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 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 propotion 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 t Test tests the hypothesis for a single unknown population mean when the
population standard deviation is unknown.

2-Sample t Test compares the population means when standard deviations are unknown.
Linear Reg t Test calculates the strength of the linear association of paired data.

X? 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 combina-
tions 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 here are two independent variables and one depend-
ent variable.

The following pages explain various statistical calculation methods based on the principles
described above. Full details concerning statistical principles and terminology can be found
in any standard general statistics textbook.




On the initial STAT2 Mode screen, press (F3) (TEST) to display the test menu, which
contains the following items.

« B)(TEST)(AJ(2) ... ZTests (p.7)
2)(T) ... t Tests (p.15)
(B)(x?) ... x* Test (p.23)
([@)(F) ... 2-Sample F Test (p.25)
(B](ANOVA) ... ANOVA (p.27)

B Z Tests

eZ Test Common Functions
You can use the following graph analysis functions after drawing a graph.

 [F1)(2) ... Displays z score.

Pressing (F1) (Z) 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.

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

pointer.
Press [0 to clear the p-value.

e1-Sample Z Test

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

_X—Uo X : mean of sample
L="—— . ;
a L : assumed population mean
Jn o : population standard deviation

n : size of sample

lg # The following V-Window settings are used for # Executing an analysis function automatically

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




Perform the following key operation from the statistical data list.

(F3)(TEST) 1-Samele ZTest
@ P Fxp
(1) (1-Smpl)

LIZTIVAR]

Sawve ResiHone
Execule

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

Data .....cccoeevveieiiiees data type

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

HO weveeieeeeieeeaieeeeniaae assumed population mean

.................................. population standard deviation (o > 0)

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

frequency (1 or List 1 to 20)

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

executes a calculation or draws a graph

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

fad

5]
)

... mean of sample
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.
« (F§)(DRAW) ... Draws the graph.

Calculation Result Output Example
1-Samrle ETEEL

2242196
THEISES
B2

1972688

=
4
&

SHRITHT
Lm0
e

d-

= T F_IFICT]

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

IR RR 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 sample standard deviations for two populations are known to test
the hypothesis. The 2-Sample Z Test is applied to normal distribution.

7= X, — X, X1 : mean of sample 1
- ﬁ %2 : mean of sample 2
\,Tl+72 o1: population standard deviation of sample 1
1 2

02 population standard deviation of sample 2
N : size of sample 1
Nz : size of sample 2

Perform the following key operation from the statistical data list.

(F3(TEST) 2—-Samrle STest
(ER[04) m TEp

agl i1
(2 (2-Smpl) dZ 1

Li 2 fListl
Listczy :List2 4
LI=TIVAR]

Freaily =1
Freai2r i1
Save ResiHohe
Execule

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

Data .....cccoeevveieiiiees data type

L e population mean value test conditions (“=F 2" specifies two-
tail test, “< r” specifies one-tail test where sample 1 is
smaller than sample 2, “> [»" specifies one-tail test where
sample 1 is greater than sample 2.)

OL et population standard deviation of sample 1 (o1 > 0)

(o7 SRR population standard deviation of sample 2 (o2 > 0)

List(1) list whose contents you want to use as sample 1 data
List(2) list whose contents you want to use as sample 2 data
Freq(l) «coooeevveeeiiinenns frequency of sample 1 (positive integer)

Fredq(2) «ooooeveveeeiiieeens frequency of sample 2 (positive integer)

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

Execute

. executes a calculation or draws a graph

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

I MITS I
[l
ENENENE
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mean of sample 1
size (positive integer) of sample 1

mean of sample 2
M2 e 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.
« (F§)(DRAW) ... Draws the graph.
Calculation Result Output Example

2—Samrle ZTest
k1 sp2

z -1.456T72458

F =@, 14519235

Tl =11.5

T2 =15

nl =1a +

= T F IFICT]

[T direction of test

Zoeirnn ..Z score

P o p-value

XL et mean of sample 1

X2 tetiieeeniee e mean of sample 2

XLONL ceeeeiieee e standard deviation of sample 1
(Displayed only for Data: List Setting)

b CTe 1 R standard deviation of sample 2
(Displayed only for Data: List Setting.)

RS size of sample 1

M2 e size of sample 2

# [Save Res] does not save the pi: 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 normal distribution.

X o : expected sample proportion
z=_"N_ Po n : size of sample
Po(1- Po)

n

Perform the following key operation from the statistical data list.

F3)(TEST) 1-Pror ZTesl
F H
[1] (Z) o H 3
B, n :
(8] (1-Prop) Save ResiMNone
Execule
= 1= [ =
(2 (0] o JU R sample proportion test conditions (“=F po” specifies two-tail

test, “< po” specifies lower one-tail test, “> po” specifies upper
one-tail test.)

expected sample proportion (0 < po < 1)

sample value (X2 0 integer)

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

1-Pror_ZTest

ProF=sE.5

z  =H.E3184345

F =H.3TEZ20d28

&  =H.58893059

n =dE4E

= T F IFIcTl

Prop=0.5 ......ccceverenene. direction of test
Zooieee e Z score
P oo p-value

estimated sample proportion

size of sample

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

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

normal distribution.

X
n

z

| PP+ )

X X : data value of sample 1
N, X2 : data value of sample 2
M : size of sample 1
Nz : size of sample 2

: estimated sample proportion

Perform the following key operation from the statistical data list.

(F3)(TEST)
D@
(4] (2-Prop)

Z2—Pror ZTesl

x
nl
2

nZ :
Save Rest
= 1 = [ =

EIENE

Hone

|IExecute

sample proportion test conditions (“=F pz” specifies two-tail
test, “< p2” specifies one-tail test where sample 1 is less than
sample 2, “> p2" specifies upper one-tail test where sample 1
is greater than sample 2.)

data value (X: 2 0 integer) of sample 1

size (positive integer) of sample 2

data value (X2 2 0 integer) of sample 1

size (positive integer) of sample 2

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.

« [FJ(CALC) ... Performs the calculation.
« (Fg)(DRAW) ... Draws the graph.
Calculation Result Output Example

2-Pror ZTest

= T F_IFICT]
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.. direction of test
.. Zscore

estimated proportion of sample 1
estimated proportion of sample 2

P estimated sample proportion
RS size of sample 1
M2 e size of sample 2

# [Save Res] does not save the 0. condition in
line 2.
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B t Tests

® t Test Common Functions

You can use the following graph analysis functions after drawing a graph.
« [FA)(T) ... Displays t score.

Pressing (F1) (T) displays the t 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 t score.

* (F2J(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press [0 to clear the p-value.

# The following V-Window settings are used for # Executing an analysis function automatically
drawing the graph. Xmin = -3.2, Xmax = 3.2, stores the t and p values in alpha variables T
Xscale= 1, Ymin=-0.1, Ymax = 0.45, Yscale and P, respectively.

=0.1
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e®1-Sample t Test

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

t= X — Mo X :mean of sample
XOn-1 Mo :assumed population mean
Jn Xon1 : sample standard deviation

n :size of sample

Perform the following key operation from the statistical data list.

[E3)(TEST) 1-SamFrle LTest

@m 2 o

[ -Smp) [Tzt ilista

Save RE‘S; r%lc-ne +
LI=TIVAR]

|IExecule |

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

Data .....cccoeevveieiiiees data type

I o population mean value test conditions (““F uo” specifies two-
tail test, “< " specifies lower one-tail test, “> 0" specifies
upper one-tail test.)

assumed population mean
list whose contents you want to use as data

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

executes a calculation or draws a graph

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

X A
Pl g | 5]
1l HS)

.................................. mean of sample
.... sample standard deviation (Xon1 > 0)
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.
« (F§)(DRAW) ... Draws the graph.
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Calculation Result Output Example
1-Samrle LTest
*11.3%

p .

L =@, TIS9I205

E =H, 4 THEZEE]

T =11.5%

wdn-=H. 61885148

r =5

T 1 F IFICT

UFIL3 i, direction of test
| R t score
P p-value
X teeieee e mean of sample
XON-L e Sample standard deviation
IR RR size of sample

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

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

The 2-Sample t Test is applied to t-distribution.

t= )_C]_ - )_Cz X1t
V n, n, X10n1

XoOn1 :

N

Nz :

mean of sample 1
mean of sample 2

: standard deviation of sample 1

standard deviation of sample 2
size of sample 1
size of sample 2

This formula is applicable when the sample is not pooled, and the denominator is different

when the sample is pooled.

Degrees of freedom df and Xpona differs accordi

The following applies when pooling is in effect.

df=m+n-2

ng to whether or not pooling is in effect.

(N—1)X0 12 +(N—1) %012

Xpa-n—l:\/ n1+ n2_2

The following applies when pooling is not in effect.

df = 271
(o +(1—C )?
n-1 n~1
X042
c= M
X10h a2, X002
( n * n, )

Perform the following key operation from the statistical data list.

F(TEST)
@m
(2)(2-Smpl)

2=SanFle LTest

I | PEp
List({1ly iListl
Listg2y =List2
Freaily 51

Freaiz2) i1 L
LIzTIAR]

Pooled 20ff

Save ResiMHone

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

Data .... data type

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

(IS (1) list whose contents you want to use as data of sample 1
LiSt(2) coovveeeiiieeeiiieees list whose contents you want to use as data of sample 2
Freq(d) «cooeveveeeiiieeens frequency of sample 1 (positive integer)

Freq(2) «cooooveeeeiiieenns frequency of sample 2 (positive integer)

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

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

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

%1 HYS)
z1ldr- Hs)
il id
2 HS)
|x20’n-| Hs) |
nZ HE)

mean of sample 1

standard deviation (X.on1 > 0) of sample 1
size (positive integer) of sample 2

mean of sample 2

standard deviation (X2on1 > 0) of sample 2
M2 e 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)(CALC) ... Performs the calculation.
« (F§)(DRAW) ... Draws the graph.
Calculation Result Output Example

2-SamFrle tTest
k1 =P
T =1.846T4715
F =0, @352 TIZ
df =14
=1 =1H7.5
X2 =9T.5 4
T T F IFICtl
LR o direction of test

| t score
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.. p-value
.. degrees of freedom

mean of sample 1

X2 ot mean of sample 2

) (e R standard deviation of sample 1

X2ONL ceeeeiieie e standard deviation of sample 2

) (e R pooled sample standard deviation (Displayed only when
Pooled: On Setting.)

RS size of sample 1

M2 e size of sample 2

# [Save Res] does not save the p: condition in
line 2.




21

el inearReg t Test

LinearReg t Test treats paired-variable data sets as (X, y) pairs and plots all data on a
graph. Next, a straight line (y = a + bx) is drawn through the area where the greatest number
of plots are located and the degree to which a relationship exists is calculated.

n ~ ~ a :intercept

,Zl(X—X)(y—y) n_> b :slope of the line

b="——— a=jy—bx t:rV—z n :size of sample (n23)
> (x—x)° 1=1""\ . correlation coefficient
i=1 r2 : coefficient of determination

Perform the following key operation from the statistical data list.

EIJ(TEST) LincarFes 1LTest
e VL;SL EL;SLE
(@) (LinReg) Frea i1
Save ResiHone
Execule
x [ = [ =

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

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

XLISt e list for X-axis data

YLISt e list for y-axis data

Freq .. frequency

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

Execute ......ccccevveeennns 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 t
Test.
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Calculation Result Output Example

LirnearRes LTest
ExA & px@
=2, F9TIIEIL
Ef =0, BIEE3L0
a =-1.4250185
b =1.89211223 -}
[EoFTl
BFO&PFO0.nnn. direction of test
| PP UURO t score
P o p-value
Af e, degrees of freedom

.... coefficient
.................................. standard error

| PSRRI correlation coefficient
[2 e coefficient of determination

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

Grarh Func

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 B & 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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MW 2 Test

X2 Test sets up a number of independent groups and tests hypothesis related to the
proportion of the sample included in each group. The X2 Test is applied to dichotomous
variables (variable with two possible values, such as yes/no).

expected counts n : all data values

Perform the following key operation from the statistical data list.

[EJ(TEST) xE Tesl
E[VS) xzrecled:Ma
Sawve ResiHone
Execule
HMAT [FHAT
Next, specify the matrix that contains the data. The following shows the meaning of the
above item.
Observed ........ccceeeeene name of matrix (A to Z) that contains observed counts (all cells
positive integers)
Expected ..........cccueennee name of matrix (A to Z) that is for saving expected frequency
Save ReS .....cocceevveene list for storage of calculation results (None or List 1 to 20)
Execute .......ccccevvieennns 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)(CALC) ... Performs the calculation.
« (F§)(DRAW) ... Draws the graph.
Calculation Result Output Example

x2 Test
x@=8.31T7456H31
F =A.37313791
df=1
FEIAT] CHIT & IPICT
D G X2 value
P o p-value
Af e, degrees of freedom

You can use the following graph analysis functions after drawing a graph.
« [FA)(CHI) ... Displays x? value.

Pressing (CHI) displays the x? 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.

* (F2J(P) ... Displays p-value.
Pressing (F2) (P) displays the p-value at the bottom of the display without displaying the pointer.
Press [0 to clear the p-value.

# Pressing ((™MAT) while a calculation # Executing an analysis function automatically
result is displayed enters the MATRIX editor, stores the x? 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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B 2-Sample F Test

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

_ %0,4?

X2 O‘n—f

F

Perform the following key operation from the statistical data list.

EIJ(TEST) Z-Sample FTest
3[(3) 1 R

LIZTIVAR]

Save Res:Mone |
Execule

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

(D17 NSRRI data type

population standard deviation test conditions (= @’
specifies two-tail test, “< " specifies one-tail test where
sample 1 is smaller than sample 2, “> ¢2" specifies one-tail
test where sample 1 is greater than sample 2.)

List(1) list whose contents you want to use as data of sample 1
List(2) list whose contents you want to use as data of sample 2
Freq(d) «cooeveveeeiiieeens frequency of sample 1

Freq(2) «cooooveeeeeiiieenns frequency of sample 2

Save ReS .....cccceevveenne list for storage of calculation results (None or List 1 to 20)
EXecute ......cccceevverennnn executes a calculation or draws a graph

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

=1dh-I A
nl e
= 2dh-1 HYE )
nz HS)

standard deviation (X.on1 > 0) of sample 1
size (positive integer) of sample 1
standard deviation (X2on1 > 0) of sample 2
M2 e 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)(CALC) ... Performs the calculation.
« (F§)(DRAW) ... Draws the graph.
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Calculation Result Output Example
2—Samrle FTest
gl =42

F =H. 3009921
[ =H.3TT83988
xl =Z2.6E
T2 =1.42
rldn-1=1.9437TETE +
FTF Fn
direction of test
F value
P o p-value
XL et mean of sample 1 (Displayed only for Data: List Setting)
X2 tetiieeeniee e mean of sample 2 (Displayed only for Data: List Setting)
XLONL ceeeeiieee e standard deviation of sample 1
b CTe 1 R standard deviation of sample 2
M e size of sample 1
M2 e size of sample 2

You can use the following graph analysis functions after drawing a graph.
« [FA)(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 [0 to clear the p-value.

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

# V-Window settings are automatically F and P, 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 here are two independent variables and one depend-
ent variable.

This Two-Way ANOVA calculation is available under the condition that is to prepare more
than two experimental data as each dependent data.

Perform the following key operation from the statistical data list.

EIJ(TEST) AHOILIA

(5] (ANOVA) actor HAilils
Derendntilist2
Save ResiHohe
Execule

il =1

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

How Many .........cccee.. selects One-Way ANOVA or Two-Way ANOVA (number of lev-
els).

Factor A......ccceevveeens category list.

Dependnt .........ccceeennee list to be used for sample data.

Save ReS .....cocceeveeenne first list for storage of calculation results.

EXecute ......cccceevverennns 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 ......c.cccccvvenes category list.

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 (Two-Way ANOVA only).
Calculation results are displayed in table form, just as they appear in science books.

# [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.




28

Calculation Result Output Example

AHOLA
o f 55 M F -+
A 2B. 215 14 101] 5. 6330
EEF 15] 37.561] 2. 5041
2
One-Way ANOVA
Line 1 (A) coevevveienns Factor A df value, SSvalue, MSvalue, F value, p-value
Line 2 (ERR) ......coc...... Error df value, SSvalue, MSvalue
Two-Way ANOVA
Line 1 (A) ooeevererenee. Factor A df value, SSvalue, MSvalue, F value, p-value
Line 2 (B) .... .... Factor B df value, SSvalue, MSvalue, F value, p-value
Line 3 (AB) ....ccoveueeee. Factor A x Factor B df value, SSvalue, MSvalue, F value,

p-value
Error df value, SSvalue, MSvalue

F value

p-value

degrees of freedom
.. sum of squares

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.
 (FJ(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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H 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 does not reject.

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 rejects.

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 rejects.

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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e|nput Example

AHOLIA

How Manyi2
FaclLor HilListl
Factor BiLisLZ
Lerendntilist3
Save RestHone

Execute
CHAL [DRALS

®Results

TRACE FICTI




