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Abstract 
 
This paper describes the design, development and operation of three state-of-the-art presentation 
robots being used to present an educational message to schoolchildren in the UK.  The three 
identical robots were designed to appeal to primary and special needs pupils and to grab and hold 
their attention.  The paper describes the functional, behavioural and appearance aspects of the 
design and includes a summary of the effectiveness of ten years use in thousands of schools with 
hundreds of thousands of children. 

 
1  Introduction 
 
The environmental protection charity Waste Watch 
has been operating a waste reduction scheme the 
“ReCyclerbility Education Outreach Programme”  
in schools for the last ten years.  The aim of the 
programme is to encourage children, their 
teacher’s, schools and parents to reduce the amount 
of waste that is dumped in landfill sites in the UK.  
This is achieved by using three robots, each with an 
education officer from Waste Watch, going into 
primary schools in England, Scotland and Wales 
providing free interactive educational shows.  The 
normal age of the children in the audience is from 4 
years to 11 years old (key stage 1 and 2) but there is 
no age limit for special needs schoolchildren.  The 
use of robots in classrooms to engage and sustain 
the interest of the pupils and educate them has been 
described in Bruder and Wedeward (2003) and 
Smith (2000).   
 
The use of robots to assist the rehabilitation of 
autistic children in special schools has been 
described in Werry et al (2000).  However the use 
of robots to provide the actual educational message 
is unusual.  In this case the robots and their 
handlers present the pupils with shows promoting 
the message of recycling, reducing the use of, and 
reusing waste packaging and products.  Each robot 
handler is a qualified education officer, often a 
former primary school teacher.  The education 
message is sustained with the use of activity books,  
 

 
 
 
which provide further practical information, 
puzzles and exercises.   
 
It was found at an early stage in the programme that 
having a robot presenting the message interactively 
with a human was far more effective at keeping the 
children’s attention and enthusiasm than employing 
a teacher on their own.  A further ten years 
experience has confirmed this finding.  This idea 
had been used successfully in the USA and Waste 
Watch adopted the approach in the UK.  They 
wanted three robots, one each for the north, south 
and central area of the UK mainland.  They 
produced an outline specification for the required 
robots and submitted it to a number of universities 
and companies for competitive tender.  The 
contract for the design, building and maintenance 
was awarded to the authors.  The programme is 
funded by Biffa Waste Services via the “Biffaward”  
scheme under the government’s landfill tax credit 
regulations.  The robots are designed to elicit an 
emotional response from the children through the 
creation of a childlike appearance, voice tone and 
behaviour.  These have been developed over the 
years in response to the children’s reactions.   The 
robots are designed to be entertaining, interactive 
and largely autonomous.  One of the robots is 
shown in figure 1.  For about 90% of the duration 
of the performance the robots are under software 
control (with randomised movements) and the 



remainder of the time the robots are under human 
control. 
 

 
 

Figure 1.  Cycler. 
 
2  Robot design specification 
 
Three robots that met most of the requirements had 
been imported from the USA in 1994 but were 
aging and proving too unreliable causing school 
visits to be cancelled.  The unreliability was giving 
rise to high maintenance costs.  Three new 
machines, built to a higher specification, were 
required.  The new robot design required that its 
appearance and behaviour be appealing, engaging, 
happy, friendly and childlike.  The robots’  
behaviour was to be such that they appeared to have 
minds of their own and be capable of apparently 
independent even “naughty”  behaviour.  The three 
Cycler robots were to talk and sing the message in a 
“ rapping”  style on cue and be able ask questions 
and respond with a yes or no response immediately 
after a child gave a correct or wrong answer to a 
question posed by the robot.  Each robot would be 
likely to go into three schools a day, five days a 
week for a school term giving 500 presentations to 
100,000 pupils per year.  A single breakdown 
would result in several cancellations, as rapid 
servicing was impractical due to the cost and 
distances involved.  This would cause 
disappointment to hundreds or thousands of 

children.  The typical and maximum number of 
children attending a show would be 200 to 250 
children.  The robots would be subject to a lot of 
handling and vibration when travelling on rough 
roads and when being hauled up and down stairs 
and lifted in and out of cars.  An important 
consideration was safety, as the robot would be 
used as close to the children as possible and the risk 
of injury to a child in the event of loss of control 
should be negligible.  Thus “Cycler the Rapping 
Robot”  had to be lightweight (less than 35kg), 
stable, robust and low powered.  The dimensions 
were to be approximately 1.2 metres tall, 470mm 
wide and 470mm deep.  The battery life 
requirement was six hours.  The Cyclers were to be 
able to interact with the audience, and the handler 
was to be in full view throughout the interactive 
presentation.  Only a single handler for each robot 
was economically viable and any human control 
had to be virtually invisible to the audience.  The 
robots needed to be designed, built and in service in 
a few months at minimal cost.   
 
3  Robot design implementation. 
 
To keep the cost low and respect the mission of 
recycling, the middle and lower half of the robot 
design was retained.  The visible part of Cycler’ s 
mid section is made from used plastic drinks bottles 
to show that the robot is at least partly constructed 
from re-cycled materials.  However a smoother, 
more rounded, light coloured, smart, uncluttered 
finish was adopted to give a more modern, high 
quality and realistic look and feel to the robots.  As 
the robots were being developed for teaching it was 
felt important that they should look realistic and not 
have a distracting appearance.  The robots were not 
to be perceived by the children as toys but as 
representing “someone” who should be listened to 
and could command quietness and stillness in the 
children at the appropriate time.  Cycler had to be 
believable in that it had to look, behave and sound 
like an intelligent robot.  
 
To gain maximum reliability, the internal working 
and upper body, head and arms were re-designed 
from scratch.  Thus the new Cyclers contain five 
micro controllers; to decode the radio receiver 
signals, control the sequences of eye illumination, 
eye movement, head movement, arm movement, 
and control the MP3 player.  The robot’ s voice is 
recoded as a sequence of MP3 sound files.  Red 
LEDs forming the robot’ s lips light up in time with 
the voice when talking and singing.  The handler 
can start and stop the MP3 player quickly via the 
buttons on a small keypad, which is concealed in 
the palm of their hand.  The buttons on the keypad 
can be operated with one or two fingers without 



being noticed.  The keypad is connected to a small 
specially made VHF radio transmitter.  Thus the 
robots can be operated to effectively interact with 
the audience.  By stopping and starting the sound 
files at the appropriate instants, Cycler can respond 
to answers given by the audience.  The buttons are 
multifunctional to minimise their number and hence 
the size and visibility of the keypad.  A micro 
controller interprets the button presses.  Thus in one 
mode the buttons control the movement of the 
robot, in another mode the same buttons control the 
movement of the arms, in a third the movement of 
the head, and in a fourth they operate the MP3 
player.  Four visual feedback LEDs, on each 
shoulder of the robot, serve to remind the operator 
what mode of operation the robot is in.  An 
emergency cut off button is also mounted on each 
shoulder.   
 
An amplifier and two 18 Watt speakers are built 
into the robot.  A ring of six blue LEDs forms each 
eye.  The eyes pan and the head pans and tilts.  The 
head panning rate is not constant but software 
controlled to give a more human like and 
expressive rotation of the head.  The robot can 
move forwards, backwards and turn on the spot but 
for safety reasons these actions are only at the 
command of the handler.  The movements are 
achieved using a 5V servo motor for the eyes, two 
propulsion motors running on 12V or 24V 
depending on the required speed, two 12V arm 
motors and two 12V head motors for panning and 
nodding.  The arm, head and eye movements, when 
not being controlled manually, are under the control 
of an “ inbuilt personality programme” , Buckley 
(2004).  Under this programme the arms, head and 
eyes follow a randomised pre-recorded 
choreographed sequence.  Thus the movements are 
lifelike and do not repeat during a show.  The 
personality programme allows the handler to have 
both hands in full view, enhancing the illusion of 
the robot being “ intelligent” .  Thus it is extremely 
hard to deduce how the robot is controlled even by 
careful study of the robots behaviour and watching 
the operator’s hands.   
 
A radio failsafe system checks the received signal 
for invalid commands and stops the robot moving if 
the received signal is interrupted or corrupted by 
interference.  If the transmitter is not used for 
several minutes it will switch off to save battery 
power. When the transmit signal stops the top-level 
micro controller puts the robot into sleep mode 
until valid commands are received.  This stops all 
movement for safety and extends the robot’s battery 
life, Smith (2004).   
 
 

4  Simulating intelligent behaviour 
 
The way in which the robot is perceived is critical 
to the ability of the robot to encourage the children 
to sit stil l, listen and learn.  Because the robot has to 
interact in a natural way with the children it has to 
be social.  Synchronised lip “movement”  
accompanies talking or singing, and the head, arms 
and eyes can move at the same time under manual 
or “personality”  control.  Thus the robot seems to 
be behaving intelligently all the time and the pre-
programmed sequences are not noticed.  The 
simulation of naughty or slightly out-of-control 
behaviour apparently has the effect that children 
identify the relationship between handler and robot 
with the relationship between the child’ s parents 
and the child itself.  Because the robot asks the 
audience and the handler questions to extract 
answers to which the robot can say yes or no, the 
robot appears to be engaging in sophisticated 
conversation with the audience and the handler.  
The randomised sequence of head panning and 
tilting simulates the robot looking at each member 
of the audience and making eye contact.  The blend 
of human control, randomised choreographed 
movement and responsive question and answer 
behaviour gives a good simulation of intelligent 
behaviour.  The voice tone is positive, exciting and 
interesting with some authority, which helps keep 
the children paying attention.  The combined effect 
is that the children apparently perceive that the 
robot is intelligent and has an engaging personality. 
 
Thus the creative elements in the design are 
substantial although not always obvious. 
 
5  Children’s reaction 
 
The children’s reaction has been very positive. 
They accept the robots in minutes.  They apparently 
react as honoured, privileged people in the presence 
of a celebrity.  “Guess who came to my school 
today”  is a common reaction.  Children sometimes 
tell the robots jokes and stories and talk to the 
robots as if they understand.  Even relatively young 
children are sufficiently captivated by Cycler’s 
presentation to sit still and quiet on wooden floors 
for the whole of a 45-minute to one hour-long 
presentation.  The question and answer sessions 
induce very natural interaction between the children 
and robot.  Many children want to touch the robots 
and run after them waving goodbye when they 
leave.  Rarely can any sign of boredom in the 
children be detected.  Very occasionally a robot 
frightens some children even though care has been 
taken to give the robots a non-threatening 
appearance.  These occasions only tend to apply to 
younger children of a particularly nervous 



disposition.  In these rare cases the handler or a 
schoolteacher will usher the child towards the back 
of the audience.  Almost invariably Cycler elicits 
excited emotional responses in the children.  Since 
Cycler’ s personality movements are rarely 
repeated, this is seen as further evidence that the 
robot is real. 
 
Cycler seems to be effective at drawing responses 
from relatively withdrawn children including those 
with special needs.  The robots are particularly 
effective at maintaining the children’s attention and 
interest.  Being able to simulate human lip, eye, 
arm and head movement and having a childlike 
face are important aspects of human robot 
communication.  Being able to make children laugh 
at childlike, slightly naughty, behaviour induces an 
almost universal feeling of identifying with the 
robot, inducing feelings of friendliness and 
empathy.  The combination of appearance, 
behaviour and the friendly, cheerful positive but 
childlike voice tone gives an appealing impression 
that children quickly relate to.  The children readily 
project emotions on to the robots. 
 
A side effect of the Cycler outreach programme is 
that the children are presented with a much more 
positive image of robots than the dystopian futures 
shown in roughly half the popular science fiction 
stories.   
 
6  Exper ience and Effectiveness 
 
Waste Watch started the Cycler programme in 
April 1994 and expanded it nationally in 1997.  To 
date the Cycler presentations have been given in 
over 4200 schools and in front of 750,000 children.  
The programme has steadily grown to the current 
rate of activity of 500 presentations and 100,000 
children per year, Jansen (2004).  A Cycler visit is 
so popular that bookings often have to be made six 
months in advance.  A typical comment from a 
teacher following a visit is “For a group of children 
with severe learning difficulties who find 
concentrating for any length of time difficult, 
Cycler really captured their attention and 
imagination” .  Waste Watch monitor the 
effectiveness of the programme closely.  Their 
surveys have found that schools have achieved 
waste reductions averaging 47% with a few schools 
achieving a 90% reduction, Jenkinson (2003).  This 
is largely as a result of the children being persuaded 
by Cycler’s message. 
 
7  Publicity 
 
The idea of using a robot to present the 
environmental message is not only effective at 

securing the children’ s interest and attention but has 
the effect of generating additional interest and 
publicity for the programme.  This has helped 
widen the audience for the message in the press, 
radio and television.  The new robots were 
launched by a former Minister for the Environment 
at the House of Commons in March 2003, they 
appeared on the BBC2 peak viewing time show 
Techno Games and on Blue Peter.  Typical 
newspaper coverage for a school term is a Cycler 
feature with a photograph in 40 articles with a 
combined circulation of 2,250,000 copies.  Such a 
high level of interest would almost certainly not 
have been achieved without the use of robots. 
 
8  Other design and operation influences 
 
There are some difficulties associated with 
designing robots for use in close proximity to 
children.  The children, who are normally aged 
from 4 years to 11 years, generally sit on the floor a 
metre or so in front of the robot, and at the end of 
the show gather around the robot.  Any radio 
controlled mobile machine is not immune from 
unexpected movement due to radio frequency 
interference hence electromagnetic compatibility 
EMC and portable appliance testing PAT 
regulations apply.  In these circumstances, health 
and safety regulations, public liability, negligence, 
contractual, and insurance issues are non trivial.  
Some development time also had to be devoted to 
financing, non-disclosure agreements, copyright, 
intellectual property rights, a warranty, a servicing 
contract and a maintenance agreement. 
 
9  Conclusions 
 
The use of the Cycler robots in schools to engage 
the interest and attention of primary school children 
has been proven to be effective over a period of ten 
years in thousands of schools and with hundreds of 
thousands of children.  The message presented by 
the robots has been shown to be effective in that the 
schools are typically able to implement a reduction 
in the use of waste by 47%.  Cycler grabs the 
attention of typically 200 primary school children 
for up to an hour at a time, and keeps them sitting 
still and quietly by using a mixture of human 
control of the robot and randomised, 
choreographed, lifelike “personality”  control.  The 
message is conveyed by the robot and handler more 
effectively than with a teacher alone.  The package 
of creative design elements that gives the robots a 
friendly appearance, the appealing behaviour and 
the assertive but engaging voice tone combine to 
make a very effective teaching aid.  The children 
generally show tremendous uninhibited affection 
towards the robots.   
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