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Overview of Sample Size Calculation



Why Estimating Sample Size

 It is often needed to know how much data are 
necessary for achieving different objectives:
 Precision of a population mean estimate from sample

 Precision in prediction from a statistical model

 Precision of coefficient estimates in regression

 In general, the objective can be boiled down to a 
question of precision/reliability or detectability of a 
given effect



The Paradox of Estimating Sample Size

 The Problem:
 To know the precision of an estimate, we need to have an 

idea of the variability in the data that will produce that 
estimate

 Ideally, variability in data needs be estimated from data
 The sample size question is often asked before any data is 

available

“So, you’re telling me that I need to give you data so that 
you can tell me how much data I need”



The Paradox of Estimating Sample Size

Many potential solutions:
 Collect pilot data to obtain preliminary estimates of 

variability

 Make informed assumptions about the variability of the 
data
Look into past work with similar estimation problems 

 Sometimes, it is just budget or schedule that 
constrains how much data can be collected. But still 
useful to know chances of success for a given sample 
size



Sample Size for What?

 Sample size and data characteristics needs may vary 
significantly depending on the intended use of the data 

 For example, the typical approach of fitting Negative 
Binomial models on crash data may have different data 
needs:
 How much data is needed if the model will be used for  crash 

prediction (i.e., SPF)?

 How much data is needed if the model will help establishing 
the effectiveness of a treatment (i.e., CMF)

 Sample size calculations are likely going to yield different 
numbers for each of the two applications listed above



A Simple Example



Number of Vehicles Needed in Traffic 
Study

 Traffic engineering books reason the a minimal number of speed 
points are needed to establish speed distribution features 
(mean or 85th percentile) to a certain precision:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃 𝑚𝑚𝑃𝑃𝑚𝑚𝑃𝑃 =
𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑃𝑃
 For a recommended sample size of 100 vehicles, the population 

mean speed can be estimated within 0.5 mph
 The same sample size yields a precision of approximately 0.75 

mph for the 85th percentile speed, so, if focus is the 85th, a 
larger sample is needed to achieve same precision that for the 
mean



Where does this formula come from?

 Assumptions based on past 
knowledge:

 Car speeds independent of each 
other

 Speed distribution approximately 
normal

 Speed standard deviation between 
5 and 7 mph

For a question of precision estimating the 
mean:

𝑉𝑉 𝑆𝑆𝑆𝑆 = 𝑉𝑉
𝑆𝑆𝑆𝑆1 + 𝑆𝑆𝑆𝑆2 + ⋯+ 𝑆𝑆𝑆𝑆𝑛𝑛

𝑃𝑃

𝑉𝑉 𝑆𝑆𝑆𝑆 =
1
𝑃𝑃2 𝑉𝑉 𝑆𝑆𝑆𝑆1 + 𝑆𝑆𝑆𝑆2 + ⋯+ 𝑆𝑆𝑆𝑆𝑛𝑛

𝑉𝑉 𝑆𝑆𝑆𝑆 =
1
𝑃𝑃2

𝑉𝑉 𝑆𝑆𝑆𝑆1 + 𝑉𝑉 𝑆𝑆𝑆𝑆2 + ⋯+ 𝑉𝑉 𝑆𝑆𝑆𝑆𝑛𝑛
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1
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𝑉𝑉 𝑆𝑆𝑆𝑆 =
𝑃𝑃
𝑃𝑃2 𝑉𝑉 𝑆𝑆𝑆𝑆

𝑉𝑉 𝑆𝑆𝑆𝑆 = 𝑉𝑉 𝑆𝑆𝑠𝑠
𝑛𝑛

Std. Dev 𝑆𝑆𝑆𝑆 =
Std. Dev 𝑆𝑆𝑆𝑆

𝑃𝑃



Sample Size Calculation Basis

 Assumptions, assumptions!

 Often, it is possible to do the math (math stats) 
to figure out the formula relating sample size and 
precision for different applications

 Other times, different methods may prove more 
efficient



Power Analysis



What is Statistical Power?

 Statistical Power is associated with an alternative hypothesis to be 
tested

Power: probability of rejecting the null
when the alternative is true



Case in Safety Evaluations



Case: sample size needed for Curb 
Radius CMF development

 No past work available for the question of interest
 Similar data collected and analyzed in prior research 

but without radius data:

Potts, I., D. Harwood, K. Bauer, D. Gilmore, J. Hutton, D. 
Torbic, J. Ringert, A. Daleiden, and J. Barlow. 2014. 
Design Guidance for Channelized Right-Turn Lanes. NCHRP 
Web-Only Document 208, Washington, DC: The National 
Academies Press



Case: sample size needed for Curb 
Radius CMF development

Among multiple models this research developed, the 
formulation for Model 7 in Potts et al.’s report (see Equation 
below) was selected as the basis for Power analysis. 

𝐸𝐸 Nped = exp a � Vol1b � Vol3c

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 Pedestrian crashes per year at a given analysis corner;
Vol1 Daily right-turn vehicular volume in conflict with pedestrian crossing at 

analysis corner;
Vol3 Daily pedestrian volume crossing from analysis corner;
a, b, and c Regression model coefficients; and
E[ . ] Indicates the expectation of a random variable.

Where,



Case: sample size needed for Curb 
Radius CMF development

Variance of NB model:
𝑉𝑉 Nped = 𝐸𝐸 Nped + 𝐷𝐷 � 𝐸𝐸 Nped

2

Alternative Hypothesis:

There is a safety effect of curb radius on pedestrian crashes. 
Therefore, the coefficients in the models developed by Potts et al. 
would have been different had those researchers collected curb 
radius and included that variable in their analysis.



Step 1: Formulate a Reasonable 
Alternative Hypothesis

𝐸𝐸 Nped = exp a � Vol1b � Vol3c � 𝑙𝑙𝑃𝑃 𝑅𝑅 𝑠𝑠

𝐷𝐷 = 𝑔𝑔 𝐷𝐷∗,𝑚𝑚(𝑅𝑅 )

Where:
g( . ) Indicates some monotonically increasing function of the 

curb radius and the true underlying NB dispersion 
parameter; 

m( . ) Indicates a general multivariate function of moments of 
the distribution of R in the sample of sites; and

𝐷𝐷∗ The true underlying dispersion parameter, such that 
𝐷𝐷∗ < 𝐷𝐷.



Step 2: Generate Synthetic Data similar to 
data in Reference Study, Adding Variable of 
Interest
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Step 3: Generate Statistics from 
synthetic data: Questions of Precision



Step 4: Power Analysis from Resampling 
Synthetic Data: Questions of Detectability
 Quite a range of success rate, depending on what value we 

assume for the coefficient under the alternative hypothesis

Parameter Detection Rate (Ha: d=0.5)
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Step 4: Power Analysis from Resampling 
Synthetic Data
 Reasonable range of values for d to determine a possible range of 

sample size needs:
Parameter Detection Rate (Ha: d=0.5)
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Step 4: Power Analysis from Resampling 
Synthetic Data
 Summary table of recommended sample sizes for different effect 

sizes:
Curb Radius 

Parameter (d) under 
Alternative 
Hypothesis

Percent Increase in 
Pedestrian Crashes 

between
R=20 and R=100 ft
as implied by value 

of d

Increase in Ped
Crashes at average 

Ped and R-Turn 
volumes from Potts 

et al.

Minimum 
Recommended 
Sample Size (n)

0.5 24.0% 0.010 6,000
0.75 38.1% 0.016 3,000
0.95 50.5% 0.022 1,700
1.25 71.2% 0.031 1,200
1.5 90.6% 0.039 800
2.0 136.3% 0.058 500



Conclusions



Sample Size Take-aways

 Always based on assumptions. How reasonable are those 
in your intended application?

 Past work addressing the same or similar question: key to 
inform assumptions that are as reasonable as possible

 Questions of precision rely on simpler assumptions 
(distributional only) and tend to yields smaller sample size 
needs

 Questions of power (detectability) involve an alternative 
hypothesis in addition to distributional assumptions. This 
tend to result in larger estimates of sample size needs



Questions?

Raul Avelar
Texas A&M Transportation Institute

r-avelar@tamu.edu
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