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In this paper, we describe our use of robdsto introducefirst-yea
undergraduate students to the ideathat understanding cogniti ve science
requiresoneto view a‘mind at multiple different levels. The importance
of the multi-level descriptionis unique to cognitive science, and so can be
difficult to tead in astandard academic setting. Instead, we dlow
students to interad with aroba that has been pre-programmed with some
behaviour. Through thisinteradion, they develop various descriptions of
theroba (in effed, performing cognitive sciencein amicrocosm). These
various diff erent descriptions can then be discussed and the benefits of
eat can bereveded. Furthermore, we foundthat it becomes evident that
no ore single descriptionis ‘best’ or ‘most useful’.
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Introduction

As part of afirst-yea university seminar course in cognitive science, we dedded
to experiment with the use of robasin the dasgoom. Inspiration for thiswork came
from the growing use of robas in educdional situations, where they often provide an
excdlent hands-on approad to science and engineeaing. In most of these situations, the
educational goal isto lean abou robas themselves. For example, the MIT MediaLab
has gained a strong reputation for creding remarkable madines. In ou case, however,
our mgjor goa was for the robasto provide a oncrete example of one of the more
important tenets of cognitive science the necessty of having multiple levels of
description (sometimes known as the tri-level hypothesis [Dawson, 1998). In this
particular case, we wanted the students to discover for themselves various diff erent ways
of charaderizing the behaviour of the robas. Oncethese different levels were uncovered,
the students could then be led into adiscusson d the usefulnessof these levels.

We wanted to focus on this particular concept both because it is fundamental to
cognitive science and kecauseit is ldom studied o expilicitly explored ouside of
graduate-level courses. Aswe discovered through contads at the American Asociation
for Artificia Intelli gence s 2001 Spring Sympasium on Robas in Educaion, \ery littl e
red-world datais availablein this grt of situation. Furthermore, we hoped to provide a
clea example of what separates cognitive science from the traditional disciplines. Asany
teader of afirst-yea introductory course in cognitive science can attest, it is difficult to
explain cognitive science & omething other than *using psychaology, phlosophy, and
computer scienceto analyse the mind. We believe that the instructional scenario
described herein can highlight part of what makes cogniti ve science unique.

Related Educational Robots

It isclea that robas have been used extensively in afield tightly related to
cognitive science artificia intelligence Not only are robas one of the major products of
artificia intelli gencereseach, bu they aso provide very clea examples of ‘ emergence.
For example, in [Pfeifer, 1997, anumber of robas are placed in an environment fill ed
with randamly scatered blocks. After awhile, al the blocks are pushed by the robats
into afew piles (or against the wall s of the enclosure). When students are asked ‘what
are therobasdoing?, they generally answer that the robas are ‘ cleaning up’. However,
alook at the aontrol program for the robots indicates that they are merely programmed to
generaly avoid olstades. They dothisimperfedly and, dweto their physicd interadions
within the environment, this leads to lone blocks being pushed into ather blocks, forming
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clusters.

This example demonstrates the ideathat the adual high-level behavioural
description d aroba may be very diff erent from that expeded by alook at its program
code. Thisconcept of ‘emergence (high-level behaviours arising from the interadion d
low-level rules) isavital onefor both artificial intelli gence and cognitive science, and
inded is diredly relevant for identifying the necesgty and wsefulnessof having multiple
levels of description. However, for a agnitive science aidience, we need more than an
example of the mnstruction d an emergent behaviour. We need to look at how a science
can effedively ded with emergence

Educational Framework

In order to show how emergenceis dedt with in cognitive science, we dedded on

the foll owing clasgoom situation. First, we would implement some behaviour in aroba.
Then, the students would be dl owed to interad with the roba for some time. During
thistime, the students would be encouraged to try to charaderize the behaviour of the
roba. Afterwards, we would lead adiscusson besed onthe students' idess, andtry to
bring the various (hopefull y diverse) descriptions of the roba into a mmon framework.
In thisway, we @uld show that the ‘corred’ description d the roba isnot in the
programmed rules, narisit in the overall behaviour. Both of these descriptions are useful
in dfferent situations, and reither is better than the other.

We dso wanted to frame this problem by expli citly asking the students to “do
cognitive scienceontheroba’smind.” Althouwgh significantly smpler, the problem of
the students charaderizing the roba’s mind parall els the problem of cognitive scientists
charaderizing the human mind. Furthermore, the methods for doing so are fairly simil ar,
including observing the roba inits ‘natural’ environment, developing hypatheticd
models of the roba’s mind, and performing experiments on the roba to test these
hypotheses.

TheTrial Run

We used the @ove methoddogy as part of afirst-yea undergraduate seminar
course on cognitive science d Carleton University. It was performed nea the end d the
two-semester course in a dasswith nineteen students present. These students divided
themselves into four groups of four to five students ead, and ead groupwas given ane
of four identicd robas. They weretold to interad with the robas and to “charaderize
the roba’ s behaviour; be @leto predict it and describeit”. They were dso told that after
forty-five minutes of such interadion they would be asked to informally report their
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findings as agroupto the dass

Therobdsin question were built using the Lego Mindstorms Robatics Invention
System. The physicd form of the robas was identicd to the ‘ Torbat’, whose
construction cktail s are provided with the Mindstorms kit [LEGO, 200Q. Thisroba has
two motors (one for ead treal), and two sensors, which are touch-sensitive ‘feders’ in
front of theroba. These feders are designed to be aleto deted both wallsand cliffs.

The behaviour of the robas was based onBraitenberg' s vehicle 2B [Braitenberg,
1984. In namal operation, bdh treads are set to runforwards. If either ‘feder’ is
adive, then the oppasite tread is reversed urtil the feder isnolonger adive, plusa
randam amourt of time from 0.1 seondsto 1sewmnd. Thisgivesthe roba arobust
obstade-avoidance behaviour, and can be eaily programmed using the software provided
with the kit.

Importantly, the students were not informed of the detail s of the @nstruction d
theroba. This deasionwas made so asto maintain the parallel with namal cognitive
science. When studying adual minds, we do nd have the luxury of knowing exadly
what the key comporents are.

Figure 1: The Mindstorms ‘ Torbat’ robat body.
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Results

When the four groups of students were asked to present their findings, there were
two dstinct types of reports. Two of the groups described the behaviour in terms of low-
level comporents. Their reports could be summarized as “if the left sensor is hit, it badks
up andturnsright, and viceversa.” They corredly identified the basic medchanism the
roba used to sense its environment (the touch sensor), and founda simple low-level rule
that described the behaviour they observed. The other two groups, however, described its
behaviour at amuch higher level. Theroba was described as “trying to avoid oljeds’
and it was sid that it “does nat like hitting objeds’. Furthermore, the roba could
experience ‘fr ustration’, as evidenced by afew attempts at running into an obstade before
bewoming ‘fr ustrated’ and trying a new diredion.

The rest of the dassconsisted o an attempt to reconcil e these two views. One of
our first goals was to courterad the impulse to say that the low-level descriptionwas the
‘red’ explanation d theroba’s behaviour. Thefirst way thiswas dore wasto reved the
existence of an even lower level of description: the implementation cetails. In the acual
implementation, there is no ‘turning left’ or ‘turning right’, there is merely the reversal of
signalsto the motors. ‘Turning’ can be seen as being an emergent property of the state of
the motors and the physicd configuration d theroba. Indeed, we can then describe an
even lower level of detall by discussng the compiled program code within the
microprocesr itself (athouwgh thiswas not dore in thetrial run). This stuation al owed
usto pant out the problem of infinite regress thereis nolowest level of description.

The second approach to reconcili ng these two levels of description wasto pant
out the usefulnessof ead. Does either descriptioninclude the other? Can ore pradicdly
derive one level of description from the other? Here, we were &le to make use of the
observation abou ‘fr ustration’. We posed the question to the dassas to whether or not
the low-level descriptionwould lead you to seang that this ort of behaviour could
happen. The students concluded that it was certainly not immediately obvious that such
behaviour would emerge, and so it was useful to have this higher level of description.
We were thus able to persuasively demonstrate that both of these levels of description are
required for the sort of ‘understanding’ that cognitive science amsto achieve.

After the discusson, the students indicated that they ‘got’ what we were trying to
get aaoss Whether or not thisisadually trueis not established here, bu they all seemed
to appredate that if the situation can get this compli cated with such asimple aedure,
then deding with the human mindis an extremely ambiti ous task, and nd one prone to
the sort of cut-and-dry answers that traditional fields of scienceoffer. Furthermore, the
robas provided an excdl ent example for later discussons onthe topic of consciousness
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and the problem of other minds. For example, their comments that the roba was ‘trying’
to avoid olstades opens up the iswue of attributing mental states: isthe roba ‘trying’ to
avoid olstades in the same sense of the word as when humans ‘try’ to dosomething?

Considerationsfor Future Classes

We identified two isues which shoud be addressed before we use these robdsin
ancther class To begin with apurely physicd issue, the robas require amore robust
design. During the dass we were forced to spend some time quickly repairing the robas
after physicd mishaps such asfalling off atable. These repairs were eay to perform, bu
they did dsrupt the experimental situation.

The seamndiseistheimportance of having a‘natural environment’ for the
robas. Most of the interadion with the robas by the students took daceon atable-top,
where make-shift wall s were formed with hands or textbooks. The ladk of astatic
environment led to behaviour charaderizations that were more diredly stimulus-resporse
based than would atherwise be expeded. When these same robas are placed in astatic
environment with minima human interadion (such asin atypicd office), the behaviour
seems much more exploratory. This sort of description dd na arise in the dassoom
situation.

Figure 2: Students interading with the robats
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Conclusion

Although robds are recaving attention for educaion within certain fields, very
littl e research has been seen within cogniti ve science elucaion. However, as we have
seein ou singletrial, they do seam to be dfedive a introducing traditionall y difficult
concepts. Aside from providing awelcome dhange from the typicd ledure situation, they
can elucidate and provide the basis for discusson on o of the most important questions
in cognitive science What does it mean to understand hav amind works? Approading
this philosophicd question with the ancrete example of these robas can make thistopic
more tradable for students and educaors.
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