
SAMPLE SIZE DETERMINATION

SAMPLE SIZE - WHAT IS ENOUGH:


"How many do I need?" is one of the most common questions asked of an epidemiologist.  The required sample size depends on the purpose of the study.  More often than not the investigator has not precisely determined what question is to be answered.  It is essential that this be done before sample size calculations can be preformed.


There are 5 common situations requiring sample size calculation for veterinary field studies:

1.
Calculation of the minimum sample size needed to detect disease or a condition in a given population, at a specified level of significance given a certain disease prevalence or level of infection.

2.
Finding the minimum sample size required to estimate the population proportion having a characteristic of interest at a specified level of significance and within desired limits of error.

3.
Finding the minimum sample size required to estimate the population mean of a characteristic of interest at a specific level of significance and within desired limits of error.

4.
Finding the minimum sample size required to detect the difference between two population proportions that one regards as important to detect, at a stated level of significance and desired power. 

5.
Finding the minimum sample size required to detect the difference between two population means that one regards as important at a specified level of significance and desired power.


Important of Sample Size Calculations:
1.  Forces specification of outcomes.

2.  Leads to a stated recruitment goal.

3.  Encourages development of appropriate timetables and budgets.

4.  Discourages the conduct of small, inconclusive trials.


Common Mistakes Related to Sample Size:
1.  No discussion of sample size.

2.  Unrealistic assumptions (e.g. disease incidence or prevalence).

3.  Failure to explore sample size for a range of values.

4.  Failure to state power for a completed study with negative results.

5.  Failure to account for attrition by increasing the sample size above calculated size.  The size of the sample is what you need to end up with not what you start out with!


Factors Contributing to Inadequately Sized Studies:
1.  Failure to document sample size at all.

2.  Use of sample size of convenience.

3.  Lack of adequate financial support.

4.  "Publish or perish" mentality.

5.  Lack of rigorous editorial policy of journal.


Where to go for help in calculating sample sizes
1.  Computer software - e.g. Epi Info, Power Pack, SOLO power calculation.

2.  Tables in books - Statistical methods for rates and proportions.

    2nd ed. JL Fleiss.

3.  Livestock disease surveys: a field manual for veterinarians; RT Cannon and RT Roe. 1982.

    Australian Government Publishing Service.


DETERMINATION OF SAMPLE SIZE IN COMPARATIVE TRIALS

Probabilities:


There are two kinds of errors one must guard against in designing a comparative study:


1.
Type I error (referred to as (): Declaring that the difference in proportions being studied is real when in fact there is no difference.


2.
Type II error (referred to as (): Failing to declare the two proportions significantly different when in fact they are different.


The power of a test, also to be considered, is defined as the probability of finding a difference between two proportions when in fact they are different.


For example, consider the hypothesis:
Ho: P1 = P2






Ha: P1 ( P2


( = P (Reject Ho | Ho true)



( = P (Fail to reject Ho | Ha true)



1-( = P (Reject Ho | Ha true) = Power of the test


Comment:  In order to control for a Type II error, the investigator must be able to specify just what difference is of sufficient biological importance to be detected.


Finding the Minimum Sample Size Required to:


1.
Estimate the population proportion P having a characteristic of interest at a specified level of significance ((), and within desired limits of error (e).



Let pADVANCE \U 2.85

ADVANCE \L 5.75^ADVANCE \D 2.85 = sample estimate of P



    e = desired limits of error



Formula:





pADVANCE \U 2.85

ADVANCE \L 5.75^ADVANCE \D 2.85 (1-pADVANCE \U 2.85

ADVANCE \L 5.75^ADVANCE \D 2.85) (Z1-(/2)2



n' = ADVANCE \U 2.85______________________ADVANCE \D 2.85




      e2


In n'/N > 10%, then n = n'/{1 + [(n'-1)/N]}




  < 10%, then n = n'


Example: An investigator wishes to estimate the percentage of cats in Colorado that are infected with Cryptosporidia spp.  From a small pilot study, it is suspected that approximately 10% of the cats in Colorado are infected.  It is decided that a random sample of cats can be obtained.  The investigator will be content if her sample estimate is within +5% of the true population proportion P, at a level of significance of 0.05.  How large a sample of cats needs to be examined?


We know:  pADVANCE \U 2.85

ADVANCE \L 5.75^ = 0.10; (1-pADVANCE \U 2.85

ADVANCE \L 5.75^) = 0.90; e = 0.05; ( = 0.05; Z1-(/2 = 1.96



                 2

n' = (0.10)(0.90)(1.96)   = 138.30 = 138 cats



(0.05)2

Suppose there are 50,000 cats in Colorado; then 138/50,000 = 0.002. Since 0.2% is less than 10%, 138 cats is our final answer.


Detect the difference between two population proportions:


For consistency,
let P1 = hypothesized proportion of nonexposed group or control group having the factor




let P2 = hypothesized proportion of exposed or case group having the factor


Power= 1-(  = P (Accept HA | Ha true) 


    
(   = P (Reject Ho | Ho true) 


Formula:





[Z1-(/2ADVANCE \U 2.15(ADVANCE \D 2.152P-Q--Z1-( ADVANCE \U 2.15(ADVANCE \D 2.15P1Q1+P2Q2]2



n' = ADVANCE \U 2.85_________________________________ADVANCE \D 2.85






(P2 - P1)2



   = required sample size from each of two populations being





compared before the continuity correction is employed.



where P- = (P1 + P2)/2




Q- = 1 - P-



Z1-(/2 = two tailed critical normal value associated with the






distribution of P1 (positive value)




Z1-( = one tailed critical normal value associated with the






distribution of P2 under Ha (negative value)




n = n' [1 + ADVANCE \U 2.15(ADVANCE \D 2.151+      4      ]2



   
          4 n'|P2 - P1

NOTE:  n = n' +    2     is a good approximation when n'|P2-P1|>4.



             |P2-P1|


Example: an investigator wants to determine if the mortality rate in calves raised by farmer's wives differs from the mortality rate in calves raised by hired managers.  He/she hypothesizes a calf mortality rate of:



P1 = 0.25 for calves raised by farmer's wife



P2 = 0.40 for calves raised by hired managers


The level of significance, (, is stated to be 0.01, and the desired power of the test is 0.95.  How many calves should be included in the study?



Ho: P1 = P2


Ha: P1 = P2


( = 0.01; Z1-(/2 = 2.576; 1-( = 0.95; Z1-( = -1.645



_



P = (0.25+0.40)/2 = 0.325



_



Q = (1-0.325) = 0.675



n' = ADVANCE \D 2.85{ ADVANCE \U 2.852.576(2(0.325)(0.675)-(-1.645)((0.25)(0.75)+(0.4)(0.6)ADVANCE \D 2.85}ADVANCE \U 8.602ADVANCE \D 5.75




(0.40 - 0.25)2


   = 344



n' =  344 [1 +ADVANCE \U 2.15 (ADVANCE \D 2.151 +     4     ]2 = 357



       4            344[0.15]


The minimum required number of calves to be raised in each group to carry out this study at the stated level of significance and desired power is 357 calves per group.


Example:  The case-fatality rate among cancer patients undergoing standard therapy is 0.90, and is 0.70 for cancer patients receiving a new treatment.  Find the required sample size to test a hypothesis that the case-fatality rate differed between groups at the stated level of significance, ( = 0.05, and desired power of the test, 0.90.


For consistency, by using survival rates rather than case-fatality rates, P2 will be larger than P1.


P1 = 0.10 = survival rate of cancer patients with standard treatment


P2 = 0.30 = survival rate of cancer patients with new treatment


_


P = (0.10 + 0.30)/2 = 0.20


_


Q = (1 = 0.20) = 0.80


Z1-(/2 = 1.96


Z1-( = -1.282


n' = ADVANCE \U 2.85{ ADVANCE \D 2.85 1.96(2(0.20)(0.8) - (-1.282) ((0.1)(0.9)+(0.3)(0.7)  ADVANCE \U 2.85}ADVANCE \U 2.852ADVANCE \D 5.75
                                    (0.3-0.1)2

   = 82


n = 82 [1 + ADVANCE \U 2.15(ADVANCE \D 2.151 +    4    ]2 = 91.7

             4             82[0.2]


  = 92 patients/group

Calculating the Power of a Test with Given Sample Sizes:

Suppose you are limited to 20 patients in each group by cost considerations.  With what power would you be working at?

Formula:



 Z1-(/2ADVANCE \U 2.15(ADVANCE \D 2.152P-Q- - |P2-P1| ADVANCE \U 2.15(ADVANCE \D 2.15n-(2/P2-P1)


Z1-( = _______________________________




ADVANCE \U 2.15(ADVANCE \D 2.15P1Q1 + P2Q2

Z1-( = {1.96(2(.2)(.8)-(0.2)(20-2/(0.3-0.1)}



ADVANCE \U 2.15(ADVANCE \D 2.15(.1)(.9) + (.3)(.7)



= 0.8695

2.
Formula for Unequal Sample Sizes:



{Z1-(/2ADVANCE \U 2.15(ADVANCE \D 2.15(r+1)P-Q--Z1-(ADVANCE \U 2.15(ADVANCE \D 2.15rP1Q1+P2O2}2

m' = ___________________________________




r(P2 - P1)2

m =  m'  [1 + ADVANCE \U 2.15(ADVANCE \D 2.151 +      2(r + 1)     ]2

   

 4   m'r |P2 - P1 |

or,


m = m' +     r + 1     


   r | P2 - P1 |


where m = required sample size from first population



rm = required sample size from second population



P- = (P1 + rP2)/(r+1)



Q- = (1-P)



r is the ratio between the 2 samples and it is specified in advance


Determination of sample size requirements in cohort and case-control studies of disease based on the relative risk of disease that one regards as important to detect.  (Source: Schlesselman, J.J. 1974. Am. J. Epidemiol. 99:381-384.):

1.
Cohort Study

The investigator needs to specify:


a)
A hypothesized or known incidence of disease among the nonexposed, P1.


b)
The relative risk of disease, R, which one regards as important to detect.


c)
The level of significance, (.


d)
The desired power of the study, 1-(.


Formula:  (Equivalent to the previous formula, with R = P2/P1).



[Z1-(/2 (2P-Q- - Z1-( (P1 (1+R-P1 (1+R2))]2

n' = ____________________________________________





[P1 (1-R)]2

where P- = P1 (1+R)/2; O- = 1 - P-
                                       2


n =  n'  [1 + ADVANCE \U 2.15(ADVANCE \D 2.15 1 +      4      ]


     

4   n'|P1(R-1)|

2.
Case-Control Study


The investigator needs to specify:


a)
The prevalence of exposure to the factor in the control group, f.


b)
The relative risk of disease, R, which one regards as important to



detect.


c)
The level of significance, (.


d)
The desired power of the study, 1-(.


Formula:



{Z1-(/2 (2u(1-u) - Z1-( (f(1-f) + P3Q3}2

n' = _____________________________________________





(f-P3)2

where u = (0.5) f(1+R/[1+f(4-1)]), and



P3 = f R/[1+f(r-1)] = prevalence of exposure to factor in disease







group.


Detecting the difference between 2 population means: 

Example: From the results of a pilot study an investigator assumes that the gizzard weights of a certain strain of turkeys are normally distributed with mean (=30 grams and a variance (2 = 23 grams.  A study is being conducted to examine the effect of a new feed formula on gizzard weight.  It is hypothesized that due to the new feed formula, treated turkeys have gizzard weights greater than 30 grams on the average.  We wish to test the following null hypothesis at a 5% level of significance.



Ho: (0 = 30 grams



Ha: (1 > 30 grams

The investigator must choose the difference which is biologically important to detect.  Suppose this difference is thought to be 2 grams (i.e. how many turkeys need to be chosen for the experimental and control groups in the feed trial in order to have a "high probability" of detecting a 2 gram difference in gizzard weights?)



Ho: (0 = 30 grams



Ha: (1 = 32 grams


(   = 0.05


1-( = 0.90 = Desired power of test


Assume (02 = (12 = (2


  (Z1-(/2 + Z1-()2 (2

n = 2 _______________________________
Two tailed test (will give




((0 - (1)2



larger sample size - is









conservative)



  (Z1-( + Z1-()2 (2

n = 2 ____________________________

One tailed test




((0 - (1)2





For our example, choose one tailed test as most appropriate to test


given hypothesis.


n = 2 (1.645 + 1.282)2 (23)  = 100




(30-32)2

The required number of turkeys needed to have a high probability of detecting the hypothesized 2 gram difference in gizzard weights is:


100 turkeys on regular feed formula


100 turkeys on new feed formula


200 total number of turkeys needed






