Appendix F. Self-paced Instructional Module

Artifact Title

Chi-square Goodness of Fit Test Instructional Module

Description

Fall semester of 2004 in partial fulfillment of the requirements for EME5603 (Introduction to Systematic Instructional Design- Dr. Robert Reiser)

Conditions of Completion

The guidelines were to develop a printed-based instructional model for a group of audiences of my choice. The objective was to apply the fundamental instructional design principles in of the Dick & Carey Model covered throughout the course to design a self-paced instructional module for a specific target population.

Scope

This module covers the definition of chi-square statistic and procedures to calculate the value of a chi-square statistic given a series observed frequencies and expected frequencies. The design of the module was based on a large amount of extensive work, including conducting detailed task analysis, preparing instructional objective statements, analyzing the learners, learning and performance context, designing and developing assessment items, and developing detailed instructional strategies. By completing this assignment, I was able design a module to meet the need of a group of actual audiences. Working on the assignment has definitely helped to achieve a better understanding of the Dick & Carey Model and other fundamental instructional design principles. 

My Role
The project was completed on my own with the information from the instructor, teaching assistant and selected students of EDF5400 and examples of work of previous students taking EME5603. 

Chi-square goodness of fit test
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Suppose there is a hypothesis that schoolchildren choose different occupations equally. A Time Warner survey regarding schoolchildren future occupation preference was given to 425 randomly selected schoolchildren and yielded the following data:
	Occupation
	Teacher 
	Doctor 
	Lawyer 
	Police 
	Firefighter 
	Total 

	# of kids
	130
	105
	80
	60
	50
	425


Questions (You may refer to the chi-square distribution table on the third page and use white space provided below each question as draft.)
1. What is the categorical variable in the hypothesis? __________________

2. If the hypothesis is true, how many children would we expect to choose each category? _________________________


3. Calculate the value of chi-square statistic _____________






4. What is the number of degrees of freedom in this situation? ___________

5. What is the critical value for the number of degrees of freedom you determined in question 3 at a significance level of 0.05? ___________________

6. Should the hypothesis (that schoolchildren choose different occupations equally) be rejected at 5% significance level? Explain why. 
__________________________________________________________________________________________________________________________________________________________________




Appendix: Chi-Square Distribution table

	df
	0.995
	0.99
	0.975
	0.95
	0.90
	0.10
	0.05
	0.025
	0.01
	0.005

	1
	---
	---
	0.001
	0.004
	0.016
	2.706
	3.841
	5.024
	6.635
	7.879

	2
	0.010
	0.020
	0.051
	0.103
	0.211
	4.605
	5.991
	7.378
	9.210
	10.597

	3
	0.072
	0.115
	0.216
	0.352
	0.584
	6.251
	7.815
	9.348
	11.345
	12.838

	4
	0.207
	0.297
	0.484
	0.711
	1.064
	7.779
	9.488
	11.143
	13.277
	14.860

	5
	0.412
	0.554
	0.831
	1.145
	1.610
	9.236
	11.070
	12.833
	15.086
	16.750

	6
	0.676
	0.872
	1.237
	1.635
	2.204
	10.645
	12.592
	14.449
	16.812
	18.548

	7
	0.989
	1.239
	1.690
	2.167
	2.833
	12.017
	14.067
	16.013
	18.475
	20.278

	8
	1.344
	1.646
	2.180
	2.733
	3.490
	13.362
	15.507
	17.535
	20.090
	21.955

	9
	1.735
	2.088
	2.700
	3.325
	4.168
	14.684
	16.919
	19.023
	21.666
	23.589

	10
	2.156
	2.558
	3.247
	3.940
	4.865
	15.987
	18.307
	20.483
	23.209
	25.188

	11
	2.603
	3.053
	3.816
	4.575
	5.578
	17.275
	19.675
	21.920
	24.725
	26.757

	12
	3.074
	3.571
	4.404
	5.226
	6.304
	18.549
	21.026
	23.337
	26.217
	28.300

	13
	3.565
	4.107
	5.009
	5.892
	7.042
	19.812
	22.362
	24.736
	27.688
	29.819

	14
	4.075
	4.660
	5.629
	6.571
	7.790
	21.064
	23.685
	26.119
	29.141
	31.319

	15
	4.601
	5.229
	6.262
	7.261
	8.547
	22.307
	24.996
	27.488
	30.578
	32.801

	16
	5.142
	5.812
	6.908
	7.962
	9.312
	23.542
	26.296
	28.845
	32.000
	34.267

	17
	5.697
	6.408
	7.564
	8.672
	10.085
	24.769
	27.587
	30.191
	33.409
	35.718

	18
	6.265
	7.015
	8.231
	9.390
	10.865
	25.989
	28.869
	31.526
	34.805
	37.156

	19
	6.844
	7.633
	8.907
	10.117
	11.651
	27.204
	30.144
	32.852
	36.191
	38.582

	20
	7.434
	8.260
	9.591
	10.851
	12.443
	28.412
	31.410
	34.170
	37.566
	39.997

	21
	8.034
	8.897
	10.283
	11.591
	13.240
	29.615
	32.671
	35.479
	38.932
	41.401

	22
	8.643
	9.542
	10.982
	12.338
	14.041
	30.813
	33.924
	36.781
	40.289
	42.796

	23
	9.260
	10.196
	11.689
	13.091
	14.848
	32.007
	35.172
	38.076
	41.638
	44.181

	24
	9.886
	10.856
	12.401
	13.848
	15.659
	33.196
	36.415
	39.364
	42.980
	45.559

	25
	10.520
	11.524
	13.120
	14.611
	16.473
	34.382
	37.652
	40.646
	44.314
	46.928

	26
	11.160
	12.198
	13.844
	15.379
	17.292
	35.563
	38.885
	41.923
	45.642
	48.290

	27
	11.808
	12.879
	14.573
	16.151
	18.114
	36.741
	40.113
	43.195
	46.963
	49.645

	28
	12.461
	13.565
	15.308
	16.928
	18.939
	37.916
	41.337
	44.461
	48.278
	50.993

	29
	13.121
	14.256
	16.047
	17.708
	19.768
	39.087
	42.557
	45.722
	49.588
	52.336

	30
	13.787
	14.953
	16.791
	18.493
	20.599
	40.256
	43.773
	46.979
	50.892
	53.672

	40
	20.707
	22.164
	24.433
	26.509
	29.051
	51.805
	55.758
	59.342
	63.691
	66.766

	50
	27.991
	29.707
	32.357
	34.764
	37.689
	63.167
	67.505
	71.420
	76.154
	79.490

	60
	35.534
	37.485
	40.482
	43.188
	46.459
	74.397
	79.082
	83.298
	88.379
	91.952
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Pretest feedback 

1. Preference of occupation. 
2. 85. (425/5=85)

3. 
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4. 4. (5-1=4)

5. 9.488 

6. Yes. The hypothesis should be rejected at 5% significance level, because the calculated chi-square value (34.824) is more than the critical value (9.488).
· 

What is the module about?
This module is about the six steps to conduct a chi-square goodness-of-fit test, which refers to the statistical test of how "close" the observed data are to those which would be expected by a hypothesis.
What will you learn?
By successfully completing this module, you will be able to draw a conclusion whether a hypothesis concerning one categorical variable should be rejected or not based on the result of chi-square analysis of a sample data drawn from a population. 
Why is it useful?
This statistical skill will be beneficial to your future study of advanced statistics courses and your research concerning categorical variables.
How do you progress?
The module will progress through six steps to help Maria complete her task in the following scenario. 
The director of a research group in the Department of Educational Psychology is giving a briefing to Maria, a new graduate assistant, on her first task in the group.

“Maria, we are planning to carry out an experiment in the Tallahassee ABC junior middle school to study the effects of a workshop on students’ tension before final exams. Based on a national survey of students’ tension before exams, we hypothesized that 30% of the students are ‘very nervous’ a week before the final exams, 40% are ‘fairly nervous’, 20% are ‘a little nervous’ and the rest 10% are ‘not nervous at all’. Now a class is randomly selected to participate in our experiment. We also did the same survey in the selected class and got some data about their tension before exams. What I’d like you to do is to test if our hypothesis is true with the selected class. Please base your conclusion on the result of a chi-square analysis of the data I gave you. Your task is very important for our future decisions on the project. Thank you.” 

The following table is the only resource Maria has:

Table 1 Survey results of the selected class
	Degree of tension
	Very nervous
	Fairly nervous
	A little nervous
	Not nervous at all
	Total 

	# of students choosing each category
	12
	21
	12
	5
	50


[image: image28.wmf]
Maria is worried because she had little knowledge of statistics. How can she complete her first task as a graduate assistant? 

So let’s work together and help Maria solve the problem!
There are six steps to finish the task; we’ll go through them one by one.
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· 

A categorical variable represents a set of discrete events, such as groups, decisions, or anything else that can be classified into categories. One example of a categorical variable is a person's sex, which can be represented by two exhaustive and mutually exclusive categories: male and female. A categorical variable may also consist of more than two categories. For example, a person's major in college can be categorized as education, history, engineering, psychology, etc. 

In Maria’s task, the categorical variable that the hypothesis is concerned with is the degree of nervousness before final exams. It consists of four categories: very nervous, fairly nervous, a little nervous and not nervous at all. 
[image: image6.wmf]
Suppose researchers hypothesize that there is no difference in terms of footwear preference of the American undergraduates at a particular university. That is to say, when asked, “on average, do you prefer to wear sandals, sneakers, leather shoes, or boots?” the number of students who prefer each kind will be equal in each category. 
(1)
What is the categorical variable in this hypothesis? ________________________
(2)
How many categories does it consist of? ___________ 
And what are they? _________________________________________________
(Correct answer is provided on the next page)
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Correct Answer 
The categorical variable is footwear preference. There are four categories in this variable: sandals, sneakers, leather shoes, and boots.
If you didn’t get it, don’t worry; please go back to repeat step 1. 
If you got the correct answer, congratulations! 

Let’s move on to the next step!
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· 

Expected frequencies are the number of research subjects in the sample that we expect to fall into each category in an ideal situation, when the hypothesis is true. Usually the values of expected frequencies are not given and have to be calculated by the researcher. 
In Maria’s task, the expected frequencies are not clearly given. So she has to calculate the values by herself. But don’t worry; there are only three simple steps.
1. Find out the proportion for each category.

In Maria’s task, according to the hypothesis there are four categories of the degree of tension before exams. When the hypothesis is true, in the selected class, the proportion of “very nervous” students to the total number is supposed to be 30%, and the proportion of “fairly nervous” students should be 40%; the proportion of “a little nervous” students should be 20% and the rest 10% should be “not nervous at all”. 

2. Identify the sample size (total number of items in a sample). 

The total number of students in the selected class is 50.
3. Multiply the proportion with the sample size. 

50×30%=15; 50×40%=20; 50×20%=10; 50×10%=5. 
Now, Maria gets the values of expected frequencies shown in the following table (table 2.1.)
Table 2.1 Expected frequencies for Maria’s task
	Degree of tension
	Very nervous
	Fairly nervous
	A little nervous
	Not nervous at all
	Total 

	Expected frequencies
	15
	20
	10
	5
	50


[image: image9.wmf]
Researchers assume that when asked their view on gun control, 40% of the employees in R Company would favor gun control, 50% would oppose, and the rest 10% would “have no opinions”. If researchers are going to interview a random sample of 200 employees randomly selected in the company, how many people are expected to choose each answer? (Please use white space as draft and fill the correct answers in the following table)
	Opinion
	Favor 
	Oppose 
	No opinion
	Total

	Expected frequencies
	
	
	
	200


(Correct answer is provided on the next page)

[image: image10.png]


Correct Answer 

	 Opinion
	Favor 
	Oppose 
	No opinion
	Total

	Expected  frequencies
	80
	100
	20
	200


There are 3 categories; the corresponding proportion for each category is 40%, 50% and 10%. Multiply each proportion with the total number of the sample (200). For example, 40% multiplied by 200 equals 80, which is the value of expected frequency for those who favor gun control.

If you didn’t get it, don’t worry; please go back to repeat step 2. 

If you got the correct answer, congratulations! 

Let’s move on to the next step!
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· 

Observed frequencies are the number of research subjects that fall into each category in an actual research study. The observed frequencies are what we gather ourselves while the expected frequencies are what we anticipate to occur according to a hypothesis.
The values of observed frequencies are always clearly given when a chi-square analysis is involved. The observed values in Maria’s task are the survey results of the selected class as shown in table 3.1. 
Table 3.1 Observed frequencies for Maria’s task

	Degree of tension
	Very nervous
	Fairly nervous
	A little nervous
	Not nervous at all
	Total 

	# of students choosing each category
	12
	21
	12
	5
	50




You are now prepared to march into one of the most important parts in the module! 
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· 

The chi-square statistic is a measure of discrepancy between expected and observed frequencies. It is used to test whether the hypothesis of a population is in reasonable accord with the observed data of a random sample of the population. The lower the chi-square value is, the more valid the hypothesis is supposed to be.
The formula for chi-square statistic is as follows:
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where “i” is the category number, i=1, 2…, n; Oi is the observed frequency for category i and Ei is the corresponding expected frequency. Σ means to sum up all the values for (O-E)2/E. 
To calculate the chi-square value, Maria needs to: 
	1. For each observed frequency subtract the corresponding expected number
	(O-E)

	2. Square the difference
	(O-E) 2

	3. Divide the squares obtained for each category by the corresponding expected frequency
	(O-E)2/E

	4. Sum all the values for (O-E)2/E. 
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Well, that seems to be complicated…but it would become quite straightforward if she uses a handy tool like table 4.1 to record the process of calculation.
Table 4.1 Tabular tool to facilitate calculation of chi-square
	Categories
	1
	2
	3
	…i
	Total 

	O
	
	
	
	…
	(sample size)

	E
	
	
	
	…
	(sample size)

	O-E
	
	
	
	
	

	(O-E)2
	
	
	
	
	

	(O-E)2/E
	
	
	
	
	


                           
Now, Maria can easily obtain the chi-square value by just filling the table! 
	Degree of tension
	Very nervous
	Fairly nervous
	A little nervous
	Not nervous at all
	Total 

	O
	12
	21
	12
	5
	50

	E
	15
	20
	10
	5
	50

	O-E
	-3
	1
	2
	0
	Not necessary

	(O-E)2
	9
	1
	4
	0
	Not necessary

	(O-E)2/E
	0.6
	0.05
	0.4
	0
	1.05



[image: image15.wmf]Let revisit the practice question for step 2 (page 9). 
(The scenario in practice question for step 2) Researchers assume that when asked their view on gun control, 40% of the employees in R Company would favor gun control, 50% would oppose, and the rest 10% would “have no opinions”. Researchers studied 200 people who were randomly selected in the company and yielded the data in the following table provided. 

Please calculate the chi-square value for the sample and fill in the blanks in the table. Feel free to use white space as draft.
	Categories
	Favor
	Oppose 
	No opinion
	Total 

	O
	76
	96
	28
	200

	E
	80
	100
	20
	200

	O-E
	
	
	
	

	(O-E)2
	
	
	
	

	(O-E)2/E
	
	
	
	


The chi-square value is 




(Correct answer is provided on the next page.

[image: image16.png]


Correct Answer 
	Categories
	Favor
	Oppose 
	No opinion
	Total 

	O-E
	-4
	-4
	8
	

	(O-E)2
	16
	16
	64
	

	(O-E)2/E
	0.2
	0.16
	3.2
	3.56


The chi-square value is 3.56. 
If you didn’t get it, don’t worry; please go back to repeat step 4. 
If you got the correct answer, congratulations! 


Now we are only 
 steps away from finishing the task!
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· 

In chi-square analysis, a critical value refers to the numerical value of the chi-square statistic that separates the rejection and acceptance regions. We can get the critical value by looking up in a chi-square distribution table provided on next page. (Please take the table with you since you need refer to it as you go through the module).

The critical value is determined by the number of degrees of freedom (df) and significance level. 

 As for Maria’s task, we now have the predetermined significance level (0.05), and the degrees of freedom (df =4-1=3). Entering the Chi square distribution table with 4 degree of freedom, then reading along the column of 0.05; the number on the intersection is the critical value for 3 degrees of freedom at 0.05 significance level (as shown in figure 5.1). 
Figure 5.1

	df
	0.995
	0.99
	0.975
	0.95
	0.90
	0.10
	0.05
	0.025

	1
	---
	---
	0.001
	0.004
	0.016
	2.706
	3.841
	5.024

	2
	0.010
	0.020
	0.051
	0.103
	0.211
	4.605
	5.991
	7.378

	3
	0.072
	0.115
	0.216
	0.352
	0.584
	6.251
	7.815
	9.348

	4
	0.207
	0.297
	0.484
	0.711
	1.064
	7.779
	9.488
	11.143

	5
	0.412
	0.554
	0.831
	1.145
	1.610
	9.236
	11.070
	12.833


You are going to learn how to use this value in the
next step. 
  [image: image18.wmf] 400 randomly selected undergraduate college students were classified according to study habits. 

	Study habits
	Good
	Average 
	Bad 
	Total 

	# of students
	100
	145
	155
	400


(1) The degrees of freedom in this study is___________
(2) The critical value at 0.05 significance level for the number of degrees of freedom you determined in question (1) is ​​​___________  (please refer to the chi-square distribution table)
(Correct answer is provided on the next page)
[image: image19.png]


Correct Answer 

(1) 2 (the variable is consists of three categories, so df=3-1=2)
(2) 5.991 (as shown in the following figure, the number on the intersection of the row of 2 and the column of 0.05 is the critical value) 

	df
	0.995
	0.99
	0.975
	0.95
	0.90
	0.10
	0.05
	0.025

	1
	---
	---
	0.001
	0.004
	0.016
	2.706
	3.841
	5.024

	2
	0.010
	0.020
	0.051
	0.103
	0.211
	4.605
	5.991
	7.378

	3
	0.072
	0.115
	0.216
	0.352
	0.584
	6.251
	7.815
	9.348

	4
	0.207
	0.297
	0.484
	0.711
	1.064
	7.779
	9.488
	11.143

	5
	0.412
	0.554
	0.831
	1.145
	1.610
	9.236
	11.070
	12.833



If you didn’t get it, don’t worry; please go back to repeat step 5. 
If you got the correct answer, congratulations! 

Let’s move on to the next step!
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· 

The rule of rejecting a hypothesis based on chi-square goodness-of-fit test: 
When the calculated chi-square value is equal to or more than the critical value at a certain significance level, the hypothesis should be rejected; otherwise, the hypothesis should be not be rejected. 
The calculated chi-square value is 1.05 (page 10) for the data Maria is working on; it is less than the critical value 7.815 (page 14). Therefore, she finally reaches the conclusion that the hypothesis is true with the selected class! 
· 

OK. Let’s go over with Maria the steps we have covered, since she may come across similar tasks in her graduate career. 
1. Identify the categorical variable that the hypothesis concerns.
2. Determine the values of expected frequencies.
3. Identify the values of observed frequencies, which are always clearly given.
4. Calculate the chi-square statistic (use a table to record the calculation).
5. Determine the degrees of freedom of the variable and find out the critical value in the chi-square distribution table.

6. Compare the calculated chi-square value with the critical value and draw a conclusion whether the hypothesis should be rejected.
[image: image21.wmf]According to the genetic model in biology, a cross of white and yellow squash will yield a progeny of colors white, yellow and green with probabilities 75%, 18.75% and 6.25% respectively. 

Suppose we observe 320 offsprings of white and yellow squashes and find that 245 of the 320 offsprings are white, 58 are yellow and 17 are green.
Based on the above scenario, answer the following questions (please use white space as draft and fill the correct answers in the blanks): 

(1) The categorical variable in this situation is​​​​​​​​​​​​_____________________

(2) If the hypothesis is true, how many of the 320 offsprings would we expect to get for each color? _______white         yellow           green



(3) Calculate the value of chi-square statistic using the following table (round the result to the nearest thousandth. For example, 5.6016 rounds to 5.602)


	Categories
	White 
	Yellow 
	Green 
	Total 

	O
	245
	58
	17
	320

	E
	
	
	
	320

	O-E
	
	
	
	

	(O-E)2
	
	
	
	

	(O-E)2/E
	
	
	
	




The chi-square value is ________________



(4) What is the number of degrees of freedom in this situation? ___________
(5) What is the critical value when significance level is 0.05 for the number of degrees of freedom you determined in question 4? (Refer to the chi-square distribution table) ___________________
(6) Should the hypothesis be rejected at 5% significance level? Explain why. 
                


















































(Correct answer is provided on the next page)
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Correct Answer 

(1) The category variable in this situation is the color of the offspring.

(2) the expected frequencies for each color is 

	color 
	Expected frequencies

	White 
	240

	Yellow 
	60

	Green 
	20


(3)  The chi-square statistic is 0.621

	Categories
	White
	Yellow 
	Green 
	Total 

	O
	245
	58
	17
	320

	E
	240
	60
	20
	320

	O-E
	5
	-2
	-3
	

	(O-E)2
	25
	4
	9
	

	(O-E)2/E
	0.104
	0.067
	0.45
	0.621


(4) Number of degrees of freedom is 2. (There are three categories, so df=3-1=2).

(5) 5.991
(6) No. Because the calculated value (0.621) is less than the critical value (5.991), the hypothesis should not be rejected.



Appendix: Chi-Square Distribution table

	df
	0.995
	0.99
	0.975
	0.95
	0.90
	0.10
	0.05
	0.025
	0.01
	0.005

	1
	---
	---
	0.001
	0.004
	0.016
	2.706
	3.841
	5.024
	6.635
	7.879

	2
	0.010
	0.020
	0.051
	0.103
	0.211
	4.605
	5.991
	7.378
	9.210
	10.597

	3
	0.072
	0.115
	0.216
	0.352
	0.584
	6.251
	7.815
	9.348
	11.345
	12.838

	4
	0.207
	0.297
	0.484
	0.711
	1.064
	7.779
	9.488
	11.143
	13.277
	14.860

	5
	0.412
	0.554
	0.831
	1.145
	1.610
	9.236
	11.070
	12.833
	15.086
	16.750

	6
	0.676
	0.872
	1.237
	1.635
	2.204
	10.645
	12.592
	14.449
	16.812
	18.548

	7
	0.989
	1.239
	1.690
	2.167
	2.833
	12.017
	14.067
	16.013
	18.475
	20.278

	8
	1.344
	1.646
	2.180
	2.733
	3.490
	13.362
	15.507
	17.535
	20.090
	21.955

	9
	1.735
	2.088
	2.700
	3.325
	4.168
	14.684
	16.919
	19.023
	21.666
	23.589

	10
	2.156
	2.558
	3.247
	3.940
	4.865
	15.987
	18.307
	20.483
	23.209
	25.188

	11
	2.603
	3.053
	3.816
	4.575
	5.578
	17.275
	19.675
	21.920
	24.725
	26.757

	12
	3.074
	3.571
	4.404
	5.226
	6.304
	18.549
	21.026
	23.337
	26.217
	28.300

	13
	3.565
	4.107
	5.009
	5.892
	7.042
	19.812
	22.362
	24.736
	27.688
	29.819

	14
	4.075
	4.660
	5.629
	6.571
	7.790
	21.064
	23.685
	26.119
	29.141
	31.319

	15
	4.601
	5.229
	6.262
	7.261
	8.547
	22.307
	24.996
	27.488
	30.578
	32.801

	16
	5.142
	5.812
	6.908
	7.962
	9.312
	23.542
	26.296
	28.845
	32.000
	34.267

	17
	5.697
	6.408
	7.564
	8.672
	10.085
	24.769
	27.587
	30.191
	33.409
	35.718

	18
	6.265
	7.015
	8.231
	9.390
	10.865
	25.989
	28.869
	31.526
	34.805
	37.156

	19
	6.844
	7.633
	8.907
	10.117
	11.651
	27.204
	30.144
	32.852
	36.191
	38.582

	20
	7.434
	8.260
	9.591
	10.851
	12.443
	28.412
	31.410
	34.170
	37.566
	39.997

	21
	8.034
	8.897
	10.283
	11.591
	13.240
	29.615
	32.671
	35.479
	38.932
	41.401

	22
	8.643
	9.542
	10.982
	12.338
	14.041
	30.813
	33.924
	36.781
	40.289
	42.796

	23
	9.260
	10.196
	11.689
	13.091
	14.848
	32.007
	35.172
	38.076
	41.638
	44.181

	24
	9.886
	10.856
	12.401
	13.848
	15.659
	33.196
	36.415
	39.364
	42.980
	45.559

	25
	10.520
	11.524
	13.120
	14.611
	16.473
	34.382
	37.652
	40.646
	44.314
	46.928

	26
	11.160
	12.198
	13.844
	15.379
	17.292
	35.563
	38.885
	41.923
	45.642
	48.290

	27
	11.808
	12.879
	14.573
	16.151
	18.114
	36.741
	40.113
	43.195
	46.963
	49.645

	28
	12.461
	13.565
	15.308
	16.928
	18.939
	37.916
	41.337
	44.461
	48.278
	50.993

	29
	13.121
	14.256
	16.047
	17.708
	19.768
	39.087
	42.557
	45.722
	49.588
	52.336

	30
	13.787
	14.953
	16.791
	18.493
	20.599
	40.256
	43.773
	46.979
	50.892
	53.672

	40
	20.707
	22.164
	24.433
	26.509
	29.051
	51.805
	55.758
	59.342
	63.691
	66.766

	50
	27.991
	29.707
	32.357
	34.764
	37.689
	63.167
	67.505
	71.420
	76.154
	79.490

	60
	35.534
	37.485
	40.482
	43.188
	46.459
	74.397
	79.082
	83.298
	88.379
	91.952


Posttest 

Student’s name 




​​​​​​​​​​​​​​​​​Time start 








1. Suppose 120 students who want to take a graduate course about educational research have a choice of instructors. Four different instructors are available. The administration conjectured that the students will choose each instructor equally. 

Here is the actual number of students choosing each instructor: 

	Instructor
	A
	B
	C
	D

	Number of students choosing the instructor
	35
	29
	31
	25


Based on the above scenario, answer the following questions: 

1.1 The categorical variable in this situation is​​​​​​​​​​​​_____________________

1.2 If the hypothesis is true, how many students would we expect to choose each instructor? _________________________

1.3 Calculate the value of chi-square statistic using the following table (round the result to the nearest thousandth. For example, 5.6016 rounds to 5.602) 

	Categories
	
	
	
	
	Total 

	O
	
	
	
	
	120

	E
	
	
	
	
	120

	O-E
	
	
	
	
	

	(O-E)2
	
	
	
	
	

	(O-E)2/E
	
	
	
	
	



The chi-square value is ________________

1.4 What is the number of degrees of freedom in this situation? ___________

1.5 What is the critical value when significance level is 0.05 for the number of degrees of freedom you determined in question 1.4? ___________________

1.6 Should the hypothesis (that students choose different instructors equally) be rejected at 5% significance level? Explain why. __________________________________________________________________________________________________________________________________

2. For more than a century, it is believed that the three species of large fish-gumpies, sticklebarbs and spotheads-that are native to a certain river, co-exist in equal proportions of one-third each. Now researchers randomly selected 300 fish in the river and they actually observe 89 gumpies, 120 stiklebarbs, and 91 spotheads. 

Based on the above scenario, answer the following questions: 

2.1 The categorical variable in this situation is​​​​​​​​​​​​_____________________

2.2 If the hypothesis is true, how many out of 300 would we expect to observe for each kind of fish? _________________________
2.3 Calculate the value of chi-square statistic using the following table (round result to 0.001)

	Categories
	
	
	
	Total 

	O
	
	
	
	300

	E
	
	
	
	300

	O-E
	
	
	
	

	(O-E)2
	
	
	
	

	(O-E)2/E
	
	
	
	



The value of chi-square statistic is ________________
2.4 What is the number of degrees of freedom in this situation? ___________

2.5 What is the critical value when significance level is 0.05 for the number of degrees of freedom you determined in question 2.4? ___________________

2.6 Should the long-lasting belief (that the three species co-exist in equal proportion) be rejected at 5% significance level? Explain why. ____________________________________________________________________________________________________________________________________

3. The manufacturer of antiseptic detergent claims that there is no difference in terms of consumers’ preference to Brand A, B and C. And a study of 900 randomly selected consumers yielded the following data.

	Brand
	A
	B
	C

	# of people preferring each brand
	306
	285
	309


Can we reject the manufacturer’s claim at 0.05 significance level? Please explain why.
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Appendix: Chi-Square Distribution table

	df
	0.995
	0.99
	0.975
	0.95
	0.90
	0.10
	0.05
	0.025
	0.01
	0.005

	1
	---
	---
	0.001
	0.004
	0.016
	2.706
	3.841
	5.024
	6.635
	7.879

	2
	0.010
	0.020
	0.051
	0.103
	0.211
	4.605
	5.991
	7.378
	9.210
	10.597

	3
	0.072
	0.115
	0.216
	0.352
	0.584
	6.251
	7.815
	9.348
	11.345
	12.838

	4
	0.207
	0.297
	0.484
	0.711
	1.064
	7.779
	9.488
	11.143
	13.277
	14.860

	5
	0.412
	0.554
	0.831
	1.145
	1.610
	9.236
	11.070
	12.833
	15.086
	16.750

	6
	0.676
	0.872
	1.237
	1.635
	2.204
	10.645
	12.592
	14.449
	16.812
	18.548

	7
	0.989
	1.239
	1.690
	2.167
	2.833
	12.017
	14.067
	16.013
	18.475
	20.278

	8
	1.344
	1.646
	2.180
	2.733
	3.490
	13.362
	15.507
	17.535
	20.090
	21.955

	9
	1.735
	2.088
	2.700
	3.325
	4.168
	14.684
	16.919
	19.023
	21.666
	23.589

	10
	2.156
	2.558
	3.247
	3.940
	4.865
	15.987
	18.307
	20.483
	23.209
	25.188

	11
	2.603
	3.053
	3.816
	4.575
	5.578
	17.275
	19.675
	21.920
	24.725
	26.757

	12
	3.074
	3.571
	4.404
	5.226
	6.304
	18.549
	21.026
	23.337
	26.217
	28.300

	13
	3.565
	4.107
	5.009
	5.892
	7.042
	19.812
	22.362
	24.736
	27.688
	29.819

	14
	4.075
	4.660
	5.629
	6.571
	7.790
	21.064
	23.685
	26.119
	29.141
	31.319

	15
	4.601
	5.229
	6.262
	7.261
	8.547
	22.307
	24.996
	27.488
	30.578
	32.801

	16
	5.142
	5.812
	6.908
	7.962
	9.312
	23.542
	26.296
	28.845
	32.000
	34.267

	17
	5.697
	6.408
	7.564
	8.672
	10.085
	24.769
	27.587
	30.191
	33.409
	35.718

	18
	6.265
	7.015
	8.231
	9.390
	10.865
	25.989
	28.869
	31.526
	34.805
	37.156

	19
	6.844
	7.633
	8.907
	10.117
	11.651
	27.204
	30.144
	32.852
	36.191
	38.582

	20
	7.434
	8.260
	9.591
	10.851
	12.443
	28.412
	31.410
	34.170
	37.566
	39.997

	21
	8.034
	8.897
	10.283
	11.591
	13.240
	29.615
	32.671
	35.479
	38.932
	41.401

	22
	8.643
	9.542
	10.982
	12.338
	14.041
	30.813
	33.924
	36.781
	40.289
	42.796

	23
	9.260
	10.196
	11.689
	13.091
	14.848
	32.007
	35.172
	38.076
	41.638
	44.181

	24
	9.886
	10.856
	12.401
	13.848
	15.659
	33.196
	36.415
	39.364
	42.980
	45.559

	25
	10.520
	11.524
	13.120
	14.611
	16.473
	34.382
	37.652
	40.646
	44.314
	46.928

	26
	11.160
	12.198
	13.844
	15.379
	17.292
	35.563
	38.885
	41.923
	45.642
	48.290

	27
	11.808
	12.879
	14.573
	16.151
	18.114
	36.741
	40.113
	43.195
	46.963
	49.645

	28
	12.461
	13.565
	15.308
	16.928
	18.939
	37.916
	41.337
	44.461
	48.278
	50.993

	29
	13.121
	14.256
	16.047
	17.708
	19.768
	39.087
	42.557
	45.722
	49.588
	52.336

	30
	13.787
	14.953
	16.791
	18.493
	20.599
	40.256
	43.773
	46.979
	50.892
	53.672

	40
	20.707
	22.164
	24.433
	26.509
	29.051
	51.805
	55.758
	59.342
	63.691
	66.766

	50
	27.991
	29.707
	32.357
	34.764
	37.689
	63.167
	67.505
	71.420
	76.154
	79.490

	60
	35.534
	37.485
	40.482
	43.188
	46.459
	74.397
	79.082
	83.298
	88.379
	91.952
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Posttest feedback 

1.1 Choice of instructors

1.2 30 (120×1/4)
	Categories
	A
	B
	C
	D 
	Total 

	O
	35
	29
	31
	25
	120

	E
	30
	30
	30
	30
	120

	O-E
	5
	1
	1
	-5
	

	(O-E)2
	25
	1
	1
	25
	

	(O-E)2/E
	0.833
	0.033
	0.033
	0.833
	1.732



The value of chi-square analysis is _1.732_
1.3  3  (4-1=3)

1.4   7.815 

1.5  No. The hypothesis should not be rejected because the calculated chi-square value (1.732) is less than the critical value (7.815). 
2.1 species of large fish

2.2 100

	Categories
	Gumpies 
	Sticklebarbs 
	Spotheads 
	Total 

	O
	89
	120
	91
	300

	E
	100
	100
	100
	300

	O-E
	11
	20
	9
	

	(O-E)2
	121
	400
	81
	

	(O-E)2/E
	1.21
	4
	0.81
	6.02


The value of chi-square statistic is 6.02
2.3 2  (3-1=2)
2.4 5.991

2.5 Because the calculated chi-square value (6.02) is more than the critical value (5.991), the long-lasting belief should be rejected.

3. No. Because the calculated chi-square (1.14) less than the critical value (5.991), according to the rule of chi-square analysis, we cannot reject the claim.
Recommended steps for Question 3: 
3.1 The categorical variable is preference to detergent.

3.2 The expected frequency for each brand is 300 (900×1/3)
	Categories
	A
	B
	C
	Total 

	O
	306
	285
	309
	900

	E
	300
	300
	300
	900

	O-E
	6
	15
	9
	

	(O-E)2
	36
	225
	81
	

	(O-E)2/E
	0.12
	0.75
	0.27
	1.14



The value of chi-square analysis is _1.14_
3.3  The number of degrees of freedom is 2.  (3-1=2)

3.4  (Refer to the chi-square distribution table) The critical value when at 0.05 significance level with 2 degrees of freedom is 5.991 

Self-Assessment 
Based on the results of the post, I feel that (check one)

 
___ I have learned the skill from this module

___ I need review certain parts of this module
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40% × 200 = 80





Chi-square statistic = sum of all the values for (O-E)2/E





In chi-square goodness-of-fit test, the number of degrees of freedom is the numerical value showing the degree to which the variable is “free to vary”. It is equal to (C-1), where C is the number of categories that the variable consists of. 


The key to understand this is that the sample size must be considered as fixed. In Maria’s problem, there are 50 students. In the four cells corresponding to the four degrees of tension (in table 1), any three values in the cells are free to vary, but once three are determined, the fourth is fixed since the total of all four must be 50. Therefore, there are 3 degrees of freedom for the problem. If the survey had been conducted with three degrees of tension rather than four, there would be 2 degrees of freedom.





OK! She got it! The chi-square statistic is 1.05! 








In hypothesis testing, the significance level refers to the probability of making an error of rejecting the hypothesis when it is actually true. It is determined by the researcher. 0.05 is going to be used as default value through out the module.





Time for practice!





Time for practice!
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Time for practice!





Time for practice!





Time for practice!









































How much do you already know about chi-square analysis? Find out by answering the questions following the scenario below. 


Note: If you don’t think you can do the pretest right now, don’t worry. Please directly go to the instruction and enjoy your study!





Please answer the question(s) provided after each of the three scenarios and fill the correct answers on the lines or in the tables provided for the question. Feel free to use the third page (blank) of this test as draft. A chi-square distribution table is attached for your reference.





Critical value
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