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Estimating Data
We’ve discussed measurement error in this class

Common source of error: randomness
• What if the value or result was due to chance?

Common source of randomness: sampling
• How reliable is your estimate from a sample?



Estimating Data
Population statistics vs sample statistics
• e.g. population mean vs sample mean

Population statistics have one true value, but you 
might not be able to measure it

Sample statistics are estimates
• You will get different estimates from different samples
• Any one estimate is called a point estimate



Estimating Data
The sampling distribution is the distribution of 
all point estimates you would get from the 
different possible samples



Estimating Data
The sampling distribution tells you about the 
variability of your point estimates.



Estimating Data
But how do we get the sampling distribution?

1. Get point estimates from all possible 
combinations of samples
• Not even a little practical

2. Take multiple samples to get an approximate 
distribution
• For example, 100 different samples of the same size
• Not common though – defeats the purpose of sampling

3. Normal approximation
• Turns out the sampling distribution is a normal curve!



Rule of thumb:
The sampling distribution is 
approximately normal if you 
have at least 30 samples



Sampling Distribution
The sampling distribution is approximately normal
• The mean is the true population mean
• The standard deviation is called the standard error (SE)

SE = 

• σ is the standard deviation of your data (unknown – so 
use the standard deviation from your sample)
• n is the size of your sample

• Larger n → smaller standard error 
(sample mean is more likely to be close to population mean)

This is known as the 
Central Limit Theorem



What can we do with this?
• 68% of sample statistics will be correct within 1 

SE of the true mean
• 95% of samples will be will be within 2 SEs
• And so on More precisely, 1.96



What can we do with this?
Suppose you measure the length of 100 randomly 
sampled lizards, and find a mean of 14cm and a 
standard deviation of 3cm

Standard error = 3 / √100 = 0.3
2*SE = 0.6

There is a 95% chance that our estimate of 14cm 
is within 0.6cm of the true average lizard length



What can we do with this?
Suppose you measure the length of 100 randomly 
sampled lizards, and find a mean of 14cm and a 
standard deviation of 3cm

Standard error = 3 / √100 = 0.3
2*SE = 0.6

The margin of error is 0.6 
(at the 95% confidence level)



What can we do with this?
Suppose you measure the length of 100 randomly 
sampled lizards, and find a mean of 14cm and a 
standard deviation of 3cm

Standard error = 3 / √100 = 0.3
2*SE = 0.6

The 95% confidence interval is
(14 – 0.6, 14 + 0.6) = (13.4, 14.6)

or:  14 ± 0.6



Confidence
Confidence interval: μ ± Z*SE
Margin of error: Z*SE
• Where Z=2 (or 1.96) for 95% confidence level

For other confidence levels, solve for Z. (Find Z such 
that the middle area under the normal curve equals 
the confidence percentage.)





Confidence
Steps for identifying Z for a confidence level, C:
1. Calculate X = 100 – C
2. Calculate P = 100 – X/2
3. Find the cell in the Z-table that is closest to P

Example: 80% confidence level
X = 20
X/2 = 10
P = (100 – 10) = 90



Confidence
P = (100 – 20/2) = 90

Z = 1.28



Confidence
The size/width of a confidence interval depends on 
three factors:
1. The variability in your data

• Higher variance of your data → smaller standard error
2. The size of your sample

• Larger sample → smaller standard error
3. The confidence level

• Higher confidence level → wider confidence interval
(larger area under the normal curve)





Practice 1
In 2013, the Pew Research Foundation reported that “45% 
of U.S. adults report that they live with one or more chronic 
conditions”. However, this value was based on a sample, so 
it may not be a perfect estimate for the population parameter 
of interest on its own. The study reported a standard error of 
about 1.2%, and a normal model may reasonably be used in 
this setting. Create a 95% confidence interval for the 
proportion of U.S. adults who live with one or more chronic 
conditions.

45 ± 2.4 



Practice 2(a)
The 2010 General Social Survey asked the question: “After 
an average work day, about how many hours do you have to 
relax or pursue activities that you enjoy?” to a random 
sample of 1,155 Americans. A 95% confidence interval for 
the mean number of hours spent relaxing or pursuing 
activities they enjoy was (1.38, 1.92).

Interpret this interval in context of the data.

There is a 95% chance that the true mean is within 
this interval.



Practice 2(b)
The 2010 General Social Survey asked the question: “After 
an average work day, about how many hours do you have to 
relax or pursue activities that you enjoy?” to a random 
sample of 1,155 Americans. A 95% confidence interval for 
the mean number of hours spent relaxing or pursuing 
activities they enjoy was (1.38, 1.92).

Suppose another set of researchers reported a confidence 
interval with a larger margin of error based on the same 
sample of 1,155 Americans. How does their confidence 
level compare to the confidence level of the interval stated 
above?
Higher confidence level



Practice 2(c)
The 2010 General Social Survey asked the question: “After 
an average work day, about how many hours do you have to 
relax or pursue activities that you enjoy?” to a random 
sample of 1,155 Americans. A 95% confidence interval for 
the mean number of hours spent relaxing or pursuing 
activities they enjoy was (1.38, 1.92).

Suppose next year a new survey asking the same question is 
conducted, and this time the sample size is 2,500. How will 
the margin of error of the 95% confidence interval 
constructed based on data from the new survey compare to 
the margin of error of the interval stated above? 
Smaller margin of error



Practice 3
Suppose your sample mean is 30, your sample standard 
deviation is 5, and your sample size is 100.

The standard error is 5/10 = 0.5.
The 95% margin of error therefore 2*0.5 = 1.
What is the 90% margin of error?

Find Z such that 90% of the area is covered.
When Z=1.65, the percentile is about 95%. 
90% margin of error = 1.65*0.5 = .825


