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Robotics in education is fast becoming a popular way to engage students in the
fundamental STEM concepts (Science, Technology, Engineering and Math).
This eJournal brings together articles from teachers from all over the world who
are using Robotics in ffierent and exciting ways. Please join us onRlodotic

in Educationmailing list, and let us know how you have been using robotics in
your classroom.
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Digital Design with Lego Robotics
Wayne Burnet{Singapore)

With all the demands on school time, the class cal
itechnol ogyd often gets th
really deny that languagets and math deserve priority? Bu
when you want to get the most of the robotics unit and
expensive Lego kits, time is critical. Students need time
design, build, programme, test, evaluate ardessgn, rebuild
and reprogramme.

This was the challenge | faced as | started teaching robotic
the middle school level. Prior to this, robotics in my scho
were offered as after school activities. Thevas less time
pressure to achieve a set of benchmarks and assestrigure 1: MLCad image of an amusement park rid
progress. But, once in middle school and with not a lotdesign option created by a grade 8 student
lessons per week, | struggled with the question of how to give

students more access to the kits. Of course, sending home atdvimslkit was
not an option. True, they could do some of the written work at home, docume
their research or design plans. | have had students take digital photographs {
robots, sometimes to document the dtggstep creation process, other tsn®
show design options they were considering. However, photographs canno
the 3D perspective that fully reflects what students have created.

Finally, on a robotics discussion groups, a membemtioned MLCad, a
computer assisted design (CAD) programme designed for Lego. In cond
research, | also came across LeoCAD, Bricksmith and Lego Digital Designe

there are others). What follows are some comments on my experience usingrigure 2:  Photo  of  the
primarily MLCad. amusement park ride as built

These three images explore &
different form of locomotion

using Bricksmith.
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Using the software in educational robotics Figures 3, 4, 5 & 6:Series of images
hé{epicting a potential design similar t
t|¥(¥a"‘E made in MLCad designed by
19student

| use the software in two ways and | am still evaluating w
works best. One year, | introduced the software before

handson robotics kits but found students had difficulty relati
the digital Lego pieces to the reales, particularly in terms of
relative size. The following year, | worked with the Mindstorms
kits first and then introduced the software. This probably works

better, but still raises a question for me: Should students be
designing  first,  building second? Is there a
desigm build A programme process in educational robotics,
or is it more auild, re-build and programme strategy? Does
it matter?

Even if not used to design robots, | have found the software E:;j;iA
particularly useful in documenting what they have ddhés :
easier to take digital pictures of a robot than to create (o re
create) it using CAD software but photos do not provide all the
information that you want. Not only does the software give )oq
a 3D view (you can get different perspectivesop, botom, '
left, right, front and back), a related viewer (LDView) |s
available that allows you to rotate the creation in varigus
directions on a computer monitor. In addition, MLCad, at least,
generates a parts list and building instructions. All this helps if
students are required to submit documentation of what as ~was
considered, which option was selected and designed and the==

pieces necessary to construct it. po

|
|

Moreover, | see this as an opportunity to introduce some GAD
into the middle school. We are planningetthance our desigr
technology programme and this might include other examples
of computer assisted design and manufacture (CAD/CAM).
These robotics software options are a good way to introduce -
students to this area. ;

Software Options

All of the options | have looked at (MLCad, LeoCAD
Bricksmith and LDD) are free software packages that work not
just for Lego robotics pieces but for other Lego pieces as well.
Bricksmith is specific for Macs (nhot an option at my schopl,

though some students used it at homjle LDD supports
Mindstorms NXT only. At the time, | was limited to the yelloyw
RCX bricks, so LDD was not an option (but will be as of this
August!). This left me with MLCad and LeoCAD. Both qf
these (along with Bricksmith) are based on older software
cdled LDraw. LDraw is where the digital specifications for
each piece are developed and maintained and MLCad |and
LeoCAD are ways to use the LDraw Library using a graphics

user interface (GUI). In other words, MLCad and LeoCAD |et

you use a mouse.
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| tried both and there is a danger that the first one | tried became the benchmark of comparison. MLCad is
sophisticated and probably more difficult to use than LeoCAD but still it seemed to be a better option for
my students. It seems to have more power and fligxib

Another reason | selected MLCad was the existence
e —. a T —— of two books.LEGO Software Power Tools, With

e LDraw, MLCad, and LPub by Clague, Aqullo and
Hassing was published by Syngress and provides
help with MLCad and related programm&&rtual
LEGO: The Official LDraw.org Guide To LDraw

::; Tools for Windows by Courtney, Herrera and Bliss

“’;21' was created by the volunteers behind LDraw.

e o] Having these as a resource (not to mention many

;2: online resources and tutorials) meant that learning
=]

la1] 2 e

MLCad and being able answerudent questions

Dark-Cyan

would be easier.

Figure 8: Screenshot of MLCad All the software has to be installed and can be done
without having to register or sign up (no personal information). | have found MLCad can be a bit more
difficult to install but essentibl all students were able to do this at home in the end. Volunteers design
the pieces and some pieces are not yet officially approved but can still be downloaded. The NXT pieces
are available in MLCad and should be for LeoCAD as well.

Simulated Programmi ng

4 Robolab Online - Pilot Level 1 - 90 degree turn - Windows Internet Explorer C=IE X

) hitp

In addition to using CAD software for design an
building documentation, | used a subscription web site i
introduce programming. Robolabonline is a fairly
inexpensive service that allows students to programm .
the four Pilot levels. Unfortunately, supports neither the!
Inventor level nor NXT. As Lego is phasing out suppa
for Robolab, Raobolabonline might also be phased o
However, | have an email from Lego suggesting thatfilss==

wi || not be Ataken downo

s.robolab-online.com/P151.htm?lang=EN

Robolabonline has several built in challenges with vis

examples of what the car should do. Then, students cre

their own programme and watch to see if they were

successful in meeting the challenge. | found that [Figure 7: Screenshot ofRobolabonline showing the Se
tudents f d this to b f tivit tainl bl Example view. Tabs at the top allow students to select t

stuaents foun IS 10 be a tun activity, C_er ainly usea (Design programme view and the View Results view.

the elementary school level. It was particularly helpful ..

my elementary school after smii activities where | could get my students to focus a bit more on
programming (they much preferred to build). My middle school students went through it quickly and it

was a pity that the Inventor level was not available. It is unclear whether Legmpliiment or support

the development of an NXT version.

@ Internet | Protected Mode: On g v ®100% ~
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Going Forward

I am interested in how using the software improves learning. Do students make better robots when they
have to place digital piece after digital piece together, thus developing aitbestef what works, what

fits and what options exist? Are CAD skills in the context of robotics transferrable to other CAD
contexts? Once students have had experience with a kit and related software, is it possible (or advisable)
to have students desigirst and build second? They might be directed to generate three designs and
evaluate which one seems to be the best before they build it. At least for large projects like planes, this
probably better reflects what happens in the real world.

As | transition to NXT, | will be interested in any different experience students have as we move to LDD.
The other packages can also use NXT pieces and students will always have their choice at home, but |
will teach just one, LDD, at school.

ot
EmindsTorms

Figure 9: Screenshot of Lego Digital Designer with a préoadec
NXT model

Software Download Sites
MLCad: http://www.Im-software.com/mlcad/

LeoCAD: http://www.leocad.org/

Bricksmith: http://bricksmith.sourceforge.net/

Lego Digital Designerhttp://Idd.lego.com/

LDraw (including information on parts and related softwanép://www.ldraw.org/

Robolabonlinehttp://www.robolabonline.com/
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Storytelling and scenario building as arenforcement in
LEGO introductory activities
Roberto Catanuto, Ph. (ltaly)
Robotis Projects Coordinator
Primary and Secondary Schools

1. Introduction

After a long run, primary schools were introduced to robotics in Catania (Italy) school district from
February, 2010. They were already highly interested in this educationalaligdihanks to the annual
robotics competition and exhibition Minirobat\w.minirobotics.org, a joint effort largely supported by
DIEES Engineering Department of the local university.

This paper addresses twayeiseful engagement strategies for kids, agé@:7torytelling and scenario
building for their robots. The following remarks regard two different primary schools.

2. Planning the robotics activity.

A first problem arose when the author had to plarrebetics course for the two primary schools: neither

the students nor the teachers have ever had previous experience with fioHatiosired activities. On

one hand (i.e. the students) this was not a big issue, since they were highly attracted bgrtbheitypp

hence they were eager of putting their hands on the Lego sets. On the other hand (i.e. the teachers) this
was a big issue, since they felt not comfortable at collaborating on a project whose core topic was almost

totally obscure for them. One tiiem even rejected any invitation to learn something regarding robotics

and was going to set herself apart. Hence the author and the school staff had to face clearly this problem,
well before the course started.

The simple proposed solution was to integrabbotics related activities (like building models and
programming them) to other activities more traditional in those school settings: painting, building
scenarios with rough paper, and especially storytelling.

The rest of this paper addresses and shbgsutcomes from the two schools.

3. First primary school: a little group

The first school to collaborate with primary kids was already a partner of the 2009 project, and they
proposed to enlarge the audience of students, inviting also younger kidgroLipeformed had 7 kids,

but they were really too many for one kit only. That's why we decided to split them into two smaller
groups: the first one decided to work with Lego WeDo and the second one preferred the traditional NXT
set.

The former was invitetb choose one of the model proposed by Lego instructional materials and the kids
decided to start working on the fhungry alligato
movements. This part of the work was divided into two: simple programmitig @ sensors and
programming a more intelligent behavior, using the motion sensor.
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Storytelling:
One of the female children of the group decided to write a nice story centered on the presence of the

hungry alligator and of anoth&XT robot which was adet later to satisfy and enrich the narration, a big
grah

The story is as follows

The Hungry alligator and the superGrab

An extraterrestrial ship ran into troubles while travelling through the space. It carried a little alien,
called Sevi. He was tryindesperately to keep himself on a good track, wandering and wandering,
but finally he reached the Earth and landed in Egypt, in a very small town near Nile river.

He got out from the ship and soon asked for help. But all the people eventually meetingrdnim w
really scared and ran away, shouting. Hence, he decided to call telepathically his alien mates for
help. They were guided by Sevi's mother, and soon moved to search him in the entire universe.

Unfortunately, they did not land just near Sevi, so theythdook for him in the surroundings.

In the meantime, an alligator was resting near the Nile river and he felt a strange and new presence
over there.

Also, Sevi was getting nearer and nearer, still not aware of the alligator, hidden amongst Nile's
papyrs. All of a sudden, the alligator came out and tried to catch Sevi. But then the aliens arrived
and succeded to call for the attention of the alligator, who hogged some of the aliens all the same !

The inhabitants of the small village were very scarechiystene, thinking about the possibility of
ending up like the aliens and so they called some scientists to help them with the superGrab

The supergrab was the robot built by the scientists to protect all the people in the world. The robot
started a veryierce battle with the alligator, that was killed after a long war

That's how the inhabitants of the village and the survivors of the Navi people were saved by the
supergrab. The Navi finally moved back to their Esperia planet, and Sevi lived happyvitydiis
friends.

Thank you for yauattention !

Scenario building:

The construction of the robot and its mate had to be completed and enriched with the scenario
surrounding their interaction. Hence, the kids decided to create a nice colored world aniapgenpaper

sheet, where all the five continents were depicted (Figure 1). Moreover, they built also the aliens and their
extraterrestrial ships. The superGrab moved over the sea and, using a color sensor, it eventually
recognized the red color of Afac After that, it tried to catch the alligatasing a simple arm built on top

of itself.

The importance of this second activity is prominent, since it helps the students to create a meaningful and
relevant goal for building the robot. The alligator arsdnitate are note isolated constructions, build only

to learn something more or less abstract and more or less engaging. They are strictly linked with a
surrounding entire world, created from scratch by kids, where they can mirror themseltbgiavery
imaginative thoulyts.

This empowers their motivation for learning to build and program better and smarter robots, whose goal
is clear for the students.

The story is translated from italian to english:
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4. Second primary school: a larger group
The second school provided a larger group of 80 childreidethin smaller teams. Each team was given

a Lego Wedo set. It was the first time for this school to be engaged in robotics activities, hence there was
a greater expectation.

At the beginning, the students were asked to imagine freely the robot they lemadiked to build,
without taking into account the actual limitations of the kit. They dreamed of a whole set of fantastic
robots, mainly inspired by what they were studying at school: the prehistoric era and their animals. Hence
they planned to build seething like ancient dinosaurs with fantastic abilitiégter two runs of
constructiori programming test of the model(s) built, students were asked to decide which one should
have been their definite robot to be presented at the final exhibitioncat sctat the university.

The robot chosen were:

e theroaring lion

e the airplane rescue

e the goal keeper

e the goal kicker

e the sail boat storm

e the dancing birds

e the drumming monkey
e the hungry alligator

Storytelling:

After that, the teachers and the authdweasthe students to create a story where at least a couple of robots

could interact with each other. So the groups were paired and the storytelling started. The alligator was
paired with the fsail boat st or ma,the drimeingnooakey ki c k e
with the roaring lion and a second alligator with the airplane rescue.

Here, we report only one of the stories created by the children.
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Pelliper, the fish -eating Pelican 2

Pelliper was a pelican Pelliper now ate carrots

it had a wing and not a hand It didn't have any wheels

andit ate only fishes, but flew and flew and flew

It o\lljvt?rormnogr?\omie!t s dootrget| d r It landed in its cave.

It was really harsh And dreamed about its children
-] eaten by the rabbit.

But all of a sudden its children

were attacked by rabbits

and Pelliper didn't see them anymore
[...] [...]

It wasn't severe anymore ... When itthought about its children
Can't you trust nelt's totally true !

And it cried a lot while flying

cause it wanted its children back

neither it could eat nor drink

[...]

Scenario building:

A lot of stuff was built by this school to support the storytelling and their robots. Here we report pictures
showing the final products. Of course, all the observatibositascenario building made for the previous
school can be repeated here.

The first picture shows the monkey and the lion as well, living and acting inside the forest.
The second picture shows the rescue plane and another plane in the background.

The thirdpicture shows the big bird, the sailing boat and a volcano in the background.

The origi :
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Final remarks

All the primary students involved in this project were asked to undergo the following working cycle:

e choose the robot

e build/program the robot

e create thestory for the robot(s)

e create the surrounding scenario

e explain to your schoolmates why your group chose that model and how you underwent all the
working cycle

This strategy has been proven very useful since it helped the children to make a real s#rtbe diust

two steps of this process, which otherwise could have ended to be less clear without a focused goal in
mind. Moreover, the children found a very rewarding experience to tell the other schoolmates what they
have done and especially to show thedrk to parents and other children from other schools.

Finally, they also presented their creations to the annual competition/exhibition Mini@b@twhere
more than two hundrestudents participated.
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Roboticsin the Greenhouse
Eduardo Ventura M(Dominican Republic)

http://aularobotica.blogspot.com

Introduction

The phenomenon of globalization, characterized by increased international competition resulting from the
vision of the world as one big market, brings the need for new technological alternatives for boosting
competitiveness in food production.

In a greenbuse production system increase
considerably when controlling efficiently the
weather variables that directly affect th
vegetative cycle of plants.

Hypothesis

Why use robots to improve agricultura§ s
efficiency in greenhouses?

Objective

This project aim to implement tools and robotic technologies in greenhouses to control the climatic
variables that optimize efficiency and increase productivity.

The greenhouse effect

The greenhouse effect is a natural phenomenon in which a portion of solar enetgyg bynthe earth is
absorbed and retained as heat in the lower atmosphere. Existing gases in the atmosphere, primarily water
vapor, causing the greenhouse effect. Other gases such as carbon dioxide, methane, nitrogen oxides,
ozone and hydrocarbons, alsayh role in the greenhouse effect. "

What is a greenhouse?

It is a closed structure covered with transparent materials, within which it is possible to obtain an artificial
microclimate that achieves high productivity, low cost, in less time, withoutoemental damage,
protected from rain, hail, insects or excesses of wind that could harm a crop and thereby grow plants all
year round in ideal conditions.

¢ Sunlight penetrates the walls of the greenhouse warming inside

e The coating is a transparent glass or plastic material.

e These materials scatter light so as to prevent the formation of shadow inside
e The plants, soil or inside the substrates are heated by solar radiation effect
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The advantages of growing in greenhous  es are:

e Earliness in fruits and crops.

e Improving the quality and performance.

e Production continued throughout the year.

e Water saving and fertilizer.

 Improving the control of insects and diseases. |

e To get more production cycles.

e Separate the production of the climate.

¢ Allows the implementation of food solutions ir 2
agriculture. A

The most important climatic variables to control in a greenhouse are:

e Temperature

¢ Relative humidity

¢ Radiation (light level)
e Control of CO2

The robot ics in greenhouses

In greenhouses automation has made good progress so that it is now possible that a robot can perform
many repetive tasks with great precisioits use in the case of agriculture, specifically in greenhouses,
this high productive poteiat.

A robot can be used to measure and monitor climate variables in order to provide optimum plant
development.

System description

In the automation of our study the greenhouse there are three important elements: the robotic system
consists of a mobilebot and a fixed station, sensors and actuators.

The mobile robot moves inside the greenhouse, unattended with a controller and its sensor, taking
measure of climatic variables and sending it wirelessly (bluetooth) to the fixed station for comparison and
decision making.

The mobile robot has various sensors to measure the microclimate in the greenhouse, temperature
sensor, relative humidity, radiation, inspection chambers or robot arms for data collection, which send
data wirelessly (bluetooth) to the fixed station.

The fixed station is another robot but steady, receives da
from the mobile robot and discusses the changes in var
parameters with respect to securities initially set according
crop type and stage of plant growth, is responsible for powe
actuators.

The third part cosists of sensors and actuators; in our stu
model the mobile robot is equipped with three sensc 4
temperature, lighting and humidity. i o2 i N

P I 4 _ R\
The actuators are part of the fixed station used to trigger the mechanisms that open the windows, activate
the irrigaton system and exhaust fan3he mobile robot and the fixed station is constructed with an

educational robot kit "LEGO MINDSTORMS NXT"
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Operation Greenhouse
The aim with this model of gases is to automate the con ™
of micro-climatic variables in ordeto improve efficiency I.E. ,

and achieve greater performance.

Temperature

It is the most important variable to control in a greenhot
environment, because it is of vital importance for grow
and development of crops.

In our case study, tomato, it is impartao know the needs
and constraints of temperature at different stages of gro.
of tomato plant. In our country the optimal temperature
range for growing tomatoes is 22 to 28 ° C.

“ A

In all cultivation is vital to know:

The minimum lethal temperature, whiis below that which the plant suffers irreparable damage to the
plant. The biological maximum and minimum temperature, which indicates the optimal temperature range
for the proper development of the plant in a given vegetative phase, as phosisyfifdlering, fruiting,

etc.

Temperature control by the robot.

Our robot is equipped with a temperature sensor,
the robot can move through the greenhouse, tak™®
moves data of temperature in different are
previously identified, these data are senthi® fixed
station wirelessly (bluetooth) is compared to t
maximum and minimum expected, if a hig
temperature alert, higher than expected peak, .
temperature is reduced in two ways in our model
study: '

26/11/2008 0!

The advantage of using a robot to measurevtimble is that you can perform with greater precision, at
any time and any place inside the greenhouse, taking immediate actions automatically, you can also create
a log of every time and place that has been measured for analysis and decision making late

Relative humidity (RH)

This is another climatic variables to consider in a greenhouse. The relative humidity is the amount of
water in the air, in relation to the maximum you would be able to contain the same temperature "(2)
A hygrometer is an inatment used to measure the moisture content of air, soil, plants or a particular gas
by means of sensors that receive and indicate its variation. "

In our model

The robot is equipped with a hygrometer, which measures the RH of air in any area inside the
greenhouse, sent to the station sets the value of HR measured, if the value is outside the optimum range
(60-70%), the fixed station triggers the corresponding actuator to correct the value of HR and take the
appropriate value which does not harm the plant.

In case of oveHR is corrected by activating the irrigation water, spraying water in the environment,
increasing ventilation, creating shadowl our model of study if the RH is very high fixed station
automatically activate a water pump to start watethe plants.
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Importance of Lighting.

The amount of daylight received at the conservatory is of vital importance to the process of
photosynthesis in plants. In our country, receives a considerable amount of daylight, could arise if it is
necessary toreate shade to control excessive light in the greenhouse.

In our study model, the mobile robot has a light sensor that measures the intensity of light inside the
greenhouse. If the intensity is so high that it causes an increase in temperature to ammaadinsu

greater than expected, sending a warning signal to the fixed station in the fixed station compares the
values and drives the actuator that moves the mesh to spare on the roof of the greenhouse, thereby
reducing the amount of light entering the grieeuse and therefore temperature.

Results
The results of this experience, "Greenhouse Automation" using robots in the control of micro climatic
variables has allowed us to observe the following advantages and disadvantages:

Advantages

e Greater precision in the data collected and therefore more responsive.

¢ High efficiency is obtained in the management of the greenhouse.

¢ Increased production and improved quality of crop products.

e Compared with openir crops significantly reduces the environmental impact.

e |t frees humans from tasks that might be dangerous when handling chemicals.

e Especially improves considerably theality of life for producers to have more income.

Disadvantag es

¢ High cost of robotic equipment.
¢ Lack of qualified personnel in the area of robotics.
¢ Design of greenhouses with special routes for the movement of robots

Conclusion

The use of robotic technology in the automation of greenhouses in order to ineffidieacy and
productivity therefore seems a dream for many. The robot is a reality, one should study the feasibility of
its implementation at the moment when talking about the need to produce more food to address food
crisis approaching across the globkhe conditions to start with this technology are given and the
technology exists, just need to unite wills between the public and private universities mainly in the areas
of training of qualified personnel in robotics
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Effective education with limited programming knowledge
Damien Kee, PhXAustralia)
The NXT Classrooni www.theNXTclassroom.com

Introduction

When introducing teachers to robotics, often the first immediate reaction is "That's too complex, | don't
know how to program"”. This attitude, whilst understandable, is often incorrect, especially in light of the
teaching tools currently available. Tipaper outlines number of educational activities that are possible
with only minimal programming knowledgeThe activities presented are suited to middle years, but
could easily be adapted to accommodate other age groups.

LEGO Mindstorms NXT

The LEGOMINDSTORMS NXT kit is an excellent way to introduce student to robdfigsl). It is

robust, easy to build with and many students have had prior experience with modular building systems.
The software used is a graphical based software, allowing ssubedtag and drop various commands,
linking them together on screen to create easily customizable programs. The software, whilst simple in
look, can be harnessed to perform quite complex tasks such as mathematical operations, variable handling
and datalgging. Custom functions can be created, information can be easily passed between blocks and
even between separate robots. It is often this high level of software capability that is used to promote the
system.

Fig 1. LEGO Mindstorms NXT Robot

In many cases however, this serves to discourage teachers, whinofteactly believe that they will
have to program at this high level in order to get any educational value out of the ffigdzict A high
level of complexity provides more sourcespassible errors, which can be difficult to diagnose without
previous programming experience. This discagesthe teacher which in turn discourages the students
resulting in a less than optimal educational outcome.

One of the teaching strategies we emyplith new and nervous teachers is to show them the
vast range of educational activities that can be achieved with only mipnogdamming. Ve
stressnot the teaching of robotics, bilite use of robotics to teach fundament maths and science
concepts.
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Wait untl a vaiid messape Is it greater If TRUE, then subtract 0 Take the cotrected number and
& received than 07 If FALSE, then subtract *from*™ 0 drection and apoly to the motors

Fig 2. Complex NXIG program

Programs with one block type

One way in which this is done, is the use of only a single block for all the initial exercises. The block in
question is thenoveblock, as shown in fig 2.

©

AT
Ol
e -...

Lk pom: 0OaA BB @c B Power: ) [ 75|
G Dreion:. O OJ. O&) Y Duation: | 1 | [Rotations =]

) Steering: 1 S Nexacion: @ Bl ke O B Coamt
Fig 3. The move block and its associatedfiguration panel

The moveblock has a configuration panel, which can be adjusted to vary the direction, steering angle,
power level and duration of movement (fig 3). Multiph@veblocks can be strung together to begin to
create more complex programs.

Experiment 1 - How Far?
The following questions are posed to teachers/students;
e How far does the robot travel with 1 rotation of both wheels?

e How far for 2 rotations?
¢ Is there a relationship between how far the robot travels and how much the wheels turn?

This in turn introduces the idea of the circumference of the circle and how it relates to the diameter of the
wheel.

Circumference

A

v

Fig 4. The circumference of a wheel can be defined by the
distance it travels in 1 complete rotation.
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Experiment 2 7 How Fast?
The following questions are posed to teachers/students

e How far does the robot travel in 2 second? (at 50% power)
e 4 seconds? (50% power)

e 6.3 seconds? (50% power)

e What is the velocity of the robot at this speed? (m/s)

¢ How many secondare required to travel ¢n?

For this activity, teachers/students are required to construct a graph of the distance travelled vs the time
taken(fig 5). This in turn gives us a roughly linear relationship between distance and timeadyg

off the graph at 72cm, it is possible to make an estimate of how long the robot needs to travel the required
distance.

Time vs Distance
120

100

80

60

Distance (cm)

ap

20

Time {sec)

Fig 5. Distance travelled by the robot, as a function of the time travelled

This experiment can be repeated for different pdeseels.

Experiment 3 T Figure of 8
Make the robot drive in a figure of 8 (fig 6).

18%

Fig 6. Various styles a o0figure
Rohotics in Education eJournal Vol3 17
Compiled byDamien Kee Aic NXT
www.theNXTclassroom.com C|aSSI’ m

A teacher's resource far all things NXT



This experiment now requires the robot to perform multiple movements. Students have to consider where
they start, what orieation they begin with and what order of movements is required to complete the task.

Initially, most students attempt to compose the entire program in one go, with a vague hope that it will

work as they imagine. In reality, the movements are not as texpesulting an often comical rendering
At this point we ask them to compose
are perfect. Once that has been achieved, they are then permitted to add more and more blocks until the

task has been completed.

of t he

6086 .

This method encourages students to plan ahead, with a task that requires them to think of several moves at
a time. Often sketching out their path on paper, with appropriate noteséahooitw
mu ¢ h t provettaube exidemely helpful.

f arandéd otwr av el ¢

Once the figure of 8 is mastered, more complex shapes and paths can be proposed.

Experiment 4 - Mexican wave

Up until this point, activities havebeen concentrating primarily on individual robots and their
movements. Now, wkok towardssome sort of c@peration between robots. The method successfully
used in class is the challenge of replicating a Mexitkve, often seen at sporting grounds around the
world. In a humamMexicanWave, each individual person in the group gulys their hands up and their
Were they to do that themselves, it would not be aeMicanWave. The wave is
generated by many people all performing this simple action, but withoadamation of the timing when

hands down.

each starts.

A robot Mexican wave involves each robot driving forward for 1 second and driving backward for one

second,

anal

ogous to the 6arms up,

how this would look with a line of 8 robots.
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Fig 7. Robot Mexican wave. The first robot on the left moves forward and then backwards.
Following this, the 2nd robot performs the same action and so on.
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The starttiming can be manually derived, with each robot handler, starting their gonogr pre
determined time after the preceding robot. Staring each robot manually requires good concentration and
an accurate internal sense of timing for each robot handler, something that young studertissenpe

so good at. There is a better, maoeurate way to achieve this.

One extra block - Wait for Time

The 'Wait for Time'block can be found in the common palette, and enables the program to 'wait' at a
certain point in the software until a specified amount of time has elapsed, before continuing on to the next
instruction.

=
Seondsi | 1
Fig 8. OWait for Timed bl ock

If we assign each raib a number, and allocate a 'wait' time for each, then providing the amount of time
between each robot is constant, if all robots stait ffregram at the same time, aekicanWave will
result.

A N
0.5 sec 1.0 sec 1.5 sec : n/2sec
1second 1second 1second ... 1 second
1second 1second 1second ... 1 second

Fig 9. Complete Mexican Wave program. Each robot waits alptermined
time, and then travels forward 1 second and backwasdcond.

Conclusion

The above experiments are a good example of how simple programs can be used effectively in an
classroom setting to achieve significant educational outcomes.

Yes you carcreatevery difficult programs with NX¥G.... But you don't haveo!
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NXT vs. RCX vs. Pico
Playing to their strengths and being a

wise steward of resources
Laura JoneqUSA)

I run a lunchtime and before and aftéischool program (for no salary and no resources) to develop
engineering mindsets in elementary schootlents in a suburb of Washington DC. On average, 250 kids

pass through this program every school year learning, among other things, software such as Lego Digital
Designer, Scratch and Alice, buil ding WoticEwiter coasHt
Pico Cricket, RCX sets and NXT sets. We have spun off into the competitive world of Robotics by
recruiting parents to run JFLL and FLL teams.

| get no funding from the school or from the parents of the participanstead | beg or write small
grants. Over the years | have accumulated 5 Pico sets, 7 old RCX sets (new when purchased) and 6 NXT
sets. We use these over and over, with my purchasing lost pieces from eBay every summer.

Because of the lack of funding, | need to take good care of my kits and use them to their full
potential, which leads me to alternate which version | use at different times during the year.

The kids and | have talked about the differences among thertitreics programs and they have come
up with some good insights that I think can be useful to others considering purchases of these kits.

PicoCricket:
http://www.picocricket.com/

From MIT, a programming language and kit of parts that is designed to develoy - ]
encourage creativity. The programming language is easy for novices and not
intimidating. Students get to use both the electronic parts such as the light, soun
andother sensors and the art supplies to create wacky machines and contraptio
entertain and amaze them.

RCX/Robolab:
http://www.lego.com/eng/education/mindstorhmhe.asp?pagename=robols

You all remember thé the big yellow brick. We have the kits with the Robolab 2
license and the USB towers.

NXT/Mindstorms:
http://www.lego.com/education/school/default.asp?locale=2057&pagename=nxt concept&l2id=
3 2&I3id=3 2 3

The newer ver sion with the sensor
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http://www.picocricket.com/
http://www.lego.com/eng/education/mindstorms/home.asp?pagename=robolab
http://www.lego.com/education/school/default.asp?locale=2057&pagename=nxt_concept&l2id=3_2&l3id=3_2_3
http://www.lego.com/education/school/default.asp?locale=2057&pagename=nxt_concept&l2id=3_2&l3id=3_2_3

I use Pico Cricket with the third and fourth graders (8 and 9 year olds) ags@iuction to the wonders

of robotics and programming. Kids work in groups of 2 or 3. | find that with a little training in Lego
building and teaching what programming is all about, they all can produce something cool by the end of

the 8week session. llas o f i nd t hat the creative emphasis of
children who do not have much building/computer experience. The goal is to create something and make
something happen, so kids who have rarely used Legos or computers igafigesis out what to do.

Al so, the sensors | end themselves to easy use and
to introduce Scratch programming to younger and younger students, so | anticipate in future years, Pico

will be even easreto pick up as the programming interfaces are so similar.

RCX (old Mindstorms) | use this with § and &' graders (102 years old) and debate every year
whether or not they are worth the hassle, but in the end | always find that they are. The Vagekbim

that the bricks tend to Al osedo the firmware even
time and causes frustration when we have to reload every week. The other problem, which | think we
finally solved this year, was that the camgrs wanted us to reinstall the towers from the CD every single

time they were plugged in, making more delays. And children today who are on the cusp of adolescence
and used to instant gratification do not take these delays well.

NXT i1 also use this with" and &' graders and insist that they work in groups of two, as collaboration is
what engineering is all about.

Below | list some of our conclusions

NXT RCX

s U ded¢ cemdmemntsy befou Openended in constructionmore flexibleand less
iwdn keo

Very wel |l

Seem to
by the boys

b ed defmitely mand prefereec Gendemeutrad while the boys tend to try to mal
their robots fight, both genders create very ful

and creative things

Options for building and support are more reac
available

Have to really search for support and instructic
although they are out there

Programming is easier, with a whole set of built
tutorials and visual instructions, if only they wot
use them!

Programming is less intuitive. Kids need a be
understanding of math and physics to do it well.

Steeper learning curve

Kits make compact robots, but they all tend to I
similar

A wide range of finished products becoi
available when the kids get comfortable and <
moving beyond the basics

Motor connections make more sense in
beginning

Kids need to understand the principles of mot
and gears quickly to get things working

These sets are more for the child who is technol
oriented the look, building and programmin
seems to be more tempgi to the child who is
comfortable with machinery already
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| spend a great deal of time at the end of the sessions convinding boys that it 1is
interest to destroy their robots by battling each other. What is it about kids, and lpaysaolar that
they want to destroy?

I hope that these insights are helpful, and | highly recommend that anyone witlygestiof equipment

holds onto them and uses both in the classroom and@xttiaular programs. Each style has its positives
and negatives, and they appeal to different kinds of children. But if you really need to get rid of the old
yellow brick sets, sehthem my way! We will treasure them!
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Teaching the Path of Regular Polygons An Approach to
Introductory Programming
Craig Shelden (USA)

Abstract: This paper describes one approach to manifest the abstract ideas of geometric shapes in the
motion of a Lego NXT robot. Although the explicit goal was preparation for a Lego Robotics
competition, the event also exercised each student's problem sshilisgand the relationship between

the robot and its circular components.

Introduction: In the fall of 2009, the author volunteered to support a Southern Maryland, United States
elementary school's paitne STEM robotics program. This program beganOctober 2009 and
culminated in an early May 2010 competition for our county. It emulated many elements of FIRST Lego
League competitions, including a research project, a presentation, and of course, robotics table
challenge$.

About twenty fourth gaders participated in weekly sessions, conducting the research project through the
fall. Due to the large number of participants, two teams were fielded, but most training sessions worked
with both teams simultaneously. In early February, after suifidigining robots became available,

robot design and programming began in earnest. One unique aspect to this competition was a
requirement to use the Robolab programming environment.

The coaching teacher and volunteer mentors shared the perspeattivensh of this competition required

the robot to drive to a location on the competition table, perform a task, and then return to the home base.
They agreed the first learning goal for the students would be the accurate navigation of the robot.
However,a weekly meeting schedule, limited competition table access, and twenty children, required an
approach that did not rely on the competition tabénd the training venue shifted to the classroom and

its linoleum floor.

An additional goal the supportingdults held was that each student should program, every session.
Others may approach a competitive event with some team division of labor, however this group strove to
ensure every attending student programmed during each meeting. This was not atsdys, ot a
consistent effort made its impact felt later.

The Basics: Straight Ahead

To support mastery of basic straigime movement, the author prepared an example Robolab program for
the students to copy. Although originally intended to be prajedtee locations of the classroom
computers and the fixed projector screen made handouts more viable. Even with a copy of the program in
hand, developing students' Robolab tool and palette familiarity required significaotrome attention.
Students wth slight Robolab experience were soon assisting others, cooperation that emerged more fully
as the teams developed.

Two lengths of black electrical tape were placed on the classroom floor an arbitrary but parallel distance
apart. Using the programeih had just copied, students were then asked to calculate the number of
degrees the wheels would need to turn in order to move the robot from one line to another. This request
led to mixed compliance.

Some students started by measuring the circumfer@nite wheels and working through the arithmetic
necessary to predict how far the robot would move. Others chose to guess a nhumber of degrees which
resulted in some robots moving only slightly, and others careening into the opposite wall. Some
programmig errors resulted in robots only moving one wheel and pivoting in place; others did not move.
Every student that experienced a program failure persevered and eventually made a program that worked,
often deviating from the handout.

Robotics in Education eJournal Vol3 23 i NXT
Compiled byDamien Kee i

www.theNXTclassroom.com C|aSSI’ m

A teacher's resource for all things NXT



This drives the robot forward
-- at the power assigned to the A Motor block
-- for the number of degrees assigned to the Smart Encoder Block

4. “f’ """ " e 11

|strai§ht_|ine| @

Figure 1. A screeshot of the Robolab Straight Ahead Program handout

The Basics: Making a Turn

Once the students mastered the strdiglt program, the training shifted to making the robot turn in
place. The author chose a turning method that kept the robot in pldeekhdnging only its heading by
driving one wheel forward and one wheel backward.

Again, the students were provided a sample Robolab program to copy and test. The adults discussed the
relationship between the robot's wheelbase, wheels, and the ddwregk in heading with the students.

After working through the concepts, a spreadsheet detailing approximate relationships was provided to
the students.

Student execution of the sample turning program followed a path similar to the straight programming
sessioni with some students working to copy the program directly, and others striking off in new
directions. Regardless of which programming approach they chose, each student benefited from
overcoming the errors they encountered along the way.

Turns A Motor

-- forward or backward based on the sign of the power
-- at the Power directed

-- to the number of degrees given

Turns C motor:

-- forward or backward based on the sign of the power
-- at the Power directed
-= to the number of degrees given

Figure2. A screenshot of the Robolab Turn Program handout

Combining Two Simple Programs: Introducing subroutines and Loops

Once the students demonstrated the ability to move the robot forward in a specific direction and to
achieve a required heading change;itistructors then provided a sample program to include new control
structures and to develop more complex operations from these two simple programs. For this tutorial,
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the two basic programs described above were incorporated into the new polygon @egamoutines
and then called from within a loop.

When the sample polygon program was first presented to the students, many responded with complaints
about how complicated it looked. But after they were shown where the two programs they had just
worked through were included in it, they started to really study the program to see what it did. From this
perspective, the cumulative development of programming comprehension and skills continued, as each
student developed their own insight into the program.

After each student wrote their version of the polygon program and tested it on a square, they were asked
to modify it to either change the direction (clockwise or counterclockwise), to change the polygon driven,

or to change the length of each side. sTigiquired each student to understand which program elements
needed changes to accomplish the goal and further cemented the relationships between the components of
regular polygons.

Figure 3. A screenshot of the Robolab Regular Polygon Program handout

Competition Preparation.

Once the students satisfactorily completed the regular polygon tutorial, they were turned loose to work on
the various missions for the competition. Some of the tools provided included:

e Tape measure to determine distance and to calculate the number of degrees required to navigate
their robots to the desired positions.

e Paper protractors to allow them to determine the required turn dngles.

e Small printed copies of the competition fieldth an overlaid scale allowed the students to plan
their missions when away from schdol.
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