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Advanced Statistics (STAT)

1-1 Advanced Statistics (STAT)

eFunction Menu

The following shows the function menus for the STAT Mode list input screen.

Litt IJList @Lizt JJList Y List |JList @JList J|List U

GRFHICALCTEZ TINTRICIET] & | TOOLIECTH DEL [DELATINE T © |
Pressing a function key that corresponds to the added item displays a menu that lets you
select one of the functions listed below.

* [F3(TEST) ... Test (page1-2-1)
* [F4 (INTR) ... Confidence interval (page1-3-1)
* (F5) (DIST) ... Distribution (page1-4-1)

SORT and JUMP functions are located in the TOOL menu ((Fg)(>) [F1) (TOOL)).

eCalculation of the Coefficient of Determination (r?) and MSE

You can use the STAT Mode to calculate the coefficient of determination (r?) for quadratic
regression, cubic regression, and quartic regression. The following types of MSE
calculations are also available for each type of regression.

Luadkeg
a =H.31TES3E5
b =-8,113367T3
c =H.11538612
rE=H,'99931 534
NSE 4. 214%-83
w=axd+hxtc
[EGFT
* Linear Regression ... MSE = i 5 3 (yi— (ax+ b))
* Quadratic Regression ... ~ MSE = Z (yi — (axi®+ bxi+ c))?
* Cubic Regression ... MSE = 2 (yi = (ax®+ bx+ cxi+d))?

1
n—>5

* Quartic Regression ... MSE = 3 (i — (ax*+ bx®+ o + dvi + €))°
i=1
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Advanced Statistics (STAT)

* Logarithmic Regression ... MSE = ﬁ i (yi— (a+bInx))®
4=t

* Exponential Repression ... MSE = P ! 5 Y (Inyi— (Ina + bx))?
4=

* Power Regression ... MSE = P ! 5 (Iny:— (Ina + bInx:))?
4=

* Sin Regression ... MSE = - ! 3 (vi— (a sin (bxi + ¢) + d))?
- i=1

* Logistic Regression MSE = ! ) ( -—Lf

9 9 Tn=2 2V T THaer

i=

eEstimated Value Calculation for Regression Graphs

The STAT Mode also includes a Y-CAL function that uses regression to calculate the
estimated y-value for a particular x-value after graphing a paired-variable statistical
regression.

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

1. After drawing a regression graph, press (Fg) (™) (F2) (Y-CAL) to enter the graph selection mode,
and then press [Bx.

If there are multiple graphs on the display, use @ and @ to select the graph you want, and
then press (B .

* This causes an x-value input dialog box to appear.

Rearessinn
Enter X-Ualus
Hill

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

Rearession

H=lm Y=1007.5

* This causes the coordinates for x and y 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.
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Advanced Statistics (STAT)

4. After you are finished, press to clear the coordinate values and the pointer from the
display.
The pointer does not appear if the calculated coordinates are not within the display range.
The coordinates do not appear if [Off] is specified for the [Coord] item of the [SETUP] screen.
The Y-CAL function can also be used with a graph drawn by using DefG feature.

e Regression Formula Copy Function from a Regression Calculation Result
Screen

In addition to the normal regression formula copy function that lets you copy the regression
calculation result screen after drawing a statistical graph (such as Scatter Plot), the STAT Mode
also has a function that lets you copy the regression formula obtained as the result of a regression
calculation. To copy a resulting regression formula, press (COPY).

Linearke
a

o
nHimmnns
E Ol

l.\ﬂl

Rl LT

b
i1}
=
+
o

[CoFY

B Tests, Confidence Interval, and Distribution Calculations

The STAT Mode includes functions for performing tests, and confidence interval and distribution
calculations. You can find explanations of each of these functions in the following sections: 1-2
Tests, 1-3 Confidence Interval, and 1-4 Distribution.

eParameter Settings
The following describes the two methods you can use to make parameter settings for test,
confidence interval, and distribution calculations.

* Selection
With this method, you press the function key that corresponds to the setting you want to
select from the function menu.

* Value Input
With this method, you directly input the parameter value you want to input. In this case,
nothing appears in the function menu.

- Pressing returns to the list input screen, with the cursor in the same position it was at
before you started the parameter setting procedure.

- Pressing [stF) ES¢ (QUIT) returns to the top of list input screen.

- Pressing [Ex§ without pressing (F1)(CALC) under “Execute” item advances to calculation
execution. To return to the parameter setting screen, press [Est, (Ad, or [Ex9.
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eCommon Functions

* The symbol “W’ appears in the upper right corner of the screen while execution of a
calculation is being performed and while a graph is being drawn. Pressing during this
time terminates the ongoing calculation or draw operation (AC Break).

* Pressing [s¢ or [x§ while a calculation result or graph is on the display returns to the
parameter setting screen. Pressing [Esc) (QUIT) returns to the top of list input screen.

- Pressing while a calculation result is on the display returns to the parameter setting screen.

* Pressing (F5) (G«>T) after drawing a graph switches to the parameter setting screen
(G«>T function). Pressing (F5) (G« T) again returns to the graph screen.

- The G T function is disabled whenever you change a setting on the parameter setting screen, or
when you perform a (F3)(SET UP) or [oeTi) (V-Window) operation.

* You can perform the PICT menu's screen save or recall functions after drawing a graph.
- The ZOOM function and SKETCH function are disabled.

The TRACE function is disabled, except for the graph display of two-way ANOVA.
The graph screen cannot be scrolled.

* After drawing a graph, you can use a Save Result feature to save calculation results to a
specific list. Basically, all items are saved as they are displayed, except for the first line title.

- Each time you execute Save Result, any existing data in the list is replaced by the new results.
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1-2 Tests (TEST)

The Z Test provides a variety of different standardization-based tests. They make it possible
to test whether or not a sample accurately represents the population when the standard
deviation of a population (such as the entire population of a country) is known from previous
tests. Z testing is used for market research and public opinion research, that need to be
performed repeatedly.

1-Sample Z Test tests for the unknown population mean when the population standard
deviation is known.

2-Sample Z Test tests the equality of the means of two populations based on independent
samples when both population standard deviations are known.

1-Prop Z Test tests for an unknown proportion of successes.

2-Prop Z Test tests to compare the proportion of successes from two populations.

The t Test tests the hypothesis when the population standard deviation is unknown. The
hypothesis that is the opposite of the hypothesis being proven is called the null hypothesis,
while the hypothesis being proved is called the alternative hypothesis. The t-test is normally
applied to test the null hypothesis. Then a determination is made whether the null hypothesis
or alternative hypothesis will be adopted.

1-Sample ¢ Test tests the hypothesis for a single unknown population mean when the
population standard deviation is unknown.

2-Sample ¢ Test compares the population means when the population standard deviations
are unknown.

LinearReg ¢ Test calculates the strength of the linear association of paired data.

? Test tests hypothesis concerning the proportion of samples included in each of a number
of independent groups. Mainly, it generates cross-tabulation of two categorical variables
(such as yes, no) and evaluates the independence of these variables. It could be used, for
example, to evaluate the relationship between whether or not a driver has ever been involved
in a traffic accident and that person’s knowledge of traffic regulations.

2-Sample F Test tests the hypothesis for the ratio of sample variances. It could be used, for
example, to test the carcinogenic effects of multiple suspected factors such as tobacco use,
alcohol, vitamin deficiency, high coffee intake, inactivity, poor living habits, etc.

ANOVA tests the hypothesis that the population means of the samples are equal when there
are multiple samples. It could be used, for example, to test whether or not different
combinations of materials have an effect on the quality and life of a final product.

One-Way ANOVA is used when there is one independent variable and one dependent
variable.

Two-Way ANOVA is used when there are two independent variables and one dependent
variable.
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The following pages explain various statistical calculation methods based on the principles
described above. Details concerning statistical principles and terminology can be found in
any standard statistics textbook.

On the initial STAT Mode screen, press (F3)(TEST) to display the test menu, which contains
the following items.

e F)(TEST)(AJ(2) ... Z Tests (p. 1-2-2)

(2)(T) ... t Tests (p. 1-2-10)

B ... x2 Test (p. 1-2-18)

(@)(F) ...2-Sample F Test (p. 1-2-20)
(5)(ANOVA) ... ANOVA (p. 1-2-22)

B Z Tests

o/ Test Common Functions

You can use the following graph analysis functions after drawing a graph.
 (FJ(2) ... Displays z score.

Pressing (2) displays the z score at the bottom of the display, and displays the pointer at
the corresponding location in the graph (unless the location is off the graph screen).

Two points are displayed in the case of a two-tail test. Use @ and ® to move the pointer.
Press to clear the z score.

¢ (F2J(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the

pointer.
Press to clear the p-value.

e1-Sample Z Test

This test is used when the population standard deviation is known to test the hypothesis. The
1-Sample Z Test is applied to the normal distribution.

7= X—Ug X :mean of sample
- o Lo : assumed population mean
n o : population standard deviation

n :size of sample

N
.g # The following V-Window settings are used for # Executing an analysis function automatically

drawing the graph. stores the z and p values in alpha variables Z
Xmin =-3.2, Xmax = 3.2, Xscale=1, and P, respectively.
Ymin = —0.1, Ymax = 0.45, Yscale = 0.1
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Tests (TEST)

Perform the following key operations from the statistical data list.

E3)(TEST) 1-Samrle Zlest

@@ HE EEH

(D (1-Smpl) 5 1
List tListl
Frea i1
LISTIVAR
Sawe ResiHone
Execule

The following shows the meaning of each item in the case of list data specification.

Data .....coccevvveeiiiieens data type

Lo population mean value test conditions (““F uo” specifies
two-tail test, “< wo” specifies lower one-tail test, “> uo”
specifies upper one-tail test.)

HO et assumed population mean

O ettt population standard deviation (o> 0)

LiSt oo list whose contents you want to use as data (List 1 to 20)
Freq ..o frequency (1 or List 1 to 20)

Save Res... . list for storage of calculation results (None or List 1 to 20)
Execute ......ccccoeieeeenns executes a calculation or draws a graph

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

3 Hl

=)
|

X et mean of sample
T size of sample (positive integer)

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.
* (Fe) (DRAW) ... Draws the graph.
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Tests (TEST)
Calculation Result Output Example
1-Samrle ZTest
[ %11.4
z =B. TZ242196
E =, 4 THHZS5EE
x =11.82
xdn-=@. 51975668
n =5
= T F IFIctl

XOMA wevtereenreenreenneeeeens sample standard deviation
(Displayed only for Data: List setting.)

T size of sample

# [Save Res] does not save the u condition in
line 2.
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e2-Sample Z Test

This test is used when the standard deviations for two populations are known to test the
hypothesis. The 2-Sample Z Test is applied to the normal distribution.

XX X1: mean of sample 1
Z= W X2 : mean o_f sample 2 o
\’714-72 o1 : population standard deviation of sample 1
! 2 oz : population standard deviation of sample 2

n1: size of sample 1
n2: size of sample 2

Perform the following key operations from the statistical data list.

(F3)(TEST) Z-Samrle ZTest

@@ bl TI-‘

@ (2-Smpl) dZ 5
Listily ilistl
Listi{Z) fListZ +
LIZTIVAR

Freagly il
Freaizi i1
Sawe ResiHone
Execule

The following shows the meaning of each item in the case of list data specification.

Data ....ccoceeevieeeiiieee data type

L e population mean value test conditions (“ p2” specifies two-
tail test, “< 12" specifies one-tail test where sample 1 is
smaller than sample 2, “> u2” specifies one-tail test where
sample 1 is greater than sample 2.)

OF eeeeneeeeeeeeeeneeeesneeeenes population standard deviation of sample 1 (o1 > 0)

Lo N population standard deviation of sample 2 (o2 > 0)

list whose contents you want to use as sample 1 data
(List 1 to 20)

({2 list whose contents you want to use as sample 2 data
(List 1 to 20)

Freq(1) oo frequency of sample 1 (1 or List 1 to 20)

Freq(2) .coooeeeeeeeiieeenes frequency of sample 2 (1 or List 1 to 20)

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

Execute ......ccccoecveennnns executes a calculation or draws a graph

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

|

FIFJ—
EEEE
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mean of sample 1
size (positive integer) of sample 1

mean of sample 2
12 oo size (positive integer) of sample 2

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) (CALQ) ... Performs the calculation.
. (DRAW) ... Draws the graph.

Calculation Result Output Example

2=Samrle ZTest
k1 FpZ
z =-1.4567248
E =H, 14519235
=l =11
x2 =13
ril =18 +
= T F IFICT
HIREL2 e direction of test
Zevererereeeeeerenneeeeesaeeneens Z score
D e p-value
X1 et mean of sample 1
X2 it mean of sample 2
XAOTT teveaeeeeeeaneeeeaneeeens standard deviation of sample 1
(Displayed only for Data: List setting.)
X2071 cuveeirinesinee e standard deviation of sample 2

(Displayed only for Data: List setting.)
size of sample 1

size of sample 2

#[Save Res] does not save the w1 condition in
line 2.
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®1-Prop Z Test

This test is used to test for an unknown proportion of successes. The 1-Prop Z Test is
applied to the normal distribution.

X po: expected sample proportion
n ~Po n :size of sample

\ Po(1= po)

n

7=

Perform the following key operations from the statistical data list.

E3)(TEST) 1-Fror STest
F :
@ (Z) T H g
- n :
(3)(1-Prop) Sawe ResiMHone
Execule
= [ = [ =
Prop ..ooccocveeieeiiieees sample proportion test conditions (“=F po” specifies two-tail
test, “< po” specifies lower one-tail test, “> po” specifies upper
one-tail test.)
PO ettt expected sample proportion (0 < po < 1)
X ettt sample value (x 2 0 integer)
L et size of sample (positive integer)
Save Res......cocceevieenen. list for storage of calculation results (None or List 1 to 20)
Execute .......cccoeeveeenns 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.

e [F1)(CALC) ... Performs the calculation.
¢ (Fe) (DRAW) ... Draws the graph.
Calculation Result Output Example

1-Pror_ZTest

Frorsd. S

z =d. 22184348

F =@, ITE29428

B =0, SELSZEED

r =4E4E

= T F IFICT

Prop=0.5 ...cccceevrvrunnnen direction of test
Zeeerererereeeenereeeeesaeeneens Z score
D oot p-value
P o estimated sample proportion

TU ereeveeeeeteeeere e e ereennens size of sample

# [Save Res] does not save the Prop condition
in line 2
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02-Prop Z Test

This test is used to compare the proportion of successes. The 2-Prop Z Test is applied to the
normal distribution.

X X x1: data value of sample 1
7= ny Ny X2 : data value of sample 2
R NE 1 n1: size of sample 1
p(1-p )< , +72> nz: size of sample 2
P :estimated sample proportion

Perform the following key operation from the statistical data list.

[F3)(TEST) Z-FroF £lesl
D@ 3 ¥
@ (2-Prop) Nz i
nz td
Sawve ResiHone L
= = >
|[Execule |
Pl oot sample proportion test conditions (“= p2” specifies two-tail

test, “< p2” specifies one-tail test where sample 1 is smaller
than sample 2, “> p>" specifies one-tail test where sample 1
is greater than sample 2.)

X1 teeeeenreeesneeeenneeenneaees data value (x1 2 O integer) of sample 1

T et size (positive integer) of sample 1

X2 tetieeeiee et data value (x2 = 0 integer) of sample 2

T2 e size (positive integer) of sample 2

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

¢ [F(CALC) ... Performs the calculation.
* (Fg) (DRAW) ... Draws the graph.

Calculation Result Output Example
2-Pror ZTest

FlrF2
z =-8.4T62216
3@.%8325542

=Q. 75
=f. TEEEEEEE
=@, 72833333 4

T:0:T:T
P

Z I F IPICT
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Tests (TEST)
DI>P2 i direction of test
Z e Z score
p-value

estimated proportion of sample 1
estimated proportion of sample 2
.. estimated sample proportion

size of sample 1
712 e size of sample 2

# [Save Res] does not save the p1 condition in
line 2.
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B ¢Tests

® t Test Common Functions

You can use the following graph analysis functions after drawing a graph.

e (FI(T) ... Displays ¢ score.

Pressing (F1) (T) displays the ¢ score at the bottom of the display, and displays the pointer at the
corresponding location in the graph (unless the location is off the graph screen).

Two points are displayed in the case of a two-tail test. Use @ and ® to move the pointer.

Press to clear the 7 score.

* [FZ(P) ... Displays p-value.

Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press to clear the p-value.

# The following V-Window settings are used for # Executing an analysis function automatically
drawing the graph. stores the ¢ and p values in alpha variables T
Xmin =-3.2, Xmax = 3.2, Xscale = 1, and P, respectively.

Ymin=-0.1, Ymax= 0.45, Yscale = 0.1

20010101




1-2-11
Tests (TEST)

e®1-Sample ¢ Test

This test uses the hypothesis test for a single unknown population mean when the population
standard deviation is unknown. The 1-Sample ¢ Test is applied to #-distribution.

(= X —Uo X  :mean of sample
T XOu- o :assumed population mean
NG xow1: sample standard deviation

n :size of sample

Perform the following key operations from the statistical data list.

[E3)(TEST) 1-SanFle 1L.TesL
@m b :EH
R P :

(@ (1-Smpl) List fListl
Freq 1
Save Res:iMHone L
LIZTIUAR
|[Execule |

The following shows the meaning of each item in the case of list data specification.

data type

population mean value test conditions (“F uo” specifies two-
tail test, “< uo” specifies lower one-tail test, “> uo” specifies
upper one-tail test.)

HO et assumed population mean

LiSt weeeeiiee s list whose contents you want to use as data (List 1 to 20)
Freq ..o frequency (1 or List 1 to 20)

Save Res......coccveeeenee. list for storage of calculation results (None or List 1 to 20)
Execute ......ccccoecveeennns executes a calculation or draws a graph

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

T Hye)
xd - e
h He)

X et mean of sample

KON weeeeireaeseeeeaneeeeanes sample standard deviation (xon-1 > 0)

T e size of sample (positive integer)

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.
* [Fg) (DRAW) ... Draws the graph.
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Calculation Result Output Example
1-5amrle tTest
[ 11.%
L =H. TISII2EG
E =M, 4 TAEIEE]
= =11.32
xdn-1=H. 61886148
g =5
T [ F _IFICT
LUF113 e direction of test
b o t score
D oo p-value
X e mean of sample
KON weeeeireeereeeesneeeeanes sample standard deviation
Tl et size of sample

# [Save Res] does not save the u condition in
line 2.
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e2-Sample ¢ Test

2-Sample ¢ Test compares the population means when the population standard deviations
are unknown. The 2-Sample ¢ Test is applied to #-distribution.

The following applies when pooling is in effect.

X — T X1 :mean of sample 1
= — X2 : mean of sample 2
\xp 0,2 %ﬂ%} xi0n+ : standard deviation of
sample 1
x20n1 : standard deviation of
X0 = / (I’l1—1 )X1O',,,12 +(n2—1 )Xz(j,,qz Sample 2
Pt = N+ np— 2 n1 :size of sample 1
n2:size of sample 2
df=nm+n2-2 Xpon-1 : pooled sample standard
deviation

df : degrees of freedom

The following applies when pooling is not in effect.

X1 :mean of sample 1

X=X
= ——— X2 :mean of sample 2
X101 X20ur? xi10n1 : standard deviation of
Vo > sample 1
1 x20n1 : standard deviation of
df=—5—5 sample 2
¢ +(1_C) n1:size of sample 1
n=1" n—1 n2:size of sample 2
df : degrees of freedom
X410,
C= . m
X10,42 | X0, 42
( ny + ny )

Perform the following key operations from the statistical data list.

(F3)(TEST) 2-Samrle tTest
e t' il :EH 1
i=s iLis
(2)(2-Smpl) Ciztczd sListZ
Freacly il
Freaiz) i1 L
LIZTIUAR
Fooled :f0ff
Sawe ResiHone
Execule
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The following shows the meaning of each item in the case of list data specification.

data type

sample mean value test conditions (“* 2" specifies two-tail
test, “< 2" specifies one-tail test where sample 1 is smaller
than sample 2, “> 12" specifies one-tail test where sample 1 is
greater than sample 2.)

List(1) woeeeeeeieeieeieee list whose contents you want to use as data of sample 1
(List 1 to 20)

(1S (2] R list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) .o frequency of sample 1 (1 or List 1 to 20)

Freq(2) ..cocoveeeeiennieene frequency of sample 2 (1 or List 1 to 20)

Pooled ........cccciiiienen. pooling On (in effect) or Off (not in effect)

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

Execute .......cccoeveenen. executes a calculation or draws a graph

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

=
7

IH OHISHH
FIbD i ——
=4
]
L
e lu B v Luon D

mean of sample 1

standard deviation (x10x1 > 0) of sample 1
size (positive integer) of sample 1

mean of sample 2

standard deviation (xz20x-1 > 0) of sample 2
N2 i size (positive integer) of sample 2

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.
. (DRAW) ... Draws the graph.
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Calculation Result Output Example

2-5amrle tTestl

K1 =

T =1.24574715

F =M. BEEEZTIE

df =14

xl =1d7.5

T2 =97.5 4

T T F IFICTl

J1 ] 1 S direction of test

b o t score
D oo p-value

Af o degrees of freedom
X1 it mean of sample 1

mean of sample 2
. standard deviation of sample 1
standard deviation of sample 2

pooled sample standard deviation (Displayed only when Pooled:

On setting.)
T et size of sample 1
12 oot size of sample 2

# [Save Res] does not save the w1 condition in

line 2.

20010101




1-2-16
Tests (TEST)

elLinearReg f Test

LinearReg ¢ Test treats paired-variable data sets as (x, y) pairs, and uses the method of
least squares to determine the most appropriate a, b coefficients of the data for the
regression formula y = a + bx. It also determines the correlation coefficient and ¢ value, and
calculates the extent of the relationship between x and y.

S-Hy-7) =z
b= a=y—bx t=r,n_2
(x_)-()z 1—’2

: intercept

: slope of the line

: size of sample (n 2 3)

: correlation coefficient

: coefficient of
determination

™-

i

WY S o

Perform the following key operations from the statistical data list.

inearkes 2=
[F3)(TEST) Li Feg tlesl
@M VL1SL EL1SL2
@) (LinReg) Fres i1
Save Res:Hone
Execule
= [ = [ =

The following shows the meaning of each item in the case of list data specification.

B&EP i p-value test conditions (“* 0” specifies two-tail test, “< 0”
specifies lower one-tail test, “> 0” specifies upper one-tail
test.)

XLiSt i list for x-axis data (List 1 to 20)

YLISt oo list for y-axis data (List 1 to 20)

Freq ... frequency (1 or List 1 to 20)

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

Execute .......cccovveenen. 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.

# You cannot draw a graph for LinearReg ¢
Test.
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Calculation Result Output Example

Linearkea tTesl
Exl & PEH

I
=2, JAT93632
f f%.ElE'EuElSEEu

F

d

a =-1.4358185

b =1.89211223 4
[CoFTl

Do, coefficient
S trerrreeran————————————————————— standard error
correlation coefficient

coefficient of determination

Pressing (COPY) while a calculation result is on the display copies the regression formula
to the graph formula editor.

GHrarh Func

=t =
L gl BN

When there is a list specified for the [Resid List] item on the SET UP screen, regression formula
residual data is automatically saved to the specified list after the calculation is finished.

lg # [Save Res] does not save the 3 & p # When the list specified by [Save Res] is the

conditions in line 2. same list specified by the [Resid List] item on
the SET UP screen, only [Resid List] data is
saved in the list.
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Bl >Test
x? Test sets up a number of independent groups and tests hypothesis related to the

proportion of the sample included in each group. The x? Test is applied to dichotomous
variables (variable with two possible values, such as yes/no).

Expected counts

Perform the following key operations from the statistical data list.

[E3)(TEST) x2 Tesl
E0a)] zrectediMs
Sawe ResiMHone
Ezecule
MAT [FMAT
Next, specify the matrix that contains the data. The following shows the meaning of the
above item.
Observed .......cccenuene name of matrix (A to Z) that contains observed counts (all cells
positive integers)
Expected .......cccceeenne name of matrix (A to Z) that is for saving expected frequency
Save Res.....cccccoevvenene list for storage of calculation results (None or List 1 to 20)
Execute executes a calculation or draws a graph
# The matrix must be at least two lines by two # Pressing (F2) (™ MAT) while setting
columns. An error occurs if the matrix has parameters enters the MATRIX editor, which
only one line or one column. you can use to edit and view the contents of

matrices.
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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)(CALQ) ... Performs the calculation.
. (DRAW) ... Draws the graph.

Calculation Result Output Example

w2 Test

wi=H. 31746631

F =H.5T313731

df=1

FHAT CHIT F IFICT

I s X2 value
D oo p-value
Af o degrees of freedom

You can use the following graph analysis functions after drawing a graph.

e ([F(CHI) ... Displays y? value.

Pressing (F1) (CHI) displays the y? value at the bottom of the display, and displays the pointer at
the corresponding location in the graph (unless the location is off the graph screen).

Press to clear the x? value.
¢ (F2(P) ... Displays p-value.

Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press to clear the p-value.

# Pressing (F§)(®™MAT) while a calculation # Executing an analysis function automatically
result is displayed enters the MATRIX editor, stores the y? and p values in alpha variables
which you can use to edit and view the C and P, respectively.

contents of matrices.

# The following V-Window settings are used for
drawing the graph.
Xmin = 0, Xmax = 11.5, Xscale = 2,
Ymin =-0.1, Ymax= 0.5, Yscale = 0.1
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Bl 2-Sample F Test

2-Sample F Test tests the hypothesis for the ratio of sample variances. The F Test is applied
to the F distribution.

F= X10,42

X0,

Perform the following key operations from the statistical data list.

[F3)(TEST) Z-Samrle FTesi
(@A(F) =

LISTIVAR

Sawe ResiHone |
Execule

The following is the meaning of each item in the case of list data specification.

data type

population standard deviation test conditions (“F o2”
specifies two-tail test, “< o2” specifies one-tail test where
sample 1 is smaller than sample 2, “> o2” specifies one-tail
test where sample 1 is greater than sample 2.)

List(1) wovrreeiieeieeieee, list whose contents you want to use as data of sample 1
(List 1 to 20)

List(2) .ooveeeeieeeeieenee list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) «oooeevveeeeniieene frequency of sample 1 (1 or List 1 to 20)

Freq(2) ..coceveeeneniieene frequency of sample 2 (1 or List 1 to 20)

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

Execute .......cccoeveinnn. executes a calculation or draws a graph

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

xldn- 5]
h )
x2dh-1 )
h HE
B e R standard deviation (x10x1 > 0) of sample 1
T ettt size (positive integer) of sample 1
X2OW1 teveaeeneeeeanneeeeaneeaens standard deviation (x20n-1 > 0) of sample 2
N2 i size (positive integer) of sample 2
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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.
* (Fg) (DRAW) ... Draws the graph.

Calculation Result Output Example

2= SamPéE FTest.
F =H, 3SEPE9S1
F =M, 3T T83935
=1 =2, 566
T2 =1.42
xldm-1=1.9437E7TS2 1
F | F _IFICT]
O1F02 i direction of test
Foeeeeeeieee, F value
D oo p-value

mean of sample 1 (Displayed only for Data: List setting.)
mean of sample 2 (Displayed only for Data: List setting.)
. standard deviation of sample 1

standard deviation of sample 2
T s size of sample 1
712 e size of sample 2

You can use the following graph analysis functions after drawing a graph.
¢ (FJ(F) ... Displays F value.

Pressing (F1) (F) displays the F value at the bottom of the display, and displays the pointer at
the corresponding location in the graph (unless the location is off the graph screen).

Two points are displayed in the case of a two-tail test. Use @ and ® to move the pointer.

Press to clear the F value.

¢ [F2J(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press to clear the p-value.

# [Save Res] does not save the o1 condition in # Executing an analysis function automatically
line 2. stores the /" and p values in alpha variables

# V-Window settings are automatically F and F, respectively.

optimized for drawing the graph.
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H ANOVA

ANOVA tests the hypothesis that the population means of the samples are equal when there
are multiple samples.

One-Way ANOVA is used when there is one independent variable and one dependent
variable.

Two-Way ANOVA is used when there are two independent variables and one dependent
variable.

Perform the following key operations from the statistical data list.

[E)(TEST) FANOUA

(5)(ANOVA) aclor Hilis
Derendntilist2
Sawe ResiHone
Execule

1 =

The following is the meaning of each item in the case of list data specification.

How Many ........cccce..... selects One-Way ANOVA or Two-Way ANOVA (number of
levels)

Factor A.....cceovvvveenen. category list (List 1 to 20)

Dependnt .......cccceeeueee list to be used for sample data (List 1 to 20)

Save Res first list for storage of calculation results (None or List 1 to

16)*
Execute ......ccccoecveeennns executes a calculation or draws a graph (Two-Way ANOVA only)

The following item appears in the case of Two-Way ANOVA only.

Factor B......cccceeveennen. category list (List 1 to 20)

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.
* (Fg) (DRAW) ... Draws the graph (Two-Way ANOVA only).

Calculation results are displayed in table form, just as they appear in science books.

*1[Save Res] saves each vertical column of the the next sequentially numbered list. Up to five
table into its own list. The leftmost column is lists can be used for storing columns. You
saved in the specified list, and each can specify an first list number in the range of

subsequent column to the right is saved in 1to 16.
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Calculation Result Output Example

AHALIA
of ) mE F &
A qiﬂ.il5|lu.llﬂ 5. 6338
EFRF| 15] 37.561] 2. 5041
2
One-Way ANOVA
Line 1 (A) coeeereeeeeeee Factor A df value, SS value, MS value, F value, p-value
Line 2 (ERR) ............... Error df value, SS value, MS value
Two-Way ANOVA

Line 1 (A) v Factor A df value, SS value, MS value, F value, p-value
Line 2 (B) .ccccevvvreeenenne Factor B df value, SS value, MS value, F value, p-value
Line 3 (AB) ...ccccevennnee. Factor A x Factor B df value, SS value, MS value, F value,

p-value

*Line 3 does not appear when there is only one observation

in each cell.

Line 4 (ERR) ....c.c..... Error df value, SS value, MS value
Fo F value
2 p-value
Af oo degrees of freedom
S8 e sum of squares
MS ..o mean squares

With Two-Way ANOVA, you can draw Interaction Plot graphs. The number of graphs depends
on Factor B, while the number of X-axis data depends on the Factor A. The Y-axis is the average
value of each category.

You can use the following graph analysis function after drawing a graph.
¢ [F1)(TRACE) ... Trace function

Pressing @ or ® moves the pointer on the graph in the corresponding direction. When there
are multiple graphs, you can move between graphs by pressing @ and ®.

Press to clear the pointer from the display.

# Graphing is available with Two-Way ANOVA # Using the TRACE function automatically
only. V-Window settings are performed stores the number of conditions to alpha
automatically, regardless of SET UP screen variable A and the mean value to variable M,

settings. respectively.
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Hl ANOVA (Two-Way)

eDescription

The nearby table shows measurement results for a metal product produced by a heat
treatment process based on two treatment levels: time (A) and temperature (B). The
experiments were repeated twice each under identical conditions.

B (Heat Treatment Temperature) B1 B2

A (Time)

Al 113 , 116(139 , 132
A2 133 , 131|126 , 122

Perform analysis of variance on the following null hypothesis, using a significance level of
5%.

Ho : No change in strength due to time

Ho : No change in strength due to heat treatment temperature

Ho : No change in strength due to interaction of time and heat treatment temperature

eSolution

Use two-way ANOVA to test the above hypothesis.
Input the above data as shown below.

List1={1,1,1,1,2,2,2,2}
List2={1,1,2,2,1,1,2,2}
List3={113,116,139,132,133,131,126,122}

Define List 3 (the data for each group) as Dependent. Define List 1 and List 2 (the factor
numbers for each data item in List 3) as Factor A and Factor B respectively.
Executing the test produces the following results.

* Time differential (A) level of significance P = 0.2458019517
The level of significance (p = 0.2458019517) is greater than the significance level (0.05),
so the hypothesis is not rejected.

* Temperature differential (B) level of significance P = 0.04222398836
The level of significance (p = 0.04222398836) is less than the significance level (0.05), so
the hypothesis is rejected.

* Interaction (A x B) level of significance P = 2.78169946e-3
The level of significance (p = 2.78169946e-3) is less than the significance level (0.05), so
the hypothesis is rejected.

The above test indicates that the time differential is not significant, the temperature
differential is significant, and interaction is highly significant.
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elnput Example

AHOLIA

How Many: 2
FacLor HiListl
Factor BiListZ
LerendntiList3
Save ResiHone

CALL] [oEALI]

®Results

TRACE IFICT

20010101




1-3-1
Confidence Interval (INTR)

1-3 Confidence Interval (INTR)

A confidence interval is a range (interval) that includes a statistical value, usually the
population mean.

A confidence interval that is too broad makes it difficult to get an idea of where the population
value (true value) is located. A narrow confidence interval, on the other hand, limits the
population value and makes it difficult to obtain reliable results. The most commonly used
confidence levels are 95% and 99%. Raising the confidence level broadens the confidence
interval, while lowering the confidence level narrows the confidence level, but it also
increases the chance of accidently overlooking the population value. With a 95% confidence
interval, for example, the population value is not included within the resulting intervals 5% of
the time.

When you plan to conduct a survey and then ¢ test and Z test the data, you must also
consider the sample size, confidence interval width, and confidence level. The confidence
level changes in accordance with the application.

1-Sample Z Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is known.

2-Sample Z Interval calculates the confidence interval for the difference between two
population means when the population standard deviations of two samples are known.

1-Prop Z Interval calculates the confidence interval for an unknown proportion of
successes.

2-Prop Z Interval calculates the confidence interval for the difference between the propotion
of successes in two populations.

1-Sample ¢ Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is unknown.

2-Sample ¢ Interval calculates the confidence interval for the difference between two
population means when both population standard deviations are unknown.

On the initial STAT Mode screen, press (INTR) to display the confidence interval menu,
which contains the following items.

e F4(INTR)(dJ(2) ... Zintervals (p. 1-3-3)
(2)(T) ... t intervals (p. 1-3-8)

# There is no graphing for confidence interval
functions.
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eGeneral Confidence Interval Precautions

Inputting a value in the range of 0 = C-Level < 1 for the C-Level setting sets you value you
input. Inputting a value in the range of 1 = C-Level < 100 sets a value equivalent to your input
divided by 100.

# Inputting a value of 100 or greater, or a
negative value causes an error (Ma ERROR).
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B Z Interval

e1-Sample Z Interval
1-Sample Z Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is known.

The following is the confidence interval.

—s_7[0\ O
Lefr=x Z(z)m
Righz=x+z<%>%

However, o is the level of significance. The value 100 (1 — o) % is the confidence level.
When the confidence level is 95%, for example, inputting 0.95 produces 1 — 0.95 = 0.05 = .

Perform the following key operations from the statistical data list.

[F3)(INTR) 1-SamFle ZlnLerwal

D@ —-Lewvel :
o

il
@J(1-Smpl) List iListl
Freq 1
Save ResiHone 4
LIZTIUAR

|[Execule

The following shows the meaning of each item in the case of list data specification.

Data ...ccooeeeieiieeene, data type
C-Level ..., confidence level (0 = C-Level < 1)
O ettt population standard deviation (o > 0)
LiSt oo list whose contents you want to use as sample data
(List 1 to 20)
Freq ..o sample frequency (1 or List 1 to 20)
Save Res......cocoeeveeenee. list for storage of calculation results (None or List 1 to 20)
Execute ........coeeeenn. executes a calculation

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

HE|

X e mean of sample
TL et size of sample (positive integer)
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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.

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

Calculation Result Output Example

1-Samrle ZlnLerwval
Left =57. 7260209
_ight=?g.%?39191

I HIA
|

interval lower limit (left edge)

interval upper limit (right edge)

X ot mean of sample

KO weveerreareenreenne e sample standard deviation
(Displayed only for Data: List setting.)

T et size of sample

® 2-Sample Z Interval

2-Sample Z Interval calculates the confidence interval for the difference between two
population means when the population standard deviations of two samples are known.
The following is the confidence interval. The value 100 (1 — o) % is the confidence level.

o o) [oZ o2 X1: mean of sample 1
Left = (% — X,) - Z(@) | ot X2 : mean of sample 2
o1: population standard deviation
2 2
Right = (%, — %,) + Z(ﬁ) iy % of sample 1 n
2)\ ny  m o2: population standard deviation
of sample 2
n1: size of sample 1
n2: size of sample 2

Perform the following key operations from the statistical data list.

[F3(INTR) Z-Samrle ZlnLerwal

E8]eY L Leve 51

(2)(2-Smpl) g2 5
Listily flistid
List.c2 fList2 4
LIZTIVAR]

Freaily i1
FreqiZr &1
Sawe ResiHone
Execule
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The following shows the meaning of each item in the case of list data specification.
. data type
confidence level (0 = C-Level < 1)

Lo 2 IR population standard deviation of sample 1 (ot > 0)
Lo RN population standard deviation of sample 2 (o2 > 0)

list whose contents you want to use as data of sample 1
(List 1 to 20)

List(2) .oovoveeeeeeieeieee list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) «ococevveeeiiiicene frequency of sample 1 (1 or List 1 to 20)

Freq(2) ..cocoovvveveerienne frequency of sample 2 (1 or List 1 to 20)

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

Execute ......ccccecveennns executes a calculation

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

3 HIS I
[ Tl
N EEE

mean of sample 1
size (positive integer) of sample 1
mean of sample 2

12 e size (positive integer) of sample 2

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

¢ [F1)(CALQC) ... Performs the calculation.
Calculation Result Output Example

2=SamrFle_Zlnterwal
383413983
25581

i)
fr i
I

. interval lower limit (left edge)
interval upper limit (right edge)
mean of sample 1

mean of sample 2

standard deviation of sample 1
(Displayed only for Data: List setting.)

standard deviation of sample 2
(Displayed only for Data: List setting.)

size of sample 1

size of sample 2
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®1-Prop Z Interval

1-Prop Z Interval uses the number of data to calculate the confidence interval for an
unknown proportion of successes.

The following is the confidence interval. The value 100 (1 — o) % is the confidence level.

n: size of sample

LEﬁz% _Z<%> %%< _%) x: data
w28 13

Perform the following key operations from the statistical data list.

1-Fror Zlnterval

(F3(INTR)

D@ ; . -ﬁ
ave Res:Mone

&) (1-Prop) Execule

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

C-Level ....ccovvvecrnenen. confidence level (0 = C-Level < 1)

. data (0 or positive integer)

size of sample (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.

Calculation Result Output Example

1-Pror ZIlnterval
Left =@,T1AS5552
R19hL=B ?%94341?

=y Hl
[}
l:l:lEl
=
=

interval lower limit (left edge)
. interval upper limit (right edge)

estimated sample proportion
L it size of sample
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® 2-Prop Z Interval

2-Prop Z Interval uses the number of data items to calculate the confidence interval for the
defference between the proportion of successes in two populations.

The following is the confidence interval. The value 100 (1 — o) % is the confidence level.

n1, n2 : size of sample

nfioa) o .
% o ( n1> 7, 7, X1, x2 . data

X ny
Lef’-ni—nt‘Z@ ot

-8 508

. X X, oy |
Right 271_72+Z<f) ot

Perform the following key operations from the statistical data list.

[F3)(INTR) Z-FroF ZIlnterwal

(EB]¢4] x1 EB

(@) (2-Prop) e A
nz ]
Sawe ResiHone 4
|IExecule

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

C-Level ...ccoovveecirnnen, confidence level (0 = C-Level < 1)

XA teeeeireeeseeeeeneee e data value (x1 =z 0) of sample 1

T et size (positive integer) of sample 1

X2 veeeeanreeeninneeenneeenneaees data value (x2 2 0) of sample 2

12 e size (positive integer) of sample 2

Save Res.....ccocceevieenen. list for storage of calculation results (None or List 1 to 20)
Execute .......cccoceveennen. 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)(CALQ) ... Performs the calculation.
Calculation Result Output Example

2=Pror ZIlnterwval
Left =-@,d@743582
RiahL—B 1943882
B2 =A,

nl =2HR

2 =15A
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interval lower limit (left edge)
. interval upper limit (right edge)
estimated sample propotion for sample 1

D2 e estimated sample propotion for sample 2
T et size of sample 1
N2 et size of sample 2

B ¢ Interval

® 1-Sample ¢ Interval

1-Sample ¢ Interval calculates the confidence interval for an unknown population mean
when the population standard deviation is unknown.

The following is the confidence interval. The value 100 (1 — o) % is the confidence level.

O,
Lefi =51, 1(%) x%" ‘
v
Right =%+1,_, (%) x%”“
\

Perform the following key operations from the statistical data list.

1-SamFle Llnterval

F@(NTR)
-Lewel 18,

@m IlEist, =|IisL1
req H

@ (1-Smpl) Sawe Res:iHone
Execule
LIZTIVAR

The following shows the meaning of each item in the case of list data specification.

Data ...ccoovvevieiiieeeee, data type
C-Level ...ccooeiriiinnee confidence level (0 = C-Level < 1)
LiSt oo list whose contents you want to use as sample data
(List 1 to 20)
Freq ..o sample frequency (1 or List 1 to 20)
Save Res......cocoeeveeenee. list for storage of calculation results (None or List 1 to 20)
Execute .......ccoeveenn. executes a calculation

The following shows the meaning of parameter data specification items that are different
from list data specification.
z :
Tdh-l :
4] H

S
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mean of sample
. sample standard deviation (xow-1 2 0)
size of sample (positive integer)

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

1-Samrle LInLerwal

Lefl =&H.3528345

EigahL=T1.&371824

x =565, 5

xin-1 =2.4

iy =12

Left v, interval lower limit (left edge)
Right ..o, interval upper limit (right edge)
X et mean of sample

B o R sample standard deviation
Tl size of sample

® 2-Sample ¢ Interval

2-Sample ¢ Interval calculates the confidence interval for the difference between two
population means when both population standard deviations are unknown. The ¢ interval is

applied to ¢ distribution.

The following confidence interval applies when pooling is in effect. The value 100 (1 — @) % is
the confidence level.

- - o
Left = (X1 - xz)— tn,+;12—2 (?) \xp O-n—12 (%1-'-/’%2)

nght = ()_C1 _)_62)+ tn‘+n2—2 (%) xl’ O-n,12<nl1+nlz)

—_ 2 — 2
s (ETEE e
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The following confidence interval applies when pooling is not in effect. The value
100 (1 — o) % is the confidence level.

Left = (%, — %,)— "(2)\}( x20'_>
mn=n-sie( ) 5

1
df=—— 1
/= =y

n—1 n—1

X10,.42
— 4
(x 10,12 | X2 0,y 2)

+
n, n,

Perform the following key operations from the statistical data list.

[F3)(INTR) 2=Samrle tLInterwal

M Cistil)y fLizii
1= ilLi=

(2)(2-Smpl) Cizti2y :List2
Freqilg '%

FrealZ
LISTIVAR

Fooled :f0ff
Sawe RFesiMHone
Execule

The following shows the meaning of each item in the case of list data specification.

Data ....coooeeieiiiiie, data type

C-Level .....coovvrvirinee confidence level (0 = C-Level < 1)

List(1) wovreeeeeeieeieee, list whose contents you want to use as data of sample 1
(List 1 to 20)

List(2) .oovoveeieeieeieeee list whose contents you want to use as data of sample 2
(List 1 to 20)

Freq(1) oo frequency of sample 1 (1 or List 1 to 20)

Freq(2) ..cocovveeieirienee frequency of sample 2 (1 or List 1 to 20)

Pooled ........ccccvvviieenen. pooling On (in effect) or Off (not in effect)

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

Execute ......ccccecveennns executes a calculation

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

%1 A
=1dh-1 A
nl A
2 A
= 2dh-1 A
nz HS)
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mean of sample 1
. standard deviation (x10n-1 2 0) of sample 1

size (positive integer) of sample 1

X2 tteeeee e mean of sample 2
X2011 cveereeeiee e standard deviation (x20n-1 2 0) of sample 2
N2 et size (positive integer) of sample 2

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.

Calculation Result Output Example

Z2=SamFle LInLerwal

Lefl. =-T.oE25264

Right=-@.8311735
T.2903

df =T. ZEll

Tl =

) =24.2

xldn-1=2, 87354414 4

Left o, interval lower limit (left edge)
Right ..o interval upper limit (right edge)
Af o degrees of freedom

mean of sample 1
mean of sample 2
standard deviation of sample 1
standard deviation of sample 2

pooled sample standard deviation
(Displayed only when Pooled: On setting.)

T et size of sample 1
12 e size of sample 2
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1-4 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 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- ¢ probability density calculates  probability density from a specified x value.

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

Like ¢ distribution, distribution probability can also be calculated for y2, F, Binomial, Poisson,
and Geometric distributions.

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

« F(DIST)@ (Norm) ... Normal distribution (p. 1-4-3)
(T) ... Student-¢ distribution (p. 1-4-7)

(x?) ... x? distribution (p. 1-4-9)

(F) ... F distribution (p. 1-4-12)

(Binmal) ... Binomial distribution (p. 1-4-16)
(Poissn) ... Poisson distribution (p. 1-4-19)
(Ge

Geo) ... Geometric distribution (p. 1-4-21)

NPUEENG
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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 [Esg 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 from a
specified x value. Normal probability density is applied to standard normal distribution.
@-p)

1 % (c>0)
\2no

flx) =

Perform the following key operations from the statistical data list.

(F5(DIST) Mormal F.D
(1) (Norm)
B ta
@(PD) Sawve Res:Hone
Execule

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

Save Res......cocceeveeenee. list for storage of calculation results (None or List 1 to 20)
Execute ......ccccoecveeennns executes a calculation or draws a graph

* Specifying o= 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.

¢ [FJ(CALC) ... Performs the calculation.
* (F§) (DRAW) ... Draws the graph.
Calculation Result Output Example

Hormal P.D
F=H. 1 TER32EE

F-CAL| FICT
P et normal probability density
.g # 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-

20011101




1-4-4
Distribution (DIST)

eNormal Distribution Probability

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

e b :upper boundary

a

1 b a-w’ a :lower boundary
14 J 2¢° dx

" \2no

Perform the following key operations from the statistical data list.

F3)(DIST) Hormal C.0
(D) (Norm) FREF i
(2)(C.D) :

B A
Sawe ResiMHone
Execule

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

lower boundary
upper boundary
. standard deviation (¢ > 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.

¢ [F1)(CALQC) ... Performs the calculation.

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

Hormal C.D

F =H. @91 54385

z:Low=1

zilde =1.5

P oo normal distribution probability

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

ZIUpP e, z:Up value (converted to standardize z score for upper value)

elnverse Cumulative Normal Distribution

Inverse cumulative normal distribution calculates a value that represents the location within a

normal distribution for a specific cumulative probability.
B

[ roax=p [ Fwas=p [\ rwax=p
—oo a
Tail: Left Tail: Right “ Tail: Central
upper lower upper and
boundary of boundary of lower
integration integration boundaries
interval interval of integration
o="? o="? interval
o=? B=?
Specify the probability and use this formula to obtain the integration interval.
Perform the following key operations from the statistical data list.
(F5)(DIST) Irwerse Hormal
(@ (Norm) FEa :
@) (Invrse) ﬁ : é,
Sawve ResiHone
Execule

LEFT IKIGHT KEHTH

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

e, probability value tail specification (Left, Right, Central)
............................ probability value (0 = Area = 1)
.... standard deviation (o > 0)

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

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

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

Calculation Result Output Examples

Inverse Hormal Inverse Hormal
x=1.64420363 xilow=-[.852THET
xillF =8, BEe2TALTT

X ettt 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-s Distribution

eStudent-r Probability Density

Student-t probability density calculates ¢ probability density from a specified x value.
_df+l

o)
@

fx) =

Perform the following key operations from the statistical data list.

[EB)(DIST) Studeni-1 F.D
@m d n : f

ave ResiHone
L (PD) Execule

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

item.
X ettt data
Af oo degrees of freedom (df > 0)
Save Res... . list for storage of calculation results (None or List 1 to 20)
Execute ......ccccoeeiieenns 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.

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

* (Fg) (DRAW) ... Draws the graph.
Calculation Result Output Example

Student-t. P.D
F=H. 192458609

T
F-CAL FICTI
P oo Student-+ probability density
I; # 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 Ymin = =0.1, Ymax = 0.45, Yscale = 0.1
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eStudent-z Distribution Probability

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

r(df"' 1) b _d+ a : lower boundary
-2/ 1 LZ) ? I b : upper boundary
— d

Perform the following key operations from the statistical data list.

(F5)(DIST) Student-1L C.D

@2 lZEF*E-P E'a

(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.

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

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

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

il =1e+99

Student-t distribution probability
ELOW v t:Low value (input lower value)
EUP e t:Up value (input upper value)

B o Distribution

ey 2 Probability Density

%2 probability density calculates the probability density function for the x2distribution at a
specified x value.

115

2 2
=)

(%)
2

Perform the following key operations from the statistical data list.

(F5)(DIST) z2 P.L

B dr e Reeil

@ (PD) ave ResiHonhe

Execule

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

item.
X tneneeee et data
Af o degrees of freedom (positive integer)
Save ReS.....ccoceveevenne list for storage of calculation results (None or List 1 to 20)
Execute ......ccccovvevnnen. 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)(CALQ) ... Performs the calculation.
* (Fg) (DRAW) ... Draws the graph.
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Calculation Result Output Example

x2 P.D
F=0.2419787TZ

T

[F-caLl FICTI
[« J R RRRR %2 probability density

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

Window settings below are set automatically ViR, el e o Ul
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o2 Distribution Probability

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

f?’f b . a : lower boundary
_ L(l) 27T gy b : upper boundary
42
2
Perform the following key operations from the statistical data list.
(F5)(DIST) 2 C.D
B EF‘F‘EI"‘ ! E
df H =]
(2(C.D) Save ResiHone
Execute

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 Xz distribution
probability.
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Calculation Result Output Example

x2 C.D
F=0. 22884323

[« J R RRRR x? distribution probability

B F Distribution

® F Probability Density

F probability density calculates the probability density function for the F distribution at a
specified x value.

1"(” + d) ., ned
2 n)2 2" nx) 2
0= ala) 7 0+7)
rz)r(z) ’
2 2

Perform the following key operations from the statistical data list.

(F5(DIST) F P.O

al g df : 5]

[ (PD) Sive ResiHome

Execute

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

. data

numerator degrees of freedom (positive integer)
denominator degrees of freedom (positive integer)

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

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.

¢ [F)(CALC) ... Performs the calculation.
* (F&)(DRAW) ... Draws the graph.
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Calculation Result Output Example

F F.D
F=0. 98 TEZ6E3

F-ChLl FICTI
P o 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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® F Distribution Probability

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

n+d a : lower boundary
F( 2 ) vl - b : upper boundary
p=— (2] 21 +2) 4
n\(dy\d) | * d X
rp)rz)

Perform the following key operations from the statistical data list.

[F5)(DIST) F .0

@ (F) E?E$P EE

@(cD) didf i
Save ResiHone
Execule

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

lower boundary

upper boundary

TS e numerator degrees of freedom (positive integer)

Adf oo denominator degrees of freedom (positive integer)

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

F distribution probability
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B Binomial Distribution

e Binomial Probability

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

f(x) =nCxp*(1=p)"~* (x=0,1, -eeee ,n) p: success probability
(0sp=1)
n : number of trials
Perform the following key operations from the statistical data list.

[F8)(DIST) Binomial P.D

(8)(Binmal) H15L . 15915

@(PD) Pum ria 28
Sawve ResiHone
Execule
LIZTIVAR]

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

Data .....coccevvveeiiiieens data type

LiSt oo list whose contents you want to use as specified data
(List 1 to 20)

Numtrial ... number of trials

Do success probability (0= p=1)

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

Execute .......ccoeveenen. executes a calculation

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

I= A I

X ettt 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)(CALQ) ... Performs the calculation.

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

Binomial P.D Binomial FP.D
I F=H, 42
2| 0.y13g
Lo, 1593
5 et
P o binomial probability

eBinomial Cumulative Density

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

Perform the following key operations from the statistical data list.

(F5 (DIST) Binomial C.D
(8] (Binmal)
(@ (cD)

1= Li=
Humtrialf@

E H
Sawve ResiHone
Execule
LIZTILAR]

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

Data ...ccooeeeieiieeene, data type

List v, list whose contents you want to use as specified data
(List 1 to 20)

Numtrial.........cccooeeeeee. number of trials

D oo success probability (0= p=1)

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

Execute ......cccceeeveennnns executes a calculation

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

= A

X et integer from 0 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.

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

Calculation Result Output Example

Binomial C.D Binomial C.L
1 F=H.934375

P e probability of success

20011101




1-4-19
Distribution (DIST)

B Poisson Distribution

ePoisson Probability

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

fo= e_:flx (x=0,1,2,-) 1 :mean (u > 0)

Perform the following key operations from the statistical data list.

[FEB)(DIST) Foizson F.D

(6] (Poissn) i= tLCi=

@ (PD) Eave Res:ﬁnhe
Execule
LIZTIWAR]

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

Data .....coccevvveeiiiieens data type

LiSt oo list whose contents you want to use as specified data
(List 1 to 20)

7 AT mean (u > 0)

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

Execute .......ccoeveenen. executes a calculation

The following shows the meaning of a 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) (CALQ) ... Performs the calculation.
Calculation Result Output Example

Foisson P.D Fois=son P.D
It F=H.25182143
2| 0. 33U
il m.2s1

B, 2231381681

P oo 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 operations from the statistical data list.

F3)(DIST) Foisson C.0

(6] (Poissn) iz iLi=

(2)(C.D) Eave RestHone
Executle
CIzTIoAR]

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
(List 1 to 20)

. mean (u > 0)

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

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

= A

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

¢ [F1)(CALQ) ... Performs the calculation.

Calculation Result Output Example

Foisson C.D Fois=on C.D

nCwrm
amuuwma
oomow
LT TR ]
mmmm
R
Thil W = n

144212353 -85

F=0. 155027TS

Poisson cumulative probability
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B Geometric Distribution

eGeometric Probability

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

f@)=p(1-p)*" x=1,2,3,)

Perform the following key operations from the statistical data list.

(F5)(DIST) Feometric P.D

(7} (Geo) 15 i=

@D (PD) Sa'u'e Res Hakhe
Execule
LI=TIVAR]

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
(List 1 to 20)

Do success probability (0= p=1)
Save Res list for storage of calculation results (None or List 1 to 20)
Execute .......ccoeveenen. executes a calculation

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

Iz 4 |
X et positive integer (x 2 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

Geomelric P.D Geomelric P.D
F=E. 81171875
5]
[ TR geometric probability
# There is no graphing for geometric distribu- # Positive integer number is calculated whether
tion. list data (Data:List) or x value (Data:variable)

is specified.
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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 operations from the statistical data list.

[F3(DIST) Geomelric C.D

(7} (Geo) iz iLi=

(@(c.D) Bave Resgﬁnhe
Execule
LIZTIVAR]

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

Data .... . data type

LiSt e list whose contents you want to use as specified data
(List 1 to 20)

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 a parameter data specification item that is different from
list data specification.
Iz e
B 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.

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

Calculation Result Output Example

Geometric C.D Geometric C.D
1 F=H.275
2| 0.B7ug
3ln.a3ns
B.73
P e geometric cumulative probability

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

20011101






