
individuals who do not experience feelings. I described these individuals in the previous
chapter as patients with impaired ability to experience their feelings and their choices
fall in the set P\ Py (Figure 1.1), which does not include choices that can be explained
by my subjective feeling theory.

Likewise, intensity of feeling from the engaged activity ¢ and intensities of feeling
from non-engaged activities j|i cannot be all 0 at the same time because they represent
the behavioral role of feelings, that is either fj(t) # 0 or f;;(t) # 0 for at least
one j. As Damasio (2018, p. 120) noted: “A neutral, plain account of feelings as
perceptual maps/images misses these critical ingredients: their valence and their power

to capture one’s attention.” When an intensity of feeling (from either engaged or non-

"“The Self-Assessment Manikin (SAM) is a non-verbal pictorial assessment technique that directly
measures the pleasure, arousal, and dominance associated with a person’s affective reaction to a wide
variety of stimuli” (Bradley and Lang, 1994, p. 49).

8Reported in Kahneman et al. (1997).
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engaged activity) is 0, its Valenceﬂ is neutral. If fj(t) = 0 and f;;(t) = 0, Vj =
1,2,...,i— 1,2+ 1,...n, that is intensities of feeling from the engaged activity and
non-engaged activities are all 0, feelings have no role to play. If all intensities of feeling
are 0, subjective feeling has no power as the primitive to capture the subject’s attention
by urging or guiding him to spend time on any activities.[:G]

If the valence of feeling from an (engaged or non-engaged) activity is positive, I
represent it with a positive value of intensity of feeling, and if is is negative, I represent
it with a negative value of intensity of feeling. As noted, if the value of intensity of
feeling from an activity is 0, it has neutral valence and that activity has no power or

influence on the subject.

Definition. The Valence of feeling from an activity is positive if f;(t) > 0 or fj; > 0
and negative if f;(t) < 0 or fj; < 0 for at least one j = 1,2,--- i —1,i4+1,--- n.
The valence of feeling is neutral if f;(t) =0 or f;, =0 for any activity.

Assumption I11f is weaker than I77* because assuming that the rate of change in
the intensity of feeling from an activity is proportional to the difference between the
intensity of feeling from that activity and the sum of intensities of feeling from other
activities up to «(t) is not only more practical but also more realistic than rationality.
As noted, in practice, the subject only needs to how he feels for a(t) to have a value. In
reality, since a(t) > 0, as long as the valence from an activity acts on the subject with
a greater force than the combined valences from other activities, the rate of change in
the intensity of feeling from that activity is positive, otherwise it is negative or zero.

This dynamics for each system is as follows:

The engaged system. f; >0 if fi(t) > > fx(t), otherwise f; <0

9Valence is “1. in the field theory of Kurt Lewin, the subjective value of an event, object, person,
or other entity in the life space of the individual. An entity that attracts the individual has posi-
tive valence, whereas one that repels has negative valence,” dictionary.apa.org/valence, American
Psychological Association, boldface in original, Accessed 11/6,/2023.

101f at some 7, f7(7) = 0, but f;(7) # 0 or f;;(1) # 0 for at least one j, feelings still have a role
to play.
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The non-engaged system. fj‘i > 0 if fj|i(t) > (Z fm(t) + fi(t)) ,

otherwise fj‘i <0

As in the example of the previous chapter, suppose that the subject is deciding how
to spend the next two hours on Walk; Read; and Coffee, and at the initial time £ = 0 (in
the morning when deciding) he feels like enjoying walking the dog (Walk) and drinking
coffee (Coffee), but does not feel anything positive or negative about the news (Read).
At t = 0 when he starts to engage in any of these activities, let intensities of feelings
be fiy(0) = 2 for Walk, fo(0) = 1 for Coffee, and fr(0) = 0. Walk and Coffee have
positive valences, but walking the dog is more enjoyable than drinking coffee, and Read
has neutral valence. Since a(t) > 0, as long as fo(t) > fw () + fr(t), fo > 0, which
means that he would enjoy drinking coffee, otherwise he will not. Similarly, for fi, f&.
Suppose the subject starts the day drinking coffee (and thinking what to do next).
While drinking coffee, as long as fwc(t) > fric(t) + fo(t), f'W‘C > 0, which means
that he would would enjoy walking the dog (while drinking the coffee), otherwise he
would not. Similarly, for f'R‘C. In the next section, I explain how intensities of feeling

functions from engaged activities are obtained.

2.3 Functional Differences

Utility is an unspecified function that the observer chooses to predict the agent’s choice,
and its specifications depend on the observer’s goals. For example, Epstein and Stanley
(1991) generalized conventional time-additive expected utility, Fuhrer (2000) included
current consumption relative to past consumption, Andersen et al. (2008) used a
statistical specification involving latent trade-off between long-run optimization and
short-run temptation, and Miettinen et al. (2020) investigated six functional forms to

study behavior in a sequential prisoner’s dilemma setting.
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In contrast, intensity of feeling functions for engaged activities as well as non-
engaged activities are unique, and their specifications do not depend upon the ob-
server’s goals. Intensities of feeling functions are unique because they belong to the
sole family of functions that solve the engaged system and, as seen in the next chapter,
non-engaged system as well. Given initial conditions, the specifications of functional
forms for intensities of feeling are the unique (the only) specifications representing
subjective feeling["] Hence, intensities of feeling measure the primitive in my research
by fi(t) for any i. If £(t) = (fi(t), f2(t), ..., fu(t)) is a vector of intensities of feeling
from engaged activities, then f(t) is a vector-function from R — R™ in general. For
a given period of time, f(¢) is a function from [0,7] — R". In contrast, utility is a
function from R™ — R in general, or R} — R if alternatives are non-negative such as

consumption goods. The engaged system is:

The engaged system. f; = a(t) (f;(t) — 3 fe(t)), Vi=1,2,---n; k#i

As seen from this system, conceptually my theory starts from a position where we
do not know the subject’s intensities of feeling from engaged activities. However, I
can see that he spends time on an activity and as time goes by he switches to another
activity. It is in this conceptual setting where the intensity of feeling from each activity
1 pulls the subject to engage in ¢ and intensities of feeling from other activities push
him away from 1.

Earlier I noted that positive values of intensities of feeling measure positive valence
and their negative values measure negative valence. If all intensities of feeling are
positive, the subject enjoys or finds pleasure from engaging in any of his activities,

and values of intensities of feeling show how pleasurable activities are. However, if the

1A note on my use of the term “unique.” By unique functions, or unique family of functions, I
mean the same functional form up to constants or linear combinations. For example y = C*e% =
C*,y = CY%% y = C* + C%?" are unique functions for any C*,C°. By unique specification, I mean
the only functional form. For example, y = 2,y = 3e%,y = 2 + 3¢?! are all different specifications.
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intensity of feeling from any activity is negative, the subject actually finds displeasure
from that activity, and values of the intensity of feeling show how displeasurable the
activity is[”] There are displeasurable activities, and yet the subject spends time on
them such as a job that he hates but he does anyway.

In matrix notation, the engaged system can be written as the product of a(t) and
a circulant matrix A with 1 in the main diagonal and —1 for other elements, and

A(t) = a(t)A.

The engaged system in matrix notation.

fi 1 -1 - =1 -fl(t)

fa _ ot -1 1 - -1 fgn(t) _

o) -1 -1 1 ()]
a(t) —alt) - —a)] [A()
—a(t) aft) - —a)| |f(t)

—aft) —aft) --- a(t) | |fa(®)

f = a(t)Af(t) = A1)

Since A is a real symmetric matrix, it has a complete set of (orthogonal) eigen-
vectors and corresponding eigenvalues (some of which may be repeated). If K =
{kl k2 ... kn} denotes the matrix with eigenvectors of A, A = diag(Ay, Ao, ..., \n)

the diagonal matrix with its corresponding eigenvalues, &(t) = [ a(t)dt, and A = @A,

12Tf values of intensities of feeling turn from positive to negative, they show that the activity turns
from pleasurable to displeasurable, and vice versa, such as when the stomach hurts from eating too
many sweets.
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then in matrix notation:

ky kY kY a0 0
K = ké kg kg , and A = 0 a !
_k:}L K2 - k] 0 0 - And
Let ¢ = (c1,¢a,...¢,) denote a vector of constants and e the exponential function.

Then my Assumptions [-III guarantee the existence of unique intensities of feeling
from engaged activities that are: expressed explicitly; real-valued; and linearly in-
dependent. Given initial conditions f(0), specifications of intensities of feeling from

engaged activities are unique.

Theorem 1 (The Family of Intensities of Feeling from Engaged Activities). Given n
activities, one engaged activity at a time, and the common coefficient of proportionality
a(t) > 0 that is piecewise constant with a finite number of jump discontinuities, if the
rate of change in intensity of feeling from an activity is proportional to the difference
between the intensity of feeling from that activity and the sum of intensities of feeling
from other activities, there exists a unique family of intensities of feeling functions from

engaged activities expressed explicitly:
f(t) =K ete

Given cy,ca,¢3, ..., ¢, from the initial conditions £(0), intensities of feeling from en-
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gaged activities have the unique specifications:

fl (t) — 016(2—n)dt+ Z?:Q Ciemt

folt) = cre@—mat_ Coe20t
fS(t) — Cle(Z—n)dt_ Csezdt
fn<t> — 616(2—71)&7:_ Cne%‘t
Proof. See Appendix A. m

The uniqueness property of intensities of feeling from engaged activities gives the
observer more analytical power to study choice than utility. Unlike using unspecified
functions for utility, given initial conditions, the observer has the ability to measure the
intensity of feeling from engaged activities because their specifications are guaranteed
by Theorem 1.

I illustrate the advantage for the observer who knows specifications with a hypo-
thetical example of the machine by Professor Jay Coggins. If the observer chooses
utility to study choice, she will either look for a specification that meets her goals but
is not guaranteed that it represent the unobserved preference relation or test differ-
ent specifications (Loomes and Sugden, 1998; Barberis et al., 2006) to assess which
specification could represent the observed choice satisfactorily. Imagine now if there is
a machine that gives the observer specifications of intensities of feeling from engaged
activities. The machine is a metaphor for Theorem 1. Once the observer feeds the
machine with its input from my Assumptions I-111, it gives her the ready-made output
with the specification of the intensity of feeling from every engaged activity in which
the subject is considering spending time. [ would choose the machine to measure

intensities of feeling from engaged activities to study choice.
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Intensities of feeling from engaged activities can be used to analyze individual be-
havior over any period. If this period is sufficiently short, it is reasonable to assume
that the interior state of the organism does not change, and hence «(t) = a is a constant

during this period. Then intensities of feeling from engaged activities are as follows.

Corollary 1.1. If a(t) = a is constant, intensities of feeling from engaged activities
are: f(t) = Kec. In particular, if a(t) = 1 (the subject feels normal), the specifica-

tions are:

fit) = ce® V' T, cie

fo(t) = et — cpe?t
fa(t) = cret— cse?t
fult) = c1e@t— cpe?t

Using the earlier example, from Corollary 1.1 with «(t) = 1, intensities of feeling from

walking the dog (fi(t)), drinking coffee (fc(t)), and reading (fr(t)) are:

fw(t) 1 1 1 cre”t + coe®t + cze?t
fet)| =a |1 et | 1| e+ | 0|+ = cre”t — cye?
fr(t) 1 0 -1 cre”t — cqe?

If fw(0) =2, fc(0) = 1, frR(0) = 0, intensities of feeling from engaged activities

(calculations in Appendix A) are:

fW(t) = eit + e2t7 fC(t) = eitv fR(t) = eit — 62t

As noted, there have been efforts to assess which specification of utility could predict

an observed choice (Loomes and Sugden, 1998; Barberis et al., 2006). However, because
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utility is an unspecified function which does not belong to any family of functions, and
different specifications are assumed and/or assessed in different contexts, it is difficult
to know which preference relation this function is supposed to represent even if a
particular specification predicts the observed (optimal) choice, unless the only focus is
on that choice and no more.

The implication of the lack of uniqueness of utility functions in representing the
preference relation as a primitive is that research continues to find that often utility
functions are not capable of representing the underlying preference relation. One case
where different utility specifications have been tested is by Loomes and Sugden (1998).
When assessing three different specifications of risky choice—the Harless-Camerer (af-
ter Harless and Camerer, 1994), the Hey-Orme (after Hey and Orme, 1994) and a
random preference model by Loomes and Sugden (1995) that generalizes the model in
Becker et al. (1962) on irrational behavior—they found that these utility functions are
not able to predict even the observed choice in their experiment, let alone represent
the underlying individual preference relation. Loomes and Sugden (1998) report that
the observed rate of dominance is lower than what is predicted by either the Harless-
Camerer or the Hey-Orme specification but high enough to contradict their random
preference model.

Another case is by Barberis et al. (2006) whose results show that a wide range
of utility specifications, including expected utility and non-expected recursive utility
functions, are not able to explain risk-averse choices for a small independent gamble,
even when the gamble is actuarially favorable. They suggest that narrow-framing
(Kahneman and Lovallo, 1993), an assumption which assumes that individuals isolate
the risk of a single option from their overall risk (usually risk for overall wealth), could
be an important factor to explain individual behavior.

Although narrow-framing, as part of the broader notion of bounded rationality
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(Tversky and Kahneman, 1981; and Kahneman, 2003), is a less restrictive assumption
than rationality (Mas-Colell, 1995) might be interesting to explore, as long as the
role of narrow-framing or bounded rationality is evaluated through a utility function,
its evaluation will have to assume rationality or a refined version thereof, otherwise
there exists no function that can be used for the evaluation. Furthermore, bounded
rationality is not helpful when choices are measured with continuous variables such
as amounts time allocated to different activities because the agent will continue to be
required to order infinitely many alternatives even with the assumption of bounded
rationality.

These assessments of utility are for choice under uncertainty. When using utility
to study choice involving uncertainty, there are many more requirements imposed on
the agent than the requirements from already strong basic assumptions I* — I 11" be-
cause the existence of a utility to represent the preference relation for choices under
certainty requires additional assumptions. Furthermore, the above evaluations of dif-
ferent specifications of utility have been achieved with even more assumptions related
to the specifications themselves. Meanwhile, Theorem 1 can be extended without ex-
tra assumptions to obtain unique intensities of feeling functions from engaged activities
including both discounting and uncertainty.

Although intensities of feeling from engaged activities are functions of time, the
subject’s experience from each engaged activity at every instant, that is the value
of fi(t) for each i = 1,2,...,n at every moment in time, is neither discounted nor
uncertain because it is happening at that very instant. The uncertainty is whether the
subject will be engaged in an activity or not.

Suppose the subject discounts his future experience at every instant of time by a

discounting factor 0 < §(t) < 1[%| Then for each activity 4, the present value of the

13Exponential discounting §(t) = & is a special case of general discounting in my theory.
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intensity of feeling is d(¢) f;(¢) so that df;/dt in the engaged system depends on §(t) f;(t)

as opposed to f;(t) only. Therefore, the engaged system with discounting is:

The engaged system with discounting.
fi = a) (30 £(t) = Y00 A®) = a®o®) (£ =D fud))

Next suppose that the subject is uncertain about whether he will engage in an ac-
tivity of not. If the subject engages in activity ¢, he will have the integrated experience
FE; from that activity with a probability p;. The amount of experience depends on
when the subject will stop spending time on ¢ and start spending time on k, that is
the switch-time ¢;, which is determined by the non-engaged system, as explained in
the next chapter. If he does not engage in activity ¢, he will not have any integrated
experience from ¢ with probability 1 — p;. Then the rate of change df;/dt in the inten-
sity of feeling from each activity ¢ depends on the probability distribution of integrated

experience P,(E;) for that activity.

D If the engaged activity is ¢, and F; = j;t fi(s)ds
P.(E;) = :

1 —p; If the engaged activity is not ¢, and F; =0

Hence, if the engaged activity is 4, then E; occurs with probability p; (¢ > tf). If the
engaged activity is not ¢, then E; = 0 with probability 1 — p;. So the expected value of
integrated experience E'F; from activity 7 is: EF; = p; ftt fi(s)ds. Then the intensity

of feeling from engaged activity ¢ with uncertainty is:

d d '
O 1 (pi [ fi<s>ds) "

The rate of change itself is instantaneous, hence it is certain. So df;/dt now depends on
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pifi(t) as opposed to f;(t). Then the engaged system with discounting and uncertainty

18:

The engaged system with discounting and uncertainty.

fi:a() (pzfz Zpk:fk > =
0 (pifi(t) = Yo mfil®)) . BE) = a(t)o(t)

In matrix notation, the engaged system with discounting and uncertainty can be
written as the product of §(t) and a matrix B = AP with P = diag(p1,p2,...,0n)

the diagonal matrix with the probabilities corresponding to each activity, and B(t) =
A(t)B.

The engaged system with discounting and uncertainty in matrix notation.

_fl_ [ 1 . 1] —pl 0 ... 0] _f1<t)_

f'2 _ s -1 1 - -1 0 py --- 0 fa(t)

fn -1 =1 - 1|0 0 - p, _fn(t)_
pBl)  —paBE) - —paB®)] [AO)]

—p1B)  pB(t) - —paB)] | fo(t)

=P B() —pft) - paB) | | Sfa(t)

£ = B(H)APE(t) = B(t)BE(t) = BOOE()

Since B = AP, it is diagonalizable, and hence it has a complete set of orthogonal
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eigenvectors.
Remark 1. Matrixz B is diagonalizable.

Proof. Left-multiplying both sides in B = AP by the square matrix P/? and right-
multiplying by its inverse P~1/2 (both sides), we get: PY/2BP~1/2 = pPl/2ApPpP~1/2 =
PY2APY?. Since A is symmetric, P/2AP'/? is also symmetric. Therefore, B is similar

to a symmetric matrix, and hence it is diagonalizable. This completes the proof. [J

Let K* = |k*!' k** ... k*"| denote the matrix with eigenvectors of B, A* =
diag(\*, A3, ..., \*) the diagonal matrix with its corresponding eigenvalues, 3(t) =
[ B(t)dt, and A* = BA*. Let c* = (c},c5,...ct) denote a vector of constants and, as
before, e the exponential function. Then my Assumptions I-III again guarantee the
existence of unique intensities of feeling from engaged activities with discounting and
uncertainty that are: expressed explicitly; real-valued; and linearly independent. With
the same steps for the proof of Theorem 1, the result with discounting and uncertainty

follows.

Lemma 1. The family of intensities of feeling from engaged activities with discounting

A

and uncertainty is: £(t) = K*e'c*. Given initial conditions £(0), the specifications

are unique.

Note that from Lemma 1, the result from Corollary 1.1 with a = % could also be in-
terpreted as the engaged system with uncertainty expressed by the uniform distribution
Di = % forallz=1,2,...,n.

While Lemma 1 provides the observer with the specifications to measure intensi-
ties of feeling from engaged activities with both discounting and uncertainty, utility

is limited in its ability to represent discounting. A utility function is discounted at

periods t,t + 1,---. As noted, utility represents the preference relation, and not vice
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versa, because the preference relation is the unknown (unobservable) primitive whereas
utility is the analytical tool the observer uses to predict the agent’s choice of alterna-
tives/goods at different periods. This is why utility belongs to the researcher whereas
the preference relation belongs to the agent.

If the agent does not discount the alternatives, the researcher should not discount
the utility either. If he (the agent) does, so should she (the observer). When the
observer includes discounting, the discounted values of the utility function chosen for
a particular study represent the agent’s discounted values of the preference relation
ordering over different periods. Note that the earlier recursive model by Stokey et al.
(1989) has a solution only if there is discounting, which is done by the observer for the
subject.

In the Stokey et al. (1989) model, consumption ¢ at ¢ = 0 is represented by utility
U(cy) and at t = 1 by discounted utility nU(c;). The agent is indifferent between
consumption at ¢ = 0 and consumption at ¢ = 1 because their utility is discounted but
not because good c is discounted. U(cy) and nU(c;) are two equal function values which
are assumed to represent the same preference ordering for an individual indifferent
between ¢y and c;.

The implication from discounting utility but not the goods (alternatives) is that
the observer’s chosen utility function is only able to represent the agent’s preference
relation if it is a very special kind of function. This finding is presented as follows
where 1 also show which kind of utility function is able to represent the preference

relation with discounting.

Remark 2. The observer has a discounting factor n for utility U and the agent a
discounting factor § for goods x = x', 22, - - - over different periods. Then the observer’s
U represents the subject’s preference relation only if it is a homogeneous function of

degree k = ﬁi—g = logs n.
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Proof. Tt is not known a priori if § = 7. Denoting indifference by ~ and equivalence

by <, the following holds for all t = 0,1, - - - [
1 1
Xy 6Xt+1 = gxt ~ Xyl & U(Xt) = UU(XH&) = EU(Xt) = U(XtJrl)

This gives:

L) = U = (& UL DN LU/

This is an only if result, indicated by the (only) = right implication, because not every
homogeneous function of degree logs n represents the subject’s preference relation. In
particular, if U is a homogeneous function of degree 1, then § = . This completes the

proof. n

For example, these specifications might represent the preference relation with dis-

counting:
U=afiag? - ap (Z a; = log n> cor U= (/" a0 /M)
i=1

As Remark 2 also shows, only the specification of a homogeneous utility function of
degree 1 might be able to represent the preference relation with discounting if the ob-
server’s discounting factor is the same as the subject’s discounting factor. In my theory,
specifications from Theorem 1 are guaranteed to measure intensities of feeling from en-
gaged activities with discounting because I discount the subject’s primitive rather than
the observer’s function. Although the observer might not know the subject’s 6(¢) in
my theory, since it becomes part of the coefficient of proportionality 5(t) = «a(t)d(t), a

self-assessment by the subject is sufficient and, for all purposes, practical.

4 Given that utility U is assumed to exist, the preference relation is continuous.
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By uncertainty, I mean that there exists some randomness for the integrated ex-
perience from each engaged activity ¢ measured by p; by the subject. Uncertainty
in my theory coincides with what Knight (1921) termed as measurable uncertainty:
“...a measurable uncertainty, or “risk” proper, ...is so far different from an unmea-
surable one that it is not in effect an uncertainty at all.” T use the term uncertainty
because both discounting and uncertainty are part of coefficients of proportionality
B(t)p; for each engaged activity 7, and hence no additional assumptions are required to
derive specifications that measure intensities of feeling from these activities with both
discounting and uncertainty.

Again although the observer might not know the subject’s probabilities p; in my the-
ory, these probabilities do not have to be precise but only practical. In contrast, many
additional assumptions are required to derive the existence of an unspecified utility
function to predict choice. How the specifications of intensities of feeling from engaged
activities are applied to explain and predict time-allocations to engaged activities is

explained in the next chapter.
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Chapter 3

The Application

In the neoclassical economic setting, choice is a bundle at a point in time, including the
bundle of time-allocations to alternatives. In my research, choice is a sequence of time-
allocations to activities, a schedule of engaged activities over a period of time. The
intensity of feeling function for each engaged activity obtained in the previous chapter
is a useful analytical tool that the observer can use to analyze any type of choice once
each time-allocation to the engaged activity is determined as during the time spent on
the engaged activity the subject can consume, produce, swim, socialize, etc. But time
itself is a defining ingredient of my primitive subjective feeling. Therefore, analyzing
the subject’s choice of the time-allocation to each activity is the immediate application
of my theory.

In order to apply my subjective feeling theory, the observer also needs intensities of
feeling functions from non-engaged activities. Intensities of feeling from non-engaged
activities interact simultaneously with the intensity of feeling from the engaged activity
to produce a time-allocation to an activity. Functions of intensities of feeling from
engaged activities from Theorem 1 are the solution to the engaged system. Functions

of intensities of feeling from non-engaged activities are the solution to the non-engaged
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system.

3.1 Non-engaged activities

From my Assumption II, the subject spends time on a single activity. From my As-
sumption I, the subject is considering spending time on n activities. Therefore, at every
moment in time, there are n—1 non-engaged activities on which he is not spending time
while spending time on the engaged activity. Intensities of feeling from non-engaged
activities pull the subject to switch from spending time on the engaged activity to
another activity.

From my Assumption III, the dynamics of the non-engaged system are similar to
the engaged system except for the clock. The non-engaged system clock measures the
stopwatch time because intensities of feeling from non-engaged activities jli, j # 1,
given the engaged activity i, start to exist when the subject starts spending time on i,
and they cease to exist when the subject switches from spending time on ¢ to spending
time on another activity.

Similar to the engaged system, the pull force of the intensity of feeling from each
non-engaged activity has to withstand the combined force of intensities of feeling from
other non-engaged activities. However, the intensity of feeling from each non-engaged
activity also competes for time with the intensity of feeling from the engaged activity
on which the subject is actually spending time. As for the engaged system, the non-
engaged system can be written in matrix notation, where the subscript |i denotes given

the engaged activity 1.
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The non-engaged system in matrix notation.

Fui Lo =1 =1 o =1 | fi(?) —fi(t)
jile. — o) —1 - 1 =1 e =1 [ fiau(®) +alt) —fi(t)
Jit1)i -1 - =1 1 - =1 | fiz1(?) —fi(t)
] Fuli | -1 -1 -1 11 fafi(t) | __fi(t)_

at) - —alt) —a(t) - —a®] | )] [—ar)

—a(t) - alt) —alt) - —a(t)| | fim(t) —a(t) fi(t)
—a(t) - —alt) o) - —alt)| | fisaut) —a(t) fi(t)

|—at) - —a(t) —at) - o) || fa() || @)
fi; = a(t) Aufii(t) +a,; = A(OF(t) + au(t)

where

fiu(t) = <f1u, c s ficagis fogagi - 7f'nu>
fii(t) = (fua(®), - fimi(®), firna(t), -+, fapi(1))
ai(t) = (—a®)fit), -, —a)fi(t), a®)(®) fi(t), -+, —a(t) fi(t))
Al = Apixn—1, Au(t) = at)Ay

The homogeneous part f|Z = a(t)Aufli(t) = Au(t)fi(t) of the non-engaged system is
similar to the engaged system. Therefore, its eigenvalues and eigenvectors are readily

available.
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As in Theorem 1, let K}; = |k!

|2

k|2i . kﬁ—l denote the matrix with eigenvectors
of Aj;, A; = diag (2 —(n—1),2,---,2) the diagonal matrix with its corresponding
eigenvalues, and Ay = a(t)Ay. Let hy(t) = (h(t),ha(t),... hy_1(t)) be the same
solution (with n — 1 functions) as in Theorem 1 to the homogeneous part and fﬁ (t) a
particular solution to the non-engaged system.

Let £7,(t) = (f7(t),..., fF1(t), fh1(t), ..., fE(t)) denote the specifications for in-
tensities of feeling from engaged activities from a given set of initial conditions f(0)
from Theorem 1 that do not include the intensity of feeling from (the engaged) ac-
tivity 7. Hence f;(t) = fr(t), k # i, indicated by the subscript —i. However, the
constants from Theorem 1 are the same as those obtained from the initial conditions

f(0) because the non-engaged system clock measures stopwatch time. To emphasize

this, I denote the constants from the initial conditions £(0) by c® = (¢}, 5,c3,...,%) =
(c1,¢0,C3,...,Cn) = C.

Also, let c; = (c1s,C2)is C3ir- - - > Cn—1ji) be a vector of constants, and K_; =

k', .- k', ... k",| the values of K by excluding its ith row but not its sth

column. Then my Assumptions I-III guarantee the existence of a unique family of in-

tensities of feeling functions from non-engaged activities that are expressed explicitly.

Theorem 2 (The Family of Intensities of Feeling from Non-engaged Activities). Given
n activities, the engaged activity, and the common coefficient of proportionality o (t) > 0
that is piecewise constant with a finite number of jump discontinuities, if the rate of
change in intensity of feeling from an activity is proportional to the difference between
the intensity of feeling from that activity and the sum of intensities of feeling from
other activities, there exists a unique family of intensities of feeling functions from

non-engaged activities expressed explicitly:

f.(t) = hy(t) + £7,(t) = KaeMicy + K_eMic
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Given &, ¢, ¢, ..., from the initial condition £(0), as well as cyj;, Cali, , C3lis - - - Cr1li
15 25 3y y Cn ’ )35 €2|i5 » €305 |

from any condition £;(t*), intensities of feeling from non-engaged activities have the

unique specifications:

Fri(t) = el tmlaty 3 e et ST ettt

fir1i(t) = cqppel-r=blat_ o€ty Qe@maEt_ 0 2t
fn\i(t) = cl|l.e[2—(n—1)}dt_ Cn\iGth“‘ C(l)e(g_n)dt_ Cg@th
Proof. See Appendix B. 0O

As in Theorem 1, if the period is sufficiently short, it is reasonable to assume that
aft) = a is constant. If K ; = |k', ... ki, ... k" | contains values of K by

excluding its ¢th row but not its ith column, intensities of feeling from non-engaged

activities are as follows.

Corollary 2.1. If a(t) = a is constant, intensities of feeling from non-engaged activ-
ities are: f;(t) = K|,-e“A|itc‘,- + K_;e®™cC. In particular, if a(t) = 1, the specifications

are:

fri(t) = cypel2= (=Dl y Z;‘:—Ql c?‘ithjL Aemty N De?

Fioai(t) = Cl‘ie[Q—(n—l)]t_ Ci_1|i€2t+ 0(1)6(2—n)t_ et

_ 2—(n—1)]t 2t 0 (2—n)t 0 2t
fz'+1|i(t)—01\z‘€[ (=1l Ciy1i€" + 016( i Cit1€

fn|i(t) — Cwe[z—(n—l)]t_ Cn|i€2t+ Cge(Z—n)t_ CO€2t



In the earlier example, given fi (0) = 2, fc(0) = 1, fr(0) = 0, intensities of feeling
from engaged activities were: fy (t) = e™" + e, fo(t) = e7t, fr(t) = e7* — €*. Using
this example,with «(¢) = 1, from Corollary 2.1, intensities of feeling from non-engaged
activities: fopw (t), frw (t) while walking the dog (W), fwc(t), fric(t) while drinking

coffee (C'), and fiy|r(t), fo|r(t) while reading the news (R), are:

few(t) 1, L, [ fe) cipw + cope® + et
= Cw e+ cow e’ + =
Fryw (2) 1 -1 fr(t) ciw — cqwe® + et — e
Jwie(t) L o Ly, fw(t) clio + cooe® + et + e
= G| e’ + coo et + =
Fric(t) 1 -1 fr(1) Cjo — Caee™ + et — e
Jwir(t) L o L, [ fw(®) cir + cooe® + et 4 e*
= ClR e +Cor e’ + =
forr(t) 1 —1 fe(t) cijr — cojoe™ + e

Given any initial conditions for the homogeneous part, specifications of intensities
of feeling are unique because the constants will be unique. However, since intensities
of feeling from non-engaged activities are conditioned on which activity is the engaged
activity, they exist for as long as that engaged activity lasts. When the subject switches
to spending time on another activity, the same intensities of feeling from non-engaged
activities do not exist anymore because now other intensities of feeling from non-
engaged activities start to exist.

For example fyc(t), fric(t) exist for as long as the subject is spending time on
drinking coffee (C). When he switches to spending time on walking the dog (W), there
is no more fiyc(t), fric(t) because now fow (L), fryw(t) start to exist.

While there might be discounting, unlike the engaged system, the non-engaged

system does not include uncertainty because the experience from each non-engaged
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activity j|i given the engaged activity 7 is certain to happen for as long as the subject

is spending time on ¢. The non-engaged system with discounting and certainty is:

The non-engaged system with discounting and certainty.
foe =8 [£66) = (3 fuct) + £:0)] » B) = a()o(2)

Mirroring notation for the engaged system, the non-engaged system with discount-
ing and certainty can be written as the product of §(t) and A;; = B = A, P; = Ajil);
with the identity matrix I; = I,,_1xn—1 = Pj; for the probabilities equal to 1, and
B\i(t) = B(t)Ahw

The non-engaged system with discounting and certainty in matrix notation.

fi, = B(t)Bifj;(t) + ay; = B(t) A (t) + ay; = B ()E:(t) + ay(t)

*

Since Bj; = A;, its eigenvectors and corresponding eigenvalues are K W= K); and A|*z' =
Aj;. Then ATZ = BA ﬂAh, where again 6 ft t)dt. Let c; = (c*l‘h., s -+ - cjh”i)
denote a vector of constants and again e the exponential function. Then my Assump-
tions I-III guarantee the existence of unique intensities of feeling from non-engaged
activities with discounting and certainty that are expressed explicitly.

Although intensities of feeling from engaged activities may be uncertain from
Lemma 1, as the particular solution to the non-engaged system, intensities of feel-
ing from engaged activities must be certain. Hence, the particular solution to the
non-engaged system includes the specifications in Theorem 1 but not in Lemma 1 (de-
noted by fr(t) = fx(t)). On the other hand, f;(¢) might have come from Lemma 1
(with the uncertainty) because it runs on the engaged system clock that measures the

calendar time. Therefore, specifications for f”,(¢) are those that start at ¢ = 0 to match
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the non-engaged system clock that measures the stopwatch time whereas the specifi-
cation of f;(t) continues from ¢ — 0 to match the engaged system clock that measures
the calendar time. With the same steps for the proof of Theorem 2, the result with

discounting and certainty for the non-engaged system follows.

Lemma 2. The family of intensities of feeling from non-engaged activities with dis-
counting and certainty is: f;(t) = K|Z-e]\l*ic|*i + f7,(t). Given any specifications f;(t*),

the specifications are unique.
Proof. Same steps as in Theorem 2. n

In the neoclassical economic setting, the observer maximizes a utility function to
predict the optimal choice for the rational agent. In my research, I analyze choice
in two parts: i) in a descriptive framework, where I find the switch-time as the zero-
state (when all intensities of feeling from non-engaged activities are zero) to explain
the optimal or non-optimal choice of time-allocations in a schedule for any (rational
or non-rational) subject; and ii) in a normative framework, where I maximize overall
experience to predict the optimal schedule for the conditionally rational subject.

Note that a rational agent is also conditionally rational, but not vice versa, because
more mental effort is required to order all alternatives as opposed to only a few alterna-
tives, that is possible schedules, given switch-times. Hence, I am able to predict more
choices of time-allocations in my research than the observer in a neoclassical economic

setting.
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3.2 Time-Allocations

3.2.1 Descriptive Framework

In the descriptive framework, I explain the subject’s choice of time-allocations. The
engaged activity conditions which intensities of feeling from non-engaged activities
exist, and the zero-state determines how long the engaged activity lasts. If the switch-
time is an instant, there is a one-to-one correspondence between the zero-state and the
constants in Theorem 2, or, equivalently, there is a one-to-one correspondence between
the zero-state and specifications of intensities of feeling from non-engaged activities.

A time-allocation is the amount of time spent on the engaged activity as the differ-
ence between two consecutive switch-times (or from the start of the period to the first
switch-time, or from the last switch-time to the end of the period). The switch-time is
the zero-state t* when all f;;(t*) = 0. If at least one f;;(t) # 0, that is the valence of
feeling from activity j|i is not neutral, intensities of feeling from non-engaged activities
have a role to play.

Since the existence of intensities of feeling from non-engaged activities j|i is con-
ditioned on the subject spending time on 7, neutral valences for feelings from all non-
engaged activities mean that they do not exist. If they existed, at least one of inten-
sities of feeling from non-engaged activities would be non-zero. As long as the subject
is spending time on i, at least one j|i must have non-neutral valence (at least one
fyalt) # 0).

Hence the situation when the valence of feeling from every non-engaged activity is
neutral, that is f;;(t*) = 0, V7, is equivalent to the non-existence of these non-engaged
activities, because other non-engaged activities have started to exist at ¢* when the
activity ¢ is also not the engaged activity anymore. Therefore, t* is the switch-time

when the subject has switched from spending time on ¢ to spending time on another
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activity k.

The switch-time from the engaged activity ¢ to activity k is an instant, that is there
exists a unique moment in time when the switch from spending time on activity ¢ to
spending time on activity j happens. If the switch-time were an interval of time, the
subject would start spending time on & (hence the switch), and at the same time would
continue spending time on i (hence the interval), a contradiction of my Assumption
IT because he would be spending time on both ¢ and k during this interval. So the
switch-time cannot be other than an instant.

The instant when the switch-time occurs is determined as a biological process,
which instructs the subject when is the moment for him to stop spending time on
the current engaged activity and to start spending time on another engaged activity.
During this process, the subject creates a unique specification for intensities of feeling
from all non-engaged activities. That is, intensities of feeling from all non-engaged
activities are equal to this representative specification for all of them.

In order for the subject to create this representation effortlessly, he matches the
intensity of feeling of his mind and body from the engaged activity with exactly one
representative intensity of feeling of purely his mind from all non-engaged activities.
As I noted, based on findings by Damasio (2021), feelings execute their behavioral role
effortlessly. It would not be easy for feelings to play their role effortlessly if the subject
were to decide when to switch from one engaged activity to another one if there were
n — 1 different intensities of feeling from non-engaged activities while he is spending
time on the engaged activity.

Instead, through feelings, the organism creates the unique specification for inten-
sities of feeling from all non-engaged activities to match with the intensity of feeling
from the engaged activity for as long as this engaged activity exists, that is until the

subject switches to another engaged activity. While the intensity of feeling from the
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engaged activity involves both the body and the mind, the representative specification
for non-engaged activities is purely a mental process. I call the process that determines
the switch-time matching.
Definition. Matching is the biological process through which, given the intensity of
feeling from every engaged activity, the organism determines the switch-time by creating
the unique specification for intensities of feeling from all non-engaged activities.

In practice, matching encapsulates the coordination of the mind and body, and
it confirms that feelings play their behavioral role effortlessly (Damasio, 2021). How

matching determines the switch-time is derived below formally.

Theorem 3 (Switch-time Determination). There is a one-to-one correspondence be-
tween the zero-state t* and specifications of intensities of feeling from non-engaged ac-
tivities, and the switch-time t* is an instant. Matching determines the instant when the
switch-time t* occurs by the initial condition of the unique specification for intensities

of feeling from all non-engaged activities given the engaged activity.
Proof. See Appendix B. n

A feeling plays a role if it has non-neutral valence. If at some time ¢ = 7 both
fi(t) = 0 and f;;(7) = 0 for all j|i, then feelings would have no role to play at that
time. Using part of the proof of Theorem 3, I derive below the result that valences
of feelings from both the engaged activity and non-engaged activities cannot all be
neutral, that is it is not possible for both f;(t) = 0 and f;;(t) = 0 for all j|i at any
point in time.

Therefore, feelings always have a role to play. As noted earlier, the role of feelings
was found by Damasio (2021) in their dual (informational and behavioral) role. It is

reassuring to derive this neuroscientific finding mathematically.
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Corollary 3.1. Feelings always have a role to play. That is, f;(t) # 0 and/or f;(t) #
0.

Proof. Suppose that at some ¢ = 7 both f;(7) = 0 and f;;(7) = 0 for all j|i, in which
case feelings play no role, and the intensity of feeling f;*(7) = 0. Then the non-engaged
system equals the zero-vector: f|l(7') = 0, because a(t) # 0 (or B(t) # 0). Since f_;(t)
is a particular solution for the non-engaged system, f(7) = f_;(7) = 0. Soat t = 7
intensities of feeling from all engaged activities (in the engaged system) would be zero:
f(t) = 0 (including f;(t) = 0). Then from the proof of Theorem 1 (Appendix A),
the constants must be all zero: ¢ = 0, a contradiction because ¢ is a non-zero vector.
Therefore, it is impossible for both f;(t) = 0 and f;;(t) = 0 for all j|i, and feelings

always have a role to play. This completes the proof. O

Matching tells the subject the precise moment when to switch from spending time
on the engaged activity ¢ to spending time on another (engaged) activity k. From
Theorem 3, there exists a unique specification f;;(¢) for intensities of feeling from non-
engaged activities such that f;;(¢t*) = 0. Since the subject knows the switch-time t*
through matching, the point (¢*,f;(t*)) = (¢*,0) has all the information needed for

feelings to play their behavioral role.

Remark 3. The moment t = T at the end of the period is not a switch-time, but it
acts as a forced switch—time because it is the stop-time for the last engaged activity
during [0, T]. Tuset* =T as a forced switch-time to obtain specifications of intensities

of feeling from non-engaged activities during the last time-allocation.

Although I do not expect the subject to know mathematically the functional forms
for his intensities of feeling (as I do not know mine), I use expressions like “he knows

how he feels” and “he knows his intensities of feeling” interchangeably because in my
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analysis specifications of intensities of feeling from engaged as well as non-engaged
activities are unique. Therefore, as the observer, I measure intensities of feeling.

It is important for the observer to know that the switch-time tells the subject how
he feels about the engaged activity and non-engaged activities, that is he knows when
to switch. However, as the observer, I do not know if the subject is optimizing anything
with his behavior because I have yet to assume that he optimizes something.

Based on the results so far, it is easy for the subject to know how he feels because
the initial condition for the unique specification for all intensities of feeling from non-
engaged activities will do the job for him. From my Assumption II, the subject is
always doing something (he is always spending time on an engaged activity). Therefore,
intensities of feeling from non-engaged activities are always in his mind, and matching
makes it easy for him to know when to switch from spending time on one activity to
spending time on another one. Suppose that you are working, and are considering
spending time on other activities as well. Between focusing on work and being pulled
to all of the other activities, matching tells your mind and body when you need to stop
working and start doing something else.

As the observer, I have obtained useful results from the subject’s switch-time be-
cause I have made as weak assumptions about his behavior as possible. At the moment,
I have only imposed my Assumptions I-IIT on the subject. In the next section, I will
also assume that the subject maximizes his overall experience, but for now these three
assumptions suffice to explain his time-allocations.

Since the zero-state is the switch-time, the difference between two consecutive
switch-times over (0,7") gives the time-allocation to an activity. The first switch-time
t7 also gives the time-allocation (¢j — 0) to the first activity. Since the first engaged
activity starts at 0, there are M — 1 switch-times when the subject engages in M

activities during [0, 7).
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As long as the number of switch-times is finite, there are no restrictions on M. It
can be equal, less, or greater than n. If M = n and no repeated engaged activities,
the subject has engaged once in each of his n activities during [0, T]. If M < n, he has
engaged in fewer activities than those on which he was considering spending time, and
the time-allocation for any activity on which he did not spend time is 0. If M > n, at
least one activity has been repeated as the engaged activity more than once.

A sequence of time-allocations gives a schedule S and its associated overall experi-
ence E; during [0,7]. Given a maximum (finite) number of switch-times M} — 1 for
any schedule, the number of possible schedules (or overall experiences) N is: N < M;!.

In the earlier example, suppose that the subject engages once in each activity and
has the same time-allocations in any scheduleﬂ Let Ty, Te, Tk denote how many hours
he spends walking the dog (W), drinking coffee (C'), reading the news (R), respectively.
Suppose that, given the initial conditions in Theorem 3, Ty, = 1,7 = 0.5, T = 0.5.
Then M = 3, and there are N = 3! = 6 possible schedules:

WCR: Tw=1, To=05 Tg=05
WRC: Tw=1 Tr=05 Tc=05
CRW: To =05, Tp=05 Ty=1
CWR: Te=05, Tyw=1 Tr=05
RWC: Tr=05 Tw=1 To=05
RCW : Tr=05, Te=05 Ty=1

In the descriptive framework, the subject is not required to optimize anything with
his behavior, and he can choose any schedule during which the switch-times tell him
when to stop spending time on an activity and start spending time on another activity.

He knows the switch-times from Theorem 3. In the example, the subject knows his

LA time-allocation to an activity does not have to be the same in every schedule.
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6 x 2 = 12 switch-times.

If he starts with W, after one-hour feyw (1) = frw (1) = 0, and he will switch to
either C' or R. Suppose he switches to R. Then after half-hour f¢r(0.5) = fwr(0.5) =
0, and he will switch to C. So he has chosen Sy rc: walk the dog for one-hour; then
read the news for half-hour; and finally drink coffee for half-hour, during the two-hour
period.

Using the earlier specifications of intensities of feeling from engaged activities

fW(t) = e_t + €2t, fc(t) == e_t7 and fR = e_t — e2t

his intensities of feeling from non-engaged activities (calculations in Appendix B) are:

fC|W<t) = aw + CQ‘WGQt +el= %62 —e - %6% +et

— 1 — 1 _
frw(t) = cyw — coqwe® —e* +e ' =3 —e ! — Je et

fR|C(t) = cijc — 02\062'5 et 4ot = —6_% Lot
fwie(t) = cyjo +coee® +e* +e' = —e73 fet
Jwir(t) = cir + Cz|Re2t +et et = —%6 —e 3 4 %627& 4 et
forr(t) = cijp — care® +et = —Le —e73 4 12 ot

Intensities of feeling from non-engaged activities have the unique specification, as in
Theorem 3. The intensity of feeling from the representative intensity of feeling from
non-engaged activities given each engaged activity is shown below in two sets of graphs

(for easier visualization with no overlaps from schedules).
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Figure 3.1: The intensity of feeling in each schedule

But what if the subject optimizes his overall experience with his behavior? Then
the schedules are not equally appealing because there is no guarantee that all schedules
give him the same overall experience. In this case, he needs to know which schedule
gives him the maximum overall experience. The conditionally rational subject knows

his optimal schedule.

3.2.2 Normative Framework

In the normative framework, I predict the subject’s choice of time-allocations with
my extra Assumption IV. Given a maximum number of switch-times: Mg — 1, the
conditionally rational subject knows his n initial conditions for intensities of feeling
from engaged activities f;(0), Vi = 1,2,3,...,n, as well as n initial conditions for
representative specifications for intensities of feeling from non-engaged activities f;;(0)
matching each engaged activity. This knowledge is sufficient to choose the optimal
schedule that gives him the maximum overall experience.

The optimal schedule is determined as an evaluative process, which informs the

subject which sequence of time-allocations give him the maximum overall experience.
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In order for the subject be able to choose the optimal schedule, he needs to spend
some mental effort. The conditionally rational subject is able to spend the required
mental effort to choose his optimal schedule. The mental effort required to order a
finite number of alternatives by the subject in my research is still much smaller than
the mental effort required to order an infinite number of bundles by the agent in a
neoclassical economic setting.

Choosing the optimal schedule cannot be achieved simply from matching. While
matching is the process tells the subject effortlessly when to switch given that he is
engaged in an activity, choosing which schedule has the optimal sequence of time-
allocations that gives him the maximum overall experience requires evaluating match-
ings as if he were to engage in each activity. I call this evaluative process that deter-

mines the optimal schedule sorting.
Definition. Sorting is the evaluative process of all matchings during [0,T).

In reality, sorting is the mind’s ability to imagine as if the subject were to engage
in possible sequences of time-allocations during [0, 7], that is if he did every possible

schedule. How sorting determines the optimal schedule is derived below formally.

Lemma 3. Given a finite number of switch-times, the conditionally rational subject
chooses the optimal schedule. If there are no switch-times during [0,T], he mazimizes

his overall experience from a single engaged activity.

Proof. Suppose the conditionally rational subject is engaged in activity ¢. Since he
knows his n initial conditions for intensities of feeling from engaged activities, he knows
fi(t) from Theorem 1. Suppose that at ¢} he switches to activity k. Then he knows the
representative specification fji for fii(t), -, fi1ji(t), fir1)i(t), -+, fapp(t) from Theo-

rem 3. So he knows his intensity of feeling given i: f7(t) = fi(t) + (n — 1) f}, as well as
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his integrated experience E;. Since this is true for any ¢, he knows his overall experience
from any schedule Fj.

If he switches at least once, M*—1 > 1, there are a maximum of N x (M} —1) switch-
times, which the rational subject is assumed to know. But the switch-times, derived
from Theorem 3, are measured with real numbers in the interval [0, 7], and hence he is
able to order N x (Mg — 1) real numbers. But each overall experience is also measured
with a real number. With N schedules, there are N < N x (M§ — 1) real numbers
that measure overall experiences F, from all possible schedules N. Then he is also able
to order N schedules (N > n in this case) by their respective overall experiences to
choose the optimal schedule that gives him the maximum overall experience.

If there are no switch-times, M —1 = 0, the subject would spend the whole amount
of time 7" on one activity (Assumption II). Since there are n activities, the number of
schedules is N = n. But the n initial conditions are measured with real numbers, and
he is assumed to know them. Since he is able to order n real numbers that measure
initial conditions for engaged activities, he is also able to order the same number N = n
of real numbers that measure overall experiences F from all possible schedules (n in
this case) by their respective overall experiences to choose again the optimal schedule.

This completes the proof. n

The care in the proof of Lemma 3 to document how much the subject knows serves
two purposes. First, the observer needs to be careful with the amount of her assump-
tions because although they help her to study choice, assumptions also put an onus on
the subject whose behavior is being studied. Second, the proof in Lemma 3 shows that
the subject’s optimizing mechanism is not impossible to achieve.

Although the optimizing mechanism might not be very complicated, it requires
sorting as a mental process that decides about physical and mental components of

feelings if the subject engaged in an activity, as well as about purely mental components
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of feelings when matching each engaged activity with the representative function of
intensities of feeling from non-engaged activities. Therefore, my view until recently
has been that the descriptive framework might be more realistic than the normative
framework in daily activities.

My view has started to change recently after learning about the practical possibili-
ties of my work from an article in Mediumﬂ by Pau Blasco i Roca (2023) self-reporting
the effort to find which is the best daily routine by recording and analyzing the time
he spent on several daily activities such as sleep, writing, reading, socializing, etc. The
importance of organizing time through routines to find meaning as a desired feeling
(Janoff-Bulman, 1992) was noted early on by Meyer (1922) and confirmed recently by
Heintzelman and King (2019).

In practice, the subject can improve his understanding of his own behavior with
my descriptive framework because matching as a biological process is done effortlessly.
As the above article by Blasco (2023) shows, it is also possible to learn sorting as
an evaluative process by recording and analyzing time spent on each activity. One
convenient tool is the app, or the mind-app, which I mentioned earlier as a convenient
tool to help the subject choose the optimal schedule. This app would have the ability
to store and analyze the time spent on daily activities to help the subject learn the
process of sorting through which he can use my normative framework to choose the
optimal schedule for his daily routine.

In the earlier example, my normative framework helps the subject choose the opti-

2My Life Stats: I Tracked My Habits for a Year, and This Is What I Learned, Medium,
towardsdatascience.com /my-life-stats-i-tracked-my-habits-for-a-year-and-this-is-what-i-learned-
4{9¢3d374889, Accessed 11/28/2023.
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mal schedule (calculations in Appendix B) as follows.

WCR: Ewer = —8.99
Bw(t)=1e*—e '+ 1 FEc(t)=—e'+e L Eg(t) = —2e? —e '+ 1+ 719
WRC : Eyne — —1.21
Bw(t)=3e* —e '+ 5 FEp(t) = —3e* —e "+ 3 + e Eg(t) = —e " + 719
CRW : Ecpw = 17.74
Eo(t)=—e '+ 1,Eg(t) = —3¢* —e '+ ie+e 5 Ey(t) =3¢ —e ' —Le? + e}
CWR: Ecpw = —4.76
Ec(t)=—e"+1,EBy(t) =3 —e ' — e+ e 0% Ep(t) = —3e —e '+ 2 + 719
RWC : Egwe = 7.01
Er(t)=—1e® —e '+ 3 Ey(t)=3e¥ —e ' —le+ e " Eo(t) = —e 4715
RCW : Egew = 18.79

Er(t)=—3e® —e "+ 2 Eo(t) = —e "+ e "5 Ey(t) = 3e* —et — 2 + e}

As seen, the schedule with the maximum overall experience is RC'W: read for half-
hour; then drink coffee for half-hour; then walk the dog for one-hour. The overall
experience from each schedule is presented in graphs grouped in the same sets of

schedules as earlier.

Comparing starting values from the initial conditions, at least in this example,
the conditionally rational subject does his least favorite thing first. After presenting
this part of my research with no parallels in neoclassical economic theory, where non-
engaged activities have no counterparts, I point out applicable differences focusing on

theories that involve individual experience.
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Figure 3.2: The overall experience from each schedule
3.3 Applicable differences

Choice of time-allocations in my research is derived from matching as a biological
process of the subject’s body and mind that determines the switch-time in a descrip-
tive framework, and from sorting as an evaluative process of the subject’s mind that
selects the optimizing schedule in a normative framework. In contrast, choice of time-
allocations, as well as any other choice, in a neoclassical economic setting is derived
from the observer’s utility-maximizing bundle believed to represent the evaluative pro-
cess of outcomes of different alternatives presumed to have been done by the agent.
In my normative framework, my theory is applied with an extra assumption that the
conditionally rational subject optimizes his overall experience. My theory is both de-
scriptive and normative because it explains the subject’s choice of any time-allocations
based on matching and it predicts his choice of the time-allocations based on sorting.
[ am able to create both descriptive and normative frameworks in the application of
my theory because I have founded it with subjective feeling as a primitive that is more
basic than the preference relation. Therefore, I am able to apply a theory that does not

depend on the strong assumption of rationality. In contrast, rational choice theory is a
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theory that cannot be both “normatively adequate and descriptively accurate.” Tversky
and Kahneman (1986, p. S251) wrote: “Invariance and dominance [in the preference
relation] are obeyed when their application is transparent and often violated in other
situations. Because these rules are normatively essential but descriptively invalid, no
theory of choice can be both normatively adequate and descriptively accurate.”

“ ..the rules

Also, they attributed violations of the principle of invariance to:
that govern the framing of decision and to the psychophysical principles of evaluation
embodied in prospect theory” (Tversky and Kahneman, 1986, p. S251). However, the
point of reference, upon which the agent is assumed to make his evaluation of outcomes,
in their notion of framing, is indeterminate: “Outcomes are commonly perceived as
positive or negative in relation to a reference outcome that is judged neutral. Variations
of the reference point can therefore determine whether a given outcome is evaluated as
a gain or as a loss” (Tversky and Kahneman, 1981, p. 456).

The indeterminate nature of the reference point has also been the object of criticism
of prospect theory (Kahneman and Tversky, 1979), as pointed out in a recent review
article in SimplyPsychologyﬂ by Charlotte Nickerson (2023). Specifically, K&észegi and
Rabin (2007, p. 1047) note that: “...different specifications of the reference point
...explain many risk attitudes ... but they also generate mutually inconsistent predic-
tions that to our knowledge have not been formally reconciled.” Neither framing nor
prospect theory describes the process by which the agent makes his choice.

In contrast, in the application of my subjective feeling theory, the descriptive frame-
work explains choice with matching as the biological process by which the subject makes
his choice of a time-allocation to the engaged activity, and the normative framework
predicts choice with sorting as the evaluative process by which he chooses his optimal

schedule. Nevertheless, framing points to the importance of ordering of alternatives. In

3Prospect  Theory In  Psychology: Loss  Aversion  Bias, SimplyPsychology,
simplypsychology.org/prospect-theory.html, Accessed 11/26/2023.
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the application of my theory, ordering is manifested in the subject’s choices in both of
my frameworks by the sequence of time-allocations to engaged activities in the optimal
or non-optimal schedule because the engaged system clock measures the calendar time.

While prospect theory (Kahneman and Tversky, 1979) used past experience to
inform the agent on his reference point, the notion of experienced utility (Kahneman
et al., 1997) used instantaneous experience to represent the hedonic quality of cardinal
utility introduced by Bentham (1781). Although they include experience, as noted
earlier, their theory is a normative theory that is applied to extend decision/utility
theory with the preference relation as the primitive. In contrast, my theory is founded
and applied with subjective feeling as the primitive.

Other differences between the notion of experienced utility by Kahneman et al.
(1997) and the application of my theory are: i) their theory uses only stopwatch time
that restarts at 0 whereas my theory uses calendar time for the engaged system and
stopwatch time for the non-engaged system; ii) they prove the existence of unspecified
functional forms for experienced utility whereas I prove unique functional forms for
intensities of feeling; iii) their representation of hedonic experience does not change
over time or with the agent’s age whereas my measurements of integrated experience
can change both over time (with changing «(t) or 5(t)) and with the subject’s age; and
iv) their theory does not allow discounting or uncertainty whereas my theory includes
both discounting and uncertainty.

After these comparisons between select theories that involve experience and appli-

cations of my theory to time-allocations, I present next some concluding remarks.
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Chapter 4

The Conclusion

In this thesis, I have shown how to measure the intensity of feeling with functions
of intensities of feeling from engaged activities as well as non-engaged activities. I
have also shown how to use these functions to explain and predict the choice of time-
allocations to engaged activities, as well as their optimal sequence. The term activity
in my research is similar to the term good in neoclassical economic theory.

Studies have reported violations of the strong assumption of rationality required for
the existence of utility. However, the notion of utility as an ordinal representation of
the preference relation remains the predominant analytical tool in modern economics.

I offer my measure of intensity of feeling as a more useful analytical tool than
utility because, once the subject’s time-allocations are known, the observer has the
potential to explain and predict any behavior by analyzing economic, social, or cultural
choices. Maintaining a distinction between the subject and the observer, I have founded
subjective feeling theory with weaker assumptions than those in neoclassical economic
theory because the primitive subjective feeling is a more basic human characteristic
than the preference relation.

The fist advantage of applying my theory to analyze human behavior is that the
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observer can explain any choice of time-allocations with a descriptive framework that
does not impose on the subject the requirement of rationality or assumes optimization.
The subject’s choice can be optimal or non-optimal in the descriptive framework.

The second advantage is that the observer can predict the optimal choice of time-
allocations, and their sequence with a normative framework that imposes on the subject
the requirement of conditional rationality and assumes optimization. The subject’s
choice must be the optimal schedule of maximum overall experience in the normative
framework.

These advantages are illustrated in Figure 4.1 below.

PyUP

Choices Choices
studied by studied by
neoclassical [P subjective

economic feeling
theory theory

Figure 4.1: Advantages of applying subjective feeling theory to study choice

Conditional rationality imposed on the subject is a weaker requirement than ratio-
nality imposed on the agent. The rational agent in neoclassical economic theory is also
the conditionally rational subject in subjective feeling theory. When someone is able
to order infinitely many bundles of time allocations, he is also able to order finitely
many of them.

If P, denotes choices made by the conditionally rational subject, then P, \ P, are

additional choices predicted by the normative framework of subjective feeling theory
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but not by neoclassical economic theory. If the subject is not conditionally rational,
then Py \ P, are further choices explained by the descriptive framework of subjective
feeling theory but not by neoclassical economic theory or the normative framework of
subjective feeling theory.

The input needed to apply subjective feeling theory is: 1) number of activities n;
2) time period [0,77]; 3) how the subject feels «(t); and 4) an initial condition for
each intensity of feeling from the engaged activity and the respective representative
specification for intensities of feeling from non-engaged activities f;(0), f;:(0),Vi =
1,2,3,...,n. Subjective feeling theory is directly falsifiable because the observer’s
derived time-allocations from this input must be the subject’s time-allocations observed

with experimental or empirical data.
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Appendix A

The Theory: Proofs and
Calculations

A.1 Proof of Theorem 1

Theorem 4 (The Family of Intensities of Feeling from Engaged Activities). Given n
activities, one engaged activity at a time, and the common coefficient of proportionality
a(t) > 0 that is piecewise constant with a finite number of jump discontinuities, if the
rate of change in intensity of feeling from an activity is proportional to the difference
between the intensity of feeling from that activity and the sum of intensities of feeling
from other activities, there exists a unique family of intensities of feeling functions from
engaged activities expressed explicitly:

f(t) = Ke'c

Given ¢y, ¢, ¢3, ..., ¢, from the initial conditions £(0), intensities of feeling from en-
gaged activities have the unique specifications:

f(t) = Ketc

Given ¢y, ¢, ¢3, ..., ¢, from the initial conditions £(0), intensities of feeling from en-
gaged activities have the unique specifications:

fl (t) — 016(27")5"&—{— Z?:Q Ciemt
fg(t) — Cle(Q—n)dt_ 6262dt
fg(t) — Cle(Q—n)dt_ c3e2dt
fn (t) _ 016(2—n)dt_ cnezdt
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Proof. The engaged system in matrix notation is

(/1] (1 -1 -1 - 1] [A®)
f2 -1 1 =1 - =11 | f2(t)
sl =a@ |- -1 1 - 1| |f3()
_fin_ __‘1 _'1 _.1 . 1 | _fn.<t>_

f = a(t)Af(t)

Since «(t) is continuous or has a finite number of jump discontinuities, &(t) =
fti a(t)dt exists for any to within the (sub)interval where «/(t) is continuous.

To find solutions, I look for a fundamental set of solutions of the form: v(t) = ke*®,
where k = (ky, ko, k3, ..., k) is a vector of scalars and A is a scalar. Substituting v(t)

into the system:

ky 1 -1 =1 - —1] [k

k‘g -1 1 -1 - =1 kz
a(t)X | ks | Mot = —q(t) [-1 =1 1 - —1| kg | Ao

LA -1 =1 =1 - 1] |kn]

where I is the identity matrix and O is the zero-vector. Hence, a non-trivial solution
to the engaged system exists if and only if A is an eigenvalue of matrix A.

Since A is a real symmetric matrix, it has a complete set of real (orthogo-
nal) eigenvectors and corresponding real eigenvalues (some of which may be re-
peated). If K = [k' k* k... k"| denotes the matrix with eigenvectors of A,
A = diag(A1, Ao, A3, ..., A,) the diagonal matrix with its corresponding eigenvalues,
and A = @A, then

consists of n real-valued linearly independent functions that form a fundamental set
of solutions. If ¢ = (¢q,¢9,¢3,...,¢,) are non-zero real constants, then the general
solution is:

f(t) = V(t)e = cvi(t) + covi(t) + esv3i(t) + ... + e, v (1)

Since this is the general solution, it is the only solution.
Therefore, the solution to the engaged system consists of a unique family of func-
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tions that are expressed explicitly:
f(t) = Kebe = ek e 4 k200 4 o k30 4 4o ketndt

Since ¢;, 1 =1,2,3,...,n, are also real, the solution functions are real-valued.

Since v*(t) are linearly independent, for given initial conditions f(0), ¢1, o, ¢3, ..., ¢,
are unique. Therefore, specifications of intensities of feeling from engaged activities are
unique.

I find the eigenvalues and eigenvectors by inspection. For any eigenvalue A:

[1-X -1 -1 - =17 [k] 0]
1 1-X -1 - -1 ko 0
1 -1 1=X --- -1 ks| — |0
-1 =1 =1 - 1=X| k] 0]

Since every row element of the matrix is equal to —1 except the diagonal elements
equal to 1 — A, then A = 2 produces

1 -1 =1 - —1] [k 0
—1 =1 =1 - —1| |k 0
~1 =1 =1 - —1| |ks| = |0
-1 -1 =1 -+ =1 [ka| [0

i+ ko ks+- 4k, =0

from which n — 1 eigenvectors can be derived. Hence, A = 2 is an eigenvalue of
multiplicity n—1. It remains to find only one more eigenvalue, which becomes apparent
once realizing that none of eigenvectors in the eigenspace of the eigenvalue A = 2 can
have only 1s. Hence, if the remaining eigenvector has only 1s, k = (1,1,1,...,1), then

1-A—(n—1)=0

and the remaining corresponding eigenvalue is A = 2 — n for any given n[f] Hence, the

! Another way to find the eigenvalue A = 2 — n is to derive it from the trace of A, trA. Since
trA =n and A = 2 is of multiplicity n — 1, the remaining eigenvalue is A\ =n —2(n — 1) =2 — n.
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eigenvalues and eigenvectors are readily available for any n, and I organize as follows.

Given ¢, o, 3, . .

0 and A =

gaged activities are uniquely specified:

This completes the proof.

A.2 Example:

11 1
1 -1 0
1 0 -1

2

oo |

0

n

fl (t) — 016(2_”)6‘t—|— 2?22 Cie%‘t

folt) = cre2-mat_ Cpe20t
F3(t) = cre2mat_ C4e20
£u(t) = et _ ¢, 20t

O NN O

0

o

0

0
0
0

2

., ¢n from the initial conditions f(0), intensities of feeling from en-

Calculation of fyy(t), fo(t), fr(t)

0

0

—2

-1

1 2 |

-1 | -1 -

—2 | -2
1
0 1 -1
0 -1 —2

—1

Then ¢; = 1,¢5 = 0,c3 =1, and fiy(t) = e~ + %, fo(t) = e, fr(t) = et — e*.
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Appendix B

The Application: Proofs and
Calculations

B.1 Proof of Theorem 2

Theorem 5 (The Family of Intensities of Feeling from Non-engaged Activities). Given
n activities, the engaged activity, and the common coefficient of proportionality o(t) > 0
that is piecewise constant with a finite number of jump discontinuities, if the rate of
change in intensity of feeling from an activity is proportional to the difference between
the intensity of feeling from that activity and the sum of intensities of feeling from
other activities, there exists a unique family of intensities of feeling functions from
non-engaged activities expressed explicitly:

Given ,¢, 3, ..., from the initial condition £(0), as well as C1li, C2lis » C3Jis - - - Cn—1Ji
from any condition £;(t*), intensities of feeling from non-engaged activities have the
unique specifications:

fz—l\z(t) — Cl|i€[2_(n_1)]at_ Cz‘_l‘z‘e2at+ c(l)e(Q—n)at_ 0?71620”5

— 2—(n—1)]at 2at 0,(2—n)at 0 2at
fir1i(t) = cqpelP= DI — ey e el (D 20
fn|z(t) — Cl‘ie[Q—(n—l)]at_ Cn\iezat"i_ C(l)e(Q—n)at_ CgGZat
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Proof. The non-engaged system in matrix notation is

[ fui ] (1 =1 =1 o =1 T fup(®) ] [—fi(t)]
f.zew -1 - 1 =1 - =1 | ficq(?) —fi(t)
Y e e I 0] Il By
m N e N A —(0)]
Let )
Vii(t) = K‘ieA‘i = [Vl(t) vi(t) v3(t) ... V”_l(t)]
consists of n—1 real-valued linearly independent functions that form a fundamental set
of solutions for the homogeneous part, as in Theorem 1. If c; = (cm, Colis C3lis - - - 7Cn—1|i)

are real constants, then the general solution to the homogeneous part is:
h|7,(t) = ‘/\z(t>c|z = Cl|7;V1 (t) + CQ|Z‘V2<t) —+ Cg|iV3(t> + ...+ Cn_l‘iVn_l(t)

Since this is the general solution, it is the only solution to the homogeneous part.
Therefore, the solution to the homogeneous part consists of a unique family of
functions that are expressed explicitly:

Ay 1 gt 2 Aoj;Gt 3 Azt =1 A, 16t
h|l(t) = K|z€ lic = Cl\ik e it Cg|ik e 2l 4 Cg‘ik el + L+ Cn,1|l'kn e n-1li%

Since ¢;|i, j =1,2,3,...,n— 1, are also real, the solution functions to the homoge-
neous part are real-valued.

With the same reasoning as in Theorem 1, the eigenvalues and eigenvectors for the
homogeneous part are readily for n — 1, and I organize them similarly.

It remains to find a particular solution, which becomes apparent once realizing that
all the specifications fi(t), ..., fi_1(t), fix1(t), ..., fu(t) for intensities of feeling from en-
gaged activities from a given set of initial conditions f(0) that do not include the inten-
sity of feeling from (the engaged) activity 7, f;(¢), from Theorem 1 form a particular so-
lution to the non-engaged system. Let f¥,(¢t) = (f1(t),..., fF1(t), [ (t),... f2()) =
(f1(t), ..., fica(t), fixa(t), ..., fu(t)) denote these specifications. So f”,(t) is a particu-
lar solution to the non-engaged system.

Given cyj;, Coi, 5 C)iy - - - Cp—1) from any condition f|;(¢*), intensities of feeling from

104



non-engaged activities are uniquely specified:

Fialt) = Cl|ie[2—(n—1)]&t+ Z;;j:z Cj“eth_'_ De2-miat | S, de2at

Ffioap(t) = Cllie[Q—(n—l)}dt_ Cio1jie?d+ De@-mat_ (0 2t
Frrnpi(t) = Cllie[Z—(n—l)}dt_ G2+ Qe@mat_ (0 2t
Fuilt) = Cllie[Q—(n—l)]dt_ Cppi€2+ De2-mat _ 0 2at
This completes the proof. n

B.2 Proof of Theorem 3

Theorem 6 (Switch-time Determination). There is a one-to-one correspondence be-
tween the zero-state t* and specifications of intensities of feeling from non-engaged ac-
tivities, and the switch-time t* is an instant. Matching determines the instant when the
switch-time t* occurs by the initial condition of the unique specification for intensities
of feeling from all non-engaged activities given the engaged activity.

Proof. In order for t* to be a zero-state, f;;(¢*) = 0 for all j|i. Then f;(t*) = 0, where
0 is the zero-vector. From the proof of Theorem 2, fﬁ (t) is a particular solution to the
non-engaged system, and at ¢t = ¢*:

0= cl‘ivl(t*) + Cg‘iV2(t*> + Cg‘ng(t*) + -+ Cn_l‘iVnil(t*) + ffl(t*)

—ffz(t*) = Cl|iV1 (t*) + CQ|¢V2(t*) + Cg|iV3(t*) + -+ Cn_1|iVn71(t*>

Since v!(t*),v3(t*),v3(t*),..., v 1(t*) are linearly independent, there exist unique
constants corresponding to the switch-time ¢* denoted by cf; = (C‘i‘i, Cojir Cajis - - - 7sz—1|i)
that solve the above system, and vice versa. Hence, t* < Cfi.

Let cj; be the constants for specifications in Theorem 2 found from the given condi-
tion f|z<t*) = <f1|z(t*), tee 7fi—1\i(t*)7 fi—l—l\i(t*)? tee 7fn\z(t*>> Since f|z(t*) = cfi’ there is
a one-to-one correspondence between the zero-state/switch-time t* and specifications
of intensities of feeling from non-engaged activities.

Also, t* & cfi implies that ¢* is instant. If ¢} is the switch-time from activity ¢ to
activity k, there is only one moment in time when this switch happens. If the subject
engages in activity ¢ more than once during [0,7], and again switches to k, then this
new switch again can only happen at another instant corresponding to a different set of
cl; = (cili, Cajis Cajin - - - 7sz—1|i>' In particular, it is not possible for this switch to happen
during an interval of instants of time, so there is always only one engaged activity at
a time, as in my Assumption II.

It remains to show that matching happens by the unique specification of all intensi-

ties of feeling functions from non-engaged activities, and it is this unique specification
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that determines the switch-time t*
If n = 1, there is no switch-time, so the following discussion is relevant when n > 2
Y must be the same:

If f;; are the same for all j, then the coefficients for e

n

= —CGi—1)i —

0

1

2at

= —Cit1)i —

0o _ 0
Cit1 = ~Cnli — Cy

n
E E 0 _
Cj|i —|— Ci =

=2

i#j=2
Then subtracting sequentially from the first left-hand side of these equalities, I

obtain the following system.
n—1 n
2¢a)i + Zi;ﬁj;& Cjli + 26 — =0

20@ 1] + Zz#]yﬁ(z 1) Cjli + Zz 2 Cz - C? 1= 0
2Cl+1‘l + Zz;ﬁ];ﬁ(z—&—l C]|Z + Zz 2 Cz —Ciy1 = 0
2Cn|i + Z:;S_];én Cjli + Z?:Z Ci - Cn =0
Hence, there are n — 2 equations in n — 2 unknowns caj;, . . ., Ci—1}i, Cis1fir - - - » Cnfi- 1IN
matrix notation:
2 - 1 1 - 1T ey ] _63—2?:26?_
1 e 2 1 1 Ci—1|i . Cgfl 2?22 C?
1 --- 1 2 1 Ci+1|i Cg—i-l — Z?:Q C?
1 L1 - 2] | copi | A=, ]
This coeflicient matrix has full rank because
2 - 1 1 1] 1 00 —17 1 00 —1 ]
1 - 21 1 . 0 10 -1 . 0 - 10 -1
1 - 1 2 1 0 1 -1 0 - 1 -1
r - 11 - 2] |1 r1 - 2] 10 00 n—1]
Cp|; are uniquely determined (including the pos-

Therefore, Coliy -+« + 5 Cim1]is Cit1lir - - - »

sibility when they are all 0) when they form an equal coefficient for €. T denote this
0

(1),

equal coefficient by C' in f;;(t), Vj. Also, since ¢;; and ¢} are the same for all f;;(t)
then intensities of feeling from non-engaged activities are uniquely represented:

fii(t) = Cll'epf(nfl)]&t + Ot 4 D)
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Note that at the moment this function is a unique representation, but not a unique
specification, because it represents the functional form for all intensities of feeling from
non-engaged activities for any c;);, which is yet to be determined. The zero-state t*
implies that:

f]\z(t*) —0= Cl|i€[2_(n_1)]dt* + C€2dt* + 0(1)6(2—n)o7t*

at some t = t*. Also, from the non-engaged system, fj‘i implies:
t=t*
[2—(n— 1)]01‘2'6[2_(”_1)]&?5* + 20 4 (2 — n) Qe — _ £ (t¥)
If C9 denotes the coefficient for €% in f;(t), by eliminating el?>~~11a*" from these two
equations, I obtain the following:
(n — 1)CeXt — Demat" — _ D@-mat" _ ;0 2t

which implies that
C3

n—1

From the uniqueness property of specifications for intensities of feeling from non-
engaged activities from Theorem 2, ¢; is uniquely determined by the initial condition
f;i(0). Hence, t* is also uniquely determined by the same initial condition for the
unique specification for all intensities of feeling from non-engaged activities. This
completes the proof. O

B.3 Example: Calculation of intensities of feeling
from non-engaged activities

Possible schedules:

WCR : TW = 1, TC = 05, TR =0.5
WRC : TW = 1, TR = 05, TC =0.5
CRW TC == 05, TR = 05, TW =1
CWR: TC = 057 TW = 1, TR =0.5
RWC' - TR = 05, TW = 1, TC =0.5
RCW TR = 05, TC = 05, TW =1

Specifications for intensities of feeling from engaged activities are:

—t 2t —t —t 2t
fw=e"+e" fc=e" fr=e"—e¢

The subject is walking the dog: fir = e~! + €%, Ty = 1.
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few (1) =0 = cyw + cowe* +e! QCZ\WG = —€*, Coqw =

0 2 2, 1 1 1 _
Jrw (1) =0=cyw — coqwe’ —e” +e 201|W =e? =2, qw = zet —e

Do =

The subject is drinking coffee: fo = e, To = 0.5.

frc(0.5) =0 =cjjc — cyce’ — el + e~ 2 “© 2coce! = 26 , Coo = —1
fwic(0.5) =0 = cijc + ¢y +e' + e~z 2¢1 0 = —2€” 2 clc = —e

N

The subject is reading the news: fr = et — €%, Tz = 0.5.

fW\R(O.5) =0= CiR T 02|Rel +el +e 2 © 2C2|R€ — _61 ,ColR = _%
> 1
feir(0.5) =0 =cyr — core’ +e72 201 p = —€' —2e” 3 s C1|IR = —%e —e 2
Therefore
fow(t) = cyw + coe? +e7t =Le2 —emt — 12 4ot
fR|W(t> = CI|W - CQ‘wQQt - €2t -+ €_t = %ez — @_1 — 1 215 + €_t
1 _
fric(t) = cljc — coce® — e + et = —e72 + et
1
fwie(t) = cic + cyce™ + e + et = —e Tz 4 e
WIR = Ci|R T Cor€” + €~ + e e — €_§+ +e
\r(L | | 2t 2t t_ é 1.2t t
fC|R(t) = CllR — CQ‘Rth _|_ e*t — ;e 6_§ + 1 2t + eft
0
The result C = _0_21’ and the unique specification of intensities of feeling from

non-engaged activities from Theorem 3 are confirmed.

B.4 Example: Calculation of the intensities of feel-
ing and overall experiences

The intensities of feeling are:
fir(@) = _t—l—e2t+2(e—el—;2t+6_t)—e 2e 1 +3et
fet)y=et+2 (—6_5 + e*t> = —2¢7z + 3¢t
Ih(t) :e_t—e%—i—Q(—% —e 241 2t+e_t> — —e—22+3et
The integrated experiences as a function of time ¢ are:
)= [ fw(t)dt = [jet + e%dt =1le? —et 4

t) =[5 fe(t)dt = [ e t(t)dt = —et + 1

= [y frt)dt = [fet — 2tdt —ge? —et 43
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The overall experiences sequences in each schedule follow:

WCR : EWCR = —8.99
Ew(t)=3e* —e '+ 1 Ec(t)=—e'+e L Ej(t) = —3e* —e '+ i + 719
WRC : EWRC’ =-1.21
Ew(t)=1e* —e '+ 1 FEp(t) = —3e¥ —e '+ 12+ e Eq(t) = —e '+ e 1
CRW : Eqpy = 17.74
Eo(t)=—e '+ 1,Eg(t) = —3¢* —e "+ ie+e " Ey(t) =3¢ —e ' —Le? + e}
CWR: EC’RW = —4.76
Ec(t)=—e"+1,EBy(t) =3 —e ' — e+ e 0% Ep(t) = -3 —e '+ 2 + 719
RWC : ERWC’ =7.01
Br(t)=—3e® —e "+ 2 Ey(t) = 3e* —e " — e+ e %% Eo(t) = —e 715
RCW ERC’W = 18.79
Er(t)=—1e® —e "+ 3 Eo(t) = —e '+ e "5 By (t) = 3e* —e " — 2e? + ¢!
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