                                      Chi- Square/ Goodness of Fit Test
This is a statistical test.  Statistics allows us to determine if any differences between our observed measurable data and the expected data is due to chance error or some other reason. The Chi-square test is generally used when there is discrete quantitative data and an expectation of the result (ex:  75% tall plants vs 25% short in a genetic cross). You will be calculating a statistic called the Chi- square or X2.  We will be using a table to determine a probability of getting a particular X2 value.  The probability tells us what the chances are that the differences in our data are due simply to chance alone (error).

We will use an example of picking a card from a normal deck of playing cards.  

 Here’s data:                   Data set 1

Data set 2                      

                                    # of picks 24                # of picks:  16                

                                           Red suit: 16

Hearts: 4                     

                                           Black suit: 8

Clubs:  1                     

                                           



Diamonds: 4

                                           



Spades: 7
First we have to have a statement called the Null Hypothesis.  The null hypothesis is that there is no significant difference between any observed data and expected data.  You want to prove the null hypothesis is accepted or show it is rejected.

Let’s test to see if the number of reds and black cards picked acted as expected.

Null hypothesis:  The chance of picking a red or black card acted as expected.
The formula for X2 (chi-square not x squared):

                                      X2=   Sum of     (Observed – Expected )2 
                                                                           Expected
Sum of because we have to add the value for the red and the black cards.

   Red





Black
Observe: 16 




Observe: 8

Expect:   ½ of the total of 24 = 12

Expect:  12

Calculation:          (16-12)2              +              (8- 12)2
12 12
                              1.33                    +        1.33                    = 2.66

For your data:  the Chi-square calculated value is 2.66

Now you need to determine if that is an acceptable value to accept the Null hypothesis that the card pick acted as expected.  To do this, we need to use a specific Statistical table for the Chi-square test.  You need to determine the probability that the difference between the observed and expected values (they were not exactly 50:50) occurred by chance.   To do this, you need to compare the calculated value to the appropriate value in the Chi-square table below.  
To know which row to look in, you need to determine what is called the “degree of Freedom”.  The degree of freedom is the number of categories in your problem -1.  In our problem the number of categories is 2 (red and black cards).  So, the df = 2-1 or 1. Look at the df of 1 row in the table.  Now you see several probabilities on the top ranging from .90 to .01.  Notice there is a specific line to determine if the data is rejected or accepted. This is where we look to make that determination for your data….the .05 probability level.  This level means that there is a 5% chance that the variation in observed and expected data was due to chance.  The rule is that if the value listed in the table at the .o5 level is greater than your calculated value, the null hypothesis is rejected.
Let’s finish our problem:

     X2 calculated for the card draw ( red and Black)= 2.66

      Df= 1

      X2 critical value from the table at the .05 level = 3.84

Since 2.66 is less than 3.84, the null hypothesis is accepted.  This means that the observed data acted as expected.  The number of red and black cards picked was not significantly different from the expected 50:50 .  There is a 10-25 % probability that the data was due to random chance.

Let’s do another problem with data set 2.  Did the card draw act as expected?

                         Observed              Expected
 Hearts 
        4


¼ of the total of 16 = 4


 Clubs                      1                            4

 Diamonds              4                             4

 Spades                   7                             4

Sum of:         Hearts

Clubs

Diamonds

Spades

                     (4-4)2          +        (1-4)2         +    (4-4)2                +     (7-4)2

                       4                             4                     4                                4

                          0         +        2.25              +   0                        +    2.25          = 4.5

Chi-square calculated= 4.5

Df= 4-1= 3

Chi-square critical:  7.82 (from the table)

Since 4.5 is less than 7.82, the null hypothesis is accepted and the card draw acted as expected.  The number of each category picked is not significantly different from the expected values.  There is a 10-25% probability that the difference is due to random chance.   You might be surprised because the numbers seem to be far off what was expected.  This is why we do statistical tests.  They help show if the data was SIGNIFICANTLY different from what was expected.
Name __________________________                                                                  GT Bio

                                                     Chi-Square Problems

1.  You are asked to survey two area of Patapsco State Park for the presence of Chestnut   

     Tree Blight ( a disease know to affect  1/3 of all Chestnut trees).  The areas are 

      separated by the Patuxent River. The data you collect  is below:

           Area A:     Observed:  Blight=  8           no Blight=  46         Total Chestnut trees= 54
                             Expected

           Area B:     Observed:   Blight= 21            no Blight= 44              total Chestnut trees= 65
                            Expected:
    A.  Did Area A act as expected?

         Chi-square calculated=  ___________

          Df=  ________

          Chi-square critical = ____________

           Accept or reject the Null hypothesis? ______________

           Statement of significance:   There is _____ significant difference between the 

           prevalence of Blight in Area A compared to what is expected.  There is a _______

           probability that the difference in data is due to random chance.
B. Did Area B act as expected?

            Chi-square calculated=  ___________

          Df=  ________

          Chi-square critical = ____________

           Accept or reject the Null hypothesis? ______________

           Statement of significance:   There is _____ significant difference between the 

           prevalence of Blight in Area B compared to what is expected.  There is a _______

           probability that the difference in data is due to random chance.

2.  You have a male short haired hamster and a female long haired hamster and they are expecting a family.  You do some research and find out that short hair is dominant. Your friend gave you the male hamster when her pair had babies.  The mom has long hair.  Your hamsters have 8 babies.  5 short haired and 3  long haired.  Was this an expected outcome?
Observed short:                  Observed long:
Expected short:                   Expected long:

Chi-square calculated=  ___________

 Df=  ________

 Chi-square critical = ____________

 Accept or reject the Null hypothesis? ______________

 Statement of significance:   There is _____ significant difference between the 

 Phenotypes of the babies compared to what is expected.  There is a _______

 probability that the difference in data is due to random chance.

3. You know that when you toss a coin there is a 50% chance of the coin landing with heads up.  You decide to see what the count actually is with a new silver dollar your Grandpa gave you.  You are wondering if the coin is real because your Grandpa loves magic and you never know when he is fooling you.  You toss the silver dollar 50 times. After analyzing the data, do you think it is a trick coin?
Observed         Expected
Heads= 33

Tails=17

Chi-square calculated=  ___________

 Df=  ________

 Chi-square critical = ____________

 Accept or reject the Null hypothesis? ______________

 Statement of significance:   There is _____ significant difference between the 

 Number of heads and tails of the new coin compared to what is expected.  There is a _______

 probability that the difference in data is due to random chance.

Do you think this is a trick coin? Why or why not?

4. You hear at school that 65% of Marylanders have been to Ocean City according to a recent survey.  You think that number is very low. It seems everyone you know has been to Ocean City.  You decide to see if the students in your classes fit this expectation and you collect data.  See the data below to determine if the students surveyed form Mount Hebron HS fit the Marylanders percentage as visiting Ocean City.
Number surveyed= 567

Observed Have been to Ocean City= 263
Expected:

Observed Have not been to Ocean City=304
Expected:
Chi-square calculated=  ___________

 Df=  ________

 Chi-square critical = ____________

Accept or reject the Null hypothesis? ______________

Statement of significance:   There is _____ significant difference between the number of students at Mount Hebron who have been to Ocean City compared to Marylanders.  There is a _______

probability that the difference in data is due to random chance.

What do you think could be a reasonable explanation if this was rejected?

   http://www.graphpad.com/quickcalcs/chisquared1.cfm
    You can check your calculations at this website after you do your tests and show all 

    work.
