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Opening

Before Moving On:

Pre-test: https://und.qualtrics.com/jfe/form/SV_8Cgkbcmu5HSVQV0

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

• T-test

• ANOVA

• Correlation

• Regression

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


History
[2]

[1]



History 2
[3]



History 2
[3]

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



Cans and Cants
Test Feasibility

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

Nested/Block ANOVA

Test Feasibility

Regression and Correlation

Pearson Correlation

Simple linear regression

Multiple linear regression

Generalized linear models

Linear mixed models

Generalized linear mixed models

Assorted

Multivariate Analysis

Bayesian Analysis

Survival Analysis

Longitudinal Analysis

Etc.



Cans and Cants
Test Feasibility

T-tests

1-sample T-test Yes

2-sample T-test Yes

Paired T-test Yes

Frequencies

Fisher’s exact test Yes

Chi-Squared Yes

ANOVA

1-way ANOVA Yes

2-way ANOVA Yes

≥3-way ANOVA Yes

Repeated measures ANOVA Yes, but hard

Nested/Block ANOVA Yes, but hard

Test Feasibility

Regression and Correlation

Pearson Correlation Yes

Simple linear regression Yes

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



Cans and Cants
Test Feasibility

T-tests

1-sample T-test Yes

2-sample T-test Yes

Paired T-test Yes

Frequencies

Fisher’s exact test Yes

Chi-Squared Yes

ANOVA

1-way ANOVA Yes

2-way ANOVA Yes

≥3-way ANOVA Yes

Repeated measures ANOVA Yes, but hard

Nested/Block ANOVA Yes, but hard

Test Feasibility

Regression and Correlation

Pearson Correlation Yes

Simple linear regression Yes

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)



Homegrown Data

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

T-test
• Length across 2 locations

ANOVA
• Length across 3 locations

Correlation/Regression
• Length versus width

Wood Chips

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



Homegrown Data 2

Section A Section B Section C



Homegrown Data 3



Homegrown Data 4



Homegrown Data 4
ID Location Length Width Color

1 A 5.375 0.5 L

2 A 4.625 0.375 L

3 A 3.125 0.875 L

4 A 3.125 0.25 L

5 A 1.5 0.75 L

6 A 3.5 0.625 D

7 A 2.75 0.5 L

8 A 3.125 0.5 L

9 A 3.25 0.625 L

10 A 4.375 0.5 L

ID Location Length Width Color

11 B 5.5 0.75 L

12 B 2.75 0.5 L

13 B 3.25 0.625 D

14 B 4.625 0.5 L

15 B 3.375 0.5 L

16 B 6.375 0.5 L

17 B 2.75 0.5 L

18 B 2 0.625 L

19 B 4.375 0.875 D

20 B 4.375 0.5 L

ID Location Length Width Color

21 C 3.125 0.5 D

22 C 3 0.75 L

23 C 4.25 0.375 L

24 C 4.25 0.625 D

25 C 7.25 0.5 L

26 C 6.75 0.5 L

27 C 3.125 1 D

28 C 3.375 0.375 L

29 C 3.125 0.5 L

30 C 2.25 0.875 D



Chi-Squared
[4]

Steps
1. State hypothesis
2. Select alpha
3. Fill out table
4. Calculate observed values (O)
5. Calculate expected values (E) 
6. Calculate subgroup values
7. Calculate test statistic (𝜒2)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion

df=(# rows−1) x (# columns−1)



Chi-Squared 2
Total A B C

L
23 9 8 6

D
7 1 2 4

Steps
1. State hypothesis
2. Select alpha
3. Fill out table
4. Calculate observed values (O)
5. Calculate expected values (E) 
6. Calculate subgroup values
7. Calculate test statistic (𝜒2)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion



Chi-Squared 3
Total A B C

L
23 9 8 6

D
7 1 2 4

Steps
1. State hypothesis
2. Select alpha
3. Fill out table
4. Calculate observed values (O)
5. Calculate expected values (E) 
6. Calculate subgroup values
7. Calculate test statistic (𝝌𝟐)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion

[5]



Chi-Squared 4
Total A B C

L
23 9 8 6

D
7 1 2 4

Steps
1. State hypothesis
2. Select alpha
3. Fill out table
4. Calculate observed values (O)
5. Calculate expected values (E) 
6. Calculate subgroup values
7. Calculate test statistic (𝜒2)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion

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?



T-tests
Steps
1. State hypothesis
2. Select alpha & tail
3. Sketch graph
4. Calculate group means (തx)
5. Calculate group sizes (n)
6. Calculate group standard deviations (s2)
7. Calculate test statistic (t)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion

[6][7]

df = (n1 + n2) - 2

[8]



T-tests 2
ID Location Length

1 A 5.375

2 A 4.625

3 A 3.125

4 A 3.125

5 A 1.5

6 A 3.5

7 A 2.75

8 A 3.125

9 A 3.25

10 A 4.375

ID Location Length

11 B 5.5

12 B 2.75

13 B 3.25

14 B 4.625

15 B 3.375

16 B 6.375

17 B 2.75

18 B 2

19 B 4.375

20 B 4.375

Steps
1. State hypothesis
2. Select alpha & tail
3. Sketch graph
4. Calculate group means (തx)
5. Calculate group sizes (n)
6. Calculate group standard deviations (s2)
7. Calculate test statistic (t)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion



T-tests 3
Steps
1. State hypothesis
2. Select alpha & tail
3. Sketch graph
4. Calculate group means (ഥ𝒙)
5. Calculate group sizes (𝐧)
6. Calculate group standard deviations (𝒔𝟐)
7. Calculate test statistic (𝐭)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion

Section A Section B A B

Length Length Xi X (Xi-X)^2 Xi X (Xi-X)^2

5.375 5.5 5.375 3.475 3.61 5.5 3.9375 2.441406

4.625 2.75 4.625 3.475 1.3225 2.75 3.9375 1.410156

3.125 3.25 3.125 3.475 0.1225 3.25 3.9375 0.472656

3.125 4.625 3.125 3.475 0.1225 4.625 3.9375 0.472656

1.5 3.375 1.5 3.475 3.900625 3.375 3.9375 0.316406

3.5 6.375 3.5 3.475 0.000625 6.375 3.9375 5.941406

2.75 2.75 2.75 3.475 0.525625 2.75 3.9375 1.410156

3.125 2 3.125 3.475 0.1225 2 3.9375 3.753906

3.25 4.375 3.25 3.475 0.050625 4.375 3.9375 0.191406

4.375 4.375 4.375 3.475 0.81 4.375 3.9375 0.191406

sum 34.75 39.375 sum 10.5875 sum 16.60156

N 10 10 SD 1.084615 SD 1.358167

mean 3.475 3.9375



T-tests 4
[9]

Steps
1. State hypothesis
2. Select alpha & tail
3. Sketch graph
4. Calculate group means ( ҧ𝑥)
5. Calculate group sizes (𝑛)
6. Calculate group standard deviations (𝑠2)
7. Calculate test statistic (𝑡)
8. Calculate degrees of freedom (df)
9. Look up test statistic in table
10. State conclusion

Conclusion: A and 
B did not have 
significantly 
different mean 
length, as the t-
statistic was 
smaller than the 
critical t-statistic

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



ANOVA
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)
11. Look up test statistic in table
12. State conclusion

[10][11]



ANOVA 2
ID Location Length

21 C 3.125

22 C 3

23 C 4.25

24 C 4.25

25 C 7.25

26 C 6.75

27 C 3.125

28 C 3.375

29 C 3.125

30 C 2.25

ID Location Length

1 A 5.375

2 A 4.625

3 A 3.125

4 A 3.125

5 A 1.5

6 A 3.5

7 A 2.75

8 A 3.125

9 A 3.25

10 A 4.375

ID Location Length

11 B 5.5

12 B 2.75

13 B 3.25

14 B 4.625

15 B 3.375

16 B 6.375

17 B 2.75

18 B 2

19 B 4.375

20 B 4.375

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)
11. Look up test statistic in table
12. State conclusion



ANOVA 2
ID Location Length

21 C 3.125

22 C 3

23 C 4.25

24 C 4.25

25 C 7.25

26 C 6.75

27 C 3.125

28 C 3.375

29 C 3.125

30 C 2.25

ID Location Length

1 A 5.375

2 A 4.625

3 A 3.125

4 A 3.125

5 A 1.5

6 A 3.5

7 A 2.75

8 A 3.125

9 A 3.25

10 A 4.375

ID Location Length

11 B 5.5

12 B 2.75

13 B 3.25

14 B 4.625

15 B 3.375

16 B 6.375

17 B 2.75

18 B 2

19 B 4.375

20 B 4.375

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)
11. Look up test statistic in table
12. State conclusion



ANOVA 3
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)
11. Look up test statistic in table
12. State conclusion

Section A Length Section B Length Section C Length

5.375 5.5 3.125

4.625 2.75 3

3.125 3.25 4.25

3.125 4.625 4.25

1.5 3.375 7.25

3.5 6.375 6.75

2.75 2.75 3.125

3.125 2 3.375

3.25 4.375 3.125

4.375 4.375 2.25

Group Means 3.475 3.938 4.05

Overall Mean 3.821

SSR SSE A SSE B SSE C SST

1.19716 3.61 2.439844 0.855625 54.02253

0.13689 1.3225 1.411344 1.1025

0.52441 0.1225 0.473344 0.04

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



ANOVA 4
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)
11. Look up test statistic in table
12. State conclusion

ANOVA Table

Source SS df Mean Sq F

Treatment 1.86

Error 52.16

Total 54.02



ANOVA 4
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)
11. Look up test statistic in table
12. State conclusion

ANOVA Table

Source SS df Mean Sq F

Treatment 1.86 2 0.93 0.48

Error 52.16 27 1.93

Total 54.02 29



ANOVA 4
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)
11. Look up test statistic in table
12. State conclusion

[12]

Conclusion: No difference 
between mean length across A, 
B, and C, as the F-statistic was 
smaller than the critical F-statistic

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



Correlation
Steps
1. State hypothesis and tail
2. Sketch graph
3. Calculate means of X and Y
4. Calculate the difference between means
5. Calculate other variables
6. Calculate correlation coefficient (r)
7. Calculate degrees of freedom
8. Look up coefficient in table
9. State conclusion

[14][13]



Correlation 2
ID Length Width

1 5.375 0.5

2 4.625 0.375

3 3.125 0.875

4 3.125 0.25

5 1.5 0.75

6 3.5 0.625

7 2.75 0.5

8 3.125 0.5

9 3.25 0.625

10 4.375 0.5

ID Length Width

11 5.5 0.75

12 2.75 0.5

13 3.25 0.625

14 4.625 0.5

15 3.375 0.5

16 6.375 0.5

17 2.75 0.5

18 2 0.625

19 4.375 0.875

20 4.375 0.5

Steps
1. State hypothesis and tail
2. Sketch graph
3. Calculate means of X and Y
4. Calculate the difference between means
5. Calculate other variables
6. Calculate correlation coefficient (r)
7. Calculate degrees of freedom
8. Look up coefficient in table
9. State conclusion



Correlation 2
ID Length Width

1 5.375 0.5

2 4.625 0.375

3 3.125 0.875

4 3.125 0.25

5 1.5 0.75

6 3.5 0.625

7 2.75 0.5

8 3.125 0.5

9 3.25 0.625

10 4.375 0.5

ID Length Width

11 5.5 0.75

12 2.75 0.5

13 3.25 0.625

14 4.625 0.5

15 3.375 0.5

16 6.375 0.5

17 2.75 0.5

18 2 0.625

19 4.375 0.875

20 4.375 0.5

Steps
1. State hypothesis and tail
2. Sketch graph
3. Calculate means of X and Y
4. Calculate the difference between means
5. Calculate other variables
6. Calculate correlation coefficient (r)
7. Calculate degrees of freedom
8. Look up coefficient in table
9. State conclusion



Correlation 3
Steps
1. State hypothesis and tail
2. Sketch graph
3. Calculate means of X and Y
4. Calculate the difference between means
5. Calculate other variables
6. Calculate correlation coefficient (r)
7. Calculate degrees of freedom
8. Look up coefficient in table
9. State conclusion

ID Length (x) Width (y) x-xm y-ym (x-xm)*(y-ym) (x-xm)^2 (y-ym)^2

1 5.375 0.5 1.665 -0.07 -0.11655 2.772225 0.0049

2 4.625 0.375 0.915 -0.195 -0.178425 0.837225 0.038025

3 3.125 0.875 -0.585 0.305 -0.178425 0.342225 0.093025

4 3.125 0.25 -0.585 -0.32 0.1872 0.342225 0.1024

5 1.5 0.75 -2.21 0.18 -0.3978 4.8841 0.0324

6 3.5 0.625 -0.21 0.055 -0.01155 0.0441 0.003025

7 2.75 0.5 -0.96 -0.07 0.0672 0.9216 0.0049

8 3.125 0.5 -0.585 -0.07 0.04095 0.342225 0.0049

9 3.25 0.625 -0.46 0.055 -0.0253 0.2116 0.003025

10 4.375 0.5 0.665 -0.07 -0.04655 0.442225 0.0049

11 5.5 0.75 1.79 0.18 0.3222 3.2041 0.0324

12 2.75 0.5 -0.96 -0.07 0.0672 0.9216 0.0049

13 3.25 0.625 -0.46 0.055 -0.0253 0.2116 0.003025

14 4.625 0.5 0.915 -0.07 -0.06405 0.837225 0.0049

15 3.375 0.5 -0.335 -0.07 0.02345 0.112225 0.0049

16 6.375 0.5 2.665 -0.07 -0.18655 7.102225 0.0049

17 2.75 0.5 -0.96 -0.07 0.0672 0.9216 0.0049

18 2 0.625 -1.71 0.055 -0.09405 2.9241 0.003025

19 4.375 0.875 0.665 0.305 0.202825 0.442225 0.093025

20 4.375 0.5 0.665 -0.07 -0.04655 0.442225 0.0049

sum 74.125 11.375 sum -0.392875 28.25888 0.452375

n 20 20

mean 3.70625 0.56875



Correlation 4
Steps
1. State hypothesis and tail
2. Sketch graph
3. Calculate means of X and Y
4. Calculate the difference between means
5. Calculate other variables
6. Calculate correlation coefficient (r)
7. Calculate degrees of freedom
8. Look up coefficient in table
9. State conclusion

[15]

Conclusion: Correlation not 
significant, as r-statistic is 
smaller than critical r-statistic.



Regression
Steps
1. State hypothesis
2. Sketch graph
3. Calculate X*Y, X2, and Y2

4. Calculate sums
5. Calculate intercept (b0)
6. Calculate slope (b1)
7. Fill out equation
8. Add line to graph
9. State conclusion

[17][16]



Regression 2
ID Length Width

1 5.375 0.5

2 4.625 0.375

3 3.125 0.875

4 3.125 0.25

5 1.5 0.75

6 3.5 0.625

7 2.75 0.5

8 3.125 0.5

9 3.25 0.625

10 4.375 0.5

ID Length Width

11 5.5 0.75

12 2.75 0.5

13 3.25 0.625

14 4.625 0.5

15 3.375 0.5

16 6.375 0.5

17 2.75 0.5

18 2 0.625

19 4.375 0.875

20 4.375 0.5

Steps
1. State hypothesis
2. Sketch graph
3. Calculate X*Y, X2, and Y2

4. Calculate sums
5. Calculate intercept (b0)
6. Calculate slope (b1)
7. Fill out equation
8. Add line to graph
9. State conclusion



Regression 3
Steps
1. State hypothesis
2. Sketch graph
3. Calculate X*Y, X2, and Y2

4. Calculate sums
5. Calculate intercept (b0)
6. Calculate slope (b1)
7. Fill out equation
8. Add line to graph
9. State conclusion

Length (x) Width (y) x*y x^2 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



Regression 4
Steps
1. State hypothesis
2. Sketch graph
3. Calculate X*Y, X2, and Y2

4. Calculate sums
5. Calculate intercept (b0)
6. Calculate slope (b1)
7. Fill out equation
8. Add line to graph
9. State conclusion



Comparison
Method

Chi-Square
0.39
2.4

0.39216
2.4

T-test -0.84 -0.84146

ANOVA 0.48 0.4807

Correlation -0.11 -0.1099128

Regression
0.62
-0.01

0.62029
-0.01391



Comparison
Method

Chi-Square
0.39
2.4

0.39216
2.4

T-test -0.84 -0.84146

ANOVA 0.48 0.4807

Correlation -0.11 -0.1099128

Regression
0.62
-0.01

0.62029
-0.01391

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

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

#T-test
t.test(woodchips$Length[1:10],woodchips$Length[11:20])

#ANOVA
summary(lm(woodchips$Length~woodchips$Section))

#Correlation/Regression
cor(woodchips$Length[1:20], woodchips$Width[1:20])
summary(lm(woodchips$Width[1:20]~woodchips$Length[1:20]))



Comparison 2

boxplot(woodchips$Length[1:20]~
woodchips$Section[1:20])

plot(woodchips$Width[1:20]~woodchips$Length[1:20])
abline(a=0.62, b=-0.01, col='red')

boxplot(woodchips$Length~
woodchips$Section)



Please take the post-test and survey:
Post-test: https://und.qualtrics.com/jfe/form/SV_0lElHGTIGSzy20K
Survey: https://und.qualtrics.com/jfe/form/SV_72NSM2UlBWZuBpk

• 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

Conclusions

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