Situation:

An ergonomics researcher wants to determine the effectiveness of a new method of arranging the office space in technology industry offices. She tests three different types of arrangements: type A, type B, and type C. She also believes that the size of the company may be an influencing factor so she further stratifies her sample into companies with less than 1,000 employees and companies with greater than 1,001 employees. The researcher then collects a large sample of participants from technology offices and divides the participants into a control group (which continues to work within a traditional office design) and three experimental groups (corresponding to arrangement type A, B, and C). She administers a pretest evaluating workers' levels of comfort, stress and productivity to all participants. This is followed by a three-month period of experimentation after which time a posttest is administered. The form of the posttest is identical to the pretest. Mean scores for all the values were then calculated. 

Questions:

(1) What type of significance test(s) should this researcher employ? Explain why? 

       One-way ANOVAs and T-tests

(1a) Please set up a table outlining the factors and groups involved in this test.

      A one-way ANOVA compares the means of three or more groups within a single

      Factor. In this example problem we have two factors(office arrangement type & 

      company size) with four groups within the office arrangement type 

      factor(control, type A, type B, and type C) and two groups within the company

      size factor(< 1,000 workers & > 1,001 workers). 

      I have outlined the table of these factors and groups, complete with data, below:

         Level –1 companies (<1,000 workers):

         Type A
                 Type B                      Type C                    Control

	pretest
	posttest
	
	pretest
	posttest
	
	pretest
	posttest
	
	pretest
	posttest

	   86.7
	90
	
	71.9
	70.6
	
	88
	77.8
	
	100
	93.3

	   62.3
	89.7
	
	90.9
	100
	
	61
	100
	
	38.5
	62.5

	   94.4
	96.3
	
	90
	83.3
	
	93.5
	72.7
	
	72.2
	94.4

	      53
	100
	
	84.8
	67.9
	
	52
	81.8
	
	77.8
	50

	82.4
	87.5
	
	100
	100
	
	81
	100
	
	93.8
	82.4

	74
	79.2
	
	89.5
	74.1
	
	78
	83.3
	
	77.8
	77.8

	85.4
	94.4
	
	76
	95.2
	
	82
	90
	
	85.7
	83.3

	58.3
	100
	
	100
	91.7
	
	59.5
	94.4
	
	60
	58.3

	65.6
	85.7
	
	94.1
	75
	
	64
	88.2
	
	      64
	63

	81
	86
	
	83.3
	82.4
	
	76
	88.9
	
	      78
	78


         Level –2 companies (>1,001 workers):

         Type A
                 Type B                      Type C                     Control

	pretest
	posttest
	
	pretest
	posttest
	
	pretest
	posttest
	
	pretest
	posttest

	 86
	91
	
	84
	88
	
	95
	60.4
	
	99
	97

	63
	98
	
	92
	82
	
	92
	79.9
	
	97
	98

	98
	74.5
	
	78
	98.4
	
	82
	96
	
	79
	80

	86
	90.2
	
	79
	100
	
	77
	53
	
	82
	79

	67
	100
	
	87.3
	88
	
	85.5
	76
	
	87.5
	89

	76
	85.3
	
	71
	91
	
	74
	64
	
	68
	71

	50
	75.6
	
	69
	97
	
	66
	86
	
	70
	67

	94.7
	96.4
	
	87
	99
	
	90
	95
	
	89.4
	88.6

	80
	90.4
	
	74
	87.5
	
	74
	65
	
	72
	73

	62
	83
	
	68
	89.5
	
	65
	84.7
	
	68
	66.9


significance: 

After conducting your significance test on the mean values  for all the posttest scores  for level 1 companies(< 1000 workers), you get a p value of .01. 

(3) Based on this p value, what conclusions can you make about the significance of the

     results?(In other words, does this value tell you which arrangement type was 

     significantly better than any other arrangement type? (That type A is significantly 

     better than type B; and that type B is significantly better than type C....?)

     No. an ANOVA will tell you that there is a significant difference somewhere among the groups but it will not tell you which groups are different.

(4) Can we identify the individual differences between the posttest means for the 

     arrangement types in the level one companies for instance?
      See the explanation in part 2 below.

ANOVA Lesson Part 2:

Explanation:

We could find the means of the pretest scores and then find the means of the posttest scores for each group (like type A, less than 1,000 workers group). Then do a t-test to see if there is a significant difference between the pre- and post-test scores. If p( .05, this would indicate that for the less than 1,000 workers group arrangement type A was significantly superior to the traditional arrangement they had used before (the control group arrangement). Does this result tell us that for the less than 1,000 workers group type A is superior to type B or to type C?

We could repeat the same comparison of pretest scores and posttest scores for each of the office arrangement types in our study (types B, C) for the less than 1,000 workers category. We would receive p values for each type. We could also repeat the tests for companies with more than 1,001 workers and would receive p values for each type.

for example:

                   level 1 companies                                              level 2 companies

Companies with less than 1,000 workers:     Companies with more than 1,001 workers:

Type A p=.03                                                 Type A p=.08

Type B p=.04                                                 Type B p=.04

Type C p=.07                                                 Type C p=.05

Control p=.25                                                Control p=.14

Note: These p values are not accurate. They are just examples. You must run your own ANOVA test to compute the real p values

What would these values tell us about level 1 companies?

...simply that for companies with less than 1,000 workers arrangement A and arrangement B are superior to the traditional office arrangement that these companies used before. (this is the same arrangement used by the control group). We could also conclude that, for this level of workers, arrangement C was not superior to the traditional arrangement.

   Please tell me what these results tell us about the arrangements in the companies with more than 1,001 workers(level 2 companies)?

  I think you can do this one by yourselves.

Q) Can the t-test tell us if type A arrangements are superior to type B arrangements for 

     level 1 companies? level 2 companies? 
     No. Even though we are comparing only two means here (type a posttest and type B posttest), a t-test will only tell us that there is a significant difference between these two means(groups). It will not tell which group (type a or type b) is better. However, if there is a significant difference between theses two groups, we can look at their means and see which mean is higher (in the case of our office arrangement example). The higher mean will indicate the better arrangement type.

Q) This illustrates what weakness of a t-test?

     That they do not directly make comparisons. This is the researcher's job to do.

The ANOVA:

The t-test is also limited in that it can compare only two means in a single factor(like office arrangement type). A t-test could not tell which arrangement was better based on comparing the posttests of all three arrangement types (A, B, and C). For that we would use an ANOVA. The mean difference between the post-test scores shows you the average amount of improvement (or decline). An ANOVA uses the means to look for significant differences between the groups (type A, B, C, and Control). We can use a one-way ANOVA to see if there is any significant difference between all of the posttest scores for each arrangement type in each level of company. We can also use a 2-way ANOVA to see the interaction of all these factors (arrangement type posttest scores for both levels of companies). However, this is often not very useful by itself. 

Remember: an ANOVA looks for a significant difference between any of the values in the entire set of values. If it finds a significant difference between two values (for example Type A and Type C), it will give you a p value of <.05 but it won't tell you which two values are significant. 

Q) How can you identify which two or more groups actually have significantly different

     scores?
     You have a couple options here. Most commonly you would use a multiple comparison test such as a Tukey pairwise comparison test or a Scheffe's test. These types of tests analyze the results of the ANOVA and make individual comparisons of groups. 

    For example: a Tukey pairwise comparison test might generate the following information:

      Groups

Compared

1 < 2

1 < 3

1 < 4                        0.0278

2 > 3

2 < 4

3 < 4

    Interpreted as group 4 was significantly better than group 1.

Q) If this particular testis not available for you to use, how else might you identify which

    two values are actually significant?(think about this one carefully) 

       If you don't have the tests available to you, you can run individual t-tests for each of the sets of posttest scores in a single factor.

       For example:

 For the factor "office arrangement type" within the level 1 companies, you could compare the following combination of posttest scores:

type c vs. type b

type c vs. type a

type c vs. control

control vs. type a

control vs. type b

type a vs. type b     

	Control
	Type A
	t-Test: Paired Two Sample for Means

	93.3
	90
	
	
	
	

	62.5
	89.7
	 
	Variable 1
	Variable 2
	

	94.4
	96.3
	Mean
	74.3
	90.88
	

	50
	100
	Variance
	227.8867
	45.41956
	

	82.4
	87.5
	Observations
	10
	10
	

	77.8
	79.2
	Pearson Correlation
	-0.28121
	
	

	83.3
	94.4
	Hypothesized Mean Difference
	0
	
	

	58.3
	100
	df
	9
	
	

	63
	85.7
	t Stat
	-2.88391
	
	

	78
	86
	P(T<=t) one-tail
	0.009031
	
	

	significant difference
	t Critical one-tail
	1.833114
	
	

	
	
	P(T<=t) two-tail
	0.018063
	
	

	
	
	t Critical two-tail
	2.262159
	 
	


For each groups of scores that have a significant difference, use their mean scores to see which arrangement type is probably "better" than the other. In the case of the example above, type A is probably better than the Control group type.

Explanation of how to interpret the Excel data used in this example problem 
Level One Companies:

First, I used a one-way ANOVA to compare the pretest scores of all four office arrangement types. The results of the ANOVA had a p value > .05. This told me that I could not reject the Null Hypothesis. So, statistically, all four groups of workers started out the same. This is good because I want them to be the same if I intend to compare their posttests scores. The fact that all the groups of workers were basically the same gives me a basis for comparison.

Second, I used a one-way ANOVA to compare the posttest scores of all four office arrangement types. The results of the ANOVA had a p value of .01, which is less than .05. This told me that I could reject the Null Hypothesis. Therefore, I knew that there was a significant difference between two or more of the office arrangement types groups. (i.e. I knew that there was some difference between types A, B, C, and Control.) However, I did not know which groups were significantly different from each other.

Third, I used a number of t-tests to find out which arrangement types groups were different from each other in their posttests. I compared the following groups and found the following p values:

C and A .....................p=0.211    No significant difference
C and B .....................p=0.086    No significant difference
C and Control ..........p=0.034     Significant difference
Control and A ..........p=0.009     Significant difference
Control and B ..........p=0.067     No significant difference
A and B ....................p=0.068     No significant difference

I got two pieces of useful information from these results:

 (1) I knew there was a significant difference between type C and the Control group type.

     I also knew there was a significant difference between type A and the Control group 

     type.

(2) I knew there was no significant difference between type A and type C. 

     (i.e they're statistically the same)

This information led me to two possible final conclusions:

(1) For level one companies, office arrangement types A and C are better than the control 

     group arrangement type.

or

(2) For level one companies, the control group arrangement type is better than office 

     arrangement types A and C.

Fourth, To find out which possibility is probably correct I went back to my t-test results and compared the posttest means for the three arrangement types I was considering. (A, C, and Control.)

	Type C
	Control
	t-Test: Paired Two Sample for Means

	77.8
	93.3
	
	
	
	

	100
	62.5
	 
	Variable 1
	Variable 2
	

	72.7
	94.4
	Mean
	87.71
	74.3
	

	81.8
	50
	Variance
	81.29211
	227.8867
	

	100
	82.4
	Observations
	10
	10
	

	83.3
	77.8
	Pearson Correlation
	-0.40397
	
	

	90
	83.3
	Hypothesized Mean Difference
	0
	
	

	94.4
	58.3
	df
	9
	
	

	88.2
	63
	t Stat
	2.071316
	
	

	88.9
	78
	P(T<=t) one-tail
	0.034109
	
	

	significant difference
	t Critical one-tail
	1.833114
	
	

	
	
	P(T<=t) two-tail
	0.068218
	
	

	
	
	t Critical two-tail
	2.262159
	 
	


	Control
	Type A
	t-Test: Paired Two Sample for Means

	93.3
	90
	
	
	
	

	62.5
	89.7
	 
	Variable 1
	Variable 2
	

	94.4
	96.3
	Mean
	74.3
	90.88
	

	50
	100
	Variance
	227.8867
	45.41956
	

	82.4
	87.5
	Observations
	10
	10
	

	77.8
	79.2
	Pearson Correlation
	-0.28121
	
	

	83.3
	94.4
	Hypothesized Mean Difference
	0
	
	

	58.3
	100
	df
	9
	
	

	63
	85.7
	t Stat
	-2.88391
	
	

	78
	86
	P(T<=t) one-tail
	0.009031
	
	

	significant difference
	t Critical one-tail
	1.833114
	
	

	
	
	P(T<=t) two-tail
	0.018063
	
	

	
	
	t Critical two-tail
	2.262159
	 
	


I discovered that the posttest mean for type A was higher than the posttest mean for the Control type. Also, the posttest mean for type C was higher than the posttest mean for the Control type. 

Since types A and C are statistically the same, I can finally conclude that:

For level one companies, office arrangement types A and C are better than the control 

group arrangement type.

I followed the same process for the level two companies data and reached a final conclusion of:

For level two companies, office arrangement types A and B are statistically the same in effectiveness. Types A and B are better than type C. Finally, Types A and B are better than the control group type.

