
Day	
  5	
  -­‐	
  Sta)s)cs	
  



Agenda	
  
•  Ac)vity	
  #1:	
  Dice	
  Sampling	
  

–  Sampling	
  Distribu)ons	
  
	
  
	
  

•  Ac)vity	
  #2:	
  	
  Michael	
  and	
  Me	
  
–  Two-­‐variable	
  data	
  
–  ScaBerplots	
  
–  Outliers	
  
–  Correla)on	
  

•  Ac)vity	
  #3:	
  	
  The	
  Case	
  of	
  the	
  Careless	
  ZooKeeper	
  
–  Test	
  of	
  associa)on	
  
–  Hypothesis	
  Tes)ng	
  





The	
  Case	
  of	
  the	
  careless	
  Zookeeper	
  

•  The	
  context	
  for	
  this	
  ac)vity	
  is	
  a	
  bit	
  silly/fun	
  
•  We	
  are	
  imagining	
  a	
  situa)on	
  where	
  a	
  careless	
  
zookeeper	
  delivers	
  a	
  trainload	
  of	
  animals	
  to	
  
another	
  zoo,	
  but	
  uses	
  poor	
  judgment	
  and	
  
ships	
  all	
  of	
  the	
  animals	
  (regardless	
  of	
  ea)ng	
  
habits)	
  intermixed	
  in	
  the	
  same	
  train	
  cars.	
  	
  	
  



The	
  Case	
  of	
  the	
  careless	
  Zookeeper	
  

•  The	
  goal	
  for	
  each	
  group	
  is	
  to	
  answer	
  the	
  
following	
  ques)on:	
  	
  	
  

	
  
–  Is	
  the	
  type	
  of	
  animal	
  (herbivore	
  or	
  carnivore)	
  
related	
  to	
  the	
  injury	
  status	
  (no	
  damage	
  or	
  some	
  
damage)?	
  	
  	
  



Test	
  of	
  Associa)on	
  

•  The	
  sta)s)cs	
  content	
  needed	
  for	
  today	
  is	
  
likely	
  to	
  be	
  less	
  familiar	
  than	
  other	
  topics	
  for	
  
some	
  of	
  us	
  

•  I	
  chose	
  this	
  ac)vity,	
  though,	
  because	
  the	
  Chi-­‐
Square	
  test	
  of	
  associa)on	
  is	
  not	
  inaccessible	
  
and	
  is	
  very	
  useful	
  	
  	
  

	
  
	
  



Test	
  of	
  Associa)on	
  

•  I	
  will	
  provide	
  an	
  example	
  of	
  the	
  Chi-­‐Square	
  
test	
  of	
  associa)on	
  so	
  that	
  we	
  all	
  have	
  a	
  small	
  
experience	
  set	
  to	
  draw	
  upon	
  



Test	
  of	
  Associa)on	
  

•  Essen)ally,	
  the	
  test	
  of	
  associa)on	
  is	
  another	
  
method	
  to	
  determine	
  if	
  there	
  is	
  a	
  rela)onship	
  
between	
  two	
  (or	
  more)	
  factors	
  

•  A	
  common	
  test	
  of	
  associa)on	
  would	
  look	
  like:	
  
– Null	
  Hypothesis:	
  	
  A	
  and	
  B	
  are	
  independent	
  
– Alterna)ve	
  Hypothesis:	
  A	
  and	
  B	
  are	
  dependent	
  



Test	
  of	
  Associa)on	
  

•  Chi-­‐Square	
  example:	
  

•  Guiding	
  ques)on	
  
–  Is	
  there	
  a	
  difference	
  between	
  genders	
  when	
  it	
  
comes	
  to	
  whom	
  it	
  is	
  easiest	
  to	
  make	
  friends	
  with?	
  

– Do	
  females	
  become	
  friends	
  more	
  easily	
  with	
  
males,	
  females,	
  neither???	
  



Test	
  of	
  Associa)on	
  

•  Given	
  this	
  context	
  we	
  need	
  hypotheses	
  to	
  
test.	
  	
  The	
  hypotheses	
  I	
  chose	
  are:	
  

•  Null	
  Hypothesis:	
  
– Gender	
  and	
  finding	
  friends	
  are	
  independent	
  

•  Alterna)ve	
  Hypothesis:	
  
– Gender	
  and	
  finding	
  friends	
  are	
  dependent	
  



Test	
  of	
  Associa)on	
  

•  Let’s	
  assume	
  that	
  we	
  have	
  the	
  following	
  data	
  
from	
  a	
  survey:	
  	
  	
  

Opposite Gender Same Gender No difference Total 

Female 58 16 63 137 

Male 15 13 40 68 

Total 73 29 103 205 



Test	
  of	
  Associa)on	
  

•  The	
  major	
  key	
  of	
  a	
  test	
  of	
  associa)on	
  is	
  to	
  test	
  
against	
  expecta)ons	
  (null	
  hypothesis)	
  

•  If	
  the	
  null	
  hypothesis	
  were	
  true,	
  we	
  would	
  
expect	
  numbers	
  to	
  be	
  evenly	
  distributed	
  
between	
  genders.	
  	
  	
  



Test	
  of	
  Associa)on	
  
Opposite Gender Same Gender No difference Total 

Female (Total Females/
Total people) 
X 
(column total) 

(Total 
Females/
Total people) 
X 
(column total) 

(Total 
Females/Total 
people) 
X 
(column total) 

137 

Male (Total Males/
Total people) 
X 
(column total) 

(Total Males/
Total people) 
X 
(column total) 

(Total Males/
Total people) 
X 
(column total) 

68 

Total 73 29 103 205 



Test	
  of	
  Associa)on	
  
Opposite Gender Same Gender No difference Total 

Female (137/205) X (73) (137/205) X (29) (137/205) X (103) 137 

Male (68/205) X (73) (68/205) X (29) (68/205) X (103) 68 

Total 73 29 103 205 



Test	
  of	
  Associa)on	
  –	
  Expected	
  Values	
  
Opposite Gender Same Gender No difference Total 

Female 48.79 19.38 68.83 137 

Male 24.21 9.62 34.17 68 

Total 73 29 103 205 

Test	
  of	
  Associa)on	
  –	
  Observed	
  Values	
  
Opposite Gender Same Gender No difference Total 

Female 58 16 63 137 

Male 15 13 40 68 

Total 73 29 103 205 



Test	
  of	
  Associa)on	
  

•  Formula	
  

4 
 

Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
𝐻𝑜: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 and the alternative hypothesis is 
𝐻𝑎: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡. With the hypotheses stated, the students 
need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
 
Expected Cell Counts Injury Status  

Row Totals Type of Animal Damaged Not Damaged 
Carnivore (f) 

7 ∗ 8
23 = 2.435 

(g) 
7 ∗ 15
23 = 4.565 

(b) 
7 

Herbivore (h) 
16 ∗ 8
23 = 5.565 

(i) 
16 ∗ 15
23 = 10.435 

(c) 
16 

 
Column Totals 

(d) 
8 

(e) 
15 

(a) 
23 

 
All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 

2
2 (observed  expected)

expected
F �

 ¦ . 



Test	
  of	
  Associa)on	
  –	
  Sums	
  
Opposite Gender Same Gender No difference 

Female (58 - 48.79)2 /48.79 (16 - 19.38)2/19.38 (63 - 68.83)2/68.83 

Male (15 - 24.21)2/24.21 (13 - 9.62)2/9.62 (40 - 34.17)2/34.17 
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Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
𝐻𝑜: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 and the alternative hypothesis is 
𝐻𝑎: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡. With the hypotheses stated, the students 
need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
 
Expected Cell Counts Injury Status  

Row Totals Type of Animal Damaged Not Damaged 
Carnivore (f) 

7 ∗ 8
23 = 2.435 

(g) 
7 ∗ 15
23 = 4.565 

(b) 
7 

Herbivore (h) 
16 ∗ 8
23 = 5.565 

(i) 
16 ∗ 15
23 = 10.435 

(c) 
16 

 
Column Totals 

(d) 
8 

(e) 
15 

(a) 
23 

 
All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 

2
2 (observed  expected)

expected
F �

 ¦ . 
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Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
𝐻𝑜: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 and the alternative hypothesis is 
𝐻𝑎: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡. With the hypotheses stated, the students 
need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
 
Expected Cell Counts Injury Status  

Row Totals Type of Animal Damaged Not Damaged 
Carnivore (f) 

7 ∗ 8
23 = 2.435 

(g) 
7 ∗ 15
23 = 4.565 

(b) 
7 

Herbivore (h) 
16 ∗ 8
23 = 5.565 

(i) 
16 ∗ 15
23 = 10.435 

(c) 
16 

 
Column Totals 

(d) 
8 

(e) 
15 

(a) 
23 

 
All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 

2
2 (observed  expected)

expected
F �

 ¦ . 8.508 



Test	
  of	
  Associa)on	
  
•  Ok.	
  	
  So	
  
•  What’s	
  the	
  point?	
  

•  Well	
  this	
  is	
  where	
  we	
  need	
  to	
  use	
  a	
  table	
  that	
  is	
  
based	
  on	
  probabili)es	
  and	
  distribu)ons	
  

•  For	
  the	
  sake	
  of	
  today’s	
  examples	
  and	
  problems	
  –	
  
we	
  are	
  dealing	
  with	
  ‘1	
  degree	
  of	
  freedom’.	
  	
  	
  

•  We	
  do	
  not	
  need	
  to	
  worry	
  about	
  this	
  element	
  of	
  
the	
  Chi-­‐Square	
  test	
  today.	
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Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
𝐻𝑜: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 and the alternative hypothesis is 
𝐻𝑎: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡. With the hypotheses stated, the students 
need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
 
Expected Cell Counts Injury Status  

Row Totals Type of Animal Damaged Not Damaged 
Carnivore (f) 

7 ∗ 8
23 = 2.435 

(g) 
7 ∗ 15
23 = 4.565 

(b) 
7 

Herbivore (h) 
16 ∗ 8
23 = 5.565 

(i) 
16 ∗ 15
23 = 10.435 

(c) 
16 

 
Column Totals 

(d) 
8 

(e) 
15 

(a) 
23 

 
All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 

2
2 (observed  expected)

expected
F �

 ¦ . 8.508 



Test	
  of	
  Associa)on	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  8.508	
  

•  We	
  get	
  to	
  decide	
  our	
  cutoff	
  for	
  how	
  certain	
  
we	
  want	
  to	
  be	
  that	
  we	
  are	
  making	
  the	
  
‘correct’	
  decision	
  in	
  comparing	
  our	
  
hypotheses.	
  	
  	
  

•  This	
  is	
  formally	
  called	
  a	
  ‘p-­‐value’	
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Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
𝐻𝑜: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 and the alternative hypothesis is 
𝐻𝑎: 𝐴𝑛𝑖𝑚𝑎𝑙  𝑡𝑦𝑝𝑒  𝑎𝑛𝑑  𝑖𝑛𝑗𝑢𝑟𝑦  𝑠𝑡𝑎𝑡𝑢𝑠  𝑎𝑟𝑒  𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡. With the hypotheses stated, the students 
need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
 
Expected Cell Counts Injury Status  

Row Totals Type of Animal Damaged Not Damaged 
Carnivore (f) 

7 ∗ 8
23 = 2.435 

(g) 
7 ∗ 15
23 = 4.565 

(b) 
7 

Herbivore (h) 
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23 = 5.565 

(i) 
16 ∗ 15
23 = 10.435 

(c) 
16 

 
Column Totals 

(d) 
8 

(e) 
15 

(a) 
23 

 
All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 
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Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
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need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
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Carnivore (f) 
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All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 
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Questions 3 through 11 have already been answered in the two-way table above.  The students 
simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
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need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
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All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 
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simply sum across all rows and all columns to get the respective values. When students reach 
questions 12 through 15, they need to find the row percentages for animal type.  This means that 
.429 (3/7) is the proportion of carnivores experiencing damage and .571 (4/7) is the proportion of 
carnivores experiencing no damage.  Similarly, .313 (5/16) is the proportion of herbivores with 
damage and .688 (11/16) is the proportion of herbivores with no damage.  Using these 4 
proportions, the students should compare .429 to .313 and then .571 to .688 to answer question 
16.  If these proportions are deemed to be roughly the same, then no evidence exists to show that 
a relationship exists between type of animal and injury status.  This would tell students that the 
proportion of damaged and not damaged is the same regardless of animal type, so the variables 
would be deemed independent.  If students see that the proportion of damaged herbivores is low 
and the proportion of damaged carnivores is high, then there may be a relationship between 
injury status and animal type.  To address this relationship statistically, have the students answer 
questions 17 to 21, which will outline a chi-square test of independence.  
 
Since the students should have some background knowledge on chi-square tests of 
independence, they should be able to write the hypotheses correctly.  The null hypothesis is 
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need to determine if the chi-square test is appropriate.  The two major assumptions the students 
need to check revolve around expected cell counts.  The expected cell counts stem from the idea 
of conditional probabilities and the definition of independence from a probability perspective.  In 
general, to find the expected cell count for any cell, the students need to multiply the row total 
and column total for a given cell and then divide that by the overall total.  So the expected cell 
counts for the table of example data would be: 
 
Expected Cell Counts Injury Status  

Row Totals Type of Animal Damaged Not Damaged 
Carnivore (f) 

7 ∗ 8
23 = 2.435 

(g) 
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23 = 4.565 
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All of these expected cell counts need to be greater than 1 and at least 80% of the cell counts 
must be greater than 5.  Clearly, in this example, 50% of the expected cell counts are less than 5 
so the assumptions are not met.  Because a basic  statistics  course  does  not  address  Fisher’s  Exact  
Test,  have  the  students  continue  with  the  activity  noting  that  the  assumptions  aren’t  met  and the 
results may not be appropriate.  
 
The students will need these expected cell counts to calculate the test statistic by hand.  This is 
rather simple to do because the chi-square test statistic is calculated using the equation, 
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df	
   .25	
   .2	
   .15	
   .10	
   .05	
   .025	
   .01	
   .005	
   .0025	
   .001	
   .0005	
  

25%	
   20%	
   15%	
   10%	
   5%	
   2.5%	
   1%	
   .5%	
   .25%	
   .1%	
   .05%	
  

1	
   1.32	
   1.64	
   2.07	
   2.71	
   3.84	
   5.02	
   6.63	
   7.88	
   9.14	
   10.83	
   12.12	
  



Test	
  of	
  Associa)on	
  
•  So	
  our	
  ‘p-­‐value’	
  is	
  roughly	
  .005	
  
•  As	
  a	
  percent	
  it	
  is	
  .5%	
  

•  What	
  does	
  this	
  mean?	
  

•  It	
  means:	
  	
  
–  There	
  is	
  a	
  .5%	
  chance	
  that	
  the	
  Null	
  hypothesis	
  is	
  in	
  fact	
  
true,	
  but	
  we	
  s)ll	
  got	
  the	
  sample	
  results	
  

–  Stated	
  another	
  way:	
  	
  It	
  is	
  very	
  unlikely	
  that	
  if	
  the	
  null	
  
hypothesis	
  is	
  true	
  that	
  we	
  would	
  get	
  a	
  sample	
  like	
  this	
  

–  Typically	
  a	
  p-­‐value	
  less	
  than	
  .05	
  is	
  considered	
  ‘significant’	
  
	
  



The	
  Case	
  of	
  the	
  careless	
  Zookeeper	
  

•  Back	
  to	
  the	
  beginning.	
  
•  We	
  are	
  imagining	
  a	
  situa)on	
  where	
  a	
  careless	
  
zookeeper	
  delivers	
  a	
  trainload	
  of	
  animals	
  to	
  
another	
  zoo,	
  but	
  uses	
  poor	
  judgment	
  and	
  
ships	
  all	
  of	
  the	
  animals	
  (regardless	
  of	
  ea)ng	
  
habits)	
  intermixed	
  in	
  the	
  same	
  train	
  cars.	
  	
  	
  



The	
  Case	
  of	
  the	
  careless	
  Zookeeper	
  

•  The	
  goal	
  for	
  each	
  group	
  is	
  to	
  answer	
  the	
  
following	
  ques)on:	
  	
  	
  
–  Is	
  the	
  type	
  of	
  animal	
  (herbivore	
  or	
  carnivore)	
  
related	
  to	
  the	
  injury	
  status	
  (no	
  damage	
  or	
  some	
  
damage)?	
  	
  	
  



The	
  Case	
  of	
  the	
  careless	
  Zookeeper	
  
•  Here	
  is	
  my	
  best	
  aBempt	
  to	
  categorize	
  the	
  animals	
  I	
  believe	
  you	
  will	
  encounter:	
  

Carnivores	
  Herbivores	
  

Donkey	
   Horse	
  Hippo	
  

Cow	
  

Buffalo	
  

Rhino	
   Camel	
  

Elephant	
  Goat	
  

Tiger/Cougar?	
  

Lion	
  

Bear	
  

Mystery	
  
Carnivore??	
  



Discussion	
  


