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assigned a higher utility than a less preferred bundle so that the preference
ordering is preserved, then it does not matter what utility level each bundle
gets and any labeling of utility is fine. In other words, utility is relative. One
primary reason why economists are satisfied with the ordinal utility is
because utility can hardly be measured and so economists have to stick to
observe choices. As far as explaining choices is concerned, having an
absolute scale such as in the cardinal utility or having a relative scale such as
in the ordinal utility does not matter since they could explain choices
equally well because consumers will choose the bundle with the highest
utility. However with the recent development of neuroscience, scientists

can measure the activity of reward areas. If utility is represented in reward

areas, the measurability of utility pushes us to lock deeper into cardinality
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vs. ordinality since now on top of choices, utility may be directly measured

and observed.

We intend to look at the issue of cardinal utility vs. ordinal utility in a
neuroeconomic perspective. In particular, we will first explore whether
there is a utility representation in the brain. The answer is yes. Then we ask
if there is a cardinal utility, how should it look like? An economic theory on
explaining how preferences are represented with the limited neuronal firing
range may be able to help us pin this down. This resonates well with the

efficient coding hypothesis of neurons.

Next we will touch on how to constrain ordinal utilities. Even though
conceptually, ordinal utility could take any form. However, if there is a
constraint on the biological mechanism which is used to implement it,
ordinal utility may only take specific forms. This brings us to some works on
adaptation. Adaptation in which a system resets after responding to a
stimulus may imply that the output could be made contingent on the
environment. Since it is contingent, it is not absolute. Hence we will learn
how adaptation is achieved in a biologically feasible network, hoping to
shed light on what we could expect to see for ordinal utility conditional on
the biological mechanism. Here we start to be explorative as there is no

answer set in stone yet.

One feasible hypothesis for ordinal utility is it is the output of the biological
mechanism when the environment is still changing. In other words, utility
can go up and down when the environment hasn’t reached a steady state.
For instance, when the environment is full of good options, a truly good
option may not look that good. When the environment is full of bad

options, the same truly good option may look super good.

In this vein, cardinal utility may be the output of the same biological
mechanism when the environment has reached a steady state. So cardinal
utility is the non-contingent output when all adaptation has been
completed. This naturally brings us to examine whether the biological
mechanism is efficient in coding the underlying environment which has

reached a steady state.

An alternative interpretation could be offered upon the contrast of an

15




expert and a novice. An expert may have seen all the options in the natural
environment. Hence he has an absolute yardstick in mind. A novice,
however, may only see a certain proportion of available options. Hence his

yardstick may change depending on which options he has sampled so far.

To study these hypotheses in full, we need to have a deep understanding
about the various possibilities of achieving adaptation. In particular we

need to learn the physiologically plausible way of achieving adaptation.

This course will be co-taught by Professor Chen-Ying Huang from the
economics department and Professor Chun-I Yeh from the psychology
department. As is evident, the topic has an economic root, but its potential
answers could lie in neuroscience especially on how adaptation is achieved.
Regarding adaptation, we probably know the best from the literature of
visual adaptation. Several forms of adaptation have been proposed and we
will try to read them bearing cardinal utility vs. ordinal utility in mind.
Professor Chen-Ying Huang used to teach this course by herself. It is
necessary to involve Professor Chun-I Yeh this semester because he
specializes in neurophysiology of vision in primates and is the right
candidate to engage in interdisciplinary talks between economics and

adaptation in the visual system.

2L BE TR

i

Students will read papers and criticize them scientifically. In particular, they
will learn to read them with a specific question in mind to answer. They will

also be asked to present one paper and handle all questions from the floor.

SRAE Al

This course will be co-taught by Chen-Ying Huang and Chun-| Yeh. We will
particularly emphasize on the linkage between an economic problem and its

possible implementation using a biologically feasible mechanism.

RRIEAHE D]

RECRICIRAVIER] - A EE S AR LA SIEARZEN

AR A

This is a topic course in neuroeconomics. Each year we have a different
focus. This year we will try to answer an economic question by learning how

neuroscientists and biologists think about adaptation.

In particular, we will address the issue of cardinal utility vs. ordinal utility by
first arguing that cardinal utility should take a specific form in that it
efficiently codes the stimuli distribution of the underlying environment. In
other words, cardinal utility may be thought of as the output of a biological

mechanism which has fully adapts to the environment.
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We will then argue that ordinal utility may be constrained by the same
underlying biological mechanism to implement adaptation and hence it
cannot be arbitrary. Since adaption plays a key role, we will learn how
adaptation is achieved in biological networks. Key concepts such as adaptive

gain control, divisive normalization will also be addressed.

ARREHE Our goal is that everyone in the class will get a rough feel about what is
going on in the field. At the end of the semester, we may be able to come
back to the original question of cardinal vs ordinal utility and see what
experiments could be designed.

SRIE K We will discuss one or two papers in details each week. Students are
required to sign up to present once and join the discussions by raising
questions/comments/thoughts. Their final grade will depend on their class
presentation (50%) and class participation (50%).

SEHH See the following week-by-week schedule.

ARZER (A H]
iR/ H#A k=l ol |

$B1 2/25/2016 Introduction to the course.

23 3/3/2016 We first start with some evidence whether there is a utility
representation in the brain. There are three papers in the orbitofrontal
cortex that we would like to get familiar with.

“Neurons in the Orbitofrontal Cortex Encode Economic Value,” C.
Padoa-Schioppa and J. A. Assad, Nature, 2006, 441, 223-226.

¥ 3/ 3/10/2016 “The Representation of Economic Value in the Orbitofrontal Cortex Is
Invariant for Changes of Menu,” C. Padoa-Schioppa and J. A. Assad,
Nature Neuroscience, 2008, 11, 95-102.

%46 3/17/2016 “Range-Adapting Representation of Economic Value in the
Orbitofrontal Cortex,” C. Padoa-Schioppa, Journal of Neuroscience,
2009, 29, 14004-14014.

9553 3/24/2016 We now turn to cardinal vs. ordinal utility. This paper provides a
theory on how cardinal utility should be. The short answer is where
we are most sensitive corresponds well to where choices have to be
frequently made.

“Evolution of Time Preferences and Attitudes toward Risk,” N. Netzer,
American Economic Review, 2009, 99:3, 937-955.
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61

3/31/2016

A similar idea (similar to what we read on 3/24/2016) is called the

efficient coding hypothesis of neurons.

“Efficient Coding And the Neural Representation of Value,” K. Louie
and P. Glimcher, Annals of the New York Academy of Sciences, 2012,

1251, 13-32.

H718

4/7/2016

These two old papers give us the idea that maybe cardinal utility is like
the steady state contrast response function whereas ordinal utility is

the contrast response function to local environment?

“Contrast Gain Control in the Cat Visual Cortex,” |. Ohzawa, G. Sclar,

and R. Freeman, Nature, 1982, 298, 266-268.

“Contrast Gain Control in the Cat’s Visual System,” |. Ohzawa, G. Sclar,

and R. Freeman, Journal of Neurophysiology, 1985, 54, 651-667.

>

b
oo
[

4/14/2016

A detour to network motifs.

“Network Motifs: Simple Building Blocks of Complex Networks,” R.

Milo et al., Science, 2002, 298, 824-827.

4/21/2016

This paper demonstrates nicely how simple adaptation can be
achieved with a network of three nodes. Let us bear in mind that we
ultimately would like to achieve adaptation to any underlying
distribution as shown in the Netzer paper we read on 3/24/2016. This

is potentially much harder.

“Defining Network Topologies that Can Achieve Biochemical

Adaptation,” W. Ma et al., Cell, 2009, 138, 760-773.

% 10 8

4/28/2016

Since visual neuroscientists study adaptation in great details, we
switch gear to visual adaptation. These papers might look
physiological, yet we have to bear in mind we are interested in the
underlying principles of how adaptation is achieved in the visual
system. Hopefully this will help shed light on how adaptation is
achieved in the reward system coding utility. We will read two review

papers first.

“Visual Adaptation and Retinal Gain Controls,” R. Shapley and C.

Enroth_Cugell, Progress in Retinal Research, 1984, 3, 264-342 [chapter
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9].

“Adaptation and Visual Coding,” M. Webster, Journal of Vision, 2011,

11, 1-23.

118 SHAIAR1E Let us touch on possible cellular mechanisms for visual adaptation.
“Cellular Mechanisms of Long-Lasting Adaptation in Visual Cortical
Neurons In Vitro,” M. V. Sanchez-Vives, L. G. Nowak and D. A.
McCormick, Journal of Neuroscience, 2000, 20, 4286-4299.

#1248 5/12/2016 Going into details. We first see how adaption affects orientation
tuning in cat V1 neurons.
“Adaptation-Induced Plasticity of Orientation Tuning in Adult Visual
Cortex,” V. Dragoi, J. Sharma and M. Sur, Neuron, 2000, 287-298.

F13 8 5/19/2016 We then try to get new insight underlying cortical adaptation and gain
control in cat V1.
“Local Circuits for Contrast Normalization and Adaptation Investigated
with Two Photon Imaging in Cat Primary Visual Cortex,” A. J. Keller and
K. A. Martin, Journal of Neuroscience, 2015, 10078-10087.

%14 18 5/26/2016 We turn to how adaption affects tuning of moving direction in
macaque MT neurons.
“Adaptation Changes the Direction Tuning of Macaque MT Neurons,”
A. Kohn and J. A. Movshon, Nature Neuroscience, 2004, 7, 764-772.

F 158 6/2/2016 We now touch on motion integration.
“Motion Integration by Neurons in Macaque MT Is Local, Not Global,”
N. J. Majaj, M. Carandini, J. A. Movshon, Journal of Neuroscience,
2007, 27, 366-370.

%16 6/9/2016 National holiday, no class.

#1778 | 6/16/2016

We switch gear to face adaptation.
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“Adaptation to Natural Facial Categories,” M. A. Webster, D. Kaping, Y.

Mizokami and P. Duhamel, Nature, 2004, 428, 557-561.

188 6/23/2016 Ambiguous facial images trigger similar responses as the original

pictures.

“Single-Cell Responses to Face Adaptation in the Human Medial
Temporal Lobe,” R. Q. Quiroga, A. Kraskov, F. Mormann, |. Fried and C.

Loch, Neuron, 2014, 262-369.

T AARE (5]

This course will be co-taught by Professor Chen-Ying Huang and Professor Chun-I Yeh. Each week we
will discuss one paper in depth. Both instructors will be present weekly to engage students in

interdisciplinary talks.

AR R T
NO. HH Btk aitEH
Class presentation 50%
Class participation 50%

ARE RS (2]

(FFEXRERE - FEROATZGRIZ AR )
We expect students to learn how to pose an economic question and look for answers in
neuroscience. In particular, we start with a pure economic question on cardinal vs. ordinal utility
but we end up discussing on how simple adaptation is achieved and what forms of adaptation are
important to visual scientists. By studying how it is achieved and the important forms, we hope to
answer the more difficult question. If the adaptation is not so simple, could we figure out a network
which could implement it? Among the various forms of adaptation, which one makes more sense in
terms of efficiently coding the underlying environment? How do we design an experiment to tease
apart which brain area is more cardinal and which is more ordinal? Do we expect lower level area to

be more cardinal or ordinal?

HA
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Plattner, H., Meinel, C., & Leifer, L. (2010).Design Thinking: Understand - Improve - Apply. Springer Science & Business Media.
Leifer, L., Plattner, H., & Meinel, C. (2013).Design thinking research: Building innovation eco-systems. Springer Science &
Business Media.

Plattner, H., Meinel, C., & Leifer, L. J. (Eds.). (2014).Design Thinking Research: Building Innovators. Springer.

Plattner, H., Meinel, C., & Leifer, L. (Eds.). (2012).Design thinking research: studying co-creation in practice. Springer Science &
Business Media.

Plattner, H., Meinel, C., & Leifer, L. (Eds.). (2012).Design Thinking Research: Measuring Performance in Context. Springer
Science & Business Media.
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1.~ #A[EIZ5 2D CAD. https://www.coursera.org/learn/2d-cad

# 'E’g 2D CAD Practice. https://www.coursera.org/learn/2d-cadPractice

Ja ':%’?' 3D CAD. https://www.coursera.org/learn/3d-cad

H[EIZ 3D CAD Practice. https://www.coursera.org/learn/3d-cadPractice
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