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 posttest is identical to the pretest. Mean scores for all the values were then calculated. The difference between the means for the pretest and the posttest for each value was the determined.

      for example: Type A
                          pretest mean= 6.0   posttest mean =7.0( mean of difference= 5.5

Questions:

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

(2) Please set up a table outlining the factors involved in this test.

After setting up your table please ask me for the mean values to place in your table.

Example table of mean values for a 2-way ANOVA significance test

	posttest scores
	Type A
	Type B
	Type C
	Control
	row mean

	< 1,000 workers
	8.00
	10.00
	9.00
	7.00
	12.33

	> 1,001 workers
	20.00
	18.00
	7.00
	7.00
	18.33

	column mean
	14.00
	14.00
	8.00
	7.00
	


                     A higher mean score = a better arrangement

(3) Based on these mean values, what possible conclusions can you draw about the

     effectiveness of the types of office arrangements for different sized companies?

significance: 

After conducting your significance test on the mean values described above, you get a p value of .04. 

(4) 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....?)

(5) How can we identify the individual differences between the means for these 

     arrangement types?

     Please set up a chart outlining the means you will compare.

***We want to see if the average difference between the 3 types of arrangements is significant. We also want to see if the average difference between the means of the number of workers is significant.

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

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)?

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

     level 1 companies? level 2 companies? 
Q) This illustrates what weakness of a t-test?

The mean difference between the post-test scores shows you the average amount of improvement (or decline). An ANOVA uses theses 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 values are actually significant?

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) 

Lesson plans for the week:

Monday 7/22-Tuesday 7/23:

1. Conduct survey of topics

2. Lesson on Null Hypothesis:

        use acne example from last week's notes. Go through example with class to explain

        NH and its important implications.

3. Ask who read assigned t-test reading

        a. (read together if necessary)

        b. lesson on t-test:

              Focus on....

· Main purpose/function

· Interpreting values generated by t-tests:

           use sample problems illustrating p-values.

Main purpose/function: 

   Q) what is it?(test NH by observing difference 'tween 2 means)

   Q) what is a real-life research situation where you would use one?

         (can we apply this test to our acne experiment?)

Interpreting values generated by t-tests:

      Problem sets:

      1. You conduct a t-test and get a value of p=.04 How would you interpret this result?

      2.Create handout for next set of questions:

           situation:
           A researcher wants to evaluate the effectiveness of a new method for teaching English writing skills to elementary school children in the inner city regions of New York. The children participating in the study all come from basically the same economic class level but differ with regards to their ethnic backgrounds. The researcher administers a pretest and a posttest that evaluates writing ability. She/he then finds the mean of the scores for each test.

The researcher conducts a t-test on the means of the pretests and posttests for each grade of participant. She/he gets the following values:

second grade p=.04

third grade p=.03

fourth grade p=.07

fifth grade p=.04

Q) Does this mean that the new method will not work to improve the writing skills of 

    NY inner-city elementary school children? Why/whynot?

Q) What are the possible reasons why the p value for the fourth graders could be > .05?

(1. the sample size was too small...thus increasing the chance of sampling error.)

(2. the sample of fourth graders was somehow more heterogeneous than the other grades.)

(3. there wasn't a large difference between the mean of the pretest scores and the posttest scores)

(4. there was some bias/error in the methodology of the research with regards to the fourth graders.)

4. Lesson on ANOVAs:

· ask who read assigned reading on ANOVAs. (read together if necessary)

· go to lesson handout to be worked through in groups of three.

Wednesday 7/24:

1) in lab, lesson on using Excel to analyze data 

2) work through t-test and ANOVA problem sets

3) share results

Thursday 7/25:

· Cover descriptive or inferential statistics according to results of students' needs survey. Use lesson plans I have from last week.

Friday 7/26:

· In lab, ss. work on finishing research proposals for Monday.

(if some students finish early, have them work on precis.)

         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


Review: What are the limitations we face with the ANOVA tests?

(can know that one type id significantly better than another, but can't identify which type is significantly better than any other or others.) We need to do a Scheffe's test or a Tukey's pairwise comparison test.

yeilds results like:

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.

Testing the posttest scores will tell us if there is a significant difference between any of the sets of scores (types of arrangement). This is a first step to telling us if any of the arrangements is better than any other. If there is no significant difference between the posttest scores, then it means that there also was no significant difference between any of  the arrangements and the control group's traditional arrangement. Thus, the traditional arrangement might be just as good as any of the alternatives suggested in the research.

Q) Why is it possible to get a significant difference between the scores in level 1 companies' posttests with a one-way ANOVA but the not have a significant difference appear when we include the posttest scores for level 2 companies and then conduct a two-way ANOVA on all the posttests?

individual scores can cancel each other out when they are averaged together. The more sets of scores you include the likelihood of a significant difference FOR THE ENTIRE SET OF GROUPS being canceled out/averaged out. 

one-way ANOVAs are more useful for picking apart sig difs than are two-way ANOVAs. and t-tests are even more precise in picking apart differences.

	Type C
	Type A
	Type B
	Control

	60.4
	91
	88
	97

	79.9
	98
	82
	98

	96
	74.5
	98.4
	80

	53
	90.2
	100
	79

	76
	100
	88
	89

	64
	85.3
	91
	71

	86
	75.6
	97
	67

	95
	96.4
	99
	88.6

	65
	90.4
	87.5
	73

	84.7
	83
	89.5
	66.9

	significant
	significant
	significant
	


