
Episode Summary: What is intelligence? For some researchers, it may be quite possible to create an intelligent

machine ‘in a box’, something without physical embodiment but with a powerful mind. Others believe general

intelligence requires interaction with the outside world, inferring information from gestures and other features of

functioning in an environment. Dr. Vincent Müller is of the belief that intelligence may involve more than just

mental algorithms and may need to include the capacity to sense rather than just run a program. Vincent focuses

on cognitive systems as an approach to AI, and in this episode he talks about what this means and implies, how this

approach is di�erent from classical AI, and what this might permit in the future if the �eld is developed.
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Is Embodied Intelligence a Necessity for Flexible, Adaptive Thinking?

Guest: Vincent Müller

Expertise: Philosophy of Computing and Cognitive Science, Ethics of Technology

Recognition in Brief: Vincent C. Müller’s research focuses on theory and ethics of technology, particularly arti�cial

intelligence. He has generated 3.6mil.€ research income for his institution. Müller organizes a conference series on

the Theory and Philosophy of AI and is principal investigator of a EC-funded research project on the ethics of

“Digital Do-It-Yourself” (DIDIY).

Müller has published to-date 40 academic papers and 12 edited volumes in the philosophy of computing, the

philosophy of AI and cognitive science, the philosophy of language, applied ethics, and related areas. He has

organized to-date 25 conferences and workshops and given 100 presentations. Müller studied philosophy

in cognitive science, linguistics and history at the universities of Marburg, Hamburg, London and Oxford. He was

Stanley J. Seeger Fellow at Princeton University and James Martin Research Fellow at the University of Oxford.

Current A�liations: Professor of philosophy at Anatolia College/ACT, president of the European Association for

Cognitive Systems, and chair of the euRobotics topics group on ‘ethical, legal and socio-economic issues’

Cognitive Systems: A Divergent Path from
Classical AI

A cognitive system sounds like it could cover all manner of thinking entities, but it’s a term that evolved from the

pursuit of AI.  Starting in the 1990s, a division of researchers began to diverge from what can be termed “classical

AI”, a �eld that Vincent Müller (http://www.sophia.de/index.htm) describes as largely pursuing the creation of an

intelligence that is fundamentally di�erent in function from how intelligence works in humans and animals.

“Cognitive systems” researchers believe that an arti�cial intelligence may need to be more similar to natural

thinking systems, which (as we know them) are embodied and interact with their environment through sensory

systems (http://techemergence.com/a-robot-without-a-body-is-not-up-for-thought/).

Müller describes the pursuit as a two-way interaction, in which scientists learn from natural systems to make

technical systems more sophisticated and vice versa.
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“One result of this is that we put a lot more emphasis on

the role of the body in the intelligence than classical AI

would do and we generally think of intelligence in

broader terms than say intelligent thinking, so

intelligence is also the ability that allows you to �nd your

way home, to locate and grasp a cup, and to do all these

things that we do in every day life that make up human

intelligent behavior,” says Vincent.

A common argument for more natural systems is their robustness and adapability in unpredictable environments,

as compared to a more classical AI that tries to predict exact parameters, which over the years has proven to be

labor-intensive process with often clumsy or inaccurate results.

If cognitive systems are a potentially better way to develop an intelligent entity, then why don’t we hear more about

this approach? “The short answer is we haven’t done much in the sense that the progress that we have made in AI

in this time frame is to a very large extent progress due to more e�cient algorithms and faster machinery,” says

Vincent. In other words, the classical AI mindset still prevails in distributed resources and research, but with

exponentially better tools than from a decade before.

Machine learning is a buzz-worthy technique that has led to developments of other areas like neural networks and

deep learning. Outside of robotics, which is a technically challenging �eld, any kind of embodied cognitive science is

largely theoretical at this point. Müller expands on the view that cognitive systems researchers propose doing

something much di�erent than what has been done so far in AI.

“The opinions that I can see are divergent on this matter;

some people say the trajectory that we are on is beautiful

and we have made much progress in the past couple

decades…some people, at least when the founders are

not listening, are saying ‘oh, we know that’s not going to

go anywhere’ so we either keep plowing ahead and we

know it’s going to be okay, or we do something totally

di�erent.”



The Rise and Limitations of Google Cars
and Smart Devices

A lot of people might think of a technology like the Google car as an embodied system, but Vincent argues that

beyond the narrow purpose of driving, the Google car is not very intelligent. Arguably, self-driving cars are still a

signi�cant feat of progress. Researchers try to program into the system all the possible things that can happen

when driving; one might argue that there are unlimited possibilities, but this is not quite true, says Vincent. “There is

an end to the kinds of things that you would usually expect to happen on a road, and if you make a database that

is large enough to contain this kinds of stu� set…then it looks like it might well be that you can actually program the

system e�ciently so that it can handle an environment of a given complexity,” says Müller, which when paired with

sensory systems might be enough for most driving tasks.

Driving on the highway, for example, is a relatively easy task, as compared to driving in a congested downtown

area. A highway is a case of a relatively well-structured environment, and researchers are on their way to more or

less proving that self-driving vehicles have the ability to e�ciently function (http://fortune.com/2016/02/10/google-

self-driving-cars-arti�cial-intelligence/) in this environment as well (or potentially better) than most humans.

Google’s and other self-driving cars are a sophisticated realization of classical AI, which seem poised to master

many of the tasks that humans master subconsciously, those that we turn into automatic habits – like driving and

even sports – and which can be appropriately adjusted. While classical AI has been successful in more industrial or

controlled areas (like the chess board), less predictable environments still pose a real challenge.

The potential of cognitive systems is two-fold. To start, systems within an interactive and sensory body would

theoretically be more �exible than the AI systems of today, adjusting to its environment if it proves di�erent from

the way it’s supposed to be. A second key ability is the integration of many di�erent pieces of information working

simultaneously. Take speech recognition, which has signi�cantly improved over the last �ve years, yet Vincent see

its trajectory or success curve �attening. “It’s getting better but not signi�cantly better, and this essentially means

that speech recognition really isn’t so good in noisy environments, people with slightly funny accents, this kind of

thing, not so good that is in comparison to humans speech recognition,” says Müller.

Instead of having it analyze more sound �les, why not feed the machines di�erent kinds of information – like video

�les – so that it can integrate di�erent ‘skills’ or ways of processing information?

“In a foreign language for example that you don’t speak

particularly well, talking on the phone is really a

challenge whereas if you’re interacting with the person in

front of you, you get a lot more information,” says Vince.

He suggests that making a task more di�cult and more re�ective of the way that humans process information – in

multiple variations and forms – may lead to more sophisticated capabilities over time.
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Because of the lack of real ‘stick’ in the �eld of cognitive systems, Müller hesitates to give any kind of projected

timeline for such an embodied intelligence. Even if such an entity is never recreated, he believes it’s still a viable

research �eld that has a lot to contribute to the �eld of arti�cial intelligence, even if researchers only consider the

argument of embodied intelligence as Devil’s advocate.
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STAY AHEAD OF THE CURVE IN ARTIFICAL INTELLIGENCE

What's hype, what's not? Stay on top of the AI and neurotech �elds with weekly TechEmergence

"Pulse" newsletter: At TechEmergence, we don't just share the latest arti�cial intelligence and

neurotech breakthroughs, we interview the world's top emerging tech researchers and

executives to share their insights on the progress and predictions of the �eld.
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Daniel Faggella is the founder of TechEmergence, an internet entrepreneur, international speaker, and author. His writing has

appeared in TechCrunch, the Boston Globe, the Boston Business Journal, and much more. His presentations span from TEDx

to Universities, from Stanford to Paris. He is focused on the business and social implications of arti�cial intelligence - including
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market trends, research breakthroughs, and more.

 (http://www.danfaggella.com)
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