
Two-sample Problems 

The set-up: we wish to compare two population means 
µ1 and µ2, so we take a sample from each. 

Population Sample  
size 

Sample mean Sample 
standard deviation 

1 n1 s1 

2 n2 s2 
    

€ 

x 1

    

€ 

x 2

We look at the difference      

€ 

x 1 − x 2



Example: What is the relationship between obesity and 
energy expended on daily activities? 



n Std. dev. s 

Group 1 (lean) 10 525.751 107.121 
Group 2 (obese) 10 373.269 67.498 

    

€ 

Mean x 

STAND/WALK time: 

    

€ 

The difference is x 1 − x 2 = 525.751−373.269 =152.482 minutes.



Two-sample t-Procedures:  The differences  
follow (approximately) a t-distribution. We can estimate 
the standard deviation by the standard error 

    

€ 

x 1 − x 2

    

€ 

SE =
s1

2

n1

+
s2

2

n2

•  Confidence interval for  µ1 – µ2 is 

•  Significance Tests  H0: µ1 = µ2, use test statistic 

    

€ 

(x 1 − x 2) ± t ∗SE

    

€ 

t =
x 1 − x 2

SE
=

x 1 − x 2
s1

2

n1

+
s2

2

n2

Use degrees of freedom df = smaller of n1–1 and n2–1 



Example: Daily activity and obesity. 

We are 90% confident the true difference in average daily  
minutes spent standing/walking is between 79.09 and 225.87. 

90% confidence interval for µ1 – µ2: 
df = 9 → t* = 1.833 

    

€ 

(x 1 − x 2) ± t ∗SE = (525.751−373.269) ± (1.833) 107.1212

10
+

67.4982

10
=152.482 ± 73.390 = (79.09, 225.87)

n Std. dev. s 

Group 1 (lean) 10 525.751 107.121 
Group 2 (obese) 10 373.269 67.498 

    

€ 

Mean x 

    

€ 

The difference is x 1 − x 2 = 525.751−373.269 =152.482 minutes.



Example: Daily activity and obesity. 

n Std. dev. s 

Group 1 (lean) 10 525.751 107.121 
Group 2 (obese) 10 373.269 67.498 

    

€ 

Mean x 

    

€ 

The difference is x 1 − x 2 = 525.751−373.269 =152.482 minutes.

Is this evidence that lean people are more active? 
H0: µ1 = µ2 
Ha: µ1 > µ2 

    

€ 

t =
x 1 − x 2
s1

2

n1

+
s2

2

n2

=
525.751−373.269
107.1212

10
+

67.4982

10

= 3.808

Table C (df = 9) gives P between 0.001 and 0.0025. 
This is evidence that lean people are more active. 



Example: Do brand name batteries last longer than generic? 

To test, measure lifespan of batteries in portable CD player. 

Sample  
size 

Sample mean Sample 
standard deviation 

Brand name 6 s1 = 10.3 

Generic 6 s2 = 14.6 
    

€ 

x 1 = 206.0

    

€ 

x 2 = 187.4

95% confidence interval:   df = 5 →  t* = 2.571 

    

€ 

(x 1 − x 2) ± t ∗SE = (206.0−187.4) ± (2.571) 10.32

6
+

14.62

6
= 18.6 ± 18.75 = (−0.15,37.35)

We are 95% confident that the mean difference in lifespan 
between brand name and generic batteries is between 
–0.15 and 37.35 minutes. 



Sample  
size 

Sample mean Sample 
standard deviation 

Brand name 6 s1 = 10.3 

Generic 6 s2 = 14.6 
    

€ 

x 1 = 206.0

    

€ 

x 2 = 187.4

Are these samples evidence at the α = 0.05 level that  
brand name batteries last longer? 
H0: µ1 = µ2 
Ha: µ1 > µ2 

    

€ 

t =
x 1 − x 2
s1

2

n1

+
s2

2

n2

=
206.0−187.4

10.32

6
+

14.62

6

= 2.55

df = 5    Table C gives P between 0.025 and 0.05 

This is evidence at the α = 0.05 level that name brand  
batteries last longer. 



Example: Do people offer different prices when buying  
from friends? 
To test this, sample of people offered bids for a used camera. 

buying from friend 275  300  260  300  255  275  290  300 
buying from stranger 260  250  175  130  200  225  240   

Sample  
size 

Sample mean Sample 
standard deviation 

friend 8 s1 = 18.31 

stranger 7 s2 = 46.43 

    

€ 

x 1 = 281.88

    

€ 

x 2 = 211.43

Is this evidence that people make different sized offers  
when buying from friends? 



Sample  
size 

Sample mean Sample 
standard deviation 

friend 8 s1 = 18.31 

stranger 7 s2 = 46.43 
    

€ 

x 1 = 281.88

    

€ 

x 2 = 211.43

H0: µ1 = µ2 
Ha: µ1 ≠ µ2 

    

€ 

t =
x 1 − x 2
s1

2

n1

+
s2

2

n2

=
281.88− 211.43

18.312

8
+

46.432

7

= 3.77

Table C (using df = 6, Two-sided P) gives P-value between 
0.005 and 0.0025.  
This is strong evidence that people make different sized offers 
to friends. 



•  We use df = smaller of n1–1 and n2–1; results using this 
are approximate and give conservative estimates for 
confidence intervals and P-values. 

There is a more precise (and ugly) formula for df, which 
we will not use. (See p. 486 if you’re curious.) 

•  2-Sample tests with the TI 83/84:   
confidence intervals STAT → TESTS → 0:2-SampTInt 

significance tests STAT → TESTS → 4:2-SampTTest 

(Always set Pooled:  No) 

(TI 83/84 answers use the exact formula for df, so they will  
differ slightly from calculations that use  
df = smaller of n1–1 and n2–1.) 



Using the 2-Sample t Procedures: 

• n1 + n2 less than 15: Use if data appear close to  
  Normal. If data is skewed, or outliers, do not use. 

• n1 + n2 at least 15: The t procedures can be used except  
  if outliers or strong skewness. 

• n1 + n2 large (roughly n1 + n2 ≥ 40): The t procedures can  
  used even for skewed distributions. 


