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What is Embodiment?

e Has been discussed for millennia

e No conclusion has been reached

TAIGA

* |t’'s about how mind, body, and environment are intertwined
and how this relates to cognition and intelligence
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Embodied Cognition

TAIGA

1. We have a body (and it matters).

2. What we sense affect how we act.
Our actions change the environment,
such that what we sense changes. T

T

~_| Sensing, acting, and
thinking are intertwined.




Embodiment in the Al Era

* Historically, embodiment focused on humans
* Then onrobots
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* Recent development added complexity:

VR, AR, telepresence, metaverse, digital twins, LLMs, ...

* Many types of artifacts can be embodied —and also in virtual
environments

* In [1] we introduce a taxonomy that distinguishes between different
Instances of embodimentin a meaningful way

» »

* New concepts: “mediated embodiment”, "embodiment by proxy~,
“off-line embodiment”

* Why is embodiment important?
* Itis acentral conceptin Al and Cognitive Science
* Embodimentis connected to power and societal effects!

[1] Thomas Hellstrom, Niclas Kaiser, and Suna Bensch, A Taxonomy of Embodiment in the Al Era, Electronics 2024, 13, 444 4



What is a taxonomy? TAIGA

A way to characterize and classify instances of, for example, footwear:

"~ Catogory | Mateial | Prico | Golor
” Shoe Leather  $$ Brown

!! Boot Rubber $ Blue
: El ‘ Shoe Plastic $ Red

or instances of embodiment...
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How do we characterize embodiment?

1. Who/whatis embodied? (Embodied agent)

2. Who/what does the sensing and acting? (Mediator)

3. Inwhich Environment does sensing and acting take place?
4
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How strong is the capability to sense and act (“degree of body*)?

How strong is the coupling between sensing and acting (“degree of
intertwining”)?

These are the five dimensions of our proposed taxonomy of embodiment.



Embodied humans

Who is embodied?

o
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Embodied robots and other artifacts

pmbodied agent Mediator Emvironment | ning
Traditional 1 & :

Industrial ) - The physical world .

Robot o ]

Early Al nw '

robot - The physical world -

(Shakey) f-‘ =

(S:;:rlf—dnvmg b - The physical world -

Smart

building - The physical world -

TAIGA



Embodied computer programs
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Good or Evil Al

Embodiment by proxy
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LLMs and Off-line embodiment TAIGA

“LLMs are off-line!”

“LLMs can’t express first-
person sensory
experiences!”

“No, but it creates a
strong illusion!”

ChatGPT prompt:

“Suppose you first eat an orange,
and then drink milk. Answer in one
short sentence, how it tastes”.

Response:
“It tastes unpleasant, with a sour,
curdled flavor and an off texture.”

A written summary
_______ Thephysical world of the physical world

|
“Off-line embodiment” 11



The State and Status of Embodiment
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Physical embodiment in declining

* Google and OpenAl have sold off their robotics companies
* Ford and Volkswagen shut down joint development of self-driving cars in 2022

* EU’s frame program: “Robotics” is now part of “Al, data and robotics”

Virtual embodiment is flourishing (LLMs, metaverse, VR, “Embodied Al”...)

* Much easier! Circumvents the noisy, dynamic physical world, and inaccurate sensors
* Virtual solutions “scale” commercially

The virtual will become more physical

* |oT, computers sensing and controlling the physical world
e Decision support systems - decision systems

* Embodiment by proxy
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