Chapter 13: t-Test for Related Samples

Research Question:

Does therapy reduce anxiety?  

Measure anxiety levels before and after therapy


One sample (same people) measured twice

	Patient
	Before

X1
	After

X2

	1
	40
	24

	2
	42
	30

	3
	36
	37

	4
	31
	21

	5
	55
	32


 2 ways to obtain related samples:

· Repeated measures designs

· Matched samples 

· Repeated measures = 1 sample measured more than once on the DV

e.g.,   
Memory retention in quiet and noisy environment (on same Ps)




Measure heart rate before & after exercise (on same Ps)


· Matched samples = Each P in one sample matched, on specific variable(s), with a P in another sample 

e.g., 
Standard teaching method VS. “Revised” method for Math 




Each P in standard sample matched to a P in revised sample in

terms of Math ability

Sarah (standard) 60

Cathy (revised) 60

what’s so special about related samples? 

Let’s take a repeated-measures example:

We are interested in knowing if there is a difference in how well Miami students perform in Calculus I compared to Calculus II.  Below is the percentage earned in each class by one student who took both courses:


Charles 94% in Calculus I

Charles 92% in Calculus II

Charles is good at Math--he is likely going to do well in both of these 

courses. Therefore, Charles’ Calculus I score is likely going to be somewhat similar to his Calculus II score.


Another student, William, however, is not particularly good at Math.  If you

knew he earned a 71% in Calculus I, what would you predict he’d earn in Calculus II?

B/c the SAME individual contributes two scores, those scores will 

likely be related (correlated – a topic we’ll get to later in the semester)

A related-samples t-test takes this relationship (correlation) into account in its 

computation 


Useful to transform two scores into one score…

Difference score
  D =  X1 – X2
	Patient
	Before

X1
	After

X2
	D

(X1-X2)

	1
	40
	24
	+16

	2
	42
	30
	+12

	3
	36
	37
	-1

	4
	31
	21
	+10

	5
	55
	32
	+23


Now we have one sample of data, not two! 

Conduct a single sample t-test on the D’s!
If there is no difference, average D should = 0

Hypotheses in related samples:

Two-tailed:

H0 :  (D =  0

H1 :  (D (  0

One-tailed:

lower tail critical  (when X1 < X2)

H0 :  (D  (  0



H1 :  (D  <  0

upper tail critical  (when X1 > X2)

H0 :  (D  (  0


H1 :  (D  >  0

Conduct a single sample t-test on the D’s:

t-statistic:


t =
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n = number of PAIRS
Standard error:
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Degrees of freedom:

n – 1

Example: 

1.  Research Question: Does therapy change anxiety levels of patients?  
2.  What are the hypotheses?

3.   Decision rule (set ():




two tailed 




( = 0.05




df = n – 1= 5 – 1 = 4


Critical value from Table E.6 = ( 2.776
4.  Calculate t: 

	Patient
	Before

X1
	After

X2
	D

(X1-X2)
	D2

	1
	40
	24
	+16
	256

	2
	42
	30
	+12
	144

	3
	36
	37
	-1
	1

	4
	31
	21
	+10
	100

	5
	55
	32
	+23
	529









   (D =
60
  (D2 = 1030

Mean D:
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Variance of D:
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Standard deviation of D = 
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Standard error of D:
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t-statistic: 
t =
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5.    Make a Decision
Observed t (3.05) exceeds critical values (( 2.776)


Decision ( Reject H0
6.   Interpret/report results

“Therapy significantly reduced anxiety among the patients (M = 12, t(4) = 3.05, p ( 0.05, two-tailed.”

What are the benefits of related samples?:

· Economical in terms of participants

· Can study change over time

· Removes individual differences—reduces variance

Smaller s2 = smaller standard error = larger t

Cautions when using Repeated Measures Designs:

· Beware of carryover effects

Effect of first manipulation still influencing scores on the 2nd trial



e.g., effect of two different drug treatments on a disease
· Beware of order effects
The order of the conditions influences performance


e.g., practice effects (getting better with time)

Let’s do another example, testing the hypothesis that therapy reduces anxiety

	Patient
	Before

X1
	After

X2
	D

(X1-X2)
	D2

	1
	46
	28
	18
	324

	2
	41
	35
	6
	36

	3
	27
	30
	-3
	9

	4
	49
	49
	0
	0

	5
	50
	20
	30
	900

	6
	42
	26
	16
	256


(D =
67
  (D2 = 1525

1) What are the hypotheses?

2) Decision rule (set ()

3)  Calculate t

4)  Make decision

5)  Interpret/report results
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