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Abstract:

The considered experiments help our students better to understand the randomness and the statistic methods of
every day life. At first we initialize the random number generator of our CASIO FX 2.0 PLUS in the RUN-
menu by the help of Ran# 0. Let us begin with an experiment on a die which has been rolled N = 100 times.
Each face does not appear an equal number of times. |s there something wrong with the die? InM = 250 of such
experiments the chi sguare variable is computed, i.e. the die is rolled N * M = 25000 times by the help of the
CASIO FX 20 PLUS. We check up that indeed chi square variables are simulated (only in the case of a fair
die). The chi sguare variable is a statistical measure on the difference between the expected outcome and the
actual outcome. The probability theory tells us that we should expect each face of the die to appear N/6 times.
But in actuality this usually does not happen. By the help of the CASIO FX 2.0 PLUS wesimulate M = 250 chi
square variable to answer the question ,, What is the significance of the chi square test? and ,, How close to zero
must the chi square variable be to conclude to have a fair die?'. Here we simulate an unfair die with the
probability distribution P( X =k ) =2/ 11 for k=1,2,34,5andP( X =k) =1/ 11 for k=6.
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1. Discussion on the considered problem:

The chi squar e goodness of fit test computes the chi square variable C, which we have smulated M
(= 250) times (M experiments), to decide the hypothesis on the fairness of the rolled die.

The null hypothesisis P(X=k)=1/6 fordl k=1,2,3, ..., 6.
( The alternative let be
P(X=k)=2/11 fordl k=1,2,3,4,5 and P(X=k)=1/11 for k=6 )

If in one experiment we roll the die N (=100) times, we have
the expected frequencies  List 11 = {N/6, N/6, N/6, N/6, N/6, N/6} and
the observed frequencies List 12={Hy, H,, H3, H4, Hs, He}  with H; +H,+ ...+ H¢ =N

E.g.letbe List11={100/6, 100/6,100/6, 100/6, 100/6, 100/6}, List 12={15, 10, 18, 22, 17, 18}
We computeinthe RUN-menu C = chi squarevalue=Sum( (List 12—List 11)*2/List 11) =4.76

Practically by the help of one chi square value we have to decide between the null hypothesis and the
aternative.

What is with the error of first kind, if we decide against the null hypothesis and the null
hypothesis was valid?

What is with the error of second kind, if we decide for the null hypothesis and the null
hypothesis was false?

Remember:
We consider the probability of the error of thefirst or of the second kind.

By the help of chi square distribution (5 degrees of freedom) we know:

P(C > 4.76 | null hypothesisisvalid ) =
=1-Int(sqrt(X"3* e"(-X)/(18pi) ), 0, 4.76, 10" (-6) ) = 0.446 = 0.45 = alpha

( Here the smulation shows P(C > 4.76 | null hypothesisisvalid ) = 112/250 = 0.448 = 0.45)

Thus apha% = 45% of our experiments give a chi square value of afair die, which is at least 4.76! If
we decide against the null hypothesis, than the probability of the error of first kind is apha® = 45% !
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On the other hand by the help of our smulation,
P(C <4.76 | our alternativeisvalid) = 45/250 = 0.18 = beta

Thus if we decide (because of C < 4.76) not against the null hypothesis, then the probability of the
error of the second kind is beta% = 18% !

Finally the questions:

Practically the chi square goodness of fit test works with a significance of apha% = 5% , i.e. we need
the quantil Cg g5 with P(C > Cg g5) = 0.05 or P(C < Cgpgs) =0.95.
How to compute the quantil Cgp g5 by the help of CASIO FX 2.0 PLUS?

An other question ist the solution Cajpha Of the Equation alpha = beta, i.e.
alpha = P(C > Caipha | null hypothesisisvalid ) = P(C < Capha | our alternativeisvalid ) = beta
and the computation of the error probability alpha ( = beta) by the help of the CASIO FX 2.0 PLUS

The CASIO FX 2.0 PLUS can not solve these problems in a direct manner (EQUA-menu or CAS
menu) but by the help of numerica integration and tabulation the (empirical) distribution functions of
the smulated data in the RUN-menu. In the STAT-menu we can observe the functions in form of x-y-
lines and search the solutions of the considered equations.

2. Sceenshots on the simulation and statistical/graphical exploration of data:
In the STAT-menu make the following SET UP: List File: File 1, Display: Fix3:

_Il_i 1 GRFJHEHITIDW ELaLdll.lli_rjdL =Hahual Er‘n 11 Mod E dl T
] esi is t Hiaope omFlex Modes E-a
by Coord
REcuucnnlcgEQUH FRGM unc [xre Grid Elff
A+ JeE Grarh Func IIIff Aze=
CAS [RLGEERAITUTOR | TUM - Eﬁg ic:gr*nund =Hgge 1 ILmabEI_Dmff
_wd“ _Efgﬁ'li"/_é 4 FILEI Fi | £ca [Horml End |
Start of the random number generator after resetting: RUN-menu: Ran# 0 and using the generator Ran# 1
2 : MATH MERL s Fan# O
ZTAT _|GEFH-TEL|DVHA 5 e}
i L %1’
RECUR |CORICE [EGUA - (FRGH
ah o
CAS  |RLGEEERITUTOR T'-.-'H ;
_é“d“ _Eliiﬁﬁh‘/_é FROE HvF IRNGLSTATIFMEM T

Start of the program FAIR DIE (Simulation of afair die, code = 1)

Froaram Listl FARIE DIE = 1
1 FOR YES HUM OF EXPERIMENTS:
: B FOR HO i
FEIMFERER H 2284 ? Z2oE
SECOFRER H 253 1 @UH OF ROLLS:

ia&

EXE [EDITITHEW | DEL IDELAT [ |

The CASIO FX 2.0 PLUS needs approximately 30min to generate 250 chi square data. Some chi square data:

- [isF - - [isF - Done
EXP. HO: i EsP. HO: 3 HUM OF EHEEEIHEHTS:
CHI~Z= CHI™2= HUM OF ROLLS:
S5.48 18. 7& 188

CODE FHIE[fIE:

Now we generate the primary/secondary (grouped) data and frequenciesto draw statistical graphics:
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F ist

rogram L
FAIE DIE H 4944
LISTSAVE : a7

W —

EXE I[EDITHEW | DEL IDELAI [ |

A MOMEMT FLEARSE. EBUSY
T - [isF -

Done
FEIMFRER FIMISHED

Program List

FAIFE DIE 494t
LISTSHLUE ' 27
FRIMFREEL : 284
| SELURRELL & oos

EXE I[EDITHEW | DEL IDELAI [ |

A MOMEMT FLEASE. ELSY

- Di=sFr -

Done
SECOFRER FIMISHED

Program List
FAIR DIE : 4344

SECOFRERD : 553

EXE [EDI HHEW | DEL IDELAT [ |

LIST TRAWSLATION
- Di=sFr -

LIST TEAHSLATION
Done

Start of the program FAIR DIE (second simulation, simulation of an unfair die, code = 0)
The CASIO FX 2.0 PLUS needs approximately 30min to generate 250 chi square data.

FARIE OIE 7
1 FOR YES
FOR HO

5]
ﬂUH OF ERFERIMENTS:

Done
HJM OF EXFERIMEWTS:

EXE [EDITIHEW | DEL IDELAT [ |

a8 oA

? 2o HIUM OF ROLLS:

5} HUM OF ROLLS: 1646
i CODE FAIRDIE:
10@ B8

Progaram List Done

FAIER [IE H 434+ FRIMFRE® FIHISHELD

LISTSAUE : 27

Proaram List

FEIMFREL i 2841

EXE |[EDITIHEW | DEL |DELAl [ |

Done
SECOFRE® FIWISHEL

GRFHICALCITEZ NINTRIDIET] © |

ﬁﬁﬁ%ﬁ{# TuﬁﬂEﬁEﬁﬁﬁﬁﬁﬁ’ ELaLdNEndL =Hanual
A 2=l is t Mare
[ = p RS Sl
RECUR |CONICE|ERUR — FEEH unc [xFe
agn ) Grarh Func 'Dn
CAZ  |ALGEEEA| TUTOR [T./H EﬁgngDund :Egge
W -
—“—d“éﬁgﬁly—é FILE]
List BJList M| List BlList 8 List 7 List BlList 8] ListiD
I 0.2 1 o I ] 1 ] 3
Cl 0.uy I| 0.5 gl 0.u4 1| D5 3
3 0.8 I 1.5 3 0.8 I 1.5 L
u 1.18 3| 2.5 u 1.8 3| 2.5 ua
5 1.28 5 3.5 5 1.28 5 3.5 EE|
A. A.
GREHICALATESTIINTRIDIS T © GRFAICALCTES TTINTRIDIET] G|
List IJList BList 3|List u Lizt aJList 3[List ylList &
I 0.32 1 o I 1 ] ]
Cl 0.3a I| 0.5 Cl 1| D5 2
3 [T I 1.5 3 I 1.5 3
u 1.52 I| 2.5 u I| 25 I
5 1.8 Il _ 3.5 5 Il 2.5 15
H.3 5]

GRFHICALCITEZ NIATRIDIET] &1

Next we consider the created lists;

Remember, using List File 1

Chi sguare data (fair die)

Chi square data (unfair die)

Now the definition and the histogram of the fair die chi square data follow:
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List B List StatGrarhl . Lliew Window
Grarh TxFre fHisl
alist iListy max
scale: ]
dot. @,.11984751
Vmin -8
max 35
1 ILI=Tl IHITITRIGIZETOIETO I REL |
: StatGrarhl
aLlErar : D awll Set Interwal
StatGrarh3d  iDrawdff b=
Start.id
rraus
on loftl TEAL on offl TRAW =0 £=3
StatGrarhl StatGrarhz .
Grarh Tyre fxwvline
Alist tList9
VYList tList1A
Frequency i1
e f=Ug O % | =
SLELEPEPHI _Drawﬂff StatGrarh
o Toeel [BRALT] H=2a§ =uz The frequency polygon
aLiErar I Store In
StatGrarh3d  iDrawdff Picture Memor:
PictCil~28]: 1
SEENEENEE |=I—.—.—.
on loftl DA FICTI = 1 FICT]
Stat Wind tManual
R951d Li=st :Hone
st File iFilel
Func TxFe =
Grarh Func  :0n
nale tRa . _ .
(HenglFIET] Store the histogram in the background picture 1
SLELEPEPHI _Drawﬂff StatGrarh
On Tofe] BRALS #=2. 5 v=uz polygon and histogram together

In the GRPH-TBL menu we draw the chi squar e density function with the background picture 1:

T R T,
+-[c|ﬂl.f_ iﬁiig;]

RECUFAEDHIEQEQUH FRGHM

CHS ALGEERA|TUTOR T'-.-'H 1
HdH H+'|' .\L

Grarh Fun Y=
?lEHItH“SE HKIER}

SEL [DEL ITYFE IGMEMIDRAWT = |

TRACEIZ00MEKTCHG-SLUITAREL

TRACEIZ 00 ME KT CHI

Enter #-Ualue
nid. o

[T T T T Ty

Y1=MLCE3e - ko180

=

¥=-CAL
h=U. 5 ¥=33. 4ug 143y

Next we store the background picture 2, the polygon:
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F:ECLIF: |EIZIHIE5 |EI2L|F| |

cns ALGEEA TUTOR T'-.-'H =
Ty n

Stat Wind tManual
Resid List Mok
Li=st File Filel
Func Trre =
ﬁraph Func

FICTIY-CAL I 1

HenelFICT] FICTIY-CAL e 1

Store In WTMF?TI L Hrég&a?&'ﬁe Eg:agct
Picture Memorsw b Y M Grarh_Func  :0n
Fict[1nz]: 2 ﬁg%m”ﬁ " B PEneen 1E
— oS iz 1 Dierivative orf

ALGEEER|TUTOR: TH
Judy S

Y1=MLCE3e - ko180

¥-CAL
¥=33.4ug1u3ey

W=U.5

3. Now someerror conditi

ons

Hone[FICT]

The chi square density function together with the polygon (fair die)

ssisss MALM MEMLI sz
RIIHHA IHT GREHTEL|DHA

;[D\.b L_ = »

1
RECUFAEDHIEQEQUH
+

FRGHM

M E

CHS ALGEERAI TUTOR TLM
Sy HEE =

Litt IJLis%t gJList JLixt

: Drawln

a ~aF HI ST TR ATS]
StatGrarhEd  iDrawlff

on loffl DRAL

|—
51 Condition ERRORE
Pre=s=:[ESC]

on lof+ DREAL

The FX 2.0 PLUS can’t draw two different Statistical plots

e MATH HEHU W
RUHMANSTRT GRPHTEL

RECUHEDHIEQEQUH S

CHS ALGEEER TLITIZIF: TUH
HdH AT $FF J.-

Froaram List

EXE [EDITTHEW | DEL IDELAT [ |

1
QUH OF ExPERIMEMTS:

AT o)
HUM OF ROLLS:
i@a

Araument EEEOE
Pre=s=:[ESC]

Too large lists with 300 elements are not possible

4. Screenshots of the chi square data of the unfair die:

W A LE MEMU st
_-HH 'THT GREHTEL 0 HA

RECLIR |CDHIE5|EEUH |
CAS  |ALGEEGA|TUTOR T'-.-'H 1
IHdH Ets n

FEGHM

StatGrarhl
Grarh TxFe
Alist

tHist
tList2

i ILI=T]

Uiy Window

max

=cal

dDL E 13273815
VMmin  f-

max 45

IHITITRIGISTOISTalRCL |

s L gl
iDrawdff

al.lgrarF
StatGrarh3

on loff DREAL
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The polygon (background picture 3 in the new view window, fair die) together with the histogram of
the chi square data (unfair die):

z Set Interwal
Fitch:
Draw: [EXE]
on loftl TEAL TRACEIZ0nHERTCHEALG] T 1

The histogram (unfair di€) we store in picture 4:

Stat Wind tManual StatGrarhl

Fesid List :Hone Store In

List File tFile2 Ficture Memory
Func Txre Y= .

Grarh Func  t0n PictCl~281: 4

caround  EHone
Arale tFRad _ [T ey
Hone [FICT] n=10 f=£5 FICT e 1

The polygon (unfair die) we store in picture 5:

List IJList 8| Li i StatGrarhd . List IJList g|List 3[List u
Grarh Trre fxzline
1= iLis
YList tLists

Frequency L

[u] 3 L

StatGrarh? Stat Wind tManual
Store In Resid List. :Hone
Ficture Memor» List File tFile2
. Furnc Trre =
Pict[i1~28]: 5 Grarh Func 20N
- e ﬁr‘rs f ) : Igag !
H=B.5 y¥=25 : 1 |[HeneTFICT]
StatGrarh?
L F] L The polygon together with the background picture 4

Finally we draw the chi square density function (fair die) and the polygon of the unfair die:

wrmmen MAI ]
RUH-MATSTAT O HA
HE[oEl]

¥ole

RECUR |COHICS [EQUA  |FRGH

”::

=L
CAZ " [ALGEEEA| TUTOR TUH
=T
_wd“ _EI:'-ijE'I' 3"/_&“ = TRACEIZ0NHERTCHG sLUTREL] T

Now we can see, that the computed data of an unfair die are not chi square data!

For moreinformations seeinternet (To read the pdf-file use the Acrobat Reader version 5.0.5.):
http://www.informatik.htw-dresden.de/~paditz/Paper_Palermo2002.pdf

Program files you get by the help of the CASIO Program-Link FA-123 (Software) here:
http://www.informatik.htw-dresden.de/~padit Z/FAIRDIE1.CAT

References:

Paditz, L.. Der gezinkte Wiirfel — Workshop zu statistischen Datensimulationen und Untersuchungen zur
TestgrofRe und zur Testentscheidung beim Test auf Gleichverteilung (Chancengleichheit aller Augenzahlen)
in: Praktische Anwendungsbeispiele zur Schulmathematik mit Graphiktaschenrechnern

Ein Sammelband mathematischer Einzelbeitrdge zum Schulunterricht mit dem CFX-9850GB Plus, Hrg. v.
CASIO Computer Co. GmbH Deutschland, Norderstedt 2001 (1.Aufl.), S. 66-82

298



