Teaching and Learning Math
Behind Computer Science with the
Help of GeoGebra and Python

The paper is focused on topics where mathematics and computing are :
most relevant to each other, emphasizing the bridges between theory and
practice. Topics include sets, relations, elementary graph theory,
asymptotic notation and growth of functions, permutations and
combinations, discrete probability. The main tools in order to support and
compare problem-solving technique are GeoGebra and Python.

The main goal is not only to combine an appreciation of mathematical
reasoning with an understanding of computing but enrich both of them

through interdisciplinary approach.
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GeoGebraBooks
with Python example on topics:

e Discreate math

- https://lwww.geogebra.org/m/ozOTtfO8

e Games

- https://lwww.geogebra.org/m/FTJZgE9G



https://www.geogebra.org/m/oz0TtfO8
https://www.geogebra.org/m/FTJZgE9G
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GAME <-> EDUCATION




GAME <-> EDUCATION

® Gamification
® Educational games (and game-like simulations)

® Game design (learning through making)



GAMIFICATION



Gamification iIs

the use of game elements and game design
technigues In non-game contexts




Gamification. Example

RUN COMPLETE

08:10 12713

R




EDUCATIONAL GAMES



Learn & Play
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Code.org/learn

3akoayemo Mpomamvyveno 3 = MoamHa Koy Big
Y | anakTHKy Enbaok ManrkpadT




Teacher's Page
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HIHEEHE'-IFT Blocks

Hit "Run™ to try your
program
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Language Select and Full Screen options can be found in the game menu along the right side.
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Obyyaloulee pyKoBOACTBO Ha Baluem fA3bike




Tutorial
https://lightbot.com/LightbotSolns.pdf
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C RELOAD

ool ol Pl Elfile times.,
Tinew unddr the looe.
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CLEAN CODE: NO CODE ERRORS OR WARNINGS.




INVENTORY

() 139

LOCKED

8

FINE WOODEN GLASSES

Lets you find arrays of iterns and find the

flearest nem sej iaralely

SKILLS GRANTED

distanceTo: Returns the distance in meters (o

the target umitfrom the center of the hero.

finditems: Returns an array of all items
{example types ‘com’, ‘gem’, ‘heaith-potion’)
within evesight ( visualRange m and [me-of

siahi)

findMearest: Returns the closest umit out of an

array of units, or null if the array. s emphy,

findMearestEnemy: Retums the closest living
ENEmy within evesignt { visua 1R

me-of-sight), or null.if there aren't any
findMearestitem: Retums the closest item
within evesight ( visualRangsm anc

sight), or null if there aren't any
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€ODE § COMBRY =)
[ocTynHble 6ecnnatHble YPOBHU.

OTKpbIBAOTCS MO MEPE MPOXOXAEHUS
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KiTHGARD DUNGEON
iwaa

1-3 hours: syntax, methods, 2-6 hours: ifelse, relational 4-11 hours. anthmetic. counters, Object literals, remote
parameters, strings, loops. operators, object properties, input while-loops, break, arrays, siring invocation, for-foops; fu
variables handling comparison, fmding minfmax drawing, module



butBbl. MHOIO UFPOKOB

MuLTiPLAYER ARENAS

IwWch vou code head-io-Nnean agamst oiner players

Battle For control over the icy treasure
chests as your gigantic warrior marshals
his armies against his mirror-match
nemesis.

bat,com/play/ladder/ace-of-coders




Open Source Project
https://github.com/codecombat/codecombat/wiki
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*Python
*JavaScript
*CoffeeScript
*Clojure

*Lua

CODE J COMBRY
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OCOGeHHOCTU perncrTpauuu.
[ToaTBEPXAEHNA 3HAHUA CUHTaAKCUCa BblIOPAHHOIo A3bIKa:

@ The code does not execute properly. Try to figure out why.

def multiply(a, bj:
a * b




©® Correct this code, so that the greet function returns the expected value.

def 1mit (self, name):
T.name = name

def preet{ f, other name):

Il s, i L. Fo W | = '
returi Hi 10, my name

Formal Bun  Options Windows  Help
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Your Mext Challenge... o Find the anomymous function
FOur HIGIUE Fifat Farameter will 56 an array witn an Ananymaus IUNcHon samawiare in 11 16t [
& Python o

o Fank Uy ] Chstpc

socond Parameter will be an anray wihikch yoll wgill Fllter Lising the anorryrmodes fumction you find,

Your output. Chiput a filterod version of the second paramater isbng the function found inthe first

parameter,

Traiis b |

Fundamentals Funcllees Conbeol Flow . Darkc Languape Fedbones

i Allkes

Yo arg automatically givar an alliglance with anyone who is in the same clan as you, You can also becomae allies with other warriors by (olkowing eachother or

riting neve warriors to ol

Prsition

Ueer
i . wpikalova B [T Lnkver

Earn extra hanor and galn new allies: Invite code warriors!

s Discourse | Cueestions | Hswes || Suegpestions
Eamyk - commontod on “Find Count of Most Froaguont Do i an Array” gython solutlion -8 mimutes agn
g Like I, simple. chean snd clover

sclkew - creabed an s lor “The clagance of the code” kata -5 minutes ago
% Whhen running tests i€ aid wnknrem orror

hisong - cronbed an ivsun for "Round to tho newt 57 kata 148 minubos ago
Should inchude 3 negathve exsmipho or-test case to llustrabe whother it rowends fovward or memy froem G

Enther the above or et rid of "lnput may bo any positiig or negative intoger (including 0).° from the description,

Learn more
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codewars
Achieve code mastery through challenge

Training Manual

Kata
In our dojo, kit are real code chaBenges focused on Imorowdng sk 0 and technbous. Some train programeméng fundamentals, whie

others foous on comples probiam solving. Each lcata s crafted for and by the comemunity.

Kyi/Dan Ranks

Each kata oo the site 1556t toa Kyu/Dan rank, based on it sublect ares and difficulty. The community colboctively determdnes raonk

in the: Bota Process.

Earning Ranks
You can advance throigh the ranic: By completing Hata at or sl your rank = the harder the kata the fastor you sdvance

Hanor
Honer represents the leval of respect o user lkat carmed frem the Codrimiunaty, ased on Lheir =Xl and contribulicans. Hanor s

osarned fastest theowgh oreating kata, crafting great sehitions, and constructhve comments
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{6k} Checkered Board

o431 @%L L HKatbow W disomss

Instrusctions st ot

Write a function which takes one parameter representing the dimensions
of & chackerad board. The Boared will Alvways be souang, 50 5 means you
will nod a 5x5 boand

The dark sguares will be roprasentod by & unicode wihito sauare, whilo
the fight sguares will be represented by o unicode black sauare [the
oppasite colours ensurs the boand doesn't ook reversed on code wars'
dark backgproind), 11 shoild returm a string of the board with aspacein
between each sguare and taking into acooumni Ny linds.

A even numbser showuld retarn & boand that begins with a dark square An
odd number shoubd retum a board that begins with a lght square,

The Input |s ecppcied to be awholo membar that's at least two, and
ratuires fale othorwise (Nathing in Haskodl),

Ewamples:
thoeckered board(5)
rekurng the siring

mOERTON
ImOom[l
mEOEIO®

Thore should ba no fraiing white space at tho ond of each line

Rasby nobe: CodoVWars has encoding <suis with reéndarod unicodo in
Fuby, il need bouse unicode sourcn code (e w2 5ADT instoad of
renderad unicode (eg "m7)

2 ax@® [@o w

Your Solution:
def checkered board(n)
aur code i
board =
for i in rangoein)
far § in range(n]:

it (i+1) % 2
boatd a=
Your Test Cases:
Test.assert_equals{checkered board({0), False)

Test.assort_equalsicheckored board{Z), "0 WnE O]
Test. assert equals{checkered board(3), "m 0wy

lest.assert equals{checkered board(?), 'S Om 0=
Tost.assert equals{checkored board|iDa); Eal B

| N=T e
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T
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ELEMENTARY 3% 0 e

Allaround. vourare piles of I:_:,!d [m-::-ks and dFiL[E*.I'lt

computing machines, each with their own mystery. Can.
you figure out how to find the Sumiin & Tﬁanglc."‘ Can youe
* help Sofiat I:ﬁ,f w:at’fnﬁ the- rhythm for her songe keep one
_reading because this place isiareall page turner!

Fizz Buzz

A'ward game used to the teach robots sbout divisson
text  numbers
Index Power .

What i3 the power hudden within mdexes?
Elementary

structures  numbers

Even the last

Hind to Vo wilfy armays ingeses

structures numbers

Monkey Typing

Pyt nough robots in & foom with fypewriters and they'l produce Shakespeare




ELEMENTARY

SOLVED « .

"Fizz buzz" 370 Wrpa Co CNOBaMM, C NOMOLULID KOTOPORA Mbl
Gyaem yunTs Hawux poboTos AeneHno. [asainte oby4mm ,
Kommbioe R % Solve it
p.

Discuss (o2

Bel A0MKHE HANWCATE QYHKLMID, KOTOP3aA NPUHUMAET ; :
Timeline

NoAoHHMTENEHOE LEN0S YMCND W BOIBDAWAET!

“Fizz Buzz™, ecnu Y4cno JEnWTCA Ha 3 1 5; Solutions
"Flzz", ecnn YWCNo AenNWTCA Ha 3;

"Buzz", ecnu YWCNo AENWTCA Ha 5; = Random
YKMCNo, KaK CTPOKY ANA OCTAnNbHLIX CNy4aes. P‘fth on 3.3

BxoaHble faHHble: Yucno, KaK uenovvcnesdoe (int). : Get next task
BoixofiHnie flaHHble: OTBET, Kak cTpoka (str).
NpruMepbi:

checkio(is) = "Fizz Buzz® T Eg+1l

checkiolg) — -
-http!ffu.m.me:ldn.argjnﬂ

checkiol2)

checkio|T)

Kak 3T0 HCNONL3IYETCA! 3[8Ch Bbl MOMETE HAYYHMTLCA KaK NUCaTh NPOCTEAWYD dyHKUMID W paboTats ¢
If-else. Users
attempted:

r0 <
Npeaycnoeua: 0 < number = 1000 Users

numbers  text imf“” succeeded:

Users
published:




E $ictr optional oods here ﬂE#: results
- #¥ou can impors 3cme medniss ae creats sddicisnsl fonctions i L L
i 1
1 Rz buzz” 370 Wrpa cO CROBAMM, € NOMOWID KOTOPOR Mu Gyner
5 gef checkic (number) YuHTh Hammx poboTos RRREHNR. fasafiTe obyunM KOMNBOTED.
i if pumber & 3 = 0 and number & 5§ == 0 Bet A0MMHE HANWCETE dﬂwp, KOTOPaA NpHHWMaET
] return *Fizz Buzz™ THHNORMTENEHOE WEN0E SUCND W BOZEDAUAET:
5 LI sk 1. 5w S "Fizz Buzz", 8Chi YHCAO ASANTCR HB 3 M 5;
: - f“t“-‘““ ;1;" " "Fizz", eCnM UNCAD JEANTCA Ha 3;
ELEC-pmer B 5 ol "Buzz”, BCAN YMCAO ARANTCA Ha 5;
| return "Buzz : :
: YnCno, K@K CTROKY A OCTaNBHLX Chysaes.
y seturn str(number) BxofHbie faHHbe: YHCAo, K3k LenourcnanHoe (nt).
: BooopiHbie nannvie: OteeT, kax crpoka (str).
| §Some hines: Npegycnoens: 0 < number < 1000
5 §Copverc a number in the scring with acrind 3 vy
; viadyaremenko95.
. FIhEse “pasrca™ gaing enly for self-checking and ROt REcESsasy fAr AUTo-rEsSTiRg I have no kea how to start soling this mission
J:Af name == " mmin " bryukh
} amserc chegkin(l5) == "Firp Buzg®, "15 1= divimibie by 3 and 5% ::
' amsert chackio(f] == “Fizz*, "o is divisible by 3% To check various cases, use E-che statemants.
1 asgert chsgkio{5) == "Buzz", "% is divisipils by 5" if esndition:
! amsarc checkio(¥) == “7%, *7 is not divisible by 3 or 5% do scoething()
]

&

t (Python console)

oo "Bun. Code® to view reaglcs or Corl + f
- on “Save” To mave your code or Corl + 5

aisg if anochar condition:
do_somethingd (]

slagy
do scaethingd (]

viadyaremenko95.vy
I need some help to proceed with the mission

bryukh

You can check if 2 number & divisble with the 9% operator. Just
“F X % n == 0:" then X 5 divisble by n. That said, i£'s more:
pythonic to write “f not X % n:”
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Crystalite max 7 000 ,
2926 &b

amay? 000 .
Crystalite max 7 000 ,
2926 &>

——
AdEmantite max 2 000
0

SpEed : DO » m
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SINGLE PLAYER OPTIMIZATION

TUTORIAL
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DETAILS

00 DOME

DETAILS

50% DOME

DETAILS

s DOME

Theze companies are looking for coders like you?

FIEFE Bre Some 00l |0DS YO may [ Ke

o

To unlock this offer,
v have to improse your
current ranking

Senior Ruby on Ratls developer
Armywhere, Ukraine

Rukry Tavaseript

Permanant position

DETAILS

enablon




Code editor (lavascript) ol =

E LT

HoBoe

H‘nmrsl"“ : g = while (trus) {
Bad 1 var enemyl = readline{);

var dist! = parselnt{reaaline{))};

var enemy? = readlined);

var dist? = parssint{readlin=());
i it {distl < distd)d{

LimErmos

1 4 print{enem1);
£ T } alsa £
s print{enemy2l:
}
¥
our program must destroy the enery ships by shooting the closest enemy on each turn. < :
Console output - OB Test cases

jame information: 8/25 =&
jeeflad has been targeted

= e
hreats within ranges:
spitfire 4pm W e
ThundarStick S4m
: Surrounded Y
standard Output Streas: 03‘ M Bes's nest
Snitfire

ame imfosmadsams




Code editor (lavascript) & O

f #
& Auto-gensrated coda below aims at helping you parse
& the standard ippot according to the probiem statemsnt
= Hint: You can uks the debug stream to peint initialTd and initialTy, if Thor sesms not
-.'II.
var inputs = readiine() split(’ ')
4 war lightX = parzeint{inputsTal); the X posltipn of ths
18 var light¥ = parseInt{inputs{1]); griticn of G
11 wvar therX = parselnt(inputs[2]); // The tarting X pofiti
var tharY = parseint(inputs[3]}; Thar tarting ¥ posifi

15« while (tree)
5 var remainingforns = parseint(readline(l); Tha resaining asssunt
i war direction = "'

8= if(thorX >= @ &% thorX < 403{

19 if{thors = lightXif

direction = "W":
printErr{thorX + " " = lightX):
T else if(thorX = LightX){
direction = "E":

3 The oal

our program must aliow Thor to reach the light of power,

Console output W Test cases

jame information: 14/27 =&
Thor's moving.

Thor pasition = (18,4} LEEhL pasition = {31,4), Energy = E7

standard Qutput Straam;

E

w
Straight line 02 Up o

L
e

same information:
hor's moving. . W
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K . .
B e'I‘I1E.l first programming riddle an the net

€

1 93 08 8 ] visitors have attempted solving the challenge since May 2005,

There are currently g = levels.

&=
Click here to get challenged

What people have said about us:
"These sors of things are in my opinion the best way 1o leam a language.”, brberg at Media Cloisters
"It's the best web site of the year so far.”, Andy Todd at hglfcooked
"Addictive way 1o leam the ins and outs of Python.. a must for all programmers?™, salimma at stumbleupon

This challenge is fantastic. Clever, addictive and really gets vour mind working. | feel Bke 'm playing MysL", James
Tauber after finishing level 22,




Hint: try to change the URL address.



everybody thinks twice before solving this.

0 Tmnc wms bgiir rpyiapyrc gr 2w i, miyrg ulyr amensrcpd ypc dmp. omagle gr gl 2w 1yib
gq gleddgagchr yvib riyvrg utw rigg revr gg gm pmle. sqole grpgle. yicrpyial) ag

poamkkelbeh. lmu ynnpay mi ric spy



GAME DESIGN



LOGOWORLDS. Jloromunpsi 3.0
& JloroMupbi 3.0

JNloroMupit 3.0

==  ’ Y . EE - - g -pa Uil =
.'!::i:f:;i- aRd E"I.-.!:%'r.;.- T L BT e, r_lr it




Co3nan vyepenawky Kyouk/ Turtle-cube

Hapucywn en kocTiom (asimHa suammoro pebpa 20, annHa
6okoBoro 7 noa yrnom 45) - sizes of cube for turtle costume

KomaHaa ana yepenatuku: Bn 200 nB 180 - forward 200 left 180




A Tenepb KONupymn Yyepanallky 1 co3gaBan
No oyepenn:

/1 B KOHLIe nonyuunlb Kyo:

CKOMaHAayun: oTKA4unM "nuctl




A Kakas KOHCTPYKUWA nonyymnach y
Teoa?

& = 0 ¢
TS




Construct 2 (Html 5). Gost Shooter

Make Games!

uuuuuuu NG NOT REQUIRED!
%

Construct2 © =g~
8
i .
¥
i - I

E !

i
ant "y
-



http://www.scirra.com/demos/ghost-shooter/default.aspx

E fl WAAAAL SCIFTA, COM i L E “
= CodBncH & Bookmats M Foto heaU.RU B G va Rl E MailRu = Hepena3. D = Video.MailF « [ [pyrue 3aknagkm
Arrow keys + click 35 FPS, 34 objects
Score: 0

Renderer: webgl
Made in Construct 7 - Wiask ceirma. comm




Python. Codeskulptor.org

Coursera.org

coursera

An Introduction to Interactive Programming in Python (Part 2)
no Joe Warren, Scott Rixner, John Greiner, Stephen Wong

— TS,
st _monsnclick _hand lep 0 N,
U del dFagiposin
gwilohsl p
BIRY = pasiD]
Gplid = panilld
Jant_npwiedray_bandlasd ©

e
i S =




Python. Codeskulptor.org

http://www.codeskulptor.org/#userdl OirbhzHgvS 0.py
318 Bong=GooglaiChicine [ !ﬂi

it Blank




Python. Codeskulptor.org
http://www.codeskulptor.org/#userdl [fSIXniVeu 1.py

28 Blackjack - Google Chrome — @ X

(S e



Bubble Shooter

absaliutist com

Bookmarks B Foto.MailR. ElGo.MailRu B MailLRu + Hepens 3. [

Bubble Shooter




Python. Codeskulptor.org

http://www.codeskulptor.org/#exercises sets final solution.py

& O Bubble Shoater - Googhle Chrome




Python. Codeskulptor.org
http://www.codeskulptor.org/#user4dl 9Gi4deuRkR] O.py

| W& Asteroids - Google Chrome
&1 F g




Games. GeoGebra Book
https://www.geogebra.org/m/RrMgbg6T

« GeaGebra i




Designing and Constructing Games

* Complex mathematical reasoning
*Programming and computational skills

* Technical knowledge



Mathematics Topics [ Game Design Elements

* \/ectors * Collision and Reflection
* Geometric transformation * Acceleration and friction
* Coordinate plane * Random walks

* Random numbers * Controlled movements



start with Game Design

—>

move on to Science Simulation



sCcALABLE

http://sgd.cs.colorado.edu/wiki/

GAME DES|GN Scalable _Game_Design_wiki
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Frogger Journey Sokoban  PacMan Contagion Forest Fire

Frogger is a good first game design activity for students with no programming background.

Journey is designed to present several computational thinking patterns in an incremental fashion.

Sokoban is a good second game design activity for students who have already completed the Frogger tutorials.
PacMan is a good first game design activity for high school students with no programming background.

More games: Space Invaders Sims-like games AgentCubes games (30) coming soon!

The Contagion simulation approximates how contagions are spread among humans who are in close proximity to one
another.

The Forest Fire simulation enables you to explore how forest fires unravel by letting you set fires to virtual forests with
different parameters.




game ﬁ’mmmw » science simulation

Michotte: “Perception of Causality™
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