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Where x= sample mean    µ = population mean    s= standard deviation   N sample size 

The t score produced by this transformation can be associated with a unique cumulative probability.

Statisticians use tα to represent the t-score that has a cumulative probability of (1 - α). For example, suppose we were 

interested in the t-score having a cumulative probability of 0.95. In this example, α would be equal to (1 - 0.95) or 0.05.

We would refer to the t-score as t0.05

Note: Because the t distribution is symmetric about a mean of zero, the following is true.

tα = -t1 - alpha And t1 - alpha = -tα

Thus, if t0.05 = 2.92, then t0.95 = -2.92.

When to Use the t Distribution

The t distribution can be used 

• The population distribution is normal.

• The population distribution is symmetric, unimodal, without outliers, and the sample size is at least 30.
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Sample Problem
Acme Corporation manufactures light bulbs. The CEO claims that an average Acme light bulb lasts 300 

days (population mean). A researcher randomly selects 15 bulbs (sample size) for testing. The sampled 

bulbs last an average of 290 days (sample mean), with a standard deviation (of sample) of 50 days. If 

the CEO's claim were true, what is the probability that 15 randomly selected bulbs would have an 

average life of no more than 290 days?

Calculate t 

From t tables  find 0.7745 for df = 14 (in blue in table)  : 0.774 

Therefore cumulative probability is 1-.774 =0.226

Hence, if the true bulb life were 300 days, there is a 22.6% chance that the average bulb life for 15 

randomly selected bulbs would be less than or equal to 290 days.

Hence, there is a 22.6% chance that the average sampled light bulb will burn out within 290 days.

See table on next slide

t =                                 =   - 0.7745290 − 300

50/𝑆𝑄𝑅𝑇(15)



Problem 2:

The Acme Chain Company claims that their 
chains have an average breaking strength of 
20,000 pounds, with a standard deviation of 
1750 pounds. Suppose a customer tests 14 
randomly-selected chains. What is the 
probability that the average breaking strength in 
the test will be no more than 19,800 pounds?

Sample mean x = 19,800, Population
mean u = 20,000   N = 14,  sample s =1750  
degrees of freedom n-1 =13

t = -0.427  

From table 0.427 at df=13 you get  = 0.662

Therefore the cumulative probability: 
(1-.662) = 0.338

Thus, there is a 33.8% probability that an Acme 
chain will snap under 19,800 pounds of stress.



Range and standard deviation (SD) are used for descriptive error bars 
because they show how the data are spread (Fig. 1). 

ERROR BARS
Figures with error bars can, if used properly, give information 
describing the data (descriptive statistics), or information about what 
conclusions, or inferences, are justified (inferential statistics). These 
two basic categories of error bars are depicted in exactly the same way, 
but are actually fundamentally different. 
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To make inferences from the data (i.e., to make a judgment whether the groups are 
significantly different, or whether the differences might just be due to random 
fluctuation or chance), a different type of error bar can be used. These are standard 
error (SE) bars and confidence intervals (CIs). 

The mean of the data, M, with SE or CI error bars, gives an indication of the region 
where you can expect the mean of the whole possible set of results, or the whole 
population, μ, to lie. The interval defines the values that are most plausible for μ.

Standard Error (SE=SD/n) - dependent on sample size n; decreases as n increases

Confidence Interval (CI) 
By convention, if P < 0.05 you say the result is statistically signifi cant, and if P < 0.01 you 
say the result is highly signifi cant and you can be more confi dent you have found a true 
effect. Independent of sample size n; easier to understand; preferred by most scientists

SE (Standard Error) and CI (Confidence Interval) 
Error Bars
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