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Scientific Pain Folk Pain

Pain studied scientifically, Pain as understood amongst
clinically and biologically people in everyday experience




.. Pain is an unpleasant sensory

and emotional experience
associated with actual or
potential tissue damage, or
described in terms of such
damage.

—The International Association
for Study of Pain (IASP)



Pain is always subjective; It is unquestionably a
sensation in a part or parts of the body, but it
iS also always unpleasant and therefore also
an emotional experience;

Biologists recognize that those stimuli which
cause pain are liable to damage tissue;

Many people report pain in the absence of
tissue damage or any likely pathophysiological
cause and that usually this happens for
psychological reasons;
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and there is usually no way to distinguish theéir - = <
experience from that due to tissue damage if- = =4 ‘e
we take the subjective report. R L

—TFhe International Association for Study of Pain (I1ASP)
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DANIEL C. DENNETT

WHY YOU CAN'T MAKE A COMPUTER THAT FEELS PAIN

Pain Eliminativism

[t has seemed important to many people to claim that computers cannot in
principle duplicate various human feats, activities, happenings. Such apri-
oristic claims, we have learned, have an embarrassing history of subsequent
falsification. Contrary to recently held opinion, for instance, computers can

play superb checkers and good chess, can produce novel and unexpected Th e CO n Ce pt Of pai n fai I S to rEfe r

proofs of nontrivial theorems, can conduct sophisticated conversations in

ordinary if tightly circumscribed English. The materialist or computerphile t th m I

who grounds an uncomplicated optimisim in this ungraceful retreat of the O a ny I n g e pl rl Ca ) S O We
skeptics, however, is in danger of installing conceptual confusion in the worst

place, in the foundations of his own ascendant view of the mind. The triumphs WO u I d b e b e tt e r S e rve d by

of Artificial Intelligence have been balanced by failures and false starts. Some _ .

have asked if there is a pattern to be discerned here. Keith Gunderson has m t f m d
pointed out that the successes have been with task-oriented, sapient features re OVI n g I ro O u r u S ag e a’ n

of mentality, the failures and false starts with sentient features of mentality,

and has developed a distinction between program-receptive and program- i n Ste ad d i S Cove ri n g Ot h e r

resistant features of mentality.' Gunderson’s point is not what some have

hoped. Some have hoped he had found a fall-back position for them: viz., VO Ca b u I a ri e S tO S e rve itS p I ace
maybe machines can think but they can’t feel. His point is rather that the .
task of getting a machine to feel is a very different task from getting it to

think; in particular it is not a task that invites solution simply by

sophisticated innovations in programming, but rather, if at all, by devising

new sorts of hardware. This goes some way to explaining the recalcitrance of

mental features like pain to computer simulation, but not far enough. Since

most of the discredited aprioristic thinking about the limitations of

computers can be seen in retrospect to have stumbled over details, | propose
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FIGURE 10-2

The McGill Pain Questionnaire
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Part1 Where Is Your Pain? Part 2 What Does Your Pain Feel Like?
Please mark on the drawing below, the areas where you feel pain. Put £ ! 2 3 B
if external, or | if internal, near the areas which you mark, Put E1 if both Fisckering Jumping Pricking Sharp
external and internal. Quivering Flashing Boring Cutting
Pulsing Shooting Drilling Lacerating
Throbbing Stabbing
Beating Lancinating
Pounding
5 6 7 8
Pinching Tugging Hot Tingling
Pressing Pulling Burning ftchy
Gnawing Wrenching Scalding Smarting
Camping Searing Stinging '
Crushing
9 10 n 12
Dull Tender Tiring Sickening
Sore Taut Exhausting Suffocating
Hurting Rasping
Aching Splitting
Heavy
13 14 15 16
Fearful Punishing Wretched Annoying
Frightful Grueling Biinding Troublesome
Terrifying Cruel Miserable
' Viclous Intense
Kiling Unbearable
14 18 19 20
Spreading Tight Cool Nagging
Radiating Numb Cold Nauseating
Penetrating Drawing Freezing Agonizing
Piercing Squeezing Dreadful
= Th inful | Pain I
e paintul sensation. Fain IS not
Part3  How Does Your Pain Change With Time? Part 4 1000 I Your Pain
People agree that the following S words represent pain of increasing - - -
1. Which word or words would you use to describe the pattern of intensity, They are: pal re WI any re p re Se n at I O n O a
o i 1 4 s
| 2 3 Mid Discomforting Distressing Hornble  Excruciating = . -
e — hysical state or stimulus, but is seen
Steady Periodic Momentary appropriate word in the space beside the question. )
Constant Intermittent Translent
L Which word describes your pain right now? it S u u u
e 5. W word o e 54 . to occur in correlation with them
S 3. Which word describes it when It s least? - -
4. Which word descridbes the worst toothache you ever had? o
3. What kind of things increase your pain? 5. Which word describes the worst headache you ever had? A =SS0
6. Which word describes the worst stomach-ache you ever had?

Source: Reprinted from McGill Pain Questionnaire from PAIN, VI: 277-299, ® 1975 with permission from
International Association for the Study of Pain.
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Representation Model '

Pain Is a representation, or
abstraction, of a perceptual feature
of one’s environment or body.




Pain is a request or command to
protect a part of your body.

@
Motivational Model
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_.".."Theories of perception suffer
from one fundamental flaw: they
are theories of vision.

—Ann-Sophie Barwich

Does this resonate with the
trajectory we have taken in
Machine Learning?



Situational Assessment

Think of perception as always
combining multiple sources of
contextual information to form final
perceptual states.

Allows for painful situations
Object-less account of sensory stales.
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Pain as Inference

Pain is considered an active predictor
of future bodily states, as well as an
assessor of current afferent
information, and Bayesian updating
transforms multimodal prior
experiences into future assessments.

REVIEWV/

Pain: A Statistical Account

Abby Tabor', Michael A. Thacker?3, G. Lorimer Moseley™*, Konrad P. Kording®*

and Aarogpaca Phyeiclogical

* Kk@nornnwesiem.acu
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Pain as Reward

External Environment weuoy  GENEral type of reward
___________________________ - formed by integrated sensory
PRI information - general type of
cumulant - used within a
cmbedding risk—-averse intrinsic
motivation system.

Option

Pain: A Precision Signal
for Reinforcement Learning and Control

Ben Saymour
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Since nexdous stimulation usually leads to the nerception of pain, sain has traditionally ceen considered sen-

- p sary nocizeption, Bul s varability and sensitivity to a broad army of cognitive and molivaliana! factors have

-9 ¥ meant it is commonly viewad as inherently imprecise and intangibly subjective. However, the core function

of pain is molivational-—to direct both short- and long-term behavior away froem harm, Here, weillastrate that

. ol N ' W - a reinforoement lesirming mode! of painy affers o mechanistio understanding of how the bran supports this,

= & : ‘ illustrating the underly ng computational architecture of the pain system. Importantly, it explains why pain

> : 4 o e lned by mualtiple Bacltors and necessanly supported by o distrinoled nelwork of brain regiaons, recasting
. pain as a prac se and objectifiable contral signal.
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' Ppain Learning Insights

/‘5 Single-shot learning Compu:tatlonal
{T Single exposure learning |

Transfer learning Algorlthmlc

Generalisability to novel N>

pain stimuli N )
Implementation .

Imitation learning . Ouis

228 Social transfer of acquired
, pain knowledge

ABSTRACT

Machine leaming is currently involvad in some of the mosi vigorous ¢ebares it has
ever seen. Such debates ofien seem (0 go around in circles, reaching no coaclusion
orresolution. Thais is perhaps unsurprising given that researchers in machine learn-
ing come 0 hese discussions will very different frames of refarence, meking it
chalkeaging for the to align perspectives and find comumon ground. As a ranedy
for this dilemma. we advecate far the adoption of a comman corceptual frame-




Computational and Algorithmic Levels

Pair neuromarrix (ACC.

Cognitive | Emotional Behavioural insula, PFC, amygaala
appraisal reaction response hypothalamus, sensory
cortex)
Inflammatory Descendin Ascending
i and pain nocicept/ve
\ Bio-molecular ir\hibitlonx oathways

T mediators
Noxious Stimuli i
(mechanical, thermal - Nc_)cmep_t or - gfo :ﬁ:lsh?.:g
h J | ’ stimulation P
chemical) L
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Look at Pain
Research

View on the world of pain
research and the many
dimensions it takes, whether
In technical, social, or the
sociotechnical domain

Describe the
Missing Level

To fill the missing
algorithmic layer using
situational assessment as a
guide to developing new
iInsights on learning.




On Paz’n ~Kahlil Gibran

And a woman spoke, saying, Tell us of Pain.

And he said:

Your pain is the breaking of the shell that encloses your understanding.

Even as the stone of the fruit must break, that its heart may stand in the sun, so must you
know pain.

And could you keep your heart in wonder at the daily miracles of your life your pain would not
seem less wondrous than your joy;

And you would accept the seasons of your heart, even as you have always accepted the
seasons that pass over your fields.

And you would watch with serenity through the winters of your grief.

Much of your pain is self-chosen.
It is the bitter potion by which the physician within you heals your sick self.

p» & Therefore trust the physician, and drink his remedy in silence and tranquility:
.+ e For his hand, though heavy and hard, is guided by the tender hand of the Unseen,
’,f 4 And the cup he brings, though it burn your lips, has been fashioned of the clay which the

S Potter has moistened with His own sacred tears:.
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Pain and Machine Learning

Shakir Mohamed - and Daniel Ott?

‘DeepMind, London, “Depl. of History and Philosophy of Science, University of Cambridge

Abstract

Throughout the history of machine leaming we have relied on our know ledge of
learning in brains to inform our research on learning in machines, We have taken
wspiration dicectly from reflex action, episodic memory, sparse coding, hierarchical
perception, and reinforcement learning and instrumental conditioning, amongst
many others. Pain s as fundamental to expenience and learning as these other
cognitive components, vet pain has so far not heen amangst this set. This paper
akes the case ol the greater study and incorporation of pain in the alyorithmie
velopment of leaming in artificial agents, We contraer an undertanding of action
gined by studying pain, which differs [rom those we have inherited rom visual
erstanding, and how the philesophy of pain informs this understanding, Rather
leaming through object identificaions we make the case for Jearning through
cess of sitnational assessment. We provide three examples of learning unique
he pain system, and then leok al some opportunities from the study ol pain for
ichine learning and reinforcement leaming.

PAIN

Machine learning in pain research

Jor Lotsch™ ™, Niad Uksch”

1. Intreduction

Pain and pain chranfcation am neomolstaly wcanstnod ard
unmanwnd metcal ookiems Tt ecolinoae 1o e 3 hich
prevdera Y Il o Dean acrgad thal pan iz & cargies
phanomenan,“ ™ Corerponany athadz of compasizral
samva™! o g ool soicn and espesimantal data o
battar undansianc e comgkeely o caln, AMIN2 2618 KeNcs
e wwpea, vadhne bing e oot tase asal of wiilhoxds
(Fig. 1) 181 Gan auianaicaly 0% calbans ir data and Twn
U3 2 uncoveed 2eTems 10 predict O cleasy fubuwe tate. o
ot s s chiass S oh &5 subgro s in the das o o adtiact
rlcmaticn 1om e 2618 #0162k 1o 3:dve Nea inoviedge.
Togpeline: vl ooy oy oy alifoul inhaipeoon s recdios
Bamivg am at kaming om data

Ao gh delisdic:s o Davandad v o Lo ed oloe band-
5, antiicia iroedigencs and T e leami Neva devalcped
o corouter adiente (Rel 53: aea alac Mipas en widtacke
o yaun-.’chr_::cl_u frdn)ye iy Thos ol sednaon ol !z
rtelicsece cograme ror Llin Tang who prososed &n
wepewinwnl whae 2 ok, wdo i wilbee Da wran o
AMsal 1y I Cominse & WMan third ple, o T ey ars 8ed
humes ™ Tha wee of artifcul inbebioercs is paesec i the cind
ey Camidl el Ardo s T s mna, Prossd sdees i
denveloprrarn of machioe leamig wire the S-ul cresizn ol the
Cormpoine Sanme ) ey e, WHCT wWes s ohacas can u"‘ -

ESXMI0N, LM Jeorey avl Jala nnng awd shae
261h e 3EMe malkeds such €3 rerasgicn which i el
atay n daledics bol & S0 orosicvesd a8 3 clssitcdon
MHISE i maskng lesng (Fig. 1)

n U prvsear wasre oo, wleo provided wil par -
e &ed data, mackivedeamed Methots e ask 'c leam
o rapeing of corgrex kdues oo kovn dase, bl iy, (o
Jred sl 8 caln Shenclyle caee om a complas patian of
Biured parameters. AMfier e mashne has kamad the
s ohor of o opoe ctuled phoenovpe, e gooelen cen
ALberqually Co 2ES &1 New J418 Iram vhch the cass
o toelip ol g sl pul undes Do culjeeloenbg dioanlied
Acwxier, moGars samrg maycck san Ao ba usaa ko
sattem recogn dznin compiex pain-nebsd dals to el rsces
JE J vy maikecul Dacegria d o0 e ooese e
discovery nzig ceta o drug distovery or repur cosir g cor st
Tho rorcesng e ol corimmporg methods o comoutotiznal
scewa & rafectad n tha nmrg number of waods umry
mazhme soTing ‘o pdn rozeorch [Toble 1) This roviow s
fanuead an raskne-leamned WBXhooDons 2opind to genanal
sun ressach the glow ore o enelyes wnz predict can
ahorctycen ann to ooran nosmioa 1o oxeonrvndd and
dincal par-elam: dea

2. Pain research Involving machine leaming

the first neural retwary: caled o En:cmx“ Stalishzs 1ses

DANIEL C. DENNETT

WHY YOU CAN'T MAKE A COMPUTER THAT FEELS PAIN

It has seemed important to many people to claim that computers cannot in
principle duplicate various human feats, activities, happenings. Such apri-
oristic claims, we have learned, have an embarrassing history of subsequent
falsification. Contrary to recently held opinion, for instance, computers can
play superb checkers and good chess, can produce novel and unexpected
proofs of nontrivial theorems, can conduct sophisticated conversations in
ordinary if tightly circumscribed English. The materialist or computerphile
who grounds an uncomplicated optimisim in this ungraceful retreat of the
skeptics, however, is in danger of installing conceptual confusion in the worst
place, in the foundations of his own ascendant view of the mind. The triumphs
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Pain: A Precision Signal
for Reinforcement Learning and Control
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Since nexious stimulation usually leads to the nerception of pain, nain has traditionally seen considered sen-
sary nociception, Bul s varability and sensitivity to abroad armmy of cognitive and molivaliaonal factors have
meant it is commonly viewsad as inherently imprecise and intangibly subjective. However, the core function
of pain is motivational—to direct both short- and long-torm behavior away froem harm, Here, weillastrate that
2 reinforcement learming mode! of pai affers o mechanistic understanding of bow the bramn supports this,
illustrating the underly ng computational architecture of the pain system. Impertantly, it explains why pain
e luned by multiple Ealors and necessarnly supported by o distrinoled nelwork of brain regions, recasting
pain as a pracise and objectifiable contral signal.




