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Goal: Run standard statistical tests by hand
« Compacted history of statistics
 Chart of tests that can be done by hand

* Collecting our own data

* Chi-Square
e T-test

« ANOVA

* Correlation

* Regression

Before Moving On:

Pre-test: https://und.qualtrics.com/jfe/form/SV_8CgkbcmusHSVQVo



https://und.qualtrics.com/jfe/form/SV_8Cgkbcmu5HSVQV0
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History

History of statistics - 12
History of Statistics [1] AT 18 century el rmber
’:. 1 71;]] Century d -Bernoulli process
* Probability theory Jakob Bernoulli Thomas Bayas

% 18™ century S
: . .19th ] : T
L ] Inferentlal StatIStICS ]9 CEH‘!‘UFY Q —_— : ' Gaussian distribution

< 19" century
* Statistics applied to education and sociology

% 20" century "20™ century Y e
* Regression and correlation; computer analysis / |
] y

ﬁf:r!sfnz:;rs'::ﬁan William Gosset Ronald Aylmer Fisher

«Chi-square distribution «Student's t +ANOVA, maximum likelihood

Carl Friedrich Gauss
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[3]

History of Statistics

T1e1ne

Pearson
Gossett
(Student)

Fisher

studied natural selection using
correlation, formed First
academic department of
statistics, Biometrika journal,
helped develop the Chi Square
analysis

studied process of brewing,
alerted the statistics community
about problems with small
sample sizes, developed
Student's test

evolulionary biologists -
developed ANOVA, stressed the
importance of experimental
design

Wilcoxon

biochemist studied pesticides, no
paramelric equivalent of two-
samples test

KruSkal Wallls economists who developed the no

Spearman
Kendall

Dunnett
Keuls

Computer
Technology

parametric equivalent of the
ANOVA

psvchologist who developed a non-
parametric equivalent of the correlation
ool Fichent

statistician who developed another non
parametric equivalent the corre lation
coefFicient

statistician who developed multiple
comparisons procedure

biochemist who studied pesticides,
developed multiple comparisons
procedure for control groups

agronomist who developed multiple
COMPAarisons procedurs

provided many advantages over
calculations by hand or by calculator,
stimulated the growth of investigation
into new technigues
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Pearson
Gossett
(Student)

Fisher

History 2

History of Statistics

Tl%lline

studied natural selection using
correlation, formed First
academic department of
statistics, Biometrika journal,
helped develop the Chi Square
analysis

studied process of brewing,
alerted the statistics community
about problems with small
sample sizes, developed
Student's test

evolutionary biologists -
developed ANOVA, stressed the
importance of experimental
design

Oth Century
(later)

Wilcoxon

biochemist studied pesticides, nm
parametric equivalent of two-
samples test

KruSkal Wallls economists who developed the no

Spearman
Kendall
Tukey
Dunnett

Keuls

Computer
Technology

parametric equivalent of the
ANOVA

psvchologist who developed a non-
parametric equivalent of the correlation
ool Fichent

statistician who developed another non
parametric equivalent the correlation
coefFicient

statistician who developed multiple
comparisons procedure

biochemist who studied pesticides,
developed multiple comparisons
procedure for control groups

agronomist who developed multiple
COMPAarisons procedurs

provided many advantages over
calculations by hand or by calculator,
stimulated the growth of investigation
into new technigues

We won’t be using (much) computer technology today
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T-tests

Cans and Cants

Regression and Correlation

1-sample T-test

Pearson Correlation

2-sample T-test

Simple linear regression

Paired T-test

Multiple linear regression

Frequencies

Generalized linear models

Fisher’s exact test

Linear mixed models

Chi-Squared

Generalized linear mixed models

ANOVA

Assorted

1-way ANOVA

Multivariate Analysis

2-way ANOVA

Bayesian Analysis

>3-way ANOVA

Survival Analysis

Repeated measures ANOVA

Longitudinal Analysis

Nested/Block ANOVA

Etc.
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T-tests

1-sample T-test

2-sample T-test

Paired T-test

Frequencies

Fisher’s exact test

Chi-Squared

ANOVA

1-way ANOVA

2-way ANOVA

>3-way ANOVA

Repeated measures ANOVA

Yes, but hard

Cans and Cants

Regression and Correlation

Pearson Correlation

Simple linear regression

Nested/Block ANOVA

Yes, but hard

Multiple linear regression Yes, but hard
Generalized linear models No
Linear mixed models No
Generalized linear mixed models No
Assorted
Multivariate Analysis No
Bayesian Analysis No
Survival Analysis No
Longitudinal Analysis No
Etc. No
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T-tests

1-sample T-test

2-sample T-test

Paired T-test

Frequencies

Fisher’s exact test

Chi-Squared

ANOVA

1-way ANOVA

2-way ANOVA

>3-way ANOVA

Repeated measures ANOVA

Cans and Cants

Yes, but hard

Regression and Correlation

Pearson Correlation

Simple linear regression

Nested/Block ANOVA

Yes, but hard

Multiple linear regression Yes, but hard
Generalized linear models No
Linear mixed models No
Generalized linear mixed models No
Assorted
Multivariate Analysis No
Bayesian Analysis No
Survival Analysis No
Longitudinal Analysis No
Etc. No

We'll cover five standard tests today (in green)



DaCCoTA

DAKOTA CANCER COLLABORATIVE
ON TRANSLATIONAL ACTIVITY

Chi-Square
* Color (L/D) across 2 locations*

T-test
* Length across 2 locations

ANOVA
* Length across 3 locations

Correlation/Regression
* Length versus width

*more samples should normally be used (small samples are problematic for Chi Squared and Exact is better)
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Homegrown Data 2 [

. —

Section A Section B Section C

e AT Ty A O
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Homegrown Data 4

M2 ) C20 7 C e P T P

1 5.375 L 0.75 L 3.125

2 A 4.625 0.375 L 12 B 2.75 0.5 L 22 C 3 0.75 L
3 A 3.125 0.875 L 13 B 3.25  0.625 D 23 C 4.25  0.375 L
4 A 3.125  0.25 L 14 B 4.625 0.5 L 24 C 425 0.625 D
5 A 1.5 0.75 L 15 B 3375 0.5 L 25 C 7.25 0.5 L
6 A 3.5  0.625 D 16 B 6.375 0.5 L 26 C 6.75 0.5 L
7 A 2.75 0.5 L 17 B 2.75 0.5 L 27 C 3.125 1 D
8 A 3.125 0.5 L 18 B 2 0.625 L 28 C 3.375 0.375 L
9 A 3.25 0.625 L 139 B 4.375 0.875 D 29 C 3.125 0.5 L
10 A 4375 0.5 L 20 B 4375 0.5 L 30 C 2.25  0.875 D
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Chi-Squared

State hypothesis
Select alpha
| out table

ate observed values (O)
ate expected values (E)
ate subgroup values
ate test statistic (y?)

cu

ate degrees of freedom (df)

Look up test statistic in table

10. State conclusion

[4]

0,; — Ey;)°
2 (03 i
:’rf __E.Zj E-z'j

df=(# rows-1) x (# columns-1)
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NORTH DAKOTA.

| Tol | A | B | C_ Ho He o = 0.05 2

L - $i ni@\(fmk_ 2 _ (Oij_Efj}

23 9 8 6 : ‘Q(cowk‘ ) X = E..
NO R TAY ‘UY\SL\' ij ij
L ionshy bl elabimy :
relat
E / 1 2 4 Locati™ oed colo”
A B s O E by

Step 13 L A g (t3-0)/a0= &.5 (7-95)78.5:0.029
- SState hypothesis L1718 pa | Gidaozes  (1-5V[15=0163
2. Selectalpha D a]3 LB € (3b)/ao=8s (* g.s)) /8.5:0.029
3.  Fill out table 0 0 b R (yaeses (sV/1sz0167
4. Calculate observed values (O) A C A O E Sub-gconp
5. Calculate expected values (E) - = (7-7 )3
6. Calculate subgroup values L 5 LA 7 (1510)/20=3.5 * 53 /3.550.3
7. Calculate test statistic (y?) D w5 DA \6 (5'“’)/"0_: 4.5 C(If:?;-S)J/-?. S_:o.?
8.  Calculate degrees of freedom (df) ) LC (I510)(20= 7.5 ~53 /1.550.3
9. Look up test statistic in table lo 16 0 bC 7 (535 (1-25)/z25:0.9
10. State conclusion
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92
-

eps
State hypothesis

Select alpha

Fill out table

Calculate observed values (O)
Calculate expected values (E)
Calculate subgroup values
Calculate test statistic (y?)
Calculate degrees of freedom (df)
Look up test statistic in table
State conclusion

=

© N OOV AW N

-
e

Chi-Squared 3

| Tol LA | B C_
L

UMNIVERSITY
NORTH Kt
X”‘ 0. 019210163 2= 0.37
; - 0.
(05— By) ¥
E..
? X2 -3t 0903 =20
Ac
df = (2-1)(2-1) =]
DN TS
The Table Ceit
0.995 0.99 0.975 0.95 0.9 0.5 0.2 0.1” 0.05)| 0.025| 0.02| 0.01}0.005| 0.002|| 0.001
1/(0.0000397(|0.000157(|0.000982|/0.00393(0.0158|| 0.455|| 1.642 2.7[}6" 3.841) 5.024| 5.412| 6.635| 7.879|| 9.550(|10.828
2 0.0100 0.020 0.051 0.103| 0.211| 1.386|| 3.219| 4.605 5.991| 7.378| 7.824| 9.210|[10.597||12.429||13.816
3 0.072 0.115 0.216 0.352| 0.584| 2.3606| 4.642| 6.251| 7.815| 9.348| 9.837|11.345|(12.838||14.796((16.2606
4 0.207 0.297 0.484| 0.711) 1.064| 3.357| 5.989| 7.779| 9.488|(11.143||11.668|13.277|/14.860([16.924|18.467
5 0.412 0.554 0.831 1.145|| 1.610| 4.351| 7.289|| 9.236(11.070|[12.833||13.388(|15.086([16.750|/18.907(|20.515
[§] 0.676 0.872 1.237 1.635|| 2.204| 5.348| 8.558|[10.645|/12.592|(14.449(|15.033||16.812(|18.548|(20.791||22.458
7 0.989 1.239 1.690| 2.167| 2.833| 6.346| 9.803||12.017||14.067(16.013|16.622|118.475|20.278||22.601/124.322
8 1.344 1.646 2.180 2.733|| 3.490| 7.344|11.030/113.362(|15.507||17.535|/18.168|20.090|[21.955||24.352(|26.124
9 1.735 2.088 2.700 3.325| 4.168| 8.343|(12.242|/14.684(|16.919||19.023(|19.679||21.666(|[23.589||26.056((27.877
10 2.156 2.558 3.247 3.940| 4.865| 9.342|(13.442|/15.987(|18.307||20.483||21.161||23.209|(25.188||27.722||29.588
11 2.603 3.053 3.816 4.575| 5.578(10.341|(14.631||17.275[|19.675||21.920(22.618|24.725|[26.757||29.354(|31.264
12 3.074 3.571 4.404 5.226| 6.304|11.340|(15.812|/18.549(|21.026||23.337(24.054|26.217|[28.300||30.957(|32.909
13 3.565 4.107 5.009 5.892| 7.042|12.340|(16.985|/19.812(|22.362||24.736||25.472|27.688|[29.819||32.535(|34.528
14 4.075 4,660 5.629 6.571|| 7.790|113.339|(18.151||21.064(|23.685||26.119(26.873|29.141|(31.319||34.091(|36.123
15 4.601 5.229 06.262] 7.261| 8.547|14.339|(19.311||22.307(|24.996||27.488||28.259|30.578|[32.801||35.628||37.697

[5]
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Steps

S0 XN oW AW oN

State hypothesis

Select alpha

Fill out table

Calculate observed values (O)
Calculate expected values (E)
Calculate subgroup values
Calculate test statistic (y?)
Calculate degrees of freedom (df)
Look up test statistic in table
State conclusion

TTTTTTTTTTTT

NORTH DAKOTA.

.“n- Conclusion: neither AB nor AC had significant X2 test

statistic, as they were below the critical X2 test

Looking further: how would the data need to look to
get a significant test?

@, £ s u.Lij rouf

X ¥ = ot L
{9 x 9 5 (9-5)*/95:1.4
m 10 ox 15 (1-9)/5:2737
1.0 Ly ! 5  (9-5)*/5:-3.74
oy 1 5 ({-5)9/5:'5.:1

+12.9 (@)
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T-tests

State hypothesis
Select alpha & tail
Sketch graph

ate group means (X)
ate group sizes (n)
ate group standard deviations (s?)

late test statistic (t)

cu

ate degrees of freedom (df)

Look up test statistic in table

10. State conclusion

TTTTTTTTTTTT

NORTH DAKOTA.

[6][7][8]
df =(n1+n2)-2
X, - X,
t=
\/ ot
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Steps \)\ \
1.  State hypothesis 0
Iﬂ ﬂ 2. Selectalpha & tail o o
1 5 375 3. Sketch graph ) \\M’ V\ N
5 A = - 4.  Calculate group means (X) WA K ~
4.625 2.75 5.  Calculate group sizes (n)
3 A 3.125 13 B 3.25 6. Calculate group standard deviations (s?)
4 A 3125 14 B 4625 7- Calculate test statistic (t)
A " B 8. Calculate degrees of freedom (df) 1
5 1.5 5 3.375 9. Look up test statistic in table ¢ + '
6 A 3.5 16 B 6.375 10. State conclusion o : ’
7 A 275 17 B 2.75 e
8 A 3125 18 B 2 oL = 0O .05 v+ .o
9 A 325 19 B 4.375 *T .
10 A 4375 20 B 4.375 L wo LT
£ ailed
A B
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v
H
m

ps

State hypothesis

Select alpha & tail

Sketch graph

Calculate group means (x)

Calculate group sizes (n)

Calculate group standard deviations (s?)
Calculate test statistic (t)

Calculate degrees of freedom (df)

Look up test statistic in table sum
State conclusion

© O AV AW N

et
=

mean

_ L EEX &R
VL NER

Section A
Length

5.375
4.625
3.125
3.125
15
3.5
2.75
3.125
3.25
4.375
34.75
10
3.475

Section B

Length
5.5
2.75
3.25
4.625
3.375
6.375
2.75
2
4.375
4.375
39.375
10
3.9375

Xi
5.375
4.625
3.125
3.125

1.5

3.5
2.75
3.125
3.25
4.375

+ - (3435-3.93%5)

/\[T;g_a’sa
!

O

X
3.475
3.475
3.475
3.475
3.475
3.475
3.475
3.475
3.475
3.475

sum
SD

-0.4€25 o yg

(Xi-X)A2
3.61
1.3225
0.1225
0.1225
3.900625
0.000625
0.525625
0.1225
0.050625
0.81
10.5875
1.084615

Xi
5.5
2.75
3.25
4.625
3.375
6.375
2.75

4.375
4.375

X
3.9375
3.9375
3.9375
3.9375
3.9375
3.9375
3.9375
3.9375
3.9375
3.9375

sum
SD

(Xi-X)A2
2.441406
1.410156
0.472656
0.472656
0.316406
5.941406
1.410156
3.753906
0.191406
0.191406
16.60156
1.358167

— = —0.8Y4

1} 6.30l - 0.59
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[9]

Steps t-test table
1. State hypOtheSIS C I ° A d cum. Pl'ﬂhl | Y tms t s fas t s fas tars taa L L f_nul
. onclusion: an onetalll 050 025 020 015 010 0.05 0025 001 0005 0001 0.0005
2. Select alpha & tail . h twotails] 100 050 040 030 020 010 005 002 0.01 0.002 0.001
30 SketCh graph B dld nOt ave d‘lf 0.000 1.000 1.376 1.963 3.078 6.314 12.71 31.82 B3.66 318.31 636.62
4. Calculate group means ( _f) SIgI‘IIfICG I‘I|'|Y d 000 o785 0o7e 128 16 2353 382 4841  see 10215 12024
- different mean d hme erir s  iim i  tis  $ar  asm 40w  sss A
5. Calculate group sizes (Tl) ! 6| 0000 0718 0906 1134 1440 1943 2447 3143 3707 5208 5950
. . Ti 0.000 0.711 0.896 1.119 1.415 1.895 2.365 2998 3.499 4.785 5.408
6. Calculate group standard deviations (s?) length. as the t- 1 el R R DR R T
7. Calculate test statistic (t) statistic was R R PR R LB S LA e
12 0.000 0.695 0.873 1.083 1.356 1.782 2179 2.681 3.055 3.930 4.318
8. Calculate degrees of freedom (df) smaller than the 13| 0000 06%4 0870 1079 1350 1771 2160 2650 3012 3852  4.221
L. tical o e 14| 0000 0692 0868 1076 1345 17861 2145 2624 2077 3787 4140
9. Look up test statistic in table crifical t-statistic 1| 000 om0 o0ses 1071 1337 A7e 2120 2583 20m  sem 401
. 17l 0000 o068 0863 1060 1333 1740 _2110 2567 2898 3646  3.965
10. State COIIC]USIOII 18] o000 0688 08BB2 1067 1330 1734 2852 2878 3810 3822
19| 0000 o688 0861 1066 1328 1728 L=o 2539 2861 3579  3.883
200 0000 0687 0860 1064 1325 1725 2086 2528 2845 3552  3.850

Bads+ /\_/(35——5.0) -':_”IS -
-w 1 a — ;l.':'l'a
Looking further: how would the (3.5 -3.9) 7 sisn*l o 55 ass

data need to look to get a .
° o go g O ! 5 5 ) r—edlﬁ.(e - O-L{_ .
significant test» . T~ .= -267
nalse O.15 :
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Steps
1. State hypothesis and alpha
2. Sketch graph
3. (Calculate group means and overall mean
4. Calculate regression sum of squares (SSR)
5. Calculate error sum of squares (SSE)
6. Calculate total sum of squares (SST)
7. Calculate degrees of freedom (dfe)
8. Calculate mean squares of treatment (MS)
9. Calculate mean squares of error (ME)
10. Calculate test statistic (F)
1. Look up test statistic in table
12. State conclusion

ANOVA

TTTTTTTTTTTT

NORTH DAKOTA.

[10][11]

ANOVA Table: Formulas

Source df SS MS F
(Mean Square)

Model . _ _, SSM ssm MSM
-1 (x =x )? = =

(between) Zl k) dfm  1-1 MSE

Error : > |'SSE SSE

et N-—I (ni_l)si =
(within) ; dfe N-I

Total N -1 Zi(xﬁ ~-X )

i=1 j=1
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ﬂ ﬂ I!! Steps

State hypothesis and alpha

1 5.375 c 3.125
. A rers 12 5 - - 2 5 2. Sketch graph
5 A 3 ; )2 c 3.  Calculate group means and overall mean
Sl S22 42> 4 Calculate regression sum of squares (SSR)
: A 315 14 ° 4625 24 ¢ 42> 5. Calculate error sum of squares (SSE)
> A 1.5 15 B BrEl IS ¢ 725 6. Calculate total sum of squares (SST)
6 A 3.5 16 B 6.375 26 C 675 7. Calculate degrees of freedom (dfe)
7 A 2.75 17 B 2.75 27 C 3125 8. Calculate mean squares of treatment (MS)
8 A 315 18 B ? 28 C 3375 9. Calculate mean squares of error (ME)
9 A . 19 B P 29 C 3135 10 Calclulate test sta.tls-tlc. (F) |
10 A 4375 20 5 4375 30 c ,,s 1. Lookup test statistic in table
12. State conclusion
Re e
) FRe 7l
]‘M\’—MB-ML P\A o (X: O '05
M = Mb s
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ANOVA 2

ﬂ ﬂ I!! Steps

1.  State hypothesis and alpha

1 5.375 C 3.125
2. Sketch graph
2 A 4625 12 B 2.75 22 ¢ 3 &Tep
3 A 3.125 13 B 3.25 23 C 4.25 b T
4 A 3.125 14 B 4.625 24 C 4.25 1 1 .
> A 1.5 15 B 3.375 25 C 795 ¢ + . .
] [
6 A 3.5 16 B 6375 26 ¢ 6.75 i ’
7 A 2.75 17 B 2.75 27 C 3.125 5 . 8
| ¢ v .
8 A 3.125 18 B 2 28 c 3375 | % 7 ‘. .
eod ’ 0
9 A 3.25 19 B 4.375 29 C 3125 | 4 . . “3
10 A 4375 20 B 4.375 30 c 2.25 2 . '
[ ]
Ro L
. aF M T _ 5
r\chB M" M o '}E}& (X__ O .O
Mp = Mb
g A 5 C
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Section A Length | Section B Length | Section C Length |
Steps 5.375 5.5 3.125 S0Urce 2 35
1.  State hypothesis and alpha 4.625 2.75 3
3.125 3.25 4.25 Model L
2. Sketchgraph 3.125 4.625 4.25 e | Zni(xi. =Xi)E
3. Calculate group means and overall mean 15 3375 7.25 =
|
4. Calculate regression sum of squares (SSR) - e e E”’_‘i’;_ N-1 Y(n=1)s’
5. Calculate error sum of squares (SSE) 3.125 > 3.375 i) -
| n
6. Calculate total sum of squares (SST) = i <P Total N1 DD —X )
4.375 4.375 2.25 e
7. Calculate degrees of freedom (dfe) e — e 938 205
8.  Calculate mean squares of treatment (MS) Overall Mean 3.821
9. Calculate mean squares of error (ME) SSR SSE A SSE B SSE € SST
10 Calculate test statistic (F) 1.19716 3.61 2.439844 0.855625 54.02253
. 0.13689 1.3225 1.411344 1.1025
1. Look up test statistic in table 0.52441 0.1225 0.473344 0.04
12 State Conclusion Total 1.85846 0.1225 0.471969 0.04
’ 3.900625 0.316969 10.24
0.000625 5.938969 7.29
0.525625 1.411344 0.855625
0.1225 3.755844 0.455625
0.050625 0.190969 0.855625
0.81 0.190969 3.24
Sub 10.5875 16.60157 24.975
Total 52.16407
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Steps
1.  State hypothesis and alpha ANOVA Table
2. Sketch graph Source SS df Mean Sq F
3.  Calculate group means and overall mean
4.  Calculate regression sum of squares (SSR) Treatment 186
5.  Calculate error sum of squares (SSE)
6. Calculate total sum of squares (SST)
7. Calculate degrees of freedom (dfe) Error 52.16
8. Calculate mean squares of treatment (MS)
9. Calculate mean squares of error (ME)
10. Calculate test statistic (F) Total 54.02
1. Look up test statistic in table
i -5
12. State conclusion d WCT,M - B groups | MS = 53K / df et
ME-=S5E/4
d_F&ﬂ - *l-ﬂ‘l'nl A #’jmupﬁ Fcrm(‘
_ MS
O{ﬂ_,,f_: fodul - - ME
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Steps
1.  State hypothesis and alpha ANOVA Table
2. Sketch graph Source SS df Mean Sq F
3.  Calculate group means and overall mean
4.  Calculate regression sum of squares (SSR) o atmany 186
5.  Calculate error sum of squares (SSE)
6. Calculate total sum of squares (SST)
7. Calculate degrees of freedom (dfe) Error 52.16
8. Calculate mean squares of treatment (MS)
9. Calculate mean squares of error (ME)
10. Calculate test statistic (F) Total 54.02
1. Look up test statistic in table
12.  State conclusion y [o= H gronps - ] MS = SSR/df— ut
ME=S5E/4
A_F&ﬂ - *I-,J"I'al A #’jraupb Fcrm(‘
_ MS
o{ch_: fodul - - ME
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ANOVA 4

DF1 a=0.05

Steps DF2 1 2 3 4 5
. 1| 161.45 199.5( 215.71| 224.58| 230.16

1. State hypOtheSIS and alpha 2| 18513 19| 19.164| 19.247| 19.296
5. Sketch graph 3| 10.128] 9.5521| 9.2766 9.1172] 9.0135
a| 7.7086] 6.9443] 65914] 6.3882] 6.2561

3.  Calculate group means and overall mean 5| 6.6079] 57861 5.4095| 5.1922] 50503
. 6| 5.9874] 51433 4.7571] 4.5337| 43874

4.  Calculate regression sum of squares (SSR) . . 7] 55914 47374] 4.3468] 4.1203] 3.9715
f ConCIUSIon: No dlfference 8| 5.3177 4.459| 4.0662| 3.8379| 3.6875

5' Calculate €error sum o Squares (SSE) between mean Iength across A 9| 5.1174| 4.2565| 3.8625| 32.6321| 3.4817
6. Calculate total sum of squares (SST) oe ' 10| 29646| 4.1025 3.7083] 3.478| 3.3258
B. and C, as the F-statistic was 11| 4.8443] 3.9823| 3.5874] 3.3567| 3.2039

7. Calculate degrees of freedom (dfe) .. .. 12| 47472 3.8853| 3.4903] 3.2592| 3.1059
smaller than the critical F-statistic 13| 4.6672| 3.8056| 3.4105| 3.1791| 3.0254

8. Calculate mean squares of treatment (MS) 14| 4.6001] 3.7389| 3.3439] 3.1122] 29582
9 15| 4.5431] 3.6823| 3.2874 3.0556] 2.9013

Calculate mean squares of error (ME)

10. Calculate test statistic (F)

1. Look up test statistic in table

12. State conclusion baosT ~ 0.73x10 ¢3

[y
[=)]

4.494| 3.6337| 3.2389| 3.0069| 2.8524
4.4513| 3.5915| 3.1968| 2.9647 2.81
4.4139| 3.5546| 3.1599| 2.9277| 2.7729
4.3807| 3.5219| 3.1274| 2.8951| 2.7401
4.3512| 3.4928| 3.0984| 2.8661| 2.7109
4.3248| 3.4668| 3.0725| 2.8401| 2.6848
4.3009| 3.4434| 3.0491| 2.8167| 2.6613
4.2793| 3.4221| 3.028| 2.7955 2.64
4.2597| 3.4028| 3.0088| 2.7763| 2.6207
4.2417| 3.3852| 2.9912| 2.7587 2.603
4.2252 3.369| 2.9752| 2.7426| 2.5868

4.21) 3.3541] 2.9604| 2.7278| 2.5719

4.196| 3.3404| 2.9467| 2.7141| 2.5581

4.183| 3.3277| 2.934| 2.7014| 2.5454
4.1709] 3.3158| 2.9223| 2.6896| 2.5336

[y
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Looking further: how would the data
need to look to get a significant test-
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PS

State hypothesis and tail
Sketch graph
Calculate means of X and Y

Calculate the difference between means

Calculate other variables

Calculate correlation coefficient (r)
Calculate degrees of freedom

Look up coefticient in table
State conclusion

TTTTTTTTTTTT

NORTH DAKOTA.
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Correlation 2

o Locs Loio Lol owe s i L

w
=
1]

; 1.  State hypothesis and tail MO Sigaificat Significa,t
5.375 0.75 2. Sketch graph correly s, Corrolats
2 4625 0375 12 275 05 3. Calculate means of Xand Y €lation
. B 4.  Calculate the difference between means
3.125  0.875 SH2oN MOE025 5.  Calculate other variables {_ w
4 3125 0.25 14 4.625 0.5 6. Calculate correlation coefficient (r) 0 A
5 15 0.75 15 3375 05 7. Calculate degrees of freedom Lt arle
. ' ' = ' ' 8.  Look up coefficient in table
3.5 0.625 6.375 0.5 9. State conclusion
/275 0.5 17 2.5 0.5
8 3125 05 18 2 0.625
9 325 0625 19 4375 0.875
10 4375 05 20 4375 05
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Correlation 2

Steps H H
Length Length 1o Rl
mm m 1.  State hypothesis and tail MO Sigaificat Significa,t
1 5.375 0.75 2. Sketch gl‘aph corre ,a +i°’ﬂ Co,r chL"l
2 4625 0375 12 975 05 3. Calculate means of Xand Y Clation
3 3125 0875 13 325 0625 o L wo
4 3125 025 14 4625 05 6.7 ’ :
0.8 ’ —E ! LQCL
5 15 075 15 3375 05 . 0.7 I -
¢ e
6 16 0.6
3.5  0.625 6.375 0.5 305 4l [ oo
7 275 05 17 275 05 3 o4 -
8 3125 05 18 2 0625 oy 0 .
9 325 0625 19 4375 0875 0
10 4375 0.5 20 4375 05 S/ 2 3 ¥+ 5 & 3
L e ry th
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ps

State hypothesis and tail

Sketch graph

Calculate meansof Xand Y

Calculate the difference between means
Calculate other variables

Calculate correlation coefficient (r)
Calculate degrees of freedom

Look up coefficient in table

State conclusion

D ] Gt 1)
V(@ -2 T (- 9)°

—  _ -0}
(= —0.37/5(1‘3.16'0.%5) - 045?

© O AV AW N

© 00 N O U1 b WN B

10
11
12
13
14
15
16
17
18
19
20

sum

n

mean

= -0,

Length (x) Width (y) x-xm

5.375
4.625
3.125
3.125
1.5
3.5
2.75
3.125
3.25
4.375
5.5
2.75
3.25
4.625
3.375
6.375
2.75
2
4.375
4.375
74.125
20
3.70625

||

0.5
0.375
0.875

0.25
0.75
0.625

0.5

0.5
0.625

0.5

0.75

0.5
0.625

0.5

0.5

0.5

0.5
0.625
0.875

0.5

11.375
20
0.56875

1.665
0.915

-0.585
-0.585

-2.21
-0.21
-0.96

-0.585

-0.46
0.665
1.79
-0.96
-0.46
0.915

-0.335

2.665
-0.96
-1.71

0.665

0.665

y-ym

sum

-0.07

-0.195

0.305
-0.32
0.18
0.055
-0.07
-0.07
0.055
-0.07
0.18
-0.07
0.055
-0.07
-0.07
-0.07
-0.07
0.055
0.305
-0.07

Correlation 3

ID

(x-xm)*(y-ym) (x-xm)"2 (y-ym)"2

-0.11655
-0.178425
-0.178425

0.1872
-0.3978
-0.01155
0.0672
0.04095
-0.0253
-0.04655
0.3222
0.0672
-0.0253
-0.06405
0.02345
-0.18655
0.0672
-0.09405
0.202825

-0.04655
-0.392875

2.772225  0.0049
0.837225 0.038025
0.342225 0.093025
0.342225  0.1024
4.8841  0.0324
0.0441 0.003025
0.9216  0.0049
0.342225  0.0049
0.2116 0.003025
0.442225  0.0049
3.2041 0.0324
0.9216  0.0049
0.2116 0.003025
0.837225  0.0049
0.112225  0.0049
7.102225  0.0049
0.9216  0.0049
2.9241 0.003025
0.442225 0.093025
0.442225  0.0049
28.25888 0.452375
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Correlation 4

[15]

2
H
m

ps
State hypothesis and tail Pearson’s Correlation Table
Sketch graph

Calculate means of Xand Y

Calculate the difference between means
Calculate other variables

Calculate correlation coefficient (r)
Calculate degrees of freedom

Look up coefficient in table

State conclusion

df=thin-Lz 1§

=

af\ 0.2 0.1 0.05 .02 0.01 0.001
DBS51057 00987688 0995917 0999507 0959877 0999998
D.800000 0900000 0950000 0530000 0950000 0.995000
D.637048 0805384 0878339 0934333 0958735 (0991138
D.G0B400 0729299 0811401 0882194 0917200 0974058
0550863 0669439 0754492 0832874 0874526 0.950883
0506727 0521489 0706734 0788720 0.834342 0924904
0.471588 0582206 0.EEE3B4 0749776 0757681 0898280
0.442796 00549357 0.631897 0715458 0764592 0872116
0418662 0.521404 0802069 06835095 0.73847B6 0.837047
0.398062 0497265 0575983 O65B070 0.707BE8 0.823305
0.280216 04781568 0552943 ©0,633E62 0.6E3528 0.8009&62
0364562 0.457500 0.532413 0.612047 0.661376 0.779998
0350888 0.480861 0513977 0592270 0.641145 0760351
0338282 0425902 0.497309 0574245 0.622591 0741934
0327101 0412360 0.482146 0557737 0.605506 0.728657
0316958 0.400027 0468277 0542548 0.589714 0708429
0207702 0388733 0455531 0528517 0575067 0.693163
0299210 0.378341 0515505 0.561435 0.678751
0.291334 0368737 OA3I858 0503397 0.548711 0.665208
0.284140 0359827 0422714 0492094 0536800 0652378
0.277411 0351531 0.413247 0481512 0535620 0640230
0.271137 0343783 0.4D4386 0471578 0515101 0628710
0.265270 0.336524 0396070 0.462231 0505182 05617768
0255768 0.329705 0388244 0453413 0455808 0.607360
0254554 0.323283 0380863 0445078 0486932 0557446
0.248717 0.317223 0373886 0437184 0478511 0587588
0.245110 0.3114%0 0367278 0.429692 0470509 0O0.57E956
0.290748 0.308057 0.361007 0422572 0482892 0570317
0.236812 0.300B38 0355088 0.415792 0455631 0.5682047
0,232681 0.,29593]1 (0.349370 0409327 0448699 (0.55411%9
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Conclusion: Correlation not
significant, as r-statistic is
smaller than critical r-statistic.
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[16][17]

ps

State hypothesis 5
Sketch graph bO _ (2y )(Zx ) — (Zx)(zxy )
Calculate X*Y, X2, and Y2 H(sz) _ (2)(?)2
Calculate sums
Calculate intercept (b,)
Calculate slope (b,) b, — n(Zxy)—(2x)(2y)
Fill out equation 1=

2 2
Add line to graph n(xx”)—(Zx)

State conclusion

e
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5.375
4.625
3.125
3.125
1.5
3.5
2.75
3.125
3.25
4.375

Regression 2

0.375
0.875
0.25
0.75
0.625
0.5
0.5
0.625
0.5

12
13
14
15
16
17
18
19
20

2.75
3.25
4.625
3.375
6.375
2.75
2
4.375
4.375

Ste
1.  State hypothesis — H /
0.75 2. Sketch graph VO Sigaifi At ;—\f
0.5 3.  Calculate X*Y, X2, and Y2 Clotin, <Lp /‘eﬁ Ahica i
0.625 4. Calculate sums Fionsy 0
- 5.  Calculate intercept (b,)
0.5 6. Calculate slope (b,)
0.5 7. Fill out equation
8.  Add line to graph -0
0.5 . 6.7 ’ ’
9. State conclusion 0.g -
— ¥, -7
0.625 Y o5 B Jhd B e
3 0.4 )
0.875 0.3 "
0.5 o
< 2 3 ¥+ S5 & 32
L e ry th




Regression 3

Steps

1.  State hypothesis

2. Sketch graph

3. Calculate X*Y, X2, and Y?
4. Calculate sums

5. Calculate intercept (b,)
6. Calculateslope (b))

7. Fill out equation

8. Add line to graph

9. State conclusion

b= (VD) = (20)(2xy)
n(Ex’) - (Zx)’

L n(Zy) - (S0)(5y)
. n(Zx*) - (Zx)°

Length (x) |Width (y) [x*y X2 y"2
5.375 0.5 2.6875| 28.89063 0.25
4.625 0.375| 1.734375| 21.39063| 0.140625
3.125 0.875| 2.734375[ 9.765625[ 0.765625
3.125 0.25| 0.78125| 9.765625| 0.0625
1.5 0.75 1.125 2.25( 0.5625
3.5 0.625[ 2.1875 12.25] 0.390625
2.75 0.5 1.375] 7.5625 0.25
3.125 0.5 1.5625| 9.765625 0.25
3.25 0.625( 2.03125( 10.5625[ 0.390625
4.375 0.5 2.1875| 19.14063 0.25
5.5 0.75 4.125 30.25 0.5625
2.75 0.5 1.375 7.5625 0.25
3.25 0.625( 2.03125( 10.5625[ 0.390625
4.625 0.5 2.3125[ 21.39063 0.25
3.375 0.5 1.6875[ 11.39063 0.25
6.375 0.5 3.1875| 40.64063 0.25
2.75 0.5 1.375] 7.5625 0.25
2 0.625 1.25 4] 0.390625
4.375 0.875| 3.828125[ 19.14063| 0.765625
4.375 0.5 2.1875[ 19.14063 0.25
sum 74.125 11.375| 41.76563| 302.9844| 6.921875

b = Cf l_._'S_t?)@o;.9e9)—(?w;)(¥/.77) 35/.50
° A0 (30298) — @.-1_-,3)3 — 5643y - O.6Q
b — A0 (A - (3)(1138) %20

' 20 (eans) — ()

Y = L?o + b, - X
width =0.67 — 0.01 Leagth

a S643y. - -OO/
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Regression 4

State hypothesis
Sketch graph .0
Calculate X*Y, X2, and Y> 6.5 5 >
Calculate sums 0.9
Calculate intercept (b,) 0.7 o
Calculate slope (b)) .
. . - é

Fill out equation tg 0.6 Lo
Add line to graph > b.5 %4 oo
State conclusion 3 0. Y- s

O3 . .

D- 7

0.)

@/ 2 3 ¥ 5 ¢ 2
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A Comparlson
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NORTH DAKOTA.

Method

i 0.39

Chi-Square 54
T-test -0.84
ANOVA 0.48
Correlation -0.11
Regression 0.62
& .0.01
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Comparison

Method

L]

) 0.39 0.39216
Chi-Square 54 54
T-test -0.84 -0.84146
ANOVA 0.48 0.4807
Correlation -0.11 -0.1099128
Reeression 0.62 0.62029
8 .0.01 -0.01391

TTTTTTTTTTTT

NORTH DAKOTA.

#Chi-Square
M1 <- as.table(rbind(c(9,8), c(1,2)))
dimnames(M1) <-list(color=c("L","D"),location=c("A","B"))
chisqg.test(M1,correct=F)

M2 <- as.table(rbind(c(9,6), c(1,4)))
dimnames(M?2) <-list(color=c("L","D"), location=c("A","C"))
chisq.test(M2,correct=F)

HT-test
t.test(woodchipsSLength[1:10],woodchipsSLength[11:20])

#ANOVA
summary(Im(woodchipsSLength~woodchipsSSection))

#Correlation/Regression
cor(woodchipsSLength[1:20], woodchipsSWidth[1:20])
summary(Im(woodchipsSWidth[1:20]~*woodchipsSLength[1:20]))
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omparison 2

1 8
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g, ¢ g
2 1 o 1 2 s
T T _\_ T T T T T T
A B A B 2 3 4 5 6
woodchips$Section[1:20] woodchips$Section woodchips$Length[1:20]

boxplot(woodchipsSLength[1:20]~
woodchipsSSection[1:20])

boxplot(woodchipsSLength™
woodchipsSSection)

plot(woodchipsSWidth[1:20]~woodchipsSLength[1:20])

abline(a=0.62, b=-0.01, col="red")
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Conclusions

* Running classic statistical tests by hand is
eminently possible

» Helps tease open the black box of raw
numbers to computer output

* Gets it under your nails, as it were

* Feel free to go crazy with more advanced
examples (ex. multiple regression)

* Normally, however, just use computers

Please take the post-test and survey:
Post-test: https://und.qualtrics.com/jfe/form/SV olEIHGTIGSzy20K
Survey: https://und.qualtrics.com/jfe/form/SV_72NSM2UIBWZuBpk



https://und.qualtrics.com/jfe/form/SV_0lElHGTIGSzy20K
https://und.qualtrics.com/jfe/form/SV_72NSM2UlBWZuBpk
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