Common Symbols

n = Sample Size

x = Sample Mean

s = Sample Standard Deviation
s? = Sample Variance

P = Sample Proportion

r = Sample Correlation Coefficient
o = P(Type I error)

0% = Popu

The rejection rule:
e p-value method: reject Ho when the p-value <
e  Critical value method: reject Ho when the test
statistic is in the critical tail(s).
e Confidence Interval method, reject Ho when
the hypothesized value found in Ho is outside
the bounds of the confidence interval.

N = Population Size
p = Population Mean
o = Population Standard Deviation

lation Variance

p = Population Proportion
p = Population Correlation Coefficient

Yes

Is 6 known?

No

a.

A 4

Use the z,/, values
and o in the formula.*

A\ 4

Use the ¢,/ values
and s in the formula.*

*1If n < 30, the variable must be normally distributed.

Look for these key words to help set up your Hypotheses:

Two-tailed Test

Right-tailed Test

Left-tailed Test

Ho: = o Ho: = o Ho: = o

Hy:p # po Hy:p > po Hpi:p < po

/,// \\ /’// \\\\ // \.\
y N N Y \

Claim is in the Null Hypothesis

= < >
Is equal to Is less than or equal to Is greater than or equal to
Is exactly the same as Is at most Is at least
Has not changed from Is not more than Is not less than
Is the same as Within Is more than or equal to

Claim is in the Alternative Hypothesis

1| Mostly Harmless Probabil

# > <

Is not More than Less than

Is not equal to Greater than Below
Is different from Above Lower than
Has changed from Higher than Shorter than
Is not the same as Longer than Smaller than
Bigger than Decreased
Increased Reduced
ity & Statistics-Rachel . Webb
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Yes There is enough evidence to
reject the claim that ...
Claimis in Ho > Reject Ho?
No There is not enough evidence
to reject the claim that ...
There is enough evidence to
Yes A~ support the claim that ...
Claimisin H: » Reject H,?
NO There is not enough evidence
to support the claim that ...
One Sample Tests:
Mean _
t-test Hy:p = po Hy:p # py Test statistic when 6 is unknown: t = % withdf=n-1
NG
T1-83 or 84

If you have raw data, enter the data into a list before you go to the test menu. Press the [STAT] key, arrow
over to the [TESTS] menu, arrow down to the [2:T-Test] option and press the [ENTER] key. Arrow over to
the [Stats] menu and press the [ENTER] key. Then type in the hypothesized mean (L), sample or population
standard deviation, sample mean, sample size, arrow over to the #, <, > sign that is the same as the problems
alternative hypothesis statement then press the [ENTER] key, arrow down to [Calculate] and press the
[ENTER] key. The calculator returns the t-test statistic and p-value.

Or (If you have raw data in list one) Arrow over to the [Data] menu and press the [ENTER] key. Then type in the hypothesized mean
(Mo), La, leave Freq:1 alone, arrow over to the #, <, > sign that is the same in the problems alternative hypothesis statement then press
the [ENTER]key, arrow down to [Calculate] and press the [ENTER] key. The calculator returns the t-test statistic and the p-value.

TI-89
Go to the [Apps] Stat/List Editor, then select 2" ERRRRNa  S| )
then F6 [Tests], then select 2: T-Test. Choose the T {{ T i Teet
input method, data is when you have entered data
into a list previously or stats when you are given
the mean and standard deviation already. Then Zithiz 6

. . L —Way... —, CEntersOK__ >
type in the_ h_ypothe5|zed mean (Mo), _sample YT e
standard deviation, sample mean, sample size, (or ™" RADAUTD  FUNC 176 i
list name (listl), and Freq: 1), arrow over to the #, <, > and select the sign that is the same as the problems alternative hypothesis
statement then press the [ENTER] key to calculate. The calculator returns the t-test statistic and p-value.

' T Tast ™y

=B70.
=1.83987
=.04E321
=1z,

ie-Sampelest..
4:2-SampTTest..
S 1-PropZlest..
=4 2-E’r‘oEZTest..,,
7iChiZ BOF.. Fesults:

=BEz.M
=243
=13,

ATternate Hue:

w # pd
< pd

TR

Proportion
1-PropZTest Hy:p =po Hi:p # po Test statistic is z =

P—Po
Jes
TI-83 or 84

Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [5:1-PropZTest] and press
the [ENTER] key. Type in the hypothesized proportion (po), X, sample size, arrow over to the #, <, > sign that
is the same in the problems alternative hypothesis statement then press the [ENTER] key, arrow down to
[Calculate] and press the [ENTER] key. The calculator returns the z-test statistic and the p-value. Note:
sometimes you are not given the x value but a percentage instead. To find the x to use in the calculator, multiply
p by the sample size and round off to the nearest integer. The calculator will give you an error message if you
put in a decimal for x or n. For example, if p=.22 and n = 124 then .22*124 = 27.28, so use x = 27.

where p =~
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TI-89

Go to the [Apps] Stat/List Editor, then select 2" then F6 [Tests], then select 5: 1-PropZ-Test. Type in the hypothesized proportion
(po), X, sample size, arrow over to the #, <, > sign that is the same in the problems alternative hypothesis statement then press the
[ENTER] key to calculate. The calculator returns the z-test statistic and the p-value. Note: sometimes you are not given the x value but
a percentage instead. To find the x value to use in the calculator, multiply p by the sample size and round off to the nearest integer. The
calculator will give you an error message if you put in a decimal for x or n. For example, if p= .22 and n = 124 then .22*124 = 27.28,
SO use X = 27.

Two Sample Tests

2 Means — Dependent Populations
Find the difference (d) between each matched pairs. B

Paired t-test Hy: up =0 Hy:up # 0 Test statistic: ¢t = —t2 withdf=n-1

SD
(ﬁ)

TI-83 or 84

Find the differences between the sample pairs (you can subtract two lists to do this). Press the [STAT] key and then the [EDIT] function,
enter the difference column into list one. Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [2:T -Test]
and press the [ENTER] key. Arrow over to the [Data] menu and press the [ENTER] key. Then type in the hypothesized mean as 0, List:
L1, leave Freq:1 alone, arrow over to the #, <, > sign that is the same in the problems alternative hypothesis statement then press the
[ENTER] key, arrow down to [Calculate] and press the [ENTER] key. The calculator returns the t-test statistic, the p-value, D = % and
Sp = Sy.

L1 LE Ll LU Lz Lz :EDIT_CALC p==gEs T-Tes T-Test
] [T 5 10 e 1:Z-Test. nPt. I!EE Stats wdA
8 iz 8 Lz R T-Test.. roiE t=-2, 732526204
H i H Y i : 2-SamrZTest.. Listilz P—. Bl4clc83554
£ [ £ ] -3 4:2-SampTTest.. Fre=:l
iz iz iz iz ! S 1-ProrZTest.. KEFunn E | 5:::-2 [ b R=T o S
£l ] El ] 1 &l 2—Pror2Test... Calculate Draw n=2
Lz=L1-L:zH [ERIERE] FdZInteruval.. | |
TI-89
Find the differences between the sample pairs (you can subtract two lists to do this). [ EEEEE B i a—
Go to the [Apps] Stat/List Editor, enter the two data sets in lists 1 and 2. Move the ~Li=tifliztz BEEEI=s bl Bkt
curser so that it is highlighted on the header of list3. Select [2"] Var-Link and move zu %f_-
down to listl and select [Enter]. This brings the name listl back to the list3 at the %, |5
bottom, select the minus [-] key, then select [2"!] Var-link and this time highlight list2 =~ LiE=t=S

HMAIN RAD AUTD FUNC 2 HMAIN W RAD AUTD FUNC 36

and select [Enter]. You should now see list1-list2 at the bottom of the window. Select [Enter] then the differences will be stored in list3.
Select [2"] then F6 [Tests], select 2: T-Test. Select the [Data] menu. Then type in the hypothesized mean as 0, List: list1, Freq:1, arrow
over to the #, <, > and select the sign that is the same in the problems alternative hypothesis, press the [ENTER] key to calculate. The
calculator returns the t-test statistic, p-value, D = JZ and sD = S,.

= (T G R R N e [FE= (P T T
0 S AR 4 R s R (iR R (AR AR A K W = ”m e

listl |list2 [1ist3 |list4 listl [1ist2 [1ist3 [listd
6 10 [ A YT — E -
fo [ I
Alternate Hyp:

g é‘z Results: \mm.ﬂj
1z 13 1 3 T T WD TS
list3=listi-1istq] Sl=4 lis) ==

RAD AUTD FUNC 38 HMAIN W RAD AUTOD FUNC 36 MAIN

t301]="4
FRIN FAD AUTD FINC 6 MAIN FAD ADTD FUNC 326 AN

Paired t-test Confidence Interval: D + ta2 (

T1-83 or 84

First, find the differences between the samples. Then on the TI-83 press the [STAT] key, arrow over to the [TESTS] menu, arrow
down to the [8:TInterval] option and press the [ENTER] key. Arrow over to the [Data] menu and press the [ENTER] key. The defaults
are List: Ly, Freg:1. If this is set with a different list, arrow down and use [2"%] [1] to get L;. Then type in the confidence level. Arrow
down to [Calculate] and press the [ENTER] key. The calculator returns the confidence interval, D = x and s, = s,

v—) with df= n— 1.

TI-89

First, find the differences between the samples. Go to the [Apps] Stat/List Editor, then enter the differences into list 1. Select 2™ then
F7 [Ints], then select 2: T-Interval. Select the [Data] menu. Enter in List: list1, Freq:1. Then type in the confidence level. Press the
[ENTER] key to calculate. The calculator returns the confidence interval, D = x and sp = s,.
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2 Means — Independent Populations-Population Standard Deviations Unknown

(4

Test statistic when s; and s, are given in the problem: ¢ = S22~ (atado o0 ¢ — 2 L
2

5% +S% 51 1 s% ;

n1 le n1 1 n2 1

key. Arrow over to the [Stats] menu and

press the [Enter] key. Enter the means, standard deviations, sample sizes, confidence level. Then arrow over to the not equal, <, > sign
that is the same in the problems alternative hypothesis statement then press the [ENTER] key. Highlight the No option under Pooled
for unequal variances. Arrow down to [Calculate] and press the [ENTER] key. The calculator returns the test statistic and the p-value.
If you have raw data, press the [STAT] key and then the [EDIT] function, enter the data into list one for males and list two for
females. Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [4:2-SampTTest] and press the [ENTER]
key. Arrow over to the [Data] menu and press the [ENTER] key. The defaults are Listl: Lq, List2: L,, Freql:1, Freg2:1. If these are set
different arrow down and use [2"%] [1] to get L, and [2"/] [2] to get L,.

T1-83 or 84
Press the [STAT] key, arrow over to the
[TESTS] menu, arrow down to the option

TI-89
Go to the [Apps] Stat/List Editor, then select 2" then F6 [Tests], then select 4: 2-SampT-Test. Enter the sample means, sample
standard deviations, and sample sizes, (or list names (list3 & list4), and Freql:1 & Freq2:1). Then arrow over to the not equal, <, >
and select the sign that is the same in the problems alternative hypothesis statement. Highlight the No option under Pooled. Press the
[ENTER] key to calculate The calculator returns the t test statistic and the p -value.

2-Sample T Test
i SR
t =2.30483 4—
F Yalue =.022576 -
a4 =35.M703
2.5

Alternats Hoe: Bl # iy
Fooled: NO >
Results: Calculate >

tifi)=________ listilll= h . ESC=CANCEL 1
HAIN RAD AUTD FUNC 176 TIPEOR USE €370+ ENTERTORESCT 176 USE € AND + 10 OPEN CHOICES MAIN RAD AUTD FUNC 176

2 =2
%2 =34
Sxi =1 48324

1 2-SampTlest.
tI-Propclest..
62 2-PropZTlest..
7:Chi2 GOF..

S4Chi2 Z2-way..

2 2
Confidence interval when s; and s; are given in the problem: (£; — %,) + t,, (51 + 5—2)
ny

2
ny np
df =

212 2\ 2
S 1 S 1
(6 @ 6)
TI-83 or 84
Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [0:2-SampTInt] and press the [ENTER] key.
Arrow over to the [Stats] menu and press the [Enter] key. Enter the means, standard deviations, sample sizes, confidence level.

Highlight the No option under Pooled for unequal variances. Arrow down to [Calculate] and press the [ENTER] key. The calculator
returns the confidence interval.

Or (If you have raw data in list one and list two) press the [STAT] key and then the [EDIT] function, type the data into list one for
sample one and list two for sample two. Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [0:2-
SampTInt] and press the [ENTER] key. Arrow over to the [Data] menu and press the [ENTER] key. The defaults are Listl: L,, List2:
L,, Freql:1, Freq2:1. If these are set different, arrow down and use [2"9] [1] to get L, and [2"%] [2] to get L,. Then type in the
confidence level. Highlight the No option under Pooled for unequal variances. Arrow down to [Calculate] and press the [ENTER] key.
The calculator returns the confidence interval.

TI-89

Go to the [Apps] Stat/List Editor, then select 2" then F5 [Ints], then select 4: 2-SampTInt. Enter the sample means, sample standard
deviations, sample sizes, (or list names (list3 & list4), and Freql:1 & Freq2:1), confidence level. Highlight the No option under
Pooled. Press the [ENTER] key to calculate. The calculator returns the confidence interval. If you have the raw data, select Data and
enter the list names as in the following example to the right.
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2 Proportions
Ho:py = D2
Hy:ps # e

(x1+x3) - (Prny+h2m) 4 —
(ny+ny) (ny+ny) ' q

Test statistic z = w, (usually p; — p2 = 0) where p =

>

Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [2-PropZTest] and press the [ENTER] key. Type in
the X1, N1, X2, N2, arrow over to the =, <, > sign that is in the alternative hypothesis statement then press the [ENTER] key, arrow down
to [Calculate] and press the [ENTER] key. The calculator returns the z-test statistic and the p-value. Note x; and X, need to be a whole
number, not a decimal.
Confidence Interval: (§; — p,) + 242 /(plql + %) where p, = —, P, = 22,

2 n;
Press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option [7:2- PropZIntervaI] and press the [ENTER] key.
Type in the Xy, N1, X2, N2, the confidence level, then press the [ENTER] key, arrow down to [Calculate] and press the [ENTER] key.
The calculator returns the confidence interval.

Other Types of Tests

Goodness of Fit Test

“There is no preference” w/ 4 groups Ho: p1=.25, p2=.25, p3=.25, ps=.25 “There is not a preference”
Hi: At least one proportion is different. “There is a preference”

Proportions are 1/k or different percentages for each group given in the problem. If %’s are given use those

decimals for each pi. Expected values are found by taking each group’s proportion times the sample size (pixn),

df=k—1. Test statistic: y2 = ¥ (O_EE)Z

TI-83 or 84

Hypothesis test for three or more proportions (goodness of fit test). Before you start write down your observed and expected values.

Select Stat, then Calc. Type in the observed values into list 1, and the expected values into list 2. Select Stat, then Tests. Go down to
option D: y2GOF. Choose L; for the Observed category and L, for the Expected category, type in your degrees of freedom (df =k — 1),

BRI - - - -
T1-89

returns the y?2-test statistic and the p-
value. Right arrow to see more.

Hypothesis test for three or more proportions (goodness of fit test). Go to the [Apps] Stat/List Editor, then type in the observed values
into list 1, and the expected values into list 2. Select 2" then F6 [Tests], then select 7: Chi-2GOF. Type in the list names and the degrees
of freedom (df = k — 1). Then press the [ENTER] key to calculate. The calculator returns the )(Z-test statistic and the p-value.

r rx-‘[ ¥z rail i [ rs-I Fir ] & ] iv
[roo s |pToks|LisE| Catcpistr| Teats]ints |'oa1: ﬁﬂﬁﬁiﬁﬁiﬁmﬁ Ioohlﬂols List] ca1c i stvmlnlsl
Chi=squars Goodness of Fit

list4 |list5 |listé |compl. 1i 4 listl [1if 1iZ2-Test.
64286 8D A

Chi-2 =11.119%
02525'1

| Observed Lit:

Expected List: | —
Ded of Fresdoms a1

F Yalue
aF

Comp L3t { G42B57..9782...

6. 76 Resuts: cateulate)
______
complist[51=2.41428571428,  TistZ[e6l= list2(el= ist2(6]1=
MAIN RRD AUTO FUNC 707 AN FROAIE  FiNE 375 MAN FAD ADTD FUNC 276 MAN RAD AUTD FUNC 2L

Test for Independence
Ho: Variable 1 is independent of Variable 2.
H1: Variable 1 is dependent of Variable 2.

Row SumColumn Ut for each cell. Test statistic: x2 = ¥

OB df = (R-1)(C-L).

Expected Value=————-——

TI1-83 or T1-84

Hypothesis test for the independence of two variables (contingency tables). Press the
[2] then [MATRX] key. Arrow over to the EDIT menu and 1:[A] should be
highlighted, press the [ENTER] key. For a m X n contingency table, type in the number
of rows(m) and the number of columns(n) at the top of the screen so that it looks like
this MATRIX[A] m X n. For example a 2 X 3 contingency table, the top of the screen

would look like this MATRIX[A] 2 X 3, as you hit [ENTER] the table will automatically widen to the size you put in. Now enter all of
the observed values in their proper positions. Then press the [STAT] key, arrow over to the [TESTS] menu, arrow down to the option

5
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[C: x?-Test] and press the [ENTER] key. Leave the default as Observed:[A] and
Expected:[B], arrow down to [Calculate] and press the [ENTER] key. The calculator
returns the y2-test statistic and the p-value. If you go back to the matrix menu [2"9] then
[MATRX] key, arrow over to EDIT and choose 2:[B], you will see all of the expected
values.

TI-89

First you need to create the matrix for the observed values: Press: [Home] to return to the Home screen, press [Apps] and select
Data/Matrix Editor. A menu is displayed, select 3:New. The New dialog box is displayed. Press the right arrow key to highlight 2:Matrix,
and press [ENTER] to choose Matrix type. Press the down arrow key to highlight 1:main, and press [ENTER], to choose main folder.
Press the down arrow key, and then enter the letter o for the name in the Variable field. Enter 2 for Row dimension and 4 for Column

dimension. Press [ENTER] to display the matrix editor. Enter the observed value (do not mcIude total row or column).

Fi Data/Matrix Editor 12 Z? A -_-FB .i-m Iq
Meny ' ' 1/97 @ [P .

Tope: Matrix

54\;,
i: Current
2ripe

Folder: ain 3
varioble:

Kow dimension: @___]
Col dimension: [

Grarh

fix)=0 HiE

Hore Numeric So... Prodram 4. W

r2cd=44
FRIN __ WOCWRAD AUTD FUNC 0730 | MAIN RAD AUTD FUNC 0730 RN FAD AUTO FUNC 0730 | | MAIN RAD AUTD FUNC 730

Note: Next time you use this test instead of option b vatarmatis Eaer | 227
3:New, choose 2: Open. The Open dialog box is =

displayed. Press the right arrow key to highlight
2:Matrix, and press [ENTER] to choose Matrix type.

Press the down arrow key to make sure you are in the Bty

Main folder and that your variable says o. RN WEWFADRUTD  FUNC /30| TN TADAUTD  FUNC  0/30 USE € AND 5 TOOFEN CROICES

Fix FZ F3] &
Tools|Flot Setup|Cell):E:
C OFEN

Tore GRS
Folder:  main®
Variable: o3

-—Enktb‘ﬂlk -ﬁiﬁi INCEL >

Graeh

<=0 Hi

Press [Apps], and then select Stats/List Editor. To display the Chi-square 2-Way dialog box, press 2" then F6 [Tests], then select 8:
Chi-2 2-way. Enter in in the Observed Mat: o; leave the other rows alone: Store Expected to: statvars\e; Store CompMat to: statvars\c.
This will store the expected values in the matrix folder statvars with the name expmat, and the (0-e)%/e values in the matrix compmat.
Press the [ENTER] key to calculate.
il b v ) Stats List Editor ollzz:fzns? mmm
L33 s =11.2167 4 o - 1 U

=.04061 fde0 VoUF CUPPEnt Folder ist mdin
=2 Homg NUMEFIE $0... PPOSFam Ed... Select Curvent Folder: QIR

W ObservedMat: o]

Store Expected to: [statuarshe
Store CompMat to:

Comp Mat  =[LEPHRIEA037.. s é CreatencwroMer. [ ] Rasutts: catcunate >
== CErfer=ik__>

== - <Enisr=0K__> CERLer=0E__> EEC=CRNEEL
Table Text Editor W

=[[22B.585,195....

statsoLis —_
115!;,1[1] ] listil1]= llsLl[ll
A AUTD FONE 175 AN WGWRAD AUTO FUNC 0730 | USE € AND 3 70 OFEN CROICES HAIN AD AUTO FUNC e FAD AOTD FUNC i7e

The calculator returns the y2-test statistic and the p-value. If you go back to the matrix menu, you WI|| see all of the expected and (o-
e)?/e values.

To see the expected and (0-e)?/e values, select [APPS] and select Data/Matrix Editor. Select 2:Open, change the Type to Matrix, change
the Folder to statvars, and change the Variable to expmat or compmat

F1 Data/Matrix Editor 12:27 AM
HMenuy 01701497 ‘I'oo‘l: Mol Sctur cm i >

HAT | T

'l DFEN Y 2xh
U‘:I}U Type:  Matrix3 1 o Tgi 3 gg?. 28|

Clock [ i Gravh Ul btk 2 |32.415|27.€96[23.722
Variable: exprat > 3
fig0 SPam H
Home Nurigric $o.. Frodram E4.. W ricl=278.50456244111
AN BCWRADADTD FUNC 0730 | MAIN RAD AUTO FUNC 0730  USE € AND 3 TO OPEN CHOICES HAIN RAD AUTD FUNC

One-Factor ANOVA table k=#of groups, N=total of all n’s

Hoi g = pp = iz ==
H;: At least one mean differs
Source SS = Sum of Squares df MS = Mean Square F
_ _ SSB MSB
Between (Factor) | SSB=Yn;(%; — Xem)* | k-1 MSB = -— F=-——
Within (Error) SSW=Y(m; —1)s? | N-k MSW =222

Total SST N-1
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xi—xj

(i)

Bonferroni test statistic: t =

Ho:pi = 1y
Hytpy # 1y

Multiply p-value by m = C,, divide area for critical value by m = Co.

Correlation and Regression

SSxx = (Tl - 1)5,%
SSyy=(n — 1)s
SSy=X(xy)—n-x-y

Correlation Coefficient
= SSxy
(SSxx'SSyy)

Correlation t-test

Regression Equation (Line of Best Fit)

s = Z(yz yz — VMSE

Hy:p=20 n-2 y = by + bix
H(l):zqto t=r (1—r2) df=n-2
Slope y-Intercept
b, = Z?cy by =y — b X
Slope t-test Slope/Model F-test
Hy:B1 =0 t = by Hy:B1 =0
Hi:f;#0 (ggi) Hi:B;#0
df=n—-p-1=n-2
Standard Error of Estimate Residual

e =Yy~

Predlctlon Interval

Mta/z-s\/(u + D)

Coefficient of Determination
—(r)? = SSR

Multiple Linear Regression Equation
5) = bo + b1x1 + e+ bpxp

Model F-Test for Multiple Regression
Ho:B1 =B = =.Bp =0
H;: At least one slope is not zero.

Adjusted Coefficient of Determination
_ 4 ((-R*)(n-1)
=1

(n-p-1)
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