RIGONOM
CAME

STEMJAM Teaching Guide

Developing make spaces to promote creativity
around STEM in schools
Acronym: STEMJAM
Project no. 2016-1-ES01-KA201-025470

www.stemjam.eu
N

© Qooo | /
A ]
: 7a
Erasmus+ Programme 2 £

()
of the European Union
| N~ IR 2 T (2




TRIGONOMETRY GAME

ABSTRACT
The objective is to create a game for students to measure distances and the calculation of angles.

The teacher will draw a geometric figure on a paper board with different color cards, red for the edges and
green cards for the vertices.

Students will have to go through these figures with the mBot through requests that the software will ask the
user.

DIDACTIC OBJECTIVES

The student applies the formula Speed = Path / Time.

Student understands the edge-angle formula of equilateral polygons.
Student knows the Scalene triangle and their environmental formulas.
Student knows the area of square and the formulas of the environment.

STEM Subject: ScienceX Technology Engineering ] MathematicsX

Education Level: 12-14 years[] 14-16 yearsX

PROBLEM STATEMENT

Some students have difficulty calculating angles and measuring distances, so from a game they will perform
with the mBots, they will help them carry out these operations.




BOM (Bill of Materials Needed)

» (x2) mBot => Ref. 90054

+* mBot Ranger (temporizator)

+* (x2) Colour Sensors for each mBot:




ELEMENT

AMOUNT

Mbot Robot 2°4G

Motor 1
Motor 2

Me RJ 25 adapter

Mini Pan-Tilt kit
It has 2 servos.
We have to connect the servo to a R125 adapter

Mini Gripper
We have to connect the servo to a RJ25 adapter

Me 7-Segment serial display

Me Led Matrix 8x16

Me Ultrasonic sensor

Me Temperature Sensor - Waterproof

Me Line Follower

Me Flame sensor

Me PIR Motion sensor

Me Sound sensor

Me Touch sensor

Mini Fan Pack

Me Color Sensor

Me Temperature and Humidity sensor

Me 130 Motor Fan Pack

RJ25 cables

Structures and beams

Laptops

Attrezzo (not essential)




ACTIVITY DESCRIPTION

First version

The activity consists in create a game for students to measure distances and the calculation of angles. The
teacher will draw a geometric figure on a paper board with different color cards, red for the edges and green
cards for the vertices and checkpoints. Then, students will have to go through these figures with the mBot
through requests that the software will ask the user.

The first step, is design the paper board (you can find in the activity’s folder) and the different cards:




The next step, is create the software for the game:

1. Design the scenes for the game:
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2. Start the Programming:
a. We create the variables that we need in our software:

Scripts Backdrops Sounds

I Events

I Looks I Control

I Sound I Sensing
I Operators
I Robots

Make a Variable
il Box1l

Here, display the diff t opti that th bed
— ere, we display the different options that the user may be done

lmll Box3
- For display the checkpoints that the user has got

} For calculate the mistakes and hits

r -+ The CMs that mBot advance
r The degrees that mBot turn right

mll mBot SpeedEad-:
These variables are the speed that mBot advance or return

\mll mBot SpeedGﬂ
= - The CMs that mBot go backward




b. The code when the game starts is the following:

whean clickead

hide varia hlem
h i::ie varia hlem
h GE varia hlm
hide variabl LT

B8 advance [ 0)

set [ to

=1 mBot_SpeedGa ko 100
2 mBot_SpeedBack K5 - 101
") Checkpointz |2 3

set [T to I
séi:tu.

BV Box3” ki |
SR Game Start” |

c. The “WELCOME” screen code is:

CLB &' Game Start” |
say for® secs

=+ Welcome to the great MBOT trigonometry co fore secs Welcome to the
great MBOT

EELS What is the name of your teamfcli=BUCTS i trigonometry
ey Rl . i contest
repeatuntil not answer =B

FT1% Please, insert the name of your teat R BL 114

say join answer for®) secs

Sav for® secs




d. The software ask to user the operation that he or she wants to do:

define decision

slTuw Uariahlem
sh_uw variablafFEeN
shuw variablem
show variabl

Y 1™ o8 Prress "1" to GO FORWARD
=51 Boxz” fie) Press "2" to ROTATE
S Box3 ™ fie) Press "3" to GO BACKWARD

S What do you want to dofEl=RU=TH

if answer =B then

advance
e,

if answer =Bl then

rotate
o

if answer = ki ‘then

return
F—

repeat until not answer =. and answar =8| or answer = or answer =

EELS Dlease, insert the correct numBELIRTCTS

if answer = then

advance
S

if answer =l then

rotate
L —

i answer =[] then

return
" —

Press "1" to GO FORWARD

Press "2" to ROTATE Ji8

Press "3" to GO BACKWARD |
1
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e. If you select the first option, “go forward”, the codes is the following:

define advance

S How many CM do wou want to adwvangg=lals Ky =113

st to answer =R JED

CEWIN ST Vour mBot goes forward =l = forl secs

set motorliEY spaed mBot_SpeedGo

set motor{lEd speed mBot SpeedGo

if [(ArduinoMode ON LY]Icqursensurm detactadlfitine . then

| show drawing ﬂ'y: ﬂ'draw: m
1]

playtone on nute beat
"

sotfear i rd to  Checkpoints - )

Checkpaints =[i] ' then

W Good job! ! You can return to the departure bdlisil 2Rttt

"
\_SEt Checkpoints tD

| show drawi ng e ) ¥ O draw: ﬁ

wait advance secs

at speed{iy

Press "1" to GO FORWARD

Press "2" to ROTATE

How many CM do
you want to
advance?
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When the mBot passes over a green card, the color sensor will detect it and show a smile.

if [ArduinoMode ON L\"]Iculunjensﬂrm detectedlfliy then

| show drawing 2 - m':.r: 0 draw: m
L]

play tone on note el beat(THE
-

set [T to  Checkpaints - §)
Cheackpoints =[] - then

L EEW Good job!! Wou can return to the departure bosisin ZRt=re
~_S'Et Checkpaints Fi) 3

__ show drawing [ ) 'E 0 draw: m

f. And if the user select the second option, “rotate”:

defina rotate

EEd How many DEGREES do wou want to rotate to the rig=la=R0=[js

setmmn answer *0REF /€N

say | join Ty join answer PP for@D sacs Press "1" to GO FORWARD
show drawing i)yl drawe: 5 Press "2" to ROTATE
sat motor{fBW speed mBot SpeedGo

set motorliEd speaed mBot_SpeedBack How many
DEGREES do you

vait degrees secs want to rotate to

at spead Gl

if {ArduinuMudeDNLY)culursensurm detected (TENnW Jthen

| show drawing 0 y: @ draw: [N

play tone on note(@&P beatCHRP 7 o rr. | Cofunded by the
: Erasmus+ Programme
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Checkpoints = [i] - then

P Good job!! You can return to the departure bolgelg 2R =]

b
== Checkpoints to B

 show drawing 0 y: @ draw: [N




g. Forreturn, the code is very similar than the first option:

dafina return

LS How many CM do wou want to go backwa ==l =10s

sotf M to  answer *ER A s

EEVAR L] Y our mBot goes backwa gl =1l BT N forl secs

sat mutum speaed mBot_SpeedBack
sat mntnrm spead mBot_SpesedBack

wait return secs

at speadfiy)

if (ArduinoMode ONLY Jcolomensolfzeey detactad g ‘than

. show drawing @ ¥i 0 draw:
k

play tone on notel{ey beati®Ele
b

set [N to  Checkpoints - @
if Checkpoints = [§] ~ then

=) Good job! ! Wou can return to the departure b forl® secs

E
== Checkpoints tn

wal't@'m

| show drawing T m ¥ ﬂ draw:

decision

Press "1" to GO FORWARD

Press "2" to ROTATE
Press "3" to GO

: How many CM do ererrrerree
you want to go
backward?
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3. The resulting code would be:

e iy | r o0 LFLY
il | A - tufira o

ask BT e T T o T T T artad it ask BT T L T T and waik
sar IRl e anser - NE JED st [TRT e answsr = €300 /€D
iy i TR e v for s wv ! e (NGRS i dnse [ e s
alaz drawivisy G = 8 @ draw: ] st b (PR v | el S e

st it G spund | e Spadick

PR H o iy €M di 7o wal il Bz 0w i TS

set [IOFEERe  anewer = £ &0

say | o (PRI in ansr [ for @0 s
sl rhrtie (PR Sl | S Sl
st st R spunn (B SgeedGe
(Ardiane Mede OMUF joeler sunsee (UTTW Oubsonn
showe draveing SRR « : 0 v : @ draw: S5
';u-, wovia o Aot (R Bear
L

et BTSRRI e Checkecints - i)
Flay biria e et T budk

[lu ErErmired e Checkgcins - )

Pl s it &l rirrias G g ar

angear =Bl er  angwsr = er answar

For install the library on mBlock:

» We need to install the library on mBlock:

MeColorSensor_Ranger ¥ ® MeColorSensor_mBot ¥

(Arduino Mode ONLY)color sensor (Arduino Mode OMNLY)color sensor {gslg

(Arduino Mode ONLY)color sensor s (Arduinc Mode ONLY)color sensor

» Nowadays, it only works if we upload the code on the board.




For install the colour sensor library, we follow the next steps:

1. Start the mBlock software and go to “Extensions” => “Manage Extensions”:

| E2 mBloc - Based On Soratoh From thie MIT Mads Labia3.4.11) - Disconneded - Not seved

File Edt Connact Boarch Langusge Help

[
o, Unlithed

Jezspsiecic Ardhaing Made Onby)
Aadung

Micrasolt Cognisss Semnvenes
Mskebleck

Senait Sefen
Cemnrrnicatian

& =]

switch costume to [ENEETIE

X -F ¥ 10 4
ewspe @/ @

switch backdrop to [EEERITT

set [EE «fect to @

change size by i)

gt mpe Lo Rl

2. A new window will appear:

Unlithed

Avaradie bataled

Demo

Waregrs

Downloaa
1

" o Downloas
Warngys

181

Componest 1t for

Ardulno Mode

118

mCore LED Control

Me Lina Follower Array

KON, Tea
Downloas

ledstrip

LCD16020C Lo Downloss

Add Extension

change size by ED

set size to @ %




3. Insert the “color” word in the searcher:

Failable  Instabed

Colar sensor
Flam

TC 23 Codor Sensor
Carihars &lsedug

1@

Manage Extenssons

Search
Extensinn for color sensor

based on TCS3ATIE

TCS5330 Color Senser. Bath
Scrabch snd Ardeins mode

Dawmnload

Daownload

MeColor Sensor_mBot
Makshioch HE

18

MeLolorSensor_Ranger
Walebloch HE
i |

Ml olorSendor Extensnn for
mBol

Mol rSenasr ExtEnion fof
Ranger
Verw Tek

[rowmioad

[owmload

M Color Sensor
Makgblnck

1.3

TFT_LCD [Anduimo Mode
Oy}

Lnjorpressril
1.1

4. The “MeColorSensor_ mBot” and the “MeColorSensor_Ranger” will appear.

“download”.

5. If everything went well, the installed libraries will appear in the "robots" section.

1 53 misock - Based On Scratch From the MIT Mefia Lab(v34.11) - Daceanected - Not saved

fie Eant Connect Bowds Eaenswons Language Melp

(m  Untitied ~ 9

& color sansaf for aabloch

TFT_LGE: {0,0) &t la® botlom
canrer & B4 colons

Me Cofor Seasor v

(Arduand Mode ONLY)color sensor (G

x 0003 @

Dowmnload

Dowmnload

Adkd Extengion

Now, click on




Now, we develop the temporizator code with mBot Ranger:

define Minute0 Auriga Program

set led on board§W red @ gre=n€FE blu=0R ot led on board @I rod G green@® blucGD define
set led on b-:ardﬂ red -255' green blue'm

define Second30 Minuted

set led on b-:ard@ r @ green@ blue@ [_ define Minuted 30

Second30
set lad on board W red €55 gre=nE@W blu=GR
define Minutel Minutal sat lad on boardER red €5 gre=nlE@P blu=GR
on board€® red @9 greenCEED blucCD F{aitﬁsea set led on boardEl red EFE greenl@iy blu=GR
Minutel 30 set led on board ) red EEEP greenlllig blu=i@
zat lad on b-:ard& red qreenm‘ bluem

define Minutel_ 30 i o
ne Minuta2 set led on b-:ard@ red qreenm I:rluem

set led

sat led on board® red@iW greenEE D blu=GR F«raitﬂsea set led on boardigh red €EED are=nl@ blu=G@
Minute2_ 20 set led on boardE red EEEP greenlip blu=i
set led on boardiER red D greenlid blu=
define Minute2 — -
Minuta3 set led on b-:ard r greenm blue'm
set led on b-:ard'ﬂ r m green bluem Fﬂl'tﬂSEG

Minute3_30

define Minute2_30 define Minute3

set led on bu:lard@ ren:lm green I:rluem Faitﬂ Zzilzeam b-:ardm redm greenm blueﬂ
I'v'iinute4_3|:|

define Minute3 -
Minuted

se_t led on board@W red € green@f blu=GN Flaitﬂsers define Minute5_30
set led on b-:ar-:l@ re-:l greenm bluem Minutes 30

set led on board@W red EFES gr:_len blue (@@

set led on board@ red € green@E blu=GW

set led on boardEM red EFEP grEEr‘l blu=(l

zat led on b-:ard@ red greenm blue@

set led on boardigl red EFFP arecnff ) blu=GP

define Minute3_30

set led on b-:}ard@ red green blu_m




For finally the activity description, we show some images for the activity:







Second Version

Step 1: We calculated the distance for mBot. We accepted the speed option as 100.

90 %0 derece

rece derece

] =

de
| 60
derece
90 90
20+120+120=36 “90+30 360 s :
120+120+120=360 <
90+90+90+90=360 60+60+60+60+60+60=360

120 120
ferece © derece

Step 2: Angle-to-edge coding, improvement and turning coding are performed on the MBot.

when I receive Helied

B8 numberofiine v E&H 0 |

EEd How many gons there should there be? Bl BRVETLS

Soi@ numberofiine v RGEEELE =11

EEE How many cm per edge? [ELlsIRVEL

te;eat numberofiine

set mw answer * /@

»

[run forviard ~ [y

| -
lwa‘ﬁ go jsecs

set (oo to €T/ numberofine

»

set motor (IR speed
»

set motor (ER speed (R

= e
TWait rotate * @ /@ secs
L — e ————

: 3




Step 3: We wrote area and perimeter calculation formulas on mBot.

define Rectangle

ask and wait
set to answer

ask and wait
set to answer

say join I RO r oLy join long edge * short edge for @ secs
say join R R el join @ * long edge + short edge for @ secs

define Triangle

EELS Enter the length of the first side. ERTSRVETS

set JISSEMGELLIERG to  answer

EELS Enter the length of the second side. [ElTsIVETS

set fLEVRGELLIERG [0 answer
EES Enter the length of the third side. ERTSIVETS
set CCGENEIERY to  answer

set Bidto linel_triangle + line2_triangle + line3triangle /@
say join QPR RUITu el ElRdof s = s - line3triangle * s - line2_triangle * s - linel_triangle for @) secs

say join [ ATl linel_triangle + line2_triangle + line3triangle for @ secs

Step 4: We used geometric motions by rulers.




Step 5: We have calculated the polygon area and the perimeter on the screen.

The area of this
rectangle is 300cm2




FLOW CHART

TRIGONOMETRY ACTIVITY

l

Connect Me Color Sensor

l

What is the operation that User want

e
todo? ‘

How many cm? How many degrees? How many cm?

STUDENT'S EVALUATION

All students improved themselves about Geometrical shapes and calculating area of polygons.

BIBLIOGRAPHY

https://www.makeblock.es/productos/sensor color/



https://www.makeblock.es/productos/sensor_color/

MORE INFORMATION

First Version:

1) V =x/tand time and distance with mBot. Distance is adjusted with keyboard, time/distance were
formuled and mBot moved or made a turning. In this activity, it is assumed that the MBot takes an
average of 12 cm in one second but depends on battery power.

2) We put the colour sensor on the mBot, mBot sense green colour as corner and red colour as edge.

Second Version:

1) We worked on geometry in this activity. We calculated the outside angle of an equilateral polygon.
From the user, it is necessary to know how many edges and equilateral polygons should precede the
MBot; and then how many centimetres each side should be. The motion is again v = x / t formula.

2) In this activity, we calculated the area and circumference of the geometric bodies. We have defined
the formula for each object separately.




