Statistics for Everyone, Student Handout  

Statistics as a Tool in Scientific Research:  

Comparing the Proportion of Scores in Different Categories With a Chi Square Test
A.  Terminology and Uses of the Chi Square ((2) Test
Statistical test:  (2  (pronounced with a hard “k” sound like kid, rhymes with tie)  
Chi Square Test is Used For:  Analyzing categorical variables to determine if how many instances there are in the different categories is about what one would expect based on chance or some known expected distribution, or if the number of instances in some of the categories really are different. The nature of the research question is about “how many…”Are there more male than female fish in this bay compared to in other bays? Are there more people who have this disease when people drink lots of water vs. little water?

Chi Square Test is Used When:  One variable is categorical (with 2 or more levels) and is measured by the frequency of instances in each category; e.g., the number of overweight, normal, or underweight people in a sample: Do people fall equally into the 3 categories? Number of people with a disease as a function of gender: Do women show higher, lower, or similar rates of lung cancer as do men?
B.  Types of Chi Square Tests

One-way Table : Used to determine if the probability of the outcomes of one categorical variable are significantly different from the predetermined probabilities (also called a goodness of fit test)

Two-way Table : Used to determine if there is evidence of a relationship between 2 categorical variables (also called a test for independence)

C.  Hypothesis Testing for a One-Way Table 

The chi square test on a one-way table allows researchers to determine whether their research hypothesis was supported. Is there a real difference in the proportions seen in the categories, or are the obtained differences in proportions between categories no different than the comparison population (based on either chance or already known rates)? The research hypothesis is pitted against a null hypothesis, which is based on predetermined probabilities:

Null hypothesis (H0): There is no real difference in the proportions observed in each category in your sample and what you would expect to observe based on chance or prespecified values

· Equal probabilities in each category (e.g., you have 3 different weight classifications [underweight, normal, obese] thus 1/3 of the people in your sample should fall into each of those different categories)

· Unequal probabilities in each category (e.g., you already know from baseline rates of weight in the population at large that there are more overweight people than the other two categories, so if you want to find out if your sample is especially overweight, you need to consider those baseline proportions)

Research Hypothesis (HA):  There is a real difference in at least one proportion in your categories 

Example 1: Expected Proportions Are Same
Research question:  Is the incidence of gastrointestinal disease during an epidemic related to water consumption?

	Daily consumption of 8 oz. of water
	0
	1 - 2
	3 - 4
	5 or more
	Total

	Observed Number with GI Disease
	3
	8
	13
	16
	40


Calculating Expected Frequencies When Equal Proportions Are Expected Based on Chance
How many people with GI disease would you expect to fall into each category if water consumption was not related to them having the disease?

Divide the total number of observations you have (N) and divide by the number of categories (k)

N = 40 
# of categories  = 4
So the expected frequency in each category = N/k = 40/4 = 10


Null hypothesis H0: Proportion of population with GI disease should be the same (p = 1/4) for each water consumption level 

Research hypothesis 
HA:  At least one proportion is different from 1/4
	Daily consumption of 8 oz. of water
	0
	1 - 2
	3 - 4
	5 or more
	Total

	Observed Number with GI Disease
	3
	8
	13
	16
	40

	Expected number
	¼ of 40 =10
	¼ of 40 =10
	¼ of 40 =10
	¼ of 40 =10
	¼ of 40 =10


Example 2: Expected Proportions Are Not the Same

In 2009 a study of the primary disabilities of special education students in CA revealed that 43% of all special education students had learning disabilities, 25% had speech or language impairments, 8% had autism and the remaining students had other disabilities.  The following table lists the primary disabilities of a random sample of special education students in 2010.  Is there evidence that the distribution of primary disabilities is now different from the 2009 distribution?  

Research question: Is there evidence that the distribution of primary disabilities of CA special education students in 2010 is different than in 2009?

	Primary Disability
	Learning Disability
	Speech/Language Impairment
	Autism
	Other
	Total

	Observed Number
	680
	390
	120
	435
	1625


Calculating Expected Frequencies Based On Comparison Population

Null hypothesis H0:  
plearning = 43%,  pspeech = 25%,  pautism = 8%,  pother = 24%
Research hypothesis HA: At least one proportion is different

	Primary Disability
	Learning Disability
	Speech/Language Impairment
	Autism
	Other
	Total

	Observed Number
	680
	390
	120
	435
	1625

	Expected Number
	1625*.43 = 699
	1625*.25 = 406 
	1625*.08 = 130
	1625*.24=390
	1625


D.  Understanding Probability: What Do We Mean by “Just Due to Chance”?

p value = probability of results being due to chance

When the p value is high (p > .05), the obtained difference is probably due to chance; .99  .75  .55  .25  .15  .10  .07

When the p value is low (p < .05), the obtained difference is probably NOT due to chance and more likely reflects a real influence of the IV on DV; .04  .03  .02  .01  .001

In science, a p value of .05 is a conventionally accepted cutoff point for saying when a result is more likely due to chance or more likely due to a real effect 

Not significant = the obtained difference is probably due to chance; the proportions in the different categories do not appear to really differ from what would be expected based on chance; p > .05

Statistically significant = the obtained difference is probably NOT due to chance and is likely a real difference between your sample and what would be expected based on chance; p < .05

E.  The Essence of a Chi Square Test for a One-Way Table  
To determine whether the data support the research hypothesis or the null hypothesis, a (2 value is calculated, which can range from 0 and up
The (2 test basically examines how different the observed scores are from the expected scores; whether the observed scores are different enough from the expected scores for the researcher to confidently conclude that the research hypothesis was supported, that there is a real difference here

Are the obtained values likely due to chance or not? Are the values we observed close to what we would expect if H0 were true (i.e., if there really was no difference)?

The smaller the (2 score, the more likely the difference between the observed and expected proportions in the different categories are just due to chance

The bigger the (2 score, the less likely the difference between the observed and expected proportions in the different categories are due to chance and reflect a real difference

So big values of (2 will be associated with small p values that indicate the differences or relationship are significant (p < .05)

Little values of (2 (i.e., close to 0) will be associated with larger p values that indicate that the differences are not significant (p > .05)

F.  Running the Chi Square Test for a One-Way Table Using Excel 

Excel will calculate the value of chi square but you need to know the values of the observed frequencies (your data) and the expected proportions (based on either chance or some predetermined comparison population)

Excel will also calculate a piece of information that is standard to report when reporting chi square, which is the degrees of freedom (df). Here, df = # of categories – 1 = k – 1

Need:  

· Observed frequencies (from your data). Note: These should be raw #s, not converted to percentages
· Expected proportions (e.g., 1/3 = .33; ¼ = .25) based on chance or comparison population

· Sample size (N) and number of categories (k)

To run:  Open Excel file “SFE Statistical Tests” and go to page called Chi square test for One-way table

Enter observed frequencies, expected proportions, the sample size, and the number of categories

Output: Computer calculates chi square value, df, and p value 

G.  Running the Chi Square Test for a One-Way Table In SPSS

General Information

To familiarize yourself more in depth with SPSS, we recommend the book by D. George and P. Mallery entitled SPSS for Windows Step by Step, Boston: Allyn & Bacon, 2010.

When you open SPSS, pay attention to the two tabs at the bottom.  One gives you the “Data View,” which is where you input your data. The other is “Variable View,” where you input information about your variable names, codes, etc. Columns to take note of:  Name = where you type 8 characters to name the variable; Label = where you can type a longer name of the variable; Values = where you can assign code numbers to levels of your variables (e.g., 1=male, 2=female). When you run an analysis, a new window will open that is your output file containing the analyses.  

Case 1:  If data is summarized in a frequency table you will need to create a SPSS data set.

	Daily consumption of 8 oz. of water
	0
	1 - 2
	3 - 4
	5 or more
	Total

	Observed Number with GI Disease
	3
	8
	13
	16
	40


Enter the observed frequencies into first column of the SPSS worksheet and name the column “Frequencies”.  In the second column of the SPSS worksheet enter the digits 1, 2, 3 and 4, which assigns a number to each subcategory. Name this column “Subcategory” or “Consumption”
	Frequency
	Consumption

	3
	1

	8
	2

	13
	3

	16
	4


Consumption Code:  1 = “0 oz.”, 2 = “1 to 2 oz.”, 3 = “3 – 4 oz.”, 4 = “5 or more oz.”
Data ( Weigh Cases. Move the Frequency variable over to “Weigh Cases By” and then click “Ok”.

To run the Chi Squared Test for One-Way Table:
Analyze ( Nonparametric ( Chi-Square; Move the column “Consumption” to Test Variable List

If each subcategory is equally likely, select “All expected frequencies equal”.

If each subcategory is not equally likely, select “Values” then type in the probability for the first subcategory and then click Add.  Continue adding probabilities until all subcategories have an associated probability.  


Test Statistics

	 
	Consumption

	Chi-Square(a)
	9.800

	df
	3

	Asymp. Sig.
	.020


a  0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 10.0.

Report as:   (2 (3) = 9.80, p =.02 (significant)
Case 2:  If you have the raw data.  For the One-Way Table, the data will be in one column.
	Consumption

	0

	1

	1

	3

	4

	…


Consumption Code:  1 = “0 oz.”, 2 = “1 to 2 oz.”, 3 = “3 – 4 oz.”, 4 = “5 or more oz.”  [Type = numeric]

To run the Chi Squared Test for One-Way Table:
Analyze ( Nonparametric ( Chi-Square; Move the column with the raw data to Test Variable List

 If each subcategory is equally likely, select “All expected frequencies equal”.

If each subcategory is not equally likely, select “Values” then type in the probability for the first subcategory and then click Add.  Continue adding probabilities until all subcategories have an associated probability.  


Test Statistics

	 
	Consumption

	Chi-Square(a)
	9.800

	df
	3

	Asymp. Sig.
	.020


a  0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 10.0.

Report as:   (2 (3) = 9.80, p =.02 (significant)

H.  Interpreting the Chi Square Test for a One-Way Table 
Based on p value, determine whether you have evidence to conclude the difference was probably real or was probably due to chance: Which hypothesis is supported?

p < .05: Significant

· Reject null hypothesis and support research hypothesis (the difference between at least one observed and expected frequency was probably real)

p > .05: Not significant

· Retain null hypothesis and reject research hypothesis (any difference between observed and expected frequencies was probably due to chance)

Example 1:  Is the incidence of gastrointestinal disease during an epidemic related to water consumption?

Chi-Square Test Statistic  = 
9.80; 
degrees of freedom (df = k – 1) = 3; 
p-value = 
0.021
The p value of .021 is less than .05, thus you do have evidence of a relationship between incidence of gastrointestinal disease and water consumption
Example 2: Is there evidence that the distribution of primary disabilities of CA special education students

in 2010 is different than in 2009 (43% of students have learning disabilities, 25% have speech/language impairments, 8% have autism and the rest have other primary disabilities).
Chi-Square Test Statistic= 
7.12; 
degrees of freedom (df = k – 1) = 3; 
p-value = 
0.07
The p value of .068 is greater than .05, thus you do not have evidence that the distribution of primary disabilities in 2010 is different from the 2009 distribution.

I.  Reporting Chi Square Tests Results for One-Way Table

· State key findings in understandable sentences

· Use descriptive and inferential statistics to supplement verbal description by putting them in parentheses and at the end of the sentence

· Use a table and/or figure to illustrate findings

· Scientists do not say “prove”! Conclusions are based on probability (likely due to chance, likely a real effect…).
Step 1: Write a sentence that clearly indicates what statistical analysis you used

A chi square test was conducted to determine whether [state your research question]

A chi square test was conducted to determine whether the incidence of gastrointestinal disease during an epidemic was related to the amount of water consumed.

A chi square test was conducted to determine whether the distribution of primary disabilities of CA special education 
students in 2010 follows the 2009 distribution (43% of students have learning disabilities, 25% have speech/language 
impairments, 8% have autism and the rest have other primary disabilities).

Step 2: Write a sentence that clearly indicates what pattern you saw in your data analysis 

If a significant difference was obtained, describe what observed frequencies differed 

The number of people with gastrointestinal disease was higher when more water was consumed.

If no significant difference was obtained, say so, and explain that the observed frequencies did not differ. 


The distribution of primary disabilities in 2010 was not significantly different from the distribution in 2009. 

Step 3: Tack the inferential statistics onto the end 

Put the chi square test results at the end of the sentence using this format: chi square(df) = x.xx, p = .xx

The number of people with gastrointestinal disease was higher when more water was consumed, chi square(3) = 9.80, 

p = .02.

The distribution of primary disabilities in 2010 was not significantly different from the distribution in 2009, chi square(3) = 7.12, p = .07.

Step 4: Make a table of observed frequencies
Other Things to Keep in Mind When Reporting Chi Square Test Results
· You can only use the word “significant” only when you mean it (i.e., the probability the results are due to chance is less than 5%) 

· Do not use the word “significant” with adjectives (i.e., it is a mistake to think one test can be “more significant” or “less significant” than another).  “Significant” is a cutoff that is either met or not met -- Just like you are either found guilty or not guilty, pregnant or not pregnant.  There are no gradients.  Lower p values = less likelihood the result is due to chance, not “more significant”

J.  Hypothesis Testing for a Two-way Table 
Used to determine if there is evidence of a relationship between 2 categorical variables

Note:  It doesn’t matter which variable you use for columns and which you use for rows, but if one variable has a lot of levels, it looks better in the table to have that be the variable represented in rows

Null hypothesis H0:  The two categorical variables are independent; there is no relationship between the 2 categorical variables

Research hypothesis HA: The two categorical variables are dependent; there is a relationship between the 2 categorical variables

Example research question: Is there evidence to indicate that diet and the presence/absence of cancer are independent?

OBSERVED FREQUENCIES
	
	High Fat,

No Fiber
	High Fat,

Fiber
	Low Fat,

No Fiber
	Low Fat,

Fiber
	Total

	Tumors
	27
	20
	19
	14
	80

	No Tumors
	3
	10
	11
	16
	40

	Total
	30
	30
	30
	30
	120


K.  Running the Chi Square Test for a Two-Way Table in Excel
Excel calculates expected frequencies for you based on the formula:

E = (row total * column total)/total number of observations

Need:  

· Observed frequencies (from your data) Note: These should be raw #s, not converted to percentages 


df = (# of rows – 1)*(# of columns – 1).  Note: Count rows and columns only for the data themselves, not for the totals, so in above example, df = (2-1)*(4-1) = 1*3=3

To run:  Open Excel file “SFE Statistical Tests” and go to page called Chi square test for Two-way Table. Enter in the observed frequencies (do not include totals!) and the degrees of freedom

Output: Computer calculates chi square value and p value 

L.  Running the Chi Square Test for a Two-Way Table in SPSS

Case 1:  If data is summarized in a contingency table you will need to create a SPSS data set.

	
	High Fat,

No Fiber
	High Fat,

Fiber
	Low Fat,

No Fiber
	Low Fat,

Fiber

	Tumors
	27
	20
	19
	14

	No Tumors
	3
	10
	11
	16


In the first column of the SPSS worksheet enter the observed frequencies and name the column “Frequencies”

In second column of the SPSS worksheet enter the row number (1 or 2) corresponding to each frequency. Name this variable “RowNumber” or “TumorStatus”
In the third column of the SPSS worksheet enter the column number (1, 2, 3 or 4) corresponding to each frequency.  Name this variable “ColumnNumber” or “Diet”
	Frequency
	TumorStatus
	Diet

	27
	1
	1

	20
	1
	2

	19
	1
	3

	14
	1
	4

	3
	2
	1

	10
	2
	2

	11
	2
	3

	16
	2
	4


TumorStatus Code:  1 = “Tumors”, 2 = “No Tumors”
Diet Code: 1 = “High Fat, No Fiber”, 2 = “High Fat, Fiber”, 3 = “Low Fat, No Fiber”, 4 = “Low Fat, Fiber”

Data ( Weigh Cases. Move the Frequency variable over to “Weigh Cases By” and then click “Ok”.

To run the Chi Squared Test for Two-Way Table:
Analyze ( Descriptives ( Crosstabs 

Choose the row variable (TumorStatus) and Column Variable (Diet). 

Check Statistics and choose Chi-Square and then Continue.  Then click OK.


TumorStatus * Diet Crosstabulation

Count 

	 
	Diet
	Total

	 
	1.00
	2.00
	3.00
	4.00
	 

	TumorStatus
	1.00
	27
	20
	19
	14
	80

	 
	2.00
	3
	10
	11
	16
	40

	Total
	30
	30
	30
	30
	120



Chi-Square Tests

	 
	Value
	df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	12.900(a)
	3
	.005

	Likelihood Ratio
	14.183
	3
	.003

	Linear-by-Linear Association
	11.900
	1
	.001

	N of Valid Cases
	120
	 
	 


a  0 cells (.0%) have expected count less than 5. The minimum expected count is 10.00.

Report as:   (2 (3) = 12.90, p =.005 (significant)
Case 2: You have the raw data.  For the Two-Way Table, the data will be in two columns, one for each categorical variable.  The data is paired so that each row corresponds to the same subject.

	TumorStatus
	Diet

	0
	1

	0
	2

	1
	3

	0
	4

	1
	2

	…
	…


TumorStatus Code:  1 = “Tumors”, 2 = “No Tumors”

Diet Code:  1 = “High Fat, No Fiber”, 2 = “High Fat, Fiber”, 3 = “Low Fat, No Fiber”, 4 = “Low Fat, Fiber”

To run the Chi Squared Test for Two-Way Table:
Analyze ( Descriptives ( Crosstabs 

Choose one variable to be row (usually the Independent Variable) and one to the be the column (usually the Dependent Variable)

Check Statistics and choose Chi-Square and then Continue.  Then click OK.

Chi-Square Tests

	 
	Value
	df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	12.900(a)
	3
	.005

	Likelihood Ratio
	14.183
	3
	.003

	Linear-by-Linear Association
	11.900
	1
	.001

	N of Valid Cases
	120
	 
	 


a  0 cells (.0%) have expected count less than 5. The minimum expected count is 10.00.

Report as:   (2 (3) = 12.90, p =.005 (significant)
M.  Interpreting Chi Square Test Results for Two-Way Table

Based on p value, determine whether you have evidence to conclude the difference was probably real or was probably due to chance: Which hypothesis is supported?

p < .05: Significant

· Reject null hypothesis and support research hypothesis (the difference between at least one observed and expected frequency was probably real)

p > .05: Not significant

· Retain null hypothesis and reject research hypothesis (any difference between observed and expected frequencies was probably due to chance)

e.g.,  Is there evidence to indicate that diet and the presence/absence of cancer are independent?

Chi square = 
12.900; 
df = 
3.0; p
-value = 
0.005
The p value of .005 is less than .05 thus there is evidence of a relationship between diet and presence/absence of cancer
N.  Reporting Chi Square Test Results for Two-Way Table

Step 1: Write a sentence that clearly indicates what statistical analysis you used

A chi square test was conducted to determine whether [state your research question]

A chi square test was conducted to determine whether people’s diets were related to the presence or absence of cancerous tumors.

Step 2: Write a sentence that clearly indicates what pattern you saw in your data analysis 

If a significant difference was obtained, say there was a relation:  

The presence and absence of cancerous tumors was found to be related to different type of diets. 


-or-

People who ate high fat/low fiber diets had a higher incidence of tumors compared to the other types of diets, whereas people who ate low fat/high fiber diets had a lower incidence of tumors.
If no significant difference was obtained, say there was no relation:  

The presence or absence of cancerous tumors was not related to different types of diet.

Step 3: Tack the inferential statistics onto the end 

Put the chi square test results at the end of the sentence using this format: (2(df) = x.xx, p = .xx

There was a relationship found between people’s diet (high/low fiber, high/low fat) and the presence or absence of tumors, (2(3) = 12.90, p = .005.

The presence or absence of cancerous tumors was not related to different types of diet, (2(3) = 1.29, p = .25.

Step 4:  Make a table of observed frequencies
O.  Issues to Consider

· Check if assumptions are met. For chi square, all expected counts should be at least 5

· The p-value does not give any information about the strength of the relationship only whether there is evidence of a relationship. You can compute the effect size for this by hand using the chi square value from the Excel output.


P.  Effect Size for Chi Square Test

The effect size is a measure of the strength of the relationship.
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For a 2x2 Table, calculate effect size using Phi Coefficient: 

For anything bigger than a 2x2 table, calculate effect size using Contingency Coefficient:
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N = total number of observations

Cohen’s Conventions for Interpreting Effect Size 

.10  
small effect

.30 
medium effect

.50 
large effect

Optional Step 5: Report the Effect Size if Chi Square was Significant  

People who ate had high fat/low fiber diets had a higher incidence of tumors compared to the other types of diets, whereas people who ate low fat/high fiber diets had a lower incidence of tumors, (2(3) = 12.90, 
p = .005. This effect size was medium, ( = .31. 
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