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News
Cornell University: 16-Nov-2006, 14:00 ET, Newswise.

Limping robot

Nothing can possibly go wrong ... go wrong ... go wrong ...

The truth behind the old joke is that most robots are programmed with a rigid "model" of the world and themselves. If a robot is damaged it can't adapt, and can't do its job

So Cornell researchers have built a robot that works out its own model of itself. This means if it is injured it can alter this "picture in its head" and adapt to the injury, just as a human would.

First the robot teaches itself how to walk. Then, when damaged, it teaches itself how to limp. 

The test robot is a simple four-legged device. But the researchers say the algorithm it uses could help build more complex robots. These would be able to deal with uncertain situations, like space exploration. They could perhaps help us understand human and animal behavior.

The research is reported in the latest issue (Nov. 17) of the journal Science. The authors are Josh Bongard, a former Cornell postdoctoral researcher now on the faculty at the University of Vermont, Cornell graduate student Viktor Zykov and Hod Lipson, Cornell assistant professor of mechanical and aerospace engineering. 

The researchers do not give their robot a rigid set of instructions on how to move its legs. Instead they let it discover its own nature and work out how to control itself. This seems to be the way human and animal babies discover their bodies and learn to use them. 

Building this "self-model" is what makes the new robot able to adapt to injury. "Most robots have a fixed model, laboriously designed by human engineers," Lipson explained. "We have shown, for the first time, how the model can emerge within the robot." 

This makes robots adaptive at a whole new level, he added. It means they can be given a task without needing to be given a model. 

"It opens the door to a new level of machine cognition and sheds light on the age-old question of machine consciousness." That question is all about internal models, he added.

The robot looks like a four-armed starfish. It starts out knowing only what its parts are. It does not know how they are arranged. It does not know how to use them to fulfil its prime directive, which is to move forward. 

To find out these things, the robot applies what amounts to the scientific method. It forms a hypothesis and follows it up by experiment. It then refines the hypothesis.

The robot begins by building a set of computer models of how its parts might be arranged. At first it just assumes they are put together in random arrangements. 

Then it develops commands it can send to its motors to test the model. A key step, the researchers said, is that the robot selects commands that will produce different results for different models. 

The robot then carries out these commands, and revises its models based on the results. It repeats this cycle 15 times. Then it tries to move forward.

Rather than having a single model of itself, the robot "has many, simultaneous, competing, different, candidate models." These models compete over which can best explain the past experiences of the robot, he added.

The result is usually an ungainly gait that works. The most effective so far is a sort of inchworm motion, with the robot alternately moving its legs and body forward.

Once the robot reaches that point, the experimenters remove part of one leg. When it finds it can't move forward now, it again builds and tests 16 simulations to develop a new way of walking.

The researchers limited the robot to 16 test cycles, as they had space exploration in mind. Robot rovers on other planets must be able to continue their mission without human intervention, Bongard said.

"You don't want a robot on Mars thrashing around in the sand too much, and possibly causing more damage." 

The algorithm it uses could be applied to much more complex machines, the researchers said. It could also allow robots to adapt to changes in the environment. They could repair themselves by replacing damaged or worn parts. 

The work could have other applications in computing. It could perhaps lead to better understanding of how animals think. 

In a way, Bongard said, the robot is "conscious" on a primitive level, because it thinks to itself, "What would happen if I do this?"

Whether humans or animals are conscious in a similar way is still an open question, he said. "Do we also think in terms of a self-image, and rehearse actions in our head before trying them out?"

775 words

Flesch reading ease: 63.9

Flesch-Kincaid Grade level: 7.9

Word bank

Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly - to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow - which are known as directed activities related to texts (DARTs) - pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
adapt
change to suit a new state of things

2
adaptive
able to adapt

3
algorithm
step by step process for solving a problem

4
alternately
one after the other

5
behavior
the actions of an animal in response to its environment

6
candidate
one that might do the job

7
cognition
thinking or reasoning

8
competing
trying to win

9
complex
having many connecting parts that are hard to separate

10
conscious
awake and aware of your surroundings and yourself

11
consciousness
being conscious

12
design
think up and create plans for

13
develop
work out and start to use

14
device
something made for a special purpose

15
emerge
develop, appear

16
environment
everything in the surroundings that can have an effect

17
experience
something that has happened to someone

18
experiment
a practical test set up to shed light on a theory or hypothesis

19
fulfil
carry out

20
gait
way of walking

21
hypothesis
a tentative explanation that leads to predictions that can be tested

22
laboriously
needing a lot of hard work

23
limited
kept within usually narrow limits

24
model
copy of an object, on a smaller scale

25
prime directive
most important instruction

26
primitive
at an early stage, simple

27
program
put instructions into a computer

28
random
by no particular method

29
rehearse
practice, try out 

30
revise
change in the light of new information

31
rigid
fixed, unchanging

32
simulation
working model, usually on a computer

33
simultaneous
at the same time

34
tentative
not definite or certain

35
theory
a set of ideas, concepts, principles or methods used to explain a wide range observed facts

36
ungainly
awkward, clumsy

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, randomly mixed, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings. 


Word
Meaning
Word should be

1
consciousness
change to suit a new state of things


2
conscious
able to adapt


3
gait
step by step process for solving a problem


4
model
one after the other


5
simultaneous
the actions of an animal in response to its environment


6
experiment
one that might do the job


7
behavior
thinking or reasoning


8
device
trying to win


9
adaptive
having many connecting parts that are hard to separate


10
candidate
awake and aware of your surroundings and yourself


11
theory
being conscious


12
laboriously
think up and create plans for


13
tentative
work out and start to use


14
experience
something made for a special purpose


15
program
develop, appear


16
revise
everything in the surroundings that can have an effect


17
rigid
something that has happened to someone


18
environment
a practical test set up to shed light on a theory or hypothesis


19
ungainly
carry out


20
hypothesis
way of walking


21
prime directive
a tentative explanation that leads to predictions that can be tested


22
fulfil
needing a lot of hard work


23
adapt
kept within usually narrow limits


24
competing
copy of an object, on a smaller scale


25
alternately
most important instruction


26
rehearse
at an early stage, simple


27
algorithm
put instructions into a computer


28
complex
by no particular method


29
design
practice, try out 


30
primitive
change in the light of new information


31
develop
fixed, unchanging


32
limited
working model, usually on a computer


33
random
at the same time


34
emerge
not definite or certain


35
cognition
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts


36
simulation
awkward, clumsy


Activity 2

Comprehension 

1. What happens to most robots if they are damaged?

2. What is different about this new robot?

3. How many legs has this robot?

4. Will this new method only work with this particular robot?

5. What could it perhaps be used for?

6. Do human babies come with a "rigid set of instructions" built into them?

7. Which animal does the robot look like?

8. What does the robot know about itself at first?

9. What does it not know that a normal robot would?

10. What does it assume first about its various parts?

11. Then what does it do?

12. What does it do next?

13. How many times does it rearrange the different parts of itself "inside its head", then test to see if it has got it right?

14. At the end of all that does it have a perfect picture of how it works?

15. What makes you say that?

16. Do you think it would get a better picture of how it works if it made more than 16 attempts?

17. Why then do the scientists not allow it to make more attempts than this?

18. When the scientists take one of the robot's legs off, can it still walk in the same way it has worked out already?

19. So what does it do now?

20. Why is space exploration described as an "uncertain situation"? 

21. The "age-old question of machine consciousness" is this: Can we make machines so smart that they think and feel just like humans? What do you think the answer to this is?

22. In one sentence explain why you say that.

23. What do you think is the answer to Bongard's question: "Do we also think in terms of a self-image, and rehearse actions in our head before trying them out?"

24. The robot applies "what amounts to the scientific method". In your own words and no more than two sentences what is the scientific method?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Limping robot

Nothing can possibly go wrong ... go wrong ... go wrong ...

The truth behind the old joke __ that most robots are programmed with a rigid "model" __ the world and themselves. If a robot is damaged __ can't adapt, and can't do its job

So Cornell researchers ____ built a robot that works out its own model __ itself. This means if it is injured it can _____ this "picture in its head" and adapt to the injury, just as a human _____.

First the robot teaches itself how to walk. Then, when _______, it teaches itself how to limp. 

The test robot __ a simple four-legged device. But the researchers say the _________ it uses could help build more complex robots. These _____ be able to deal with uncertain situations, like space ___________. They could perhaps help us understand human and ______ behavior.

The research is reported in the latest issue (Nov. ___ of the journal Science. The authors are Josh Bongard, _ former Cornell postdoctoral researcher now on the faculty at ___ University of Vermont, Cornell graduate student Viktor Zykov and ___ Lipson, Cornell assistant professor of mechanical and aerospace engineering. 

The researchers do not give their robot a rigid ___ of instructions on how to move its legs. Instead ____ let it discover its own nature and work out ___ to control itself. This seems to be the way _____ and animal babies discover their bodies and learn to ___ them. 

Building this "self-model" is what makes the new _____ able to adapt to injury. "Most robots have a _____ model, laboriously designed by human engineers," Lipson explained. "We ____ shown, for the first time, how the model can ______ within the robot." 

This makes robots adaptive at a _____ new level, he added. It means they can be _____ a task without needing to be given a model. 

"It opens the door to a new level of _______ cognition and sheds light on the age-old question of _______ consciousness." That question is all about internal models, he _____.

The robot looks like a four-armed starfish. It starts ___ knowing only what its parts are. It does not ____ how they are arranged. It does not know how __ use them to fulfil its prime directive, which is __ move forward. 

To find out these things, the robot _______ what amounts to the scientific method. It forms a __________ and follows it up by experiment. It then refines ___ hypothesis.

The robot begins by building a set of computer ______ of how its parts might be arranged. At first __ just assumes they are put together in random arrangements. 

Then it develops commands it can send to its ______ to test the model. A key step, the researchers ____, is that the robot selects commands that will _______ different results for different models. 

The robot then carries ___ these commands, and revises its models based on the _______. It repeats this cycle 15 times. Then it _____ to move forward.

Rather than having a single model of ______, the robot "has many, simultaneous, competing, different, candidate ______." These models compete over which can best explain ___ past experiences of the robot, he added.

The result is _______ an ungainly gait that works. The most effective so ___ is a sort of inchworm motion, with the robot ___________ moving its legs and body forward.

Once the robot reaches ____ point, the experimenters remove part of one leg. When __ finds it can't move forward now, it again builds ___ tests 16 simulations to develop a new way of _______.

The researchers limited the robot to 16 test cycles, __ they had space exploration in mind. "You don't want _ robot on Mars thrashing around in the sand too ____, and possibly causing more damage."

The algorithm __ uses could be applied to much more complex machines,  the researchers said. It could also allow robots __ adapt to changes in the environment. They could repair __________ by replacing damaged or worn parts. 

The work could ____ other applications in computing. It could perhaps lead to ______ understanding of how animals think. 

In a way, Bongard said, ___ robot is "conscious" on a primitive level, because it ______ to itself, "What would happen if I do this?"

Whether ______ or animals are conscious in a similar way is _____ an open question, he said. "Do we also think __ terms of a self-image, and rehearse actions in our ____ before trying them out?"

These are all the words that belong in the blanks:
17, a, a, added, algorithm, alter, alternately, and, animal, applies, as, better, damaged, emerge, exploration, far, fixed, given, have, have, have, head, Hod, how, human, humans, hypothesis, in, is, is, it, it, it, it, itself, know, machine, machine, models, models, motors, much, of, of, out, out, produce, results, robot, said, set, still, that, the, the, the, the, themselves, they, thinks, to, to, to, tries, use, usually, walking, whole, would, would

Answer Key:
Limping robot

Nothing can possibly go wrong ... go wrong ... go wrong ...

The truth behind the old joke is that most robots are programmed with a rigid "model" of the world and themselves. If a robot is damaged it can't adapt, and can't do its job

So Cornell researchers have built a robot that works out its own model of itself. This means if it is injured it can alter this "picture in its head" and adapt to the injury, just as a human would.

First the robot teaches itself how to walk. Then, when damaged, it teaches itself how to limp. 

The test robot is a simple four-legged device. But the researchers say the algorithm it uses could help build more complex robots. These would be able to deal with uncertain situations, like space exploration. They could perhaps help us understand human and animal behavior.

The research is reported in the latest issue (Nov. 17) of the journal Science. The authors are Josh Bongard, a former Cornell postdoctoral researcher now on the faculty at the University of Vermont, Cornell graduate student Viktor Zykov and Hod Lipson, Cornell assistant professor of mechanical and aerospace engineering. 

The researchers do not give their robot a rigid set of instructions on how to move its legs. Instead they let it discover its own nature and work out how to control itself. This seems to be the way human and animal babies discover their bodies and learn to use them. 

Building this "self-model" is what makes the new robot able to adapt to injury. "Most robots have a fixed model, laboriously designed by human engineers," Lipson explained. "We have shown, for the first time, how the model can emerge within the robot." 

This makes robots adaptive at a whole new level, he added. It means they can be given a task without needing to be given a model. 

"It opens the door to a new level of machine cognition and sheds light on the age-old question of machine consciousness." That question is all about internal models, he added.

The robot looks like a four-armed starfish. It starts out knowing only what its parts are. It does not know how they are arranged. It does not know how to use them to fulfil its prime directive, which is to move forward. 

To find out these things, the robot applies what amounts to the scientific method. It forms a hypothesis and follows it up by experiment. It then refines the hypothesis.

The robot begins by building a set of computer models of how its parts might be arranged. At first it just assumes they are put together in random arrangements. 

Then it develops commands it can send to its motors to test the model. A key step, the researchers said, is that the robot selects commands that will produce different results for different models. 

The robot then carries out these commands, and revises its models based on the results. It repeats this cycle 15 times. Then it tries to move forward.

Rather than having a single model of itself, the robot "has many, simultaneous, competing, different, candidate models." These models compete over which can best explain the past experiences of the robot, he added.

The result is usually an ungainly gait that works. The most effective so far is a sort of inchworm motion, with the robot alternately moving its legs and body forward.

Once the robot reaches that point, the experimenters remove part of one leg. When it finds it can't move forward now, it again builds and tests 16 simulations to develop a new way of walking.

The researchers limited the robot to 16 test cycles, as they had space exploration in mind. "You don't want a robot on Mars thrashing around in the sand too much, and possibly causing more damage."

The algorithm it uses could be applied to much more complex machines,  the researchers said. It could also allow robots to adapt to changes in the environment. They could repair themselves by replacing damaged or worn parts. 

The work could have other applications in computing. It could perhaps lead to better understanding of how animals think. 

In a way, Bongard said, the robot is "conscious" on a primitive level, because it thinks to itself, "What would happen if I do this?"

Whether humans or animals are conscious in a similar way is still an open question, he said. "Do we also think in terms of a self-image, and rehearse actions in our head before trying them out?"

Activity 4

What kind of statement?

Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims of the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn't always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonize too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a "tentative explanation that leads to predictions that can be tested by experiment or observation".
Answer Key: (This is an illustrative set of choices. There are many others.)
Limping robot

Nothing can possibly go wrong ... go wrong ... go wrong ...

The truth behind the old joke is that most robots are programmed with a rigid "model" of the world and themselves. If a robot is damaged it can't adapt, and can't do its job
So Cornell researchers have built a robot that works out its own model of itself. This means if it is injured it can alter this "picture in its head" and adapt to the injury, just as a human would.

First the robot teaches itself how to walk. Then, when damaged, it teaches itself how to limp. 

The test robot is a simple four-legged device. But the researchers say the algorithm it uses could help build more complex robots. These would be able to deal with uncertain situations, like space exploration. They could perhaps help us understand human and animal behavior.

The research is reported in the latest issue (Nov. 17) of the journal Science. The authors are Josh Bongard, a former Cornell postdoctoral researcher now on the faculty at the University of Vermont, Cornell graduate student Viktor Zykov and Hod Lipson, Cornell assistant professor of mechanical and aerospace engineering. 

The researchers do not give their robot a rigid set of instructions on how to move its legs. Instead they let it discover its own nature and work out how to control itself. This seems to be the way human and animal babies discover their bodies and learn to use them. 

Building this "self-model" is what makes the new robot able to adapt to injury. "Most robots have a fixed model, laboriously designed by human engineers," Lipson explained. "We have shown, for the first time, how the model can emerge within the robot." 

This makes robots adaptive at a whole new level, he added. It means they can be given a task without needing to be given a model. 

"It opens the door to a new level of machine cognition and sheds light on the age-old question of machine consciousness." That question is all about internal models, he added.

The robot looks like a four-armed starfish. It starts out knowing only what its parts are. It does not know how they are arranged. It does not know how to use them to fulfil its prime directive, which is to move forward. 

To find out these things, the robot applies what amounts to the scientific method. It forms a hypothesis and follows it up by experiment. It then refines the hypothesis.

The robot begins by building a set of computer models of how its parts might be arranged. At first it just assumes they are put together in random arrangements. 

Then it develops commands it can send to its motors to test the model. A key step, the researchers said, is that the robot selects commands that will produce different results for different models. 

The robot then carries out these commands, and revises its models based on the results. It repeats this cycle 15 times. Then it tries to move forward.

Rather than having a single model of itself, the robot "has many, simultaneous, competing, different, candidate models." These models compete over which can best explain the past experiences of the robot, he added.

The result is usually an ungainly gait that works. The most effective so far is a sort of inchworm motion, with the robot alternately moving its legs and body forward.

Once the robot reaches that point, the experimenters remove part of one leg. When it finds it can't move forward now, it again builds and tests 16 simulations to develop a new way of walking.

The researchers limited the robot to 16 test cycles, as they had space exploration in mind. "You don't want a robot on Mars thrashing around in the sand too much, and possibly causing more damage."

The algorithm it uses could be applied to much more complex machines,  the researchers said. It could also allow robots to adapt to changes in the environment. They could repair themselves by replacing damaged or worn parts. 

The work could have other applications in computing. It could perhaps lead to better understanding of how animals think. 

In a way, Bongard said, the robot is "conscious" on a primitive level, because it thinks to itself, "What would happen if I do this?"

Whether humans or animals are conscious in a similar way is still an open question, he said. "Do we also think in terms of a self-image, and rehearse actions in our head before trying them out?"

Activity 5
Topic for group discussion or pupil presentations
The "age-old question of machine consciousness", mentioned in this article, is this: 

Can a machine be built that not only acts like a human, but also thinks and feels like a person?  When robots and the computers that control them reach a certain stage - which may not be far in the future - do they stop simply following instructions and start really thinking?

Can a computer see colors the way a human does? Can it feel pain, sorrow, joy, regret - even attraction for other computers? It all sounds a bit unlikely. But the majority viewpoint among researchers in robotics and machine intelligence is that the answer is 'Yes'.

There is no difference in principle, they say, between the thinking of a computer and that of a human being.

But there is another viewpoint that no matter how sophisticated we make a computer, it will always simply be following a program. It will not have an internal life of the mind.

The philosopher Thomas Nagel* famously raised the question: "What is it like to be a bat?"

So what do you think it is like to be a robot? Are there things going on inside your head? Are you a person? What does the color red look like to you?

* "Our own experience provides the basic material for our imagination, whose range is therefore limited. It will not help to try to imagine that one has webbing on one's arms, which enables one to fly around at dusk and dawn catching insects in one's mouth; that one has very poor vision, and perceives the surrounding world by a system of reflected high-frequency sound signals; and that one spends the day hanging upside down by one's feet in an attic. In so far as I can imagine this (which is not very far), it tells me only what it would be like for me to behave as a bat behaves. But that is not the question. I want to know what it is like for a bat to be a bat." 

Thomas Nagel [From The Philosophical Review LXXXIII, 4 (October 1974): 435-50.]

Links to free activities, lesson plans and background information.

Key ideas in the story
· robots

· walking

· rovers in space

· machine intelligence and consciousness

· scientific method

Robots 

http://asimo.honda.com/downloads/pdf/Classroom_Learning_Experiences.pdf Classroom activities, including design a robot, factory robot role-play and can a robot tie your shoelaces? Carnegie Science Center.

http://news.bbc.co.uk/1/shared/spl/hi/picture_gallery/06/technology_robot_menagerie/html/1.stm Robot menagerie in pictures. BBC.

www.macs.hw.ac.uk/cs/challenge/guidelines.htm School robot challenge. For older pupils. Heriot Watt University.

Walking

http://news.bbc.co.uk/1/hi/sci/tech/4275815.stm News story on walking robots at Cornell and elsewhere: "It has an empty bucket for a head, to emphasize that it uses no intelligence." BBC.

http://news.bbc.co.uk/1/hi/scotland/glasgow_and_west/4973672.stm Possibly the fastest running robot in the world. Developed at Stirling University.

http://nasaexplores.nasa.gov/show_k4_teacher_sh.php?id=041008115116 Design a robot based on an animal. For younger kids. NASA

Rovers in space

http://quest.nasa.gov/space/teachers/liftoff/robotics.html "This video program examines some of NASA's robotic research and how robots are used in space exploration." With background text and classroom activities, such as "design a microrover spacecraft for exploring the Moon."

http://marsrovers.jpl.nasa.gov/home/index.html Mars Exploration Rover homepage.

Machine intelligence and consciousness

http://robotics.nasa.gov/students/ai_robotics.php Robots and AI from NASA. Easy background.

http://pespmc1.vub.ac.be/HARDPROB.html
http://pespmc1.vub.ac.be/CONSCIOU.html
The materialists: "There is no problem". Background. Accessible

http://consc.net/papers/facing.html The philosopher: "Consciousness poses the most baffling problems in the science of the mind." Background. More demanding.

Scientific method

www.scpub.org/data//files/playing-cards-10022.pdf Classroom group activities to illustrate the scientific method. Science for Public Understanding.

www.indiana.edu/~ensiweb/lessons/flaterth.html Flat/round Earth investigation for pupils. Detailed and instructive.

Links to more links

http://robotics.nasa.gov/edu/matrix.php Resources by grade level. The Robotics Alliance.

http://ranier.oact.hq.nasa.gov/telerobotics_page/realrobots.html Real robots on the web. 

www.firstscience.com/site/articles/robonaut.asp NASA background on developing humanoid robots. 

http://prime.jsc.nasa.gov/ROV/types.html Different types of real robots with links. Background.

Daily tip for running science class discussions and groupwork

From Running Small Group Discussions in 21st Century Science. Nuffield Curriculum Centre:

Organisation
It is well worth seeking advice from teachers of English, drama, RE, and humanities subjects who often have a lot of experience using discussion as a learning tool.

You need to plan the make-up of the groups - who will work together, e.g. friendship groups, mixed-sex groups, sensitivity to mixed abilities - and ensure that participants have assigned roles.

There are procedures for successful discussion which students need to be taught and to have the opportunity to practice. Skills that can be learned and practiced include how to:

· take turns in speaking, 

· listen to another point of view, 

· ask clarifying questions,

· work cooperatively. 

Set up group tasks that make these procedures explicit. For example, listening will improve if you ask one member of the group to read a short passage while others in the group have to prepare questions from the passage for discussion. Small tasks can be set at first where students work in pairs or threes and have to take on certain roles, e.g. presenting, feedback, taking notes.
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