
Math 361 
t-distribution – Inv. 2.5 



Group work: Inv. 2.5 (a)-(c) 





Inv. 2.5: What’s a Normal Body Temperature?  

Research Question: Is Wunderlich’s axiom (98.6 °F) correct?. 

 

Parameter of Interest: Let μ be the mean body temperature of healthy adults 

 

Test: H0: μ = 98.6 vs. Ha: μ ≠ 98.6  

 

Data: have  𝑥  = 98.249, s=0.733 for n=13 healthy adults 

Can we use the CLT to draw the null distribution of the sample mean? 



CLT for sample means 

If   the population is normally distributed  

or  

                               the sample size large enough (n>30),  

 

then  

the distribution of sample means is approximately normal with  

                  Mean = µ 

                     SD    = σ /√n 

where µ is the population mean and  σ  is the population SD 

 



Apply the CLT to body temperatures, assuming  
Wunderlich is correct, and H0: μ = 98.6 

If   the population is normally distributed  

 

then  

the distribution of sample means is approximately normal with  

                  Mean = µ = 98.6 

                     SD    = σ /√n = ? / √13 

 

Problem: we don’t know what the standard deviation of the population 
body temperature is 



Apply the CLT to body temperatures, assuming  
Wunderlich is correct, and H0: μ = 98.6 

If   the population is normally distributed  

 

then  

the distribution of sample means is approximately normal with  

                  Mean = µ = 98.6 

                     SD    ≈ s / √13 = 0.203 

 

Solution? Try using s=0.733, the standard deviation from the sample of 
n=13 volunteers (inv. 2.5 (d)) 



Definition: Standard Error 

Standard Error  (SE) = standard deviation of a statistic  

 

Example: one statistic we’ve seen before is the sample proportion, 𝑝 . 

By CLT for sample proportions, its SE is 𝑝 (1−𝑝 )

𝑛
 

 

Example: another statistic is the sample mean, 𝑥 . 

By CLT for sample means, its SE is σ/ 𝑛 



Is our sample consistent with Wunderlich’s axiom? 

Draw the distribution of sample means assuming H0: μ = 98.6 is true… 

 

 

 

Mean = 98.6 
 

SD = 0.209 



Is our sample consistent with Wunderlich’s axiom? 
Draw the distribution of sample means assuming H0: μ = 98.6 is true  
and check to see if our sample mean is unusual. 

 

 

 

 

 

𝑥  = 98.249 

Our sample mean of 98.249 
is  
 
(98.249-98.6)/0.209  
=-1.67  SDs below the mean 
 
This is within 2 SDs of the 
mean and so is NOT unusual 
if the distribution is normal 
 

Recall the Empirical Rule says 
95% of normally distributed 

data is within 2 SDs of the mean 



Is our sample consistent with Wunderlich’s axiom? 
Draw the distribution of sample means assuming H0: μ = 98.6 is true  
and check to see if our sample mean is unusual. 

 

 

 

 

 

𝑥  = 98.249 Definition: 
 

The t-statistic = 
(𝑥 −µ)

𝑠/ 𝑛
  

measures the number of 
sample SDs from the 
hypothesized mean 
 
 

Is it okay to assume the t-statistic 
is normally distributed? (and 

therefore use the empirical rule?) 



Inv. 2.5, parts h and i 

The sample means are normally 
distributed as predicted by the 

CLT with mean = 98.6 and  
SD = 0.733/√13 = 0.203 



Inv. 2.5, parts j and k 
Is the t-statistic normally distributed? 

Not exactly, there are more points in 
the tails of the distribution of the t-
statistic than we expect if they were 
normal. 



Inv. 2.5, parts j and k 
If we did assume the t-statistic was normal, then the p-value would be 
0.0949, no evidence against Wunderlich’s axiom. 



Inv. 2.5, part m 
Using the t-distribution, the p-value is 0.1208, much closer to the 
simulated value of 0.1194. 



Use the t-distribution to test a population mean when you 
don’t know the population SD 



Definition: Test statistic 

General Form: 

 

Test statistic = 
𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐−𝑛𝑢𝑙𝑙 𝑣𝑎𝑙𝑢𝑒

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟
 

 

 

This quantity measures the number of standard errors the statistic is 
from the null value. 





Additional Practice: Example 2.1 on page 175 





Similarly, use the t-distribution to compute a 95% 
CI for a population mean when the population 
standard deviation is unknown. 
 

When the sample looks normal or we have a large sample size (n>30), 
an approximate confidence interval for the population mean is given by 

 

 

Where 𝑡𝑛−1
∗  is the critical value from the t-distribution with n-1 

degrees of freedom 

 

 



Inv. 2.5, parts (w) and (x) 

In a sample of size n=130, the critical value for constructing a 95% CI is 1.979 



Inv. 2.5, part x 

Construct a 95% CI for the mean body temperature using  

𝑥 =98.249, s=0.733, n=130 and the 𝑡129
∗ =1.979 

 

 

 

 

Give an interpretation of your interval. 

 


