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Core question for today’'s talk: “+
-

can we accelerate _rgaction time
without compromising agency?




1. related work

the sense of agency



sense of agency

: feeling of control over actions and their consequences

this is fundamental to the way we interact in the world:

1. it is linked to self-awareness [Gallagher, '02]
2. its disruption is linked to neurological disorders [Frith, C, '92]

3. It is a core value in our community [Shneiderman'’s rule#7]

Frith, C. (1992). The Cognitive Neuropsychology of Schizophrenia.
Gallagher, S. (2002). Experimenting with introspection. Trends Cogn. Sci
Shneiderman, B., and Plaisant, C. (2004). Designing the User Interface: Strategies for Effective Human-Computer Interaction



Voluntary

use I Inten,tion action consequences
interfaces 3 —— ¥ — @

h u m a n Isrzltsetrel’zinon Actuation consequences
actuation

[Gu et al., CHI'16]



_ Voluntary
Intention action consequences

human % Q

action g
HNO sense of agency
System

Intention Actuation consequences

human

actuation %j@:} —— {j — @



hur_nan
action

_ Voluntary
Intention action consequences

L A

=

|

[ |

= I I sense of agency?
System .
Intention Actuation consequences

v




hur_nan
action

humar)
actuation

_ Voluntary
Intention action

\\'// NP
P ~ — —

consequences

r
|
|
o NO sense of agency
System .
|,¥tention Faster Actuation consequences




2. our approach

delay the actuation timing
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experiment #1: design

visual stimulus user taps

‘ EMS ‘
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experiment #1: design

visual stimulus user taps

‘ EMS ‘

Rate
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experiment #1: results

Perceived agency score

\
too early, no agency
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experiment #1: results
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7 this is an individual participant’'s “°“*®®eo e eemmecen @ ®
own (unassisted) reaction time
6 2 © esje v e ®gePe | @- % o o
S
5- % ® @@ )oo ¢|ampe || (@
=
[<?)
=)}
41 < @ ® ) ® e
=
<P
2
3 8 S TXX. ® o ® oo @
S
=N
2 - e @ oo 00 0 EBH @ @ - D eGSO @ - W o|v o o °
1— CEMOSS B O B T @WEeD 8 0 W) ) 00 @ ® {{eaction time [ms]
-100 0 100 200 300 400



Visual Stimuli Touch
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Preemptive gain [ms]
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Preemptive gain [ms]
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Preemptive Action : generalized model

y=1/{1+ e -k(x-17) )
k=0.017, t°=77.6 ms

0.5
~ Pg* = optimal Preemptive gain
80 ms

Perceived agency score (normalized)
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Remaining questions

human responsible for speeding up ?

What happens, if we don’t have intention

EMS tingling sensation causes lose of agency?



experiment #2: design

same apparatus + added control conditions

1. preemptive EMS (80 ms)

2. Relax EMS. (80 ms)

3. user moves + EMS tingles (80ms)
4. preemptive EMS (240 ms)

EMS Device  participants were not aware of four

%\ conditions
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experiment #2: results
finding#1: human intention was not responsible for speed up
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experiment #2: results
finding#2: ... but agency score is much better with 80 ms preemption.
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experiment #2: results
finding#3: EMS tingling drops agency slightly, but time and movement is more important
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3. implications



1. human/machine must have
aligned intentions
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2. relationship between agency and

preemptive gain
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4. applications



application #1: pen-drop

EMS preemptive gain: 80ms
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application #2: high-speed photography







Zero-Latency EMS




Time-window Applied
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application #3: hitting moving target
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5. conclusions



conclusions: summary

1. human/machine must have 2. relationship between agency and

aligned intentions preemptive gain is not linear {er-binar
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conclusions: open questions

1. alternative methods for measuring agency (intentional binding)
2. complex situation (cognitive loaded , complex motion, incongruent intention)

3. how to weigh in other factors (e.g., context, attention, priming, etc.)
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M. Synofzik et al. | Consciousness and Cognition 17 (2008) 219-239

The sense of agency
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It's Not My Fault: Postdictive Modulation of Intentional
Binding by Monetary Gains and Losses
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Masaru Mimura’', Motoichiro Kato'
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Molecular Imaging Center, National Institute of Radiological Sciences, Inage-ku, Chiba, Japan, 3 Department of Psychiatry, Kyoto University Graduate School of Medicine,

Sakyo-ku, Kyoto, Japan, 4 Precursory Research for Embryonic Science and Technology (PRESTO), Japan Science and Technology Agency, Kawaguchi, Saitama, Japan,
5 Department of Psychology, Keio University, Minato-ku, Tokyo, Japan

Abstract

Sense of agency refers to the feeling that one’s voluntary actions caused external events. Past studies have shown that
compression of the subjective temporal interval between actions and external events, called intentional binding, is closely
linked to the experience of agency. Current theories postulate that the experience of agency is constructed via predictive
and postdictive pathways. One remaining problem is the source of human causality bias; people often make misjudgments
on the causality of voluntary actions and external events depending on their rewarding or punishing outcomes. Although
human causality bias implies that sense of agency can be modified by post-action information, convincing empirical
findings for this issue are lacking. Here, we hypothesized that sense of agency would be modified by affective valences of
action outcomes. To examine this issue, we investigated how rewarding and punishing outcomes following voluntary
action modulate behavioral measures of agency using intentional binding paradigm and classical conditioning procedures.
In the acquisition phase, auditory stimuli were paired with positive, neutral or negative monetary outcomes. Tone-reward
associations were evaluated using reaction times and preference ratings. In the experimental session, participants
performed a variant of intentional binding task, where participants made timing judgments for onsets of actions and
sensory outcomes while playing simple slot games. Our results showed that temporal binding was modified by affective
valences of action outcomes. Specifically, intentional binding was attenuated when negative outcome occurred, consistent
with self-serving bias. Our study not only provides evidence for postdictive modification of agency, but also proposes a
possible mechanism of human causality bias.
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The Sense of Agency during Continuous
Action: Performance Is More Important than
Action-Feedback Association

Wen Wen*, Atsushi Yamashita, Hajime Asama
Department of Precision Engineering, the University of Tokyo, Tokyo, Japan

* wen@robot.t.u-tokyo.ac.jp

Abstract

The sense of agency refers to the feeling that one is controlling events through one’s own
behavior. This study examined how task performance and the delay of events influence
one’s sense of agency during continuous action accompanied by a goal. The participants
were instructed to direct a moving dot into a square as quickly as possible by pressing
the left and right keys on a keyboard to control the direction in which the dot traveled. The
interval between the key press and response of the dot (i.e., direction change) was ma-
nipulated to vary task difficulty. Moreover, in the assisted condition, the computer ignored
participants’ erroneous commands, resulting in improved task performance but a weaker
association between the participants’ commands and actual movements of the dot rela-
tive to the condition in which all of the participants’ commands were executed (i.e., self-
control condition). The results showed that participants’ sense of agency increased with
better performance in the assisted condition relative to the self-control condition, even
though a large proportion of their commands were not executed. We concluded that,
when the action-feedback association was uncertain, cognitive inference was more dom-
inant relative to the process of comparing predicted and perceived information in the
judgment of agency.




Outcome bias

'the sense of agency depends on a retrospective
comparison between expected or desired action
outcomes and actual outcomes’

[Wegner and Wheatley, 1999]

[Blakemore et al., 2002]

Wegner, D. M., and Wheatley, T. (1999). Apparent mental causation. Sources of the experience of will. Am. Psychol.
Blakemore, S. J., Wolpert, D. M., and Frith, C. D. (2002). Abnormalities in the awareness of action. Trends Cogn. Sci



Why we did not use Intentional Bindings

EMS actuated touch
(Involuntary)

A?

if interval is 250 msec)
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BEYOND tapping test ------ cognitive loaded task

Stroop Test - cognitive loaded task

RED BLUE RED BLUE

Reaction time > 500ms / sometime human makes mistake



