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Summary:

By completing this activity, students should gain the knowledge and understanding of
computer science concepts and programming experience requirethbyNew Zealand
Digital Technologie®chievementSandards of 2.45, 2.46, and parbf 2.44.1t aims to
deliver this knowledge to students through an engaging and entertaining experience.

This activityiso  AA OF f t &8 ' y23KSNJ GSNAAZ2Y 2F GKS LI Lz
by Tim Bell and featured on csunplugged webditee interesting difference e is that we

are going to have a robot performing the role of the magician. Aleadomlyarranging the

squares into a 6 by fatrix-like block, sudents would flipa particularsquare/cardfrom

their own choice. Theobot then willwalk over each squarand find out the particular card

that was flipped.

This activity guide assumesinimal prior knowledge ofprogramming;hence it should be
accessible to a wider range of teachers and used confidently to run this activity in their
classes.

. Motivation :

Teachers maypreferably start this activity with their students by watchinghe video
demonstrationof the dCard Flip Magé&game that isfeatured on csunplugged.ord good

next step henwould be to watch a video of this activityhich is essentially fnsame game

exceptthat the magician rolésplayedbyl NR o2 d ¢ KS Il YS Aa SELISOL
curiosity in the science behind this trick, motivating thewith the desireto learn more

about the concept behind it. This gamll let them experierce a realworld and handson

examplefor how computers are able to perform intelligent tasks.

Teachers at this point are expected to engage in a motivating and inspiring discussion with
their students and ultimately unfolding the concept of error detectiand correction in
computer science.

Araw andprematuredemonstration video of this activity can be watched on YouTube here:

ﬁ http://www.youtube.com/watch?v=ivMt745i MIw!

[1]: a briefdiscusionof this video can be found at the end of this document.
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II.  Mind storming with students

After the students have been introduced to the concept of error control in computer
science, teachers should now try to get irdaliscussion with them on what they think it
would take to replicatehe aboverobot game.

Students are expectetb ultimately reach the consensus thahey will need to solve two
main distinctproblemsto recreate that activity The first is to get the radi to walk over the
whole matrix of squares (or blocks) passing over eadlvidualsquare in order to read .it

The second problem is to collect the data (whites/blacks) in a proper way in order to
interpret themat the endto find out the solution (thelipped card).

There are obviously different approaches to handle each of those two problems; some will
be easier than the rest. For example, to have the robot read all the squares, we could make
it go over each row and then each column sticht once it reaches the end of a column or
row, it manoeuvre and turns back to start reading the next aren easier approach though
(and the one we chose and that appears in the demonstration videnjld be to makat
simply go over each row and once it reaches thd ef a row it just moves backward and
manoeuvres slightly to prepare to go over the next row. Moving over each column would be
redundant. While we do this when solving the game in our head, computers would not need
this step since the data is already tleethey only need toextrapolateit. (This in fact would

be a good point to engage with studerntgo a discussioron how computers can be more
efficient than our brains at solving some spectrum of tasket another approach might be
having the robot flowing a line beside each row such thapé@ssever the squarest the

same time

Similarly, the way the data is stored and interpreted can be achieved in different ways.
easy initial approacimight simplybe to usea separate array for each roef squaresThis
will probably make it easier for the students. Teachers migbiveverwant to have their
students use a single two dimensional arfay extra educational benefit. Unfortunately,
12Blocks currently doesot support two dimensional array®ut hopefully it willdo in a
future version

Teachers do not have to adopt the same apprasthat we have adoptedhere. After going
through this guide and seeing how our approach was implemented, it should be fairly easy
to adapt this guide to alifferent approach aof for instance,moving the robot. Whatever
approach is adoptedeachers need to take into account the fact that the robot will be very
sensitive to the surface type and even the slightestnp would affect its accuracy in
moving on tke intended path.This was the reasowhy we preferred tasimply stickwhite
papersquareson top of a black surface to redutempsand frictionas much as possible.
The kind of surface that the sheet is placed on would also dramatically affect bothekd sp
andl OOdzN} Oé 2F GKS NRo2GQa Y2@0SYSyia
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lII.  Activity Description

In this activity students will be using the 12Blocks programming language to write the
program that makes the robot do the magic work. While at first instant it may look to be a
complicated work, 12Blocks in fact makes it quite simple and easy to control the TBot robot.
Robots are always an exciting thing for kids to work with and the students will in fact be
absolutely fascinated and hooked up when they see how easy it is to control thewitBot

the 12Blocks language. Movements, sounds, lights, and sensor reading can all be done with
basically a drag and drop of a single block of code.

This activity will be implemented in two phases. In the first phase, students will need to
build the code tlat gets the robot moving across all the squares to read them. The other
phase will be to write the code to interpret the collected data and do the necessary
algorithmic work to find out the solution, i.e. the flipped card or the parity bit.

Thefirst phasewill involve a considerable time of trails and errors to get the robot to move
precisely as required. This however will greatly depend on the approach chosen to
implement this phase. In fact, 12Blocks should be updated soon to include a readily
implemented code block for following a lin@ee note [2] at the end of this documer§oonce

it is availablethis block can make the implementation of this phase extremely easy.

V. List of Areas of Achievement Standards Covered

The activitywill (or can)cover the following areas of the achievement standards (2.44, 2.45,
and 2.46) as shown in detail below:

Area Covered Standard | Notes
Understanding oérror control coding 2.44 Achievement
Erlrsocrui;rlgorggvd%gdely used technology is enabled | 2.44 Achievement with Merit
Selecting & using appropriate data types 2.45 Achievement
Specifying variables for holding information 2.45 Achievement
Accessing & using data in indexed sequential data 2.45 & 2.46 .

structures (arrays) Achievement
Constructing a modular algorithmic structundere at 2.45

least the top level module contains calls to other A/M/E

modules

A modular algorithmic structure where modules 2.45 Achievement with
constitutes a well structured logical decomposition of . Excellence
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task
A task sufficiently rich to allow the student to meet the 2.46
A/M/E
standard
Usage of expressiongeration and selection control 2.46
A/M/E
structures
Construction & calling of multiple programmer definec 2.46
: A/M/E
functions
Documenting the prograrnfoptional) 2.46 Achievement with Merit
Obtaining & using input datiom external source 2.46 A/M/E
Testingthe programwith sample expected inputs 2.45 & 2.46 Achievement
Comprehensive testingf a program 2.46 Achievementwith
Excellence
Writing a vell structured, maintainable, commented 2.46 . .
) ) Achievement with
program with explanatory variable names and named
: Excellence
modulegfunctions

Note: A/IM/E stands forequirement byall three achievement levels.

V. About the 12Blocks Language

12Blocks isa visualand easy to usedrop-anddrag programming language that is highly
suitable for educational purposes, especially at introductory levels. It is mainly targeted at
programming robots and microcontrolleend supports various types of devices. The best
way to have a quick overview of this language is to visit its official website at:
http://12blocks.com The features pagenttp://12blocks.com/features.phpis a good place to get
started. Tutorials and sample programs can also be found on the main site.

VI. About the TBot:

The TBot is a multipurpose educational robot that was desidnedake learning both fun

and exciting. It 9 suitable for a wide range of experiments and activities right from
kindergartens up to university students.has many featurebke motors control, fulcolour

LED lights, powerful sensors, encoders, sound playing, synthesizing, recording, plus many
otherfeatures. Most interesting is that it can be programmed with the simple drag and drop
12Blocks language making it accessible to a wider range of users. For more details and a full
list of features please visithttp://onerobot.org/overview.pdf For orders and enquiries
please visit the main official site dtttp://onerobot.org
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VII.  Warming UP

Before studentsare asked teembark on writing the program, they shoutdeferablyspend
some time getting familiar with theapabilities of the TBatnd the12Blocks programming
language.

For example, students can initially start to try to move the robot in a straight line, forward
and backward. Then, they try getting it to move inegtain path with turns and curves.

N 2
.- Getting the TBot taViove:

With 12Blocks, getting the TBtm move forwardis as simple as this:

start

The picture below shoghow to get it to move forward for half a second then turn right for
0.2 seconds, and then move backward:

TR 200

move {EEID

As you may have guessed it, a minus sign is used to move backward. A minus sign is also
used to turn left. The input cells accept timenmiliseconds.

2
.- ExploringColours with LED light

The TBot has a futiolour LED light that can be easily controlled to produaeous kindf
colours and hues.The picture below shosvan example ohow it can be easily donm
12Blocks
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The first inpt cellA y  $eKLEM W O 2 R $ uged 1 Select the colour name while the
two other cells are used to control saturation and luminosity, respectively. A wait block is
used to keep the LED emitting light for one second.

“Z- Getting the TBot to Speak:

12Blocks has various blocks to play sounds in different ways. The TBot hasradpekker
and with 12Blocksstudents can easily play wav files, sound effect files, well as
synthesized song files. They can also use the -buiihicrophone toimplement sound
controlled tasks. Other capabilities also exist like producing tones of chosen frequencies.

For example, the followingrogramg A f t  YI 1S GKS ¢. 20 aLSF | 2 dz
NPo2iGé YR GKSYy 3ASYSNIGS Il gehBndLX & | G2yS 27F

séeak "hello i am a robot"

[EVRAGHER 2000 BieJ& 500 it

?

stop

Studentsshould now be encouraged to go through some of the other code blacks
explore for themselves what they can do with the TBidiey shouldor example tryusing
some loops, conditional blocks, assigning data to variables, printingoersand texts to

the screen, and reading user inpdtutorials and samples can be found on 12Blafkisial

site: http://12blocks.com

12blocks is fairly a simple and straight forward language and very readable as well.
Therefore, it would be more educationally rewarding for students if they were allowed to
plunge into it without prior demonstrations. Guidance and help should be provided
minimally and only whetruly required. Care should be taken not to spoil tn@ment for

the student and let them enjoy the bliss and elation of sohan@goblemthemselves. Athe

same time, it is also important not to allow them to get desperate.
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VIII.  Writin g the Program (With Details of the Standards mapping s):

As mentioned earlier, this activity will be implemented in two phases. We will discuss each
phasewith some detail hereWe will build our program with a 6 by 6 matrix of squares in
mind. Sq as perthe game rules (explained on csunplugged), the initial matrix would be only
5 by 5. The B row and columnwould be addedat the endby the game coordinatoto
control the paritybits.

Phase 1: Moving the TBot across the squares:

The example code blocks above showed us how easy it was to build a program in 12Blocks.
In the above simple examplesie simply attached the desired block of code to tBeartQ

code block to make the program run directly once it is uploaded to the Tdgbteved by
clickingthe Runmenu command)In our casenere however, we are developing a relatively
more complex programnd hence we need to build it in a more professional approach.

We will be using functions (methods) to implement each distinct paouofprogram.

The functions tab of the 12Blocks programming environment has a block that can be used to
define a new function. The picture below shows how it looks like. To define a new function
simply drag the top angled block and rename the function wite desired name.
Parameters can be declared inside the brackets, separated by commas (without space) if
more than one is used.

|contro| II tbot I Srmina sound II motion II sense I
( functions pins

T (@ o @
reium o

Since we are building a function for moving the robot forward, we will not neeg a
parameter. We can simply define our fuion as follows:

froverovard 18 Noorl |

After defining the new function, it will appear in the functions section of the library similar
to this:

9| Page



| T (@) ccais @

reium m
e

_-.—_
‘ moveForward

V Step 1: Moving Forward

By now students are expected to have experimented enough with moving the TBot. So an
initial trial to getthe robot to move over six blocks might look something similar to the
following:

CIZTT) (@ ocais @
r?peat a from n to e step o

[EVAGHER 3000 B{I& 250 Nyl

_' '_? Explanation:A YepeatQoop block was used to have the TBot move six times for 217

. milliseconds stopping for a second between each. The number 217 was in our case
determined by trial and error and students are expected to do the same to find out how
much it would take the TBot to move over each single square. Obviously, this would vary
according to the size of the squares or blocks usktke type othe surface of any shat
usedand the type of surface that the sheet (if any) is placedwitl also significantly affect
this. The speed of the TBot can also be controlled with #& S i O Ndzada Blockd LIS SR Q
found in themotion section of the library

I O2RS o6f201 GKFdG gAff LXFe | WwoSSLIQ G2yS |
programa nice effect of scatike action.The TBot will actuallgead off the square colour at
that point using its sensoybut that will be implemented later an

Construction ohamed module$2.45A/M/E), construction ofprogrammer
A.S. Relevanc¢®: | defined functions/method€2.46A/M/E), Usage of iteration control
structures .46 A/IM/E)

[1]: The abbreviation A.S. is used to refer to the tekohievemenStandard

10| Page



To test the code aboyatudents can build a simple testing prograimilar tothis:

when left Walljitslil
set cruise speed

moveForward

TheWButtonrode block allows the user to chose from a drop menu which button (TBot has
three buttons)to use and to also choose the state of the butt¢sown, up, pressed,
released) for when the action should be triggerddhe button block is docked ta WhenQ
block to let the program runs when the certain button is pressed and released.

| A.S. Relevance | Testing and debugging a progrgth45& 2.46 Achievemen) |

V Step2/ 2NNBOGAYy3I S ¢. 20 Qa {159

Students might find that the TBot skews to one direction instead of moving in a straight line.
This can happen either due to the surface or due to internal mechanics of thelmBaise
correctionswere needed then students can apply them by modifying the code to something
similar to this:

répeat ﬁ from o to Q step n
[ move
% 1000

D)Iéy Y 3000 YR 250 L

The trick is to experiment with how much we need to turn the TBot in the oppdsiéetion

to correct for the skewing. Students can then add this correctiomeeded. In our case
above, we needed to add the correction after the TBot moves across 3 squares so we simply
split up our loop into two and added the correctionbetween.
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' i? Note: The TBot unit that we have experimented with veasandmade prototype antiad

' :- a tendency to skew lefivhen moving forwardAll new TBots will be machine built though
and will be more precise and accurat® students might not need to add any correction
code. The new TBots will also have encoderghe wheels which should maleny needed
correction much easier to implement.

V Step 3: Moving Backward

Now that we have moved the TBot forward across a row of six squares, we need to bring it
backward in order to manoeuvre it to start moving across the next row of squares. As we
have discussed earlier, students can adopt a different approach of how tonocendt this

point. The programming needed should not be much different though than thewenwill
discusshere.

An easy way to implement this would berecord how much the robot has moved forward
and then letting it move that much backward. We use a variable to hold this information
and increment it continuously as the TBot moves forwdide picture below shows how to
add this to our earlier code:

G (@ ocais @
set °to 0

repeat ) from g to €} step €}
[ set €@ to

+

| move

YR 1000 |
ﬁéytone 3000 B{IK 250 EyH

Specifying variables for holding informati{#h45Achievemenj,

A.S Relevance Selecting & using appropriate data typ@s45Achievemen)

® § .
- TIp: 12Blocks has one type for numbers which is singaljed$HumbeQ | yR 2y S

Ge LIS T2N aéexRmydlnSvaaeE (s@2RIzEUWR | OOSLIG SA G KSNJ
¢t KSQW O2RS 06t201 0aK2gy 06St2605 F2N SEI YL
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We then define another function for handling the backward movermseahd which will
make use of the data held the variablex. This can be achieved simply as follows:

[rovebackvard 18 Torl )

move n

V Step 4: Manoeuvring

Once the TBot is back in its original position, we simply nhow need to do slight manoeuvring
to make it align itself with the next row of squares. This will require some experimenting
with trial and error until the correct figures for how much to move andhtisdetermined.

The below picture shows what students might reach at:

‘i#® Note: the backward movement codgas now beencombinedwith the manoeuvring
. codeandi KS Fdzy Ol A2y 4| @anbdbwe® YSR (G2 airavyLie v

Construction of multiplgorogrammer defined function2(46 A/M/E),
A modular algorithmic structure where modules constitutes a well
structured logical decomposition of a task45Achievementwith
Excellencg

A.S. Relevance
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Phase 2: Storing and using the data to do the magic work

Now thatthe robot is able to go over each one of the squares, the next step is to build the
code that will make the robot read off the colour every time it stops at each square block.
The TBot has fivafrared sensors in itsindersidefacing downward Sincedifferent colours
would reflect back different amount of radiation back, we can use those sensors to find out
the colour the robot is looking at.

12Blocks has a code block that could be used to easily read off sensor data. Students should

be able toquickly find out the code blockthat should be used for this task. In thibot
aSOGA2Yy 2F (GKS f A0 NI NIEead lidekséndttb &S 3 oCR(R2SH 00 f RK
be used for this purpose:

read line sensor( {left v K value

far left
left
center
right
far right

_ -} Tip: The Yead line sens@code block has two dredown ments (the second shows
2T WO £ dzSQ | f NBEFRe aSt $dfiSsensor to De/uSed anl té cihdrf SO G A
for selecting the type of reading desired (maximum, minimum, rate, & value).

A quick test foreading sensor dateould beachievedike this:

repeat
set lo read line sensor( , )
pint vave

¢ S| OK S Nsldentstshoully bencouragedio work out for themselves how this

code block could be used to identify white colour from blacks a well known fact
that more educational value is gained when studeditscover knowledge by themselves
rather than when it is disclosed readily to theiith a quick test like the aboystudents
will notice thatwhite colour gives readings that are always abdve figure 100,000. Black
colour readings on the other handwill always be much lower. Hence,tlwia simple

-
-
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comparison, we can easily consider any reading lower thar000Qo beblackcolour and
anything higher to bevhite.

'i? Note: The sensor readirsgwill differ depending on the type of surface and how

7. shinyitista 4S8ttt Fa G2 G(KS NR2YQa fAIKGAYIO
which is that there will be large different@tween white and black colour readintfgt can

be used to differentiate between them easily. Using the robot in sun light might not
probably work correctly as there will be too much infrared noise.

At this point, after students are comfortable with how to read sensor data, they should try
to add this capability to the previous coder moving the robotsuch that the robot reads
and sores this data as it stops at each of the squaildee following describes how this can
be achieved.

V Step 1:Reading Off Colour Data

To make our program more organized and maintainable should create a user defined
function that will specificallyhandle the sensor readingsather than adding this directly to
our previous codehat handles the robot movementshe below picture showa function

Yy | Y SdadCHlorQ (w4 hiliiltto read off sensor data and store them in a single array
YIEYS WREGEFE! NNI 8Q

[readColou Y ndex N |
(CEGRITERTL (@ center MK value )] ,

T <>100000

o @ - O

Ls?ét
+]

‘# Explanation the variable s is used to store the value of the reading. Atatement
ria is then used to compare that variable agditiee number 100,000 and storgther a 0
or 1 ina specifiedarrayy | Y Sl&aAttayDAbparametemamedWA Y RSEQ A& dza SR
caller to provide the appropriate index when calling the functims . f 2 O1 & <elNP OA RS
code block (found ivarssection of the library) that can be used to store data inaaray.

The picture below shows its detsiil
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set G( Q) to n

Use: set an array's item to a value

Syntax: set (ARRAY)((INDEX)) to (VALUE)
ARRAY: array to set
INDEX: index of array item to set
VALUE: new value for array item

| A.S. Relevance | Obtaining & using input data from external souf2e46 A/M/E) |

The %eadColarQfunction can then benicely calledrom the moduleprogram that handles
0§KS NERO 2 i QEhe picud Belos shdws this:

CIZTT) (@ s @
set ! x JER 0 )

repeat o from nto Q step n

" get ° to

| move €3K

R7% 1000

o T o D
RETSENE arayindex )

Lpfay tone U for X[ ms

@ Note: I sei@ O2RS &6 fdBBIR (2 &a4SG GKS WINNIeéeLyRSE
L 0 ST2NB  OeatiCobuRI T O IW2y d ¢ KS WENNIeLYRSEQ |
program module(will be shown later, or see the complete code picture at the efth)s is

done because w are using a single array to store the readings for all the squares and hence

we need to keep it pointing to the correct index at all times.

A task sulfficiently rich to allow the student to meet the stand&d
A/M/E), amodular algorithmic structure where modules constitutes
well structured logical decomposition of a tagk4b Achievement
A.S. Relevance with Excellencg, a modular algorithmic structure with named

modules where at least the top level module contains calls to othe
modules .45 A/M/E), accessing & using data in indexed sequentig
data structureq2.45 & 2.46 Achievement
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V Step 2: Storingand readingthe colours data

We have mentioned earlier how this can be achieved in several approaches. However, due

to current limtation of 12Blocks (not supporting mutfimensional arrays), we decided to

simply use a single array to hold the data for all the roMcu have already seen this when

4 S 0 dziréadColauR S F 82y O (. ATRis/will ladd Zud&erhead of having to dwdth

the data in a special way to find out the solution (the flipped square) .I&ewever, his

had actually madé¢he task of storing the data easi@r2 NJ dza readC8IE® G K&y @i A 2y 0

P ¢ S| OK S R task i€plodab¥y the hardest part of the entire progrémill
require some careful thought and paper (or board) sketcle®wl diagrams
Preferably, teachers should have a brainstorming session with their students to work
out the solution togetherFrst, students need to work out thkey ideaof how the
flipped square can be found in the first place. After understanding this, they need to
work out how we can extract the data from a single array in a manner that would
Fff2¢ dza (nd fligeedlsduai€rule i $he dataand ultimately finding the
solution. The last step would bt translate that intoan algorithm or pseudo code
So it can beeasilyprogrammedin 12Blocks

L

3
-
-

¢ S| OK S MR &oulddhd al\vBry good task to ask the students to devetop

paper I maddular algorithmic structureconstituting logical decomposition dhe
taskQif desired(2.45with Excellencg

l'a AG Aa Affdzad NI G§SR Acsunplidg&, the/ruleNdR findirig AneJ a | 3 7
flipped square is simply to look for the row and column that have an odd number of
coloured squares. The flipped square is wherestarow and column meet. So, for our

purpose here, we will need to process the datahie array to find out that specific column

and row where an odd number of coloured squares happen.

Understanding ogrror control coding Z.44 Achievement discussing
how a widely used technology is enabled by error control codingh
Achievement with Merit), a modular algorithmic structure wher
modules constitutes a well structured logical decomposition of a
(2.45with Excellencg, a task sufficiently rich to allow the student
meet the standardZ.46 A/M/E)

A.S. Relevance
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We will illustratediagrammaticallynow to solve the problem discussed above

Our singlearray forthe 6 by 6 matrix will simply look like this:

1[2[3]4]5]6[7[8|9|10/11|12[13 . 133343536 |

In the above diagramhe numbers inside each cell refés the indexes In the actuabrray
after the TBot has passed over all squares, each cell will contain either a 0 (black) or
(white). We can now rearrange the array into a 6 by fatrix @s the diagram belowfo
make it easy for us to visualize theoblem.

|7 |8 [9 [10]11]12]

|13 14|15 [ 16| 17| 18|

Columns

|19] 20| 21]22] 23] 24|

_____

25| 26] 27 28] 29] 30|

|31]32|33[34]35]36|

Y

Diagraml: Mapping the single array to thequares layout

Now, it is easy to see how our single array actually maps to the original layout of the squares
which the robot has passed over. So to process the data, we will fiestdo go through
each row to find the one containing the odd coloured squares, and theh&same for the

columns.

'ip

K Tip: To find the row or column with the odd number of coloured squares, we
simply construct a loop that goes through each row (or column) at a tingde the
loop, we put a counter that adds up the values (0Os and 1s) of the(ooveolumn)
cells. Theow (or column) we are looking for would thesmplybe the onethat has

a total with odd number.
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V Processing the rows

Obviously, we will need a loop to process the rolug the problem is how to deal with the
messed up indexes. To construct such a Joee will need a dynamic way to specify the
start and end index for each row. It would have been easy if all rows started and ended with
matching indexesbut in our casehtey are not To solve this problemrmote that simply by
addingthe number6 to the start and end indeesof a row, we cardeterminethe start and

end indexes of thenextrow. This should enable us now to build a loop that processes each
one of the rows dyamically. The picture below showsa user defined function for
procesigthe rows:

o

%" Explanation The innerrepeatloop is used to calculate the total for each rdwy

.~ reading and adding the values in its c®lisgetQ YO2 RS o6f 201 Aa dzaSR |
data and store it in a temporary variable that is in turn used to perform the addition. The
startindexand endindexare initially set to 1 and 6 respectively. When the first run of this

f 221 O2YLX Si S ZadablelvidliSholddtbetol foiSthelXirst@owThen, both

indexes are incremented by 6 to make the loop ready for processing the next row. The outer
NBLISIF{G t22LJ Aa dzaSR (2 Syl o6t S drduntéer2e2l3ne0 2 &3S NJ
usedto ched if the total is odd or eveby calculating the remaindeaf dividingby 2 Since

we will have one and only one row with an odd number of coloured squares, we only need

to move to process a next row if the total of the current rewas not odd. Once we find a

row with oddtotal then we stop processing the rowss.ro#Q @ NA | 0 tkeep thagk dza SR
at which row the outer loop has stoppesince that would be the one we are looking for.
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