42

4. Distribution (DIST)

There is a variety of different types of distribution, but the most well-known is “normal
distribution,” which is essential for performing statistical calculations. Normal distribution is a
symmetrical distribution centered on the greatest occurrences of mean data (highest
frequency), with the frequency decreasing as you move away from the center. Poisson
distribution, geometric distribution, and various other distribution shapes are also used,
depending on the data type.

Certain trends can be determined once the distribution shape is determined. You can
calculate the probability of data taken from a distribution being less than a specific value.

For example, distribution can be used to calculate the yield rate when manufacturing some
product. Once a value is established as the criteria, you can calculate normal probability
when estimating what percent of the products meet the criteria. Conversely, a success rate
target (80% for example) is set up as the hypothesis, and normal distribution is used to
estimate the proportion of the products will reach this value.

Normal probability density calculates the probability density of normal distribution that data
taken from a specified x value.

Normal distribution probability calculates the probability of normal distribution data falling
between two specific values.

Inverse cumulative normal distribution calculates a value that represents the location
within a normal distribution for a specific cumulative probability.

Student- t probability density calculates the probability density of t distribution that data
taken from a specified x value.

Student- t distribution probability calculates the probability of t distribution data falling
between two specific values.

Like t distribution, distribution probability can also be calculated for x?, F, Binomial,
Poisson, and Geometric distributions.

On the initial STAT2 Mode screen, press (F5) (DIST) to display the distribution menu, which
contains the following items.

» (F5)(DIST) (@] (Norm) ... Normal distribution (p.44)
(2)(T) ... Student-t distribution (p.48)
B (XD ... x? distribution (p.50)
(@) (F) ... F distribution (p.53)
(8)(Binmal) ... Binomial distribution (p.57)
(6] (Poissn) ... Poisson distribution (p.60)
(7} (Geo) ... Geometric distribution (p.62)
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eCommon Distribution Functions

After drawing a graph, you can use the P-CAL function to calculate an estimated p-value for
a particular x value.

The following is the general procedure for using the P-CAL function.

1. After drawing a graph, press (F1) (P-CAL) to display the x value input dialog box.

2. Input the value you want for x and then press [Exg.

* This causes the x and p values to appear at the bottom of the display, and moves the pointer
to the corresponding point on the graph.

3. Pressing or a number key at this time causes the x value input dialog box to reappear so
you can perform another estimated value calculation if you want.

4. After you are finished, press to clear the coordinate values and the pointer from the
display.

# Executing an analysis function automatically
stores the x and p values in alpha variables X
and P, respectively.
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B Normal Distribution

eNormal Probability Density

Normal probability density calculates the probability density of nomal distribution that data
taken from a specified X value. Normal probability density is applied to standard normal
distribution.

-’

f 1 5E (6>0)
= 202
) V2o ©

Perform the following key operation from the statistical data list.

F3(DIST) Mormsl FP.O
(AJ(Norm)
K A
@(P.D) Save ResiHaone
Execule

Data is specified using parameter specification. The following shows the meaning of each

item.
X ettt data
(oSSR population standard deviation (g > 0)
L e population mean
Save Res .. . list for storage of calculation results (None or List 1 to 20)
Execute .......cccoveieennns executes a calculation or draws a graph

» Specifying 0= 1 and u = 0 specifies standard normal distribution.

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

« [F1)(CALC) ... Performs the calculation.

« (F§)(DRAW) ... Draws the graph.
Calculation Result Output Example

Hormal _P.D
F=HA. 176a3265

F-CAL FICTI

*p ... normal probability density

V-Window settings for graph drawing are set Window settings are used for graph drawing

automatically when the SET UP screen's when the [Stat Wind)] setting is [Manual].
[Stat Wind] setting is [Auto]. Current V-
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eNormal Distribution Probability

Normal distribution probability calculates the probability of normal distribution data falling
between two specific values.

x a : lower boundary

1 b _ =m0’
p= “ﬁaj‘ae 20% dx b : upper boundary
v

Perform the following key operation from the statistical data list.

5] (DIST) Hormal C.0
5 (Norm) FREF i
@ (C.D) d :

[ 5}
Save ResiMHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

LOWET v cciiee s lower boundary

UPPEr e upper boundary

(oSSR population standard deviation (g > 0)

L e population mean

Save ReS .....cocevvveenne list for storage of calculation results (None or List 1 to 20)
Execute .......cccoevvvennn. executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

« [FJ(CALC) ... Performs the calculation.

# There is no graphing for normal distribution
probability.
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Calculation Result Output Example

Hormal C.D

F =Hd. 83184885

z:Low=1

zilde =1.5

P oot normal distribution probability

ZILOW oo z:Low value (converted to standardize z score for lower
value)

ZUP e z:Up value (converted to standardize z score for upper '
value) \

e|nverse Cumulative Normal Distribution

Inverse cumulative normal distribution calculates a value that represents the location within a
normal distribution for a specific cumulative probability.

a Foo B
Tail ; Left J'_wf (Xdx=p Tail : Right I f(X)dx=p Tail ; Central I" f(x)dx=p

upper lower upper and
boundary of boundary of lower
integration integration boundaries
interval interval of integration
a=? a=7? interval
a=? B=2

Specify the probability and use this formula to obtain the integration interval.

Perform the following key operation from the statistical data list.

F3(DIST) Irverse Hormal
(AJ(Norm) rea :

B (Invrse) > G
Save ResiHone
Execule
LEFT IRIGAT CEHTH

Data is specified using parameter specification. The following shows the meaning of each
item.

- UL probability value tail specification (Left, Right, Central)
Area ...ccccoeveveenieeen, probability value (0 = Area = 1)

o. ... population standard deviation (o > 0)
H e population mean
Save ReS .....coccevvveenne list for storage of calculation results (None or List 1 to 20)

EXecute ......ccccceevevvnnns executes a calculation




After setting all the parameters,
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align the cursor with [Execute] and then press the function

key shown below to perform the calculation.

« [F1)(CALC) ... Performs the calculation.

Calculation Result Output Examples

Inverse Hormal
x=1.64420363

Inverse Hormal
i Low=-6.B5Z2TEHL
=ilUF =4, EGE?EG??

inverse cumulative normal distribution

(Tail:Left upper boundary of integration interval)
(Tail:Right lower boundary of integration interval)
(Tail:Central upper and lower boundaries of integration
interval)

# There is no graphing for inverse cumulative

normal distribution.
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B Student-t Distribution

eStudent-t Probability Density

Student-t probability density calculates the probability density of t distribution that data taken
from a specified x value.

_di+l
2
(3 )
gz 2 df
(g ) Vit
2
Perform the following key operation from the statistical data list.
E3)(DIST) Studeni—t F.T
(M d v :H
ave RestHone
@(P.D) Execute

Data is specified using parameter specification. The following shows the meaning of each

item.
X ettt data
(o | degrees of freedom (df >0)
Save ReS .....cocceevveenne list for storage of calculation results (None or List 1 to 20)
EXecute ......cccceevvvvennns executes a calculation or draws a graph

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

« [F1)(CALC) ... Performs the calculation.

« (F§)(DRAW) ... Draws the graph.
Calculation Result Output Example

Student-t P.D
F=H. 192458689

F-CHL FICLTI
p ... Student-t probability density
lg # Current V-Window settings are used for when the [Stat Wind] setting is [Auto].
graph drawing when the SET UP screen's Xmin= —3.2. Xmax = 3.2. Xscale= 1

[Stat Wind] setting is [Manual]. The V-

Window settings below are set automatically V=L, TS s, Ve e=el
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eStudent-t Distribution Probability

Student-t distribution probability calculates the probability of t distribution data falling
between two specific values.

df + 1 . .
F( 2 ) R . g : Ilj)wzrr tl)a(;l:r:zi:}/
P= df — (1+ df ) ox e Y
r (7) Vidf e

Perform the following key operation from the statistical data list.

F8(DIST) Student—1 C.0

@&m l:ﬁF*E-r* : g

2)(c.D) Save ResiHome
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary

upper boundary

degrees of freedom (df > 0)

list for storage of calculation results (None or List 1 to 20)
executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

« [FJ(CALC) ... Performs the calculation.

# There is no graphing for Student-t distribution
probability.
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Calculation Result Output Example

Student-t C.D
F =H. 85423831
Lilow=1.T

il =1e+99

p ... Student-t distribution probability
t:Low ... t:Low value (input lower value)
t:Up ... t:Up value (input upper value)

B X2 Distribution

®x2 Probability Density

X2 probability density calculates the probabilitty density function for the x2distribution at a
specified X value.

Lo, _x
f(x) = —* (i) X e ?
4"
2
Perform the following key operation from the statistical data list.
(F§(DIST) 2 P,D

@60 W

Sawve ResiHone
aJ(P.D) Execule

Data is specified using parameter specification. The following shows the meaning of each

item.
X et data
Af e, degrees of freedom (positive integer)
Save ReS .....coceevveenne list for storage of calculation results (None or List 1 to 20)
EXecute ......cccceevvevennns executes a calculation or draws a graph

After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

« [F1)(CALC) ... Performs the calculation.
« (F§)(DRAW) ... Draws the graph.
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Calculation Result Output Example

x2 P.D
F=0.2419787TZ

T

[F-CaLl FICTI

p ... X2 probability density

lg # Current V-Window settings are used for when the [Stat Wind] setting is [Auto].

graph drawing when the SET UP screen's Xmin= 0, Xmax = 11.5 Xscale=2. Ymin=-0.1
[Stat Wind] setting is [Manual]. The V- Ymax = 0.5. Yscale =0.1
Window settings below are set automatically
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o2 Distribution Probability

X2 distribution probability calculates the probability of x? distribution data falling between two
specific values.

% b a: lower boundary
p= L(%) X2 e 2 dx b : upper boundary

R

Perform the following key operation from the statistical data list.

EB(DIST) =2 C.D

Bx dE?PEP : E

(2)(c.D0) Save RestHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary

upper boundary

degrees of freedom (positive integer)

list for storage of calculation results (None or List 1 to 20)
. executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

* [F)(CALC) ... Performs the calculation.

# There is no graphing for )(2 distribution
probability.
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Calculation Result Output Example

x2 C.D
F=0. 22884323

p ... X2 distribution probability

B F Distribution

® [ Probability Density

F probability density calculates the probability density function for the F distribution at a

specified X value.
r(n + d) no, _n+d
2 N\2,2 7 (1 4 DX

f‘XFW(d) -

2 2
Perform the following key operation from the statistical data list.
(F5(DIST) F F.I
@) i :
@D (P.D) gagg RE‘SE ﬁ-:-ne
Execule

Data is specified using parameter specification. The following shows the meaning of each

item.
X et data
NAf e numerator degrees of freedom (positive integer)
ddf.iii denominator degrees of freedom (positive integer)

Save Res .. . list for storage of calculation results (None or List 1 to 20)

EXecute ......ccoceevvvrennnes executes a calculation or draws a graph
After setting all the parameters, align the cursor with [Execute] and then press one of the
function keys shown below to perform the calculation or draw the graph.

» [FJ(CALC) ... Performs the calculation.
» (Fg(DRAW) ... Draws the graph.
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Calculation Result Output Example
F P.Ix
F=H. 0732653
F-CaLl FICTI
p ... F probability density
# V-Window settings for graph drawing are set Window settings are used for graph drawing
automatically when the SET UP screen's when the [Stat Wind] setting is [Manual].
[Stat Wind] setting is [Auto]. Current V-
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® [ Distribution Probability

F distribution probability calculates the probability of F distribution data falling between two
specific values.

[-(n + d) o e a : lower boundary
2 n\z 1 1 )y 2 b : upper boundary
= " [— + -2
P rmr(d)(d) ax L) e
2 2

Perform the following key operation from the statistical data list.

8 (DIST) F C.0

@ (F E?E$P EE

(2 (C.D) Hidf iQ
Save ResiHone
Execule

Data is specified using parameter specification. The following shows the meaning of each
item.

lower boundary
upper boundary

numerator degrees of freedom (positive integer)

Addfeiiee denominator degrees of freedom (positive integer)
Save ReS .....coceevveenne list for storage of calculation results (None or List 1 to 20)
Execute .......cccocevvvenen. executes a calculation

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

« [F1)(CALC) ... Performs the calculation.

# There is no graphing for F distribution
probability.
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Calculation Result Output Example

F C.D
F=0. 91488333

p ... F distribution probability




57

B Binomial Distribution

® Binomial Probability

Binomial probability calculates a probability at specified value for the discrete binomial
distribution with the specified numtrials and probability of success on each trial.

f (X) = nCxp*(1—p)"~* (x=0,1, ,N) p: success probability
(Osps1)
N : number of trials

Perform the following key operation from the statistical data list.

F3(DIST) Binomial F.D
(8) (Binmal)
@(P.D)

i= iLi=s
Humtrialia

P

Save ResiHone
Execule
LIZTILAR]

The following shows the meaning of each item when data is specified using list specification.

............................ data type
.... list whose contents you want to use as specified data
....................... number of trials

P o success probability (0 sp=1)
Save ReS .....coceevveenne list for storage of calculation results (None or List 1 to 20)
Execute .........cccooveeeenne executes a calculation

The following shows the meaning of parameter data specification items that are different
from list data specification.

I= A I

X tteeseeeeniree e e integer from 0 to N

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

« [F1)(CALC) ... Performs the calculation.

# There is no graphing for binomial distribution.
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Calculation Result Output Example

Biriomial F.D Biriomizal F.D
IT! =M,
2| 0.unas
aln. 1598
A, 36

p ... Binomial probability

eBinomial Cumulative Density

Binomial cumulative density calculates a cumulative probability at specified value for the
discrete binomial distribution with the specified numtrials and probability of success on each
trial.

Perform the following key operation from the statistical data list.

[ (DIST) Binomial L.O
(5] (Binmal) HIST_, . 15915
@ (C.D) umtrila :EI

E H
Sawve ResiHone
Execule
LIZTILAR]

The following shows the meaning of each item when data is specified using list specification.

............................ data type
.............................. list whose contents you want to use as specified data
.... number of trials
.................................. success probability (0= p=1)
.................... list for storage of calculation results (None or List 1 to 20)

....................... executes a calculation

The following shows the meaning of parameter data specification item that is different from
list data specification.
|= a

X ettt integer from O to n
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After setting all the parameters, align the cursor with [Execute] and then press the
function key shown below to perform the calculation.

» (F1)(CALC) ... Performs the calculation.
Calculation Result Output Example

Binomisl C.D EBirnomial C.D
1 F=H.934375

p ... Binomial cumulative density
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B Poisson Distribution

®Poisson Probability

Poisson probability calculates a probability at specified value for the discrete Poisson distribu-
tion with the specified mean.

iy x
f(x)= e)d,u (x=0,1,2,-) U : population mean (u > 0)

Perform the following key operation from the statistical data list.

8 (DIST) Poizssoh F.0

(8] (Poissn) iz iLi=

(@ (P.D) Eave RestHone
Execule
LIZTIVAR]

The following shows the meaning of each item when data is specified using list specification.

Data .... data type

LISt weveeeiiie e list whose contents you want to use as specified data

7 population mean (u > 0)

Save ReS .....cocceevveenne list for storage of calculation results (None or List 1 to 20)
Execute .........ccoeveenene executes a calculation

The following shows the meaning of parameter data specification item that is different from
list data specification.

I= id I

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

« [F1)(CALC) ... Performs the calculation.
Calculation Result Output Example

Foisson P.D Foisson P.D
It F=H. 25182143
2| 0. 334E
il p.2s1

B, 2231381681

p ... Poisson probability

# There is no graphing for Poisson distribution.
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® Poisson Cumulative Density

Poisson cumulative density calculates a cumulative probability at specified value for the
discrete Poisson distribution with the specified mean.

Perform the following key operation from the statistical data list.

8 (DIST) Foizson C.D

(6] (Poissn) is tLis

(@ (c.D) Eave RestHone
Executle
LISTIVAR]

The following shows the meaning of each item when data is specified using list specification.

Data .....coceeevieieiiieees data type

list whose contents you want to use as specified data
population mean (u > 0)

list for storage of calculation results (None or List 1 to 20)

EXecute ......ccccceevevnnnns executes a caluculation

The following shows the meaning of parameter data specification item that is different from
list data specification.

lx HS)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

« [F1)(CALC) ... Performs the calculation.
Calculation Result Output Example

Fois=son C.D Fois=on C.D
T F=H, 13582772

- 144212353 - 86

p ... Poisson cumulative density
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B Geometric Distribution

eGeometric Probability
Geometric probability calculates a probability at specified value, the number of the trial on
which the first success occurs, for the discrete geometric distribution with the specified
probability of success.

f(¥)=p(1-p)*~* (x=1,2,3, )

Perform the following key operation from the statistical data list.

(F8)(DIST) Geametric P.D

(7} (Geo) i= tLi=

@D(P.D) Save Resgﬁnhe
Execule
LIZTIVAR]

The following shows the meaning of each item when data is specified using list specification.

............................ data type
.............................. list whose contents you want to use as specified data
.... success probability (0= p=1)
list for storage of calculation results (None or List 1 to 20)

....................... executes a calculation

The following shows the meaning of parameter data specification item that is different from
list data specification.
Ix a I

X ettt positive integer (X2 1)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

» [F1(CALC) ... Performs the calculation.
Calculation Result Output Example

Geometlric P.D Geometlric P.D
F=H.A1171875
5]
p ... Geometric probability
# There is no graphing for geometric distribu- # Positive integer number is calculated whether

list data (Data:List) or X value (Data:variable)
is specified.

tion.
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eGeometric Cumulative Density

Geometric cumulative density calculates a cumulative probability at specified value, the
number of the trial on which the first success occurs, for the discrete geometric distribution
with the specified probability of success.

Perform the following key operation from the statistical data list.

F3(DIST) Geomelric C.D

(7} (Geo) 1= Li=

2)(c.D) Eave RESEEDHE
Execule
CT=TToAR]

The following shows the meaning of each item when data is specified using list specification.

data type

list whose contents you want to use as specified data
P o success probability (0sp=1)
Save ReS .....coceevveenne list for storage of calculation results (None or List 1 to 20)
Execute .........ccoeveenene executes a calculation

The following shows the meaning of parameter data specification item that is different from
list data specification.

=

lx
X tte e positive integer (X= 1)

After setting all the parameters, align the cursor with [Execute] and then press the function
key shown below to perform the calculation.

» [F1(CALC) ... Performs the calculation.
Calculation Result Output Example

Geomelr-ic C.D Geomelric C.D
1 =@. 875

2| 0. 8743
3l0. 5315

B.7S

p ... Geometric cumulative density

# Positive integer number is calculated whether
list data (Data:List) or X value (Data:variable)
is specified.




