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	One-Way ANOVA Test on the TI–84+


Analysis of Variance or ANOVA is an inferential method used to test the equality of three or more population means.

ANOVA procedures rely on a distribution called the F-distribution. A variable is said to have an F-distribution if its distribution has the shape of a special type of right-skewed curve, called an F-curve. There are infinitely many F-distributions, and we identify an F-distribution (and F-curve) by its number of degrees of freedom. The F-distribution has two numbers of degrees of freedom instead of one.

The TI–84+ can perform a “One-Way ANOVA Test”:
	ANOVA( ‒ This function performs a “One-Way ANOVA Test”.

	Assumptions:

1. Simple random samples.

2. Independent samples.

3. Normal Populations.
4. Equal population standard deviations.
	Stats Input: Data entered in at least three lists and at most six.




Example #1: 

A clinical trial is run to compare weight loss programs and participants are randomly assigned to one of the comparison programs and are counseled on the details of the assigned program. Participants follow the assigned program for 8 weeks. The outcome of interest is weight loss, defined as the difference in weight measured at the start of the study (baseline) and weight measured at the end of the study (8 weeks), measured in pounds.  

Three popular weight loss programs are considered. The first is a low-calorie diet. The second is a low-fat diet and the third is a low carbohydrate diet. For comparison purposes, a fourth group is considered as a control group. Participants in the fourth group are told that they are participating in a study of healthy behaviors with weight loss only one component of interest. The control group is included here to assess the placebo effect (i.e., weight loss due to simply participating in the study). A total of twenty patients agree to participate in the study and are randomly assigned to one of the four diet groups. Weights are measured at baseline and patients are counseled on the proper implementation of the assigned diet (with the exception of the control group). After 8 weeks, each patient's weight is again measured and the difference in weights is computed by subtracting the 8-week weight from the baseline weight. Positive differences indicate weight losses and negative differences indicate weight gains. For interpretation purposes, we refer to the differences in weights as weight losses and the observed weight losses in pounds are shown below.
	Low-Calorie
	Low-Fat
	Low Carbohydrate
	Control

	8
	2
	3
	2

	9
	4
	5
	2

	6
	3
	4
	–1 .

	7
	5
	2
	0

	3
	1
	3
	3


Find the F-statistic. At the 5% significance level, is there a statistically significant difference in the mean weight loss among the four diets? Assume that all the assumptions required to apply the one-way ANOVA procedure are satisfied.



	Solution

#1
	H0: The mean weight loss is the same among the four diets.

H1: At least one of the means is different among the four diets.

So, we are performing a One-Way ANOVA Test. 

	All versions of TI-83+ & TI-84+


	· The data must be stored in the calculator as three, four, five, or six separate lists, before any calculations can be made.

▒ Key in:  STAT. Scroll to EDIT. Select  Edit  ENTER. 

For this particular example, we need to enter the data in the first four columns labeled L1, L2, L3, and L4. Reminder, if there are data present already in the columns, you must clear all the entries. To do so you can simply cursor over the unwanted entries and press DEL each time. However, if you would like to delete the entire list cursor over the list name (L1) at the top and press CLEAR ENTER . Do not press the DEL button! In the event that L1 and L2 were deleted or were simply not present, you must position the cursor across the top and key them in by pressing 2ND L1 and 2ND L2, respectively. If columns L1, L2, L3, and L4 are not displayed, then the calculator will not be able to perform the F-statistic.
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Now, let’s enter the data. Enter the data above in columns L1, L2, L3, and L4.
▒ Key in the data for Low-Calorie in column L1  :  8 , 9 , 6 , 7 , 3
▒ Key in the data for Low-Fat in column L2  :  2 , 4 , 3 , 5 , 1
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▒ Key in the data for Low-Carbohydrate in column L3  :  3 , 5 , 4 , 2 , 3
▒ Key in the data for Control in column L4  :  2 , 2 , –1 , 0 , 3
▒ Key in:  STAT. Scroll to TESTS. Select  ANOVA(  ENTER. 

Since we have 4 lists of data, we need to type in each numbered list separated
by commas. 

▒ Key in:  2ND   L1    ,    2ND   L2    ,    2ND   L3    ,    2ND   L4    )    ENTER. 

Scroll down to see the rest of the calculations.                                                     List of Calculations
                                                                                                            F = F-Statistic;
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                                                                                                            p = P-value;
                                                                                                              Factor
                                                                                                                df = degrees of freedom for the numerator;
                                                                                                                SS = Treatment Sum of Squares;
                                                                                                                MS = Treatment Mean Square;
                                                                                                              Error
                                                                                                                df = degrees of freedom for the denominator;
                                                                                                                SS = Error Sum of Squares;
                                                                                                                MS = Error Mean Square;
                                                                                                            Sxp = pooled standard deviation.
So, the F-statistic is 8.559. For a significance level of 5%, from Table IX, using df = (3, 16), the critical value is 3.29. Thus, the F-statistic falls in the rejection region. Thus, we would reject H0. (Note: The P-value = .0013, so since .0013 ≤ .05, we would reject H0 as well using the P-value approach).




Sample TI Calculator Quiz on One-Way ANOVA

Exercises:  

1)
From time to time, unknown to its employees, the research department at Post Bank observes various employees for their work productivity. Recently this department wanted to check whether the four tellers at a branch of this bank serve, on average, the same number of customers per hour. The research manager observed each of the four tellers for a certain number of hours. The following table gives the number of customers served by the four tellers during each of the observed hours. 
	Teller A
	Teller B
	Teller C
	Teller D

	19
	14
	11
	24

	21
	16
	14
	19

	26
	14
	21
	21

	24
	13
	13
	26

	18
	17
	16
	20

	
	13
	18
	


At the 1% significance level, test the null hypothesis that the mean number of customers served per hour by each of the four tellers is the same. Assume that all the assumptions required to apply the one-way ANOVA procedure are satisfied.
a)   State the null and alternative hypotheses.

b)   Decide on a significance level.
c)   Calculate the value of the F-statistic.
d)   Find the P-Value.
e)   Using the P-value approach, decide whether or not to reject the null hypothesis.


Solutions:
a)  H0: The mean number of customers served per hour by each of the four tellers is the same.

     H1: At least one of the mean number of customers served per hour by each of the four tellers is different.

b)  
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a

=

;  c)  
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F

=

;  d)  P = 0.000498;  e)  Since 0.000498 ≤ .01, reject H0.
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