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Comparing a rate in a subpopulation to the rate in the full population: How it 
may be done when using survey data, and available software tools 
 
By Yves Lafortune and Georgia Roberts 
 
 
Abstract 
 
 People often wish to use survey micro-data to study whether the rate of occurrence of a 
particular condition in a subpopulation is the same as the rate of occurrence in the full population.  
This paper describes some alternatives for making inferences about such a rate difference and shows 
whether and how these alternatives may be implemented in three different survey software packages.  
The software packages illustrated – SUDAAN, WesVar and Bootvar – all can make use of bootstrap 
weights provided by the analyst to carry out variance estimation.   
 
 
Introduction 
 

A common question is whether the rate of occurrence of a particular condition in a 
subpopulation is the same as the rate of occurrence in the full population.  As examples, a health 
authority might wonder whether the incidence rate of influenza in his/her health region is the 
same as the incidence rate for the full province; or a province may be curious as to whether the 
proportion of Grade 9 students who have done at least 10 hours of volunteer work in the past 
year is the same as the overall proportion of secondary school students who have volunteered to 
that extent.  People often wish to study such questions through the use of survey data.  The 
following notes give some indications on how this may be done, first in theory, and then from a 
practical point of view, when the survey micro-data, survey replication weights, and survey 
software tools such as Bootvar (a set of SAS or SPSS macros), SUDAAN or WesVar, are 
available.    
 
 
II. A bit of theory 
 

Suppose that there is some interest in comparing the smoking rate in Ontario to the 
overall smoking rate in Canada.  Let p  represent the true smoking rate in the Canadian 
population and let ONTp  be the true smoking rate in the province of Ontario.  The hypothesis to be 
tested is then ppH ONT =:0 .  One statistic that could be used to test this hypothesis (versus the 

alternative that the 2 proportions are not equal) is 
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and )ˆˆr(âv ppONT −  are estimates obtained from the survey data.  For testing the hypothesis, this 
statistic could be compared to the cut-points of a normal or of a t distribution, or the p-value of 
the statistic could be examined.  For example, if the test is being carried out at a 95% level of 
significance, and if T is considered to be normally distributed, p  could be declared significantly 
different from ONTp  if the value of T  is greater than 1.96 or smaller than -1.96 or if the p-value 
given for the statistic is smaller than .05.   
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Estimates p̂ and ONTp̂ are readily obtained from use of survey software, as are estimates of 
their individual variances. However, when testing the hypothesis of interest, we need an estimate 
of the variance of the difference, and this is where the problem arises. Because p̂ and ONTp̂ are not 
estimated from independent samples – in fact, the sample for Ontario was chosen as part of the 
sample for Canada - the variance of the difference has a covariance component which must be 
accounted for (recall that )ˆ,ˆcov(2)ˆvar()ˆvar()ˆˆvar( pppppp ONTONTONT −+=− ).  In fact, the larger the 
subpopulation, the more likely this covariance term is to be non-negligible.   
 

How might we then proceed to obtain a suitable value for the denominator of the test 
statistic T  for the hypothesis of interest?  Or might there even be a different test statistic for the 
same hypothesis, which we could calculate with our available software? 
 

Solution #1:  If a replication method of variance estimation, such as bootstrapping, is 
recommended for the survey, and if replication weights are available for the purposes of general 
variance estimation, then an estimate of ppONT −  could be produced using each of these 
replication weights, and then these replicate estimates could be used, together with the full-
sample estimate, to obtain a variance estimate for the estimated difference of proportions (with 
the formula for obtaining the variance estimate depending on the particular replication method 
being used).  A person could write his own program to do this, or choose a software tool that 
does this same thing as part of its routine output.  Note that, in this approach, the covariance 
component of the variance of the difference does not need to be explicitly calculated. 
[Solution #1 can be carried out with WesVar or Bootvar, but not with SUDAAN.] 
 

Solution #2:  Another possibility is to use a software tool that would provide an estimate 
of the full covariance matrix of a set of estimated proportions (or percentages), either in an 
output data set or in printed form.  This covariance matrix would need to contain the variance 
estimates of the estimated full-population rate and of the corresponding estimated subpopulation 
rate.  It must also contain an estimate of the covariance of the two estimated rates.  From these 
three quantities, an estimate of the variance of the difference of the two estimated rates could 
then be calculated, using the formula )ˆ,ˆcov(2)ˆr(âv)ˆr(âv)ˆˆr(âv pppppp ONTONTONT −+=− , and  this 
estimate could then be used in calculating the statistic T described above.  If it is not 
straightforward to electronically extract the quantities required from an output covariance matrix, 
it might be easier to use paper and pencil to calculate the required T statistic. It is unlikely that 
Solution #2 would be chosen if Solution #1 is readily implemented with the software tool being 
used, since Solution #2 requires more work. 
[Solution #2 can be carried out with SUDAAN, but not with WesVar or Bootvar.] 
 

Solution #3:  A test statistic involving a linear contrast between 2 subpopulation rates is 
often readily available in software – whereas a linear contrast between a subpopulation rate and a 
population rate is sometimes not.  Therefore, a different way to attack the problem is the 
following.  It can be readily shown (see Appendix 1) that the hypothesis to be tested -

ppH ONT =:0  - is equivalent to the hypothesis CONTONT ppH =:0 , where CONTp is the true smoking 
rate in the rest of Canada (i.e. in the full population from which the subpopulation of interest has 
been deleted).  In order to test this hypothesis, the test statistic 
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=  can be used.  This test statistic only involves a linear contrast 

between 2 subpopulation rates.  Please note that the two test statistics (T and T2) are not the same 
(even though both provide an answer to the same question), but they are highly likely to lead to 
the same conclusion. 
[Solution #3 can be carried out with any of the three selected software; however, it is most 
appealing to SUDAAN for which Solution #1 is not available and for which Solution #2 is 
difficult to carry out completely electronically.] 
 

It should be noted that all three solutions may be applied both in the case where the 
subpopulation and the remainder of the full population are independently sampled and in the case 
where there is dependence between the samples in the subpopulation and the remainder of the 
full population. 
 
 
III. Implementing these solutions using survey software 
 
 The following examples are using the Health (h356) synthetic data file from the 1998-
1999 (Cycle 3) National Population Health Survey (NPHS) to illustrate how to carry out one or 
more of the solutions with the different software.  Requests to get these data should be directed 
to “Data Access Unit, Population Health Surveys, Health Statistics Division”, e-mail: nphs-
ensp@statcan.ca and/or cchs-escc@statcan.ca. The NPHS design information includes, for each 
individual, a final weight (WT68), as well as 500 bootstrap replicate weights (BSW1-BSW500).  
The unique identifier for each individual is given by the combination of the variables 
REALUKEY and PERSONID.   It will be supposed that a SAS data set containing the survey 
data is available to the user.  Indications of how to set up the data properly are included with 
each example. 
 

The Cycle 3 Health (h356) synthetic data file includes the answers of 17 244 individuals 
aged from 0 to 99 years old.  The questions related to smoking were only asked of individuals 12 
years old or older.  Therefore, the records of 1995 individuals aged from 0 to 11 are not relevant 
for this analysis, since these individuals were not asked the questions about smoking.  In 
addition, the answers to the smoking question of interest are missing for 32 individuals.  
Considering the small proportion of individuals this represents, it will be assumed that simply 
excluding those with non-response to the smoking question has no impact on the results. 
 

This means that the results should be based upon a total of 15 217 individuals, 
representing a total of 24 859 391 Canadians 12 years old or older.  In all three software, the full 
file containing all 17 244 individuals will be used, but the coding and the methods used to get the 
results will ensure that results are based only upon the 15 217 valid respondents. 
 
We will make use of the following variables: 
 
PRC8_CUR:  “Province of Residence at the time of data collection in 1998-1999”.  Possible 
values are NFLD (10), PEI (11), NS (12), NB (13), QUE (24), ONT (35), MB (46), SK (47), AB 
(48) and BC (59). 
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SMC8_2:  “At the present time, do you smoke cigarettes daily, occasionally or not at all?”  The 
possible values are DAILY (1), OCCASIONALLY (2), NOT AT ALL (3), NOT APPLICABLE 
(6), DON’T KNOW (7), REFUSAL (8) and NOT STATED (9).  We will define as a ‘Regular 
Smoker’ someone who was smoking cigarettes daily at the time of data collection (i.e. 
SMC8_2=1).  
 

The values 6, 7, 8 and 9 of the SMC8_2 variable will be changed to a missing value ‘.’ 
for the 1995 + 32 non-valid respondents, to insure that the results in WesVar and SUDAAN are 
based only on the 15 217 valid respondents.  (Note that it would have been possible to obtain the 
same results while still keeping the original codes for SMC8_2, although this would have 
required the use of some more advanced options in WesVar and SUDAAN.)  With Bootvar, 
additional steps will be required to ensure the validity of the results and those steps will be 
discussed in Example 4.       
 

We are thus interested in the rate of regular smoking among people aged 12 years and 
older.  We wish to make the comparison of smoking rates in Ontario and in all of Canada. 
 
 
IV. Example 1 –Using WesVar 4.2 to illustrate Solution #1: 
 

WesVar 4.2 is capable of importing SAS v8 data files.  Once the data have been made 
available within WesVar, the user must then properly assign each variable to its respective use.  
The ‘Full Sample’ box should contain the final weight; the ‘ID’ box should contain the unique 
identifier variables; the ‘Replicates’ box should contain the variables that are the replicate 
weights; and the ‘Variables’ box should contain all remaining variables of interest (which could 
be many more than needed for this particular example).  Although a bootstrap survey design is 
not directly available within WesVar, Phillips (2004) shows that it is possible to use the BRR 
design option in WesVar to compute bootstrap variance estimates, as long as the bootstrap 
weights have been generated outside of the software.  Therefore, a correct way to set up the 
NPHS cycle 3 synthetic data within WesVar is according to the scheme given in the following 
figure (Figure 1) : 
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Figure 1 
 
 

Once this is done, we can proceed by first saving the data, exiting and then creating a 
new workbook.  Recall that the variable identifying the province of residence is given by 
PRC8_CUR (with a value of 35 for Ontario), whereas the variable identifying the type of smoker 
is SMC8_2 (with a value of 1 for regular smoker).  We will now generate the Canadian and 
Ontarian smoking rates.  In order to do that, a new table request must be submitted.  First, an 
additional generated statistic will be added, since, by default, p-values are not part of the output.  
This can be done by first clicking on the Generated Statistics panel and by adding a check mark 
in the last box.  The next picture (Figure 2) shows how it should look: 
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Figure 2 
 
 

Then, after clicking back on the Table Request node in the left panel, the user can click 
on Add Table Set (Single) and assign the required variables to the Selected box (see Figure 3).  
Here, the percentages of interest are the row percents, since PRC8_CUR was the first variable 
selected.  

 
 

 
Figure 3 
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Add this table as a new entry, and click on the little + sign appearing on the left of the 
table name (label by the variable names forming the table).  This will give you access to three 
additional panels (Cells, Cell Functions and Standardized Rates).  First click on Cells to assign 
labels to the cells in the table that are of particular interest.  For example, the label 
Can_Smk_rate will be assigned to the cell having a value of ‘Marginal’ for PRC8_CUR and ‘1’ 
for SMC8_2, whereas the label Ont_Smk_rate will be assigned to the cell having a value ‘35’ for 
PRC8_CUR and ‘1’ for SMC8_2, just as below (Figure 4). 
 
 

 
Figure 4 
 
 

Then, because we want the difference between the Ontarian smoking rate and the 
Canadian smoking rate, the Cell Functions panel will be used as well.  The statistic 
‘Diff_Smk_rate’ = ‘Ont_Smk_rate’ - ‘Can_Smk_rate’ is added (see Figure 5). 
 



Information and Technical Bulletin      Volume 2, issue 1 

 
Research Data Centres              13      Statistics Canada No. 12-002-XIE 

 
Figure 5 
 
 

Let us now run the Table Request and look at the results by clicking on the open book 
icon (once available).  We then click on the Functions node in the left panel to look at the results 
of the requested comparison, which are shown in the next picture (Figure 6). 
 
 
 

 
Figure 6 
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The difference in the smoking rates between Ontario and Canada is estimated to be about 
2.34%.  The value of the statistic T is called t Value in the output and the p-value is called 
PROB>|T|.  Since the p-value for Diff_Smk_rate is smaller than 0.05, we can conclude, at the 
5% level, that there is a significant difference between the Canadian and Ontarian smoking rates.  
Keep in mind that these conclusions are based on synthetic data and should not be trusted in any 
way. 
 
 
V. Example 2 – Using SUDAAN 8.0.2 or SUDAAN 9.0.1 to illustrate Solution #2: 
 

SUDAAN is now SAS-callable, which means that it can be used within a SAS 
environment.  For most purposes, it can be viewed as if new additional SAS procedures had been 
made available to the SAS user.  Once a person gets past learning the coding specificities of the 
SUDAAN procedures, he/she will be just as functional in SUDAAN as in SAS. 
 

With the NPHS data, in order to compute bootstrap variance estimates, the user must use 
the same trick as in WesVar and specify the design to be a balanced repeated replication (BRR) 
design, but  include the bootstrap weights on the data file as if they were BRR weights. 
 

PROC DESCRIPT is a SUDAAN procedure capable of computing totals, means, 
proportions and percentiles for populations and subpopulations.  It has the capability to create in 
output the full variance-covariance matrix of the requested estimates, as well as the covariances 
between the full-population estimates, and any subpopulation estimates requested.  Therefore, it 
is possible to put in place Solution #2.  Here is a piece of code using SUDAAN 8.0.2 PROC 
DESCRIPT that would allow the user to do that. 
 
proc descript data=nphsdum3 design=brr; 
 weight wt68; 
 repwgt bsw1-bsw500; 
 recode prc8_cur=(10 11 12 13 24 35 46 47 48 59); 
 subgroup prc8_cur; 
 levels 10; 
 var smc8_2; 
 catlevel 1; 
 tables prc8_cur; 
 output / pctcov=all filename=out1 REPLACE filetype=sas; 
run; 

 
 

This procedure computes the proportion of regular smokers (SMC8_2 with a value of 1) 
for all provinces separately, as well as for the whole country.  It also creates an output file named 
out101 (SUDAAN adds a suffix) containing, among other things, the estimated rates (in the first 
row), as well as the variance-covariance matrix of all estimates (in subsequent rows).  The table 
below reports the values for Canada and for each province.  The numbers of specific interest for 
the example have been bolded for the benefit of the reader (see Table 1).      
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Table 1 
CANADA NFLD PEI NS NB QUE ONT MB SK AB BC 

24.241 24.921 26.444 26.615 26.988 28.163 21.899 24.710 25.340 25.144 21.445

0.218 0.092 -0.001 0.087 0.038 0.310 0.207 0.143 0.088 0.263 0.195

0.092 2.713 0.207 0.028 -0.082 -0.020 0.047 0.069 -0.108 0.148 0.120

-0.001 0.207 2.714 -0.022 -0.098 0.082 -0.075 0.077 -0.092 -0.125 0.053

0.087 0.028 -0.022 3.160 0.255 0.008 -0.017 0.025 0.130 -0.054 -0.100

0.038 -0.082 -0.098 0.255 3.031 -0.157 0.005 0.187 0.173 -0.056 -0.112

0.310 -0.020 0.082 0.008 -0.157 1.318 -0.056 0.019 0.010 0.153 -0.019

0.207 0.047 -0.075 -0.017 0.005 -0.056 0.574 0.004 0.004 0.031 -0.004

0.143 0.069 0.077 0.025 0.187 0.019 0.004 3.636 0.137 -0.133 0.058

0.088 -0.108 -0.092 0.130 0.173 0.010 0.004 0.137 2.454 0.070 -0.095

0.263 0.148 -0.125 -0.054 -0.056 0.153 0.031 -0.133 0.070 2.089 0.146

0.195 0.120 0.053 -0.100 -0.112 -0.019 -0.004 0.058 -0.095 0.146 1.437
 
 

According to the synthetic data used here, the Canada smoking rate is estimated to be 
24.241% with an estimated standard error of sqrt(0.218)=0.4669%, whereas the Ontario smoking 
rate is estimated to be 21.899%, with an estimated standard error of sqrt(0.574)=0.7576%.  The 
covariance between the two rate estimates is given by 0.207(%)2. 
 
Therefore, the test of equality of rates leads to the following statistic: 
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Please note that the difference, the standard error and the T-statistic are the same as those 
obtained with WesVar in Example 1.  We would conclude once again that the two rates are 
significantly different at the 5% level, since -3.81 is smaller than -1.96 (and we are assuming T 
to be normally distributed). 
 

Note that there is currently a bug in SUDAAN 9.0.0 that prevents the user from creating 
the output file containing the variance-covariance matrix.  The user must request the printing of 
the variance-covariance matrix on the screen and then use a pen and a paper to compute the 
statistic, or rely on SUDAAN 8.0.2 or 9.0.1 to create the output file, or make use of Solution #3. 
 
 
VI. Example 3 - Using SUDAAN 9.0.0 or SUDAAN 9.0.1 to illustrate Solution #3: 
 

Unfortunately, the SUDAAN output shown in Example 2 is quite difficult to read, which 
leads to potential errors, as well as to difficulties of automating the process.  It is also not 
currently possible to output the required file in version 9.0.0 because of a bug.  Rather than 
relying on pen and paper, it is easier to modify the code above and make use of Solution #3. 
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data smktest; 
 set nphsdum3(keep=prc8_cur smc8_2 dhc8_sex wt68 bsw1-bsw500); 
 if prc8_cur=. then ontario=.; 
 else if prc8_cur=35 then ontario=1; 
 else ontario=2; 
run; 
 
proc descript data=smktest design=brr; 
 weight wt68; 
 repwgt bsw1-bsw500; 
 class ontario; 
 var smc8_2; 
 catlevel 1; 
 diffvar ontario=(1 2) / name="Ontario vs Rest of Canada: Smk_Rate"; 
run; 
 
 
In the data step shown above, a variable called ‘ontario’ is created, taking a value of 1 for 
residents of Ontario, and a value of 2 for non-residents of Ontario.  A call to PROC DESCRIPT 
similar to that shown in Example 2 is then run, but the province variable is removed from the 
tables statement and put into a diffvar statement.  The diffvar statement can be used to specify 
linear contrasts that are simple differences between two levels of a class variable.  In this 
example, the difference in the smoking rate between Ontario (ontario=1) and the rest of Canada 
(ontario=2) is the contrast of interest.  Here is a small portion of the output, presenting the results 
of the comparisons (see Table 2).  
 
 
Table 2 
----------------------------------------------------- 
|                 |                  | 
| One             |                  | Contrast 
|                 |                  | Ontario vs   | 
|                 |                  | Rest of      | 
|                 |                  | Canada:      | 
|                 |                  | Smk_Rate     | 
----------------------------------------------------- 
|                 |                  |              | 
| Total           | Sample Size      |        15217 | 
|                 | Weighted Size    |  24859390.94 | 
|                 | Cntrst Total     |  -1888634.79 | 
|                 | Cntrst Pct       |        -3.78 | 
|                 | SE Cntrst Pct    |         0.99 | 
|                 | T-Test           |              | 
|                 |  Cont.Pct=0      |        -3.81 | 
|                 | P-value T-Test   |              | 
|                 |  Cont.Pct=0      |       0.0002 | 
----------------------------------------------------- 
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It should be noted that the value of the difference (Cntrst Pct) differs from the ones 
reported in Examples 1 and 2, as well as the value of the reported standard error.  This is not an 
error!  It is because here we make use of Solution #3, where we are comparing Ontario to the rest 
of Canada, rather than Ontario to all of Canada.  
 

Nonetheless, the reported T-Test (which is what we called the 2T  statistic earlier) and its 
associated p-value are almost identical to the ones obtained in Examples 1 and 2.  The 
conclusion remains the same.  Once again, keep in mind that these conclusions are based on 
synthetic data and should not be trusted in any way. 
 
 
VII. Example 4 – Using Bootvar 3.1 to illustrate Solution #1: 
 
 The Bootvar program is a set of SAS or SPSS macros developed by methodologists at 
Statistics Canada to ease the computation of variance estimates with bootstrap weights.  Earlier 
versions of Bootvar used to accompany NPHS micro-data files.  The more generic version 3.1 
can now be used with many other Statistics Canada surveys.  Bootvar 3.1 is capable of 
calculating variances of totals, ratios, differences between ratios, percentiles, chi-square tests and 
linear or logistic regression parameters.  We will discuss the use of the SAS version of the 
program. 
 
 Variance estimation is performed in two steps and involves the use of three SAS 
programs.  The first step consists of creating a data file containing the variables required for the 
analysis (first program).  The second step involves using BOOTVARE_V31.SAS (and 
MACROE_V31.SAS) to estimate the variances. 
 
 During the first step, variables derived from the input variables should be created. This 
means that dichotomous variables (often called binary, dummy or 0/1 variables) identifying 
records that have a characteristic of interest – say being a regular smoker or being from Ontario – 
need to be created. 
 
The analytical file should contain: 
 

• The necessary variables for the analysis (derived variables including dichotomous 
variables, and input variables that do not need to be modified). 

• The unique identifier variable(s) of the respondents. 
• If needed, the breakdown variable(s), identifying the groups for which a separate analysis 

is desired. 
 
 In order to compute the Canadian smoking rate and the Ontarian smoking rate, four new 
dichotomous variables will need to be created.  This is where the user must take precautions to 
avoid obtaining invalid results.  The individuals for whom the SMC8_2 variable is missing 
should not contribute to the estimates of smoking rate.  This means that they should not 
contribute to either of the two estimated totals that make up each rate: the total number of regular 
smokers in each domain and the total number of in-scope people in each domain.  Since Bootvar 
computes these two totals separately before calculating its ratio estimate, a missing value on an 
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observation for one of the variables does not ensure that the observation will not get used for the 
total of the second variable.  Therefore, to indicate whether or not an individual is a valid 
respondent from Canada and/or from Ontario, the dichotomous variables created for this purpose 
should make use only of respondents that were asked the SMC8_2 question and answered with a 
valid answer.  Then, out of those, the regular smokers will be identified by the creation of two 
more dichotomous flags.  Here is the SAS code used to create the analysis file that will be used 
within Bootvar: 
 
data in1.nphs_dummy_cyc3; 
 

%let datafid= "H:\SSMD-DMES\CRAD- 
DARC\Course0438\NPHS_c3_dummy_files\Data\Dumyh356.txt"; 
 
%include "H:\SSMD-DMES\CRAD- 
DARC\Course0438\NPHS_c3_dummy_files\Layout\h356_I.sas"; 
/* The following statement has been added to the h356_i.sas file to change the 
non-response codes to a missing value:  
if smc8_2 in (6,7,8,9) then smc8_2=.;*/ 
 
if smc8_2=. then canada=.; 
else canada=1; 
if smc8_2=. then ontario=.; 
else if prc8_cur=35 then ontario=1;  
else ontario=0; 
 
if smc8_2=. then smoker=.; 
else if smc8_2=1 then smoker=1; 
else smoker=0; 
 
ont_smoker=ontario*smoker; 
 
keep canada ontario smoker ont_smoker realukey personid wt68; 

 
run; 
 
Once the analysis file is ready, we need to use the second program BOOTVARE_V31.SAS: 
 

• to load in the bootstrap weights 
 
      data bootwt; 
 

%let datafid="H:\SSMD-DMES\CRAD- 
DARC\Course0438\NPHS_c3_dummy_files\Bootstrp\bd5h356.txt"; 
%include "H:\SSMD-DMES\CRAD- 
DARC\Course0438\NPHS_c3_dummy_files\Bootstrp\Layout\b356_i.sas"; 

      run; 
      %let bsamp=bootwt; 
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• to specify that the analysis is to be done at the global level (without any breakdown 
variable) 

 
      %let classes = .; 
 

• to specify the survey parameters 
 
      %let ident = realukey personid;       
      %let fwgt  = fwgt;       
      %let bsw   = bsw;       
      %let R     = 1; 
      %let B     = 500; 
 

• to specify the statistics of interest 
 

Each smoking rate is actually a ratio of the estimated number of people who are regular 
smokers to the estimated total number of people.  When we want to compare the rate for 
Ontario to the Canadian rate, we are interested in a difference of two ratios.  This is why 
the way to obtain this type of analysis with Bootvar is to use the following macros: 

 
        %ratio(smoker, canada);    
        %ratio(ont_smoker, ontario); 
  
    %diff_rat(ont_smoker,ontario,smoker,canada); 
 

Note that the two %ratio commands are not required, unless the user also wants to see 
what the individual proportions are. 

 
Here is the output from the %diff_rat macro: 
 
Variance Estimation for a DIFFERENCE BETWEEN RATIOS 
                                            using 500 bootstrap replicates 
 
                                                                                 Lower limit Upper limit 
                                                                                 confidence  confidence 
                                  Num1 Num2 Difference         p     Std.         interval    interval 
   Num1    Den1     Num2    Den2  size size of ratios    z   value   err.   C.V.     95%         95% 
 
 ont_smok  ontario  smoker  canada   887  3666   -0.0234    -3.81  0.0001  0.0061  26.25    -0.0355      -0.0114 

 
 

In this output, the z value is the value of the T statistic.  The associated p-value for the T 
statistic is almost identical to the one obtained in WesVar in Example 1.  The small difference is 
due to the fact that WesVar calculates p-values under the assumption of a t distribution for the T 
statistic while BootVar makes the assumption of a normal distribution. (See Appendix 2 for a 
further discussion of the use of these two different distributions.)  The conclusion remains the 
same.  We should conclude at the 5% level that there is a significant difference between the 
Canadian and Ontarian smoking rate.  Once again, keep in mind that these conclusions are based 
on synthetic data and should not be trusted in any way. 
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VIII. Concluding remarks 
 

People often wish to make inferences about a difference between a subpopulation and the 
full population with respect to the rate of occurrence of a particular condition.  People with 
access to confidential micro-data from some of Statistics Canada’s major analytical surveys need 
approaches for making such inferences that can be implemented in the software tools available to 
them.  These software tools must be able to do variance estimation using a survey bootstrapping 
approach since bootstrap weights are the form in which design information is provided for many 
of Statistics Canada surveys. This paper uses a synthetic data set from NPHS to illustrate three 
ways that the inferences may be carried out in the software tools SUDAAN, WesVar and 
Bootvar.  None of these software packages can readily implement all three solutions, but for each 
of the software packages at least one of the solutions is straightforward.  In particular, we would 
suggest Solution #1 for WesVar and Bootvar (see Examples 1 and 4) and Solution #3 for 
SUDAAN (see Example 3). 
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Appendix 1 
 
Showing equivalence of two hypotheses 
 
 This appendix shows why comparing a simple rate in a subpopulation to the simple rate 
in the full population is equivalent to comparing the rate in the subpopulation to the rate in the 
rest of the population. 
 
 Suppose that a population is split into a subpopulation A  and the rest of the population, 
denoted by cA .  Let AN  and cA

N be the number of individuals in A  and cA  respectively (so that 
the number of individuals in the whole population is cAA NNN += ).  Also, let Ax  and cA

x be 

the number of people with the condition under study in A  and cA  respectively (so that the 
number of individuals with the condition in the whole population is cAA xxx += ).  Then the 

rates of occurrence of the condition in subpopulation A , in subpopulation cA , and in the whole 

population are, respectively, 
A

A
A N

xp = , 
c

c
c

A

A
A N

xp = , and N
xp = . 
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Therefore, we have:  
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Appendix 2 
 
Normal or t distributions for test statistics – the df problem 
 
Recall that, in the section on “A bit of theory”, it was stated that the value of the test statistic 
could be compared to the cut-points of either a normal or a t distribution.  This is because, under 
the sample sizes generally encountered with survey analyses, there would be little difference in 
the normal and t distributions to which the test statistic would be compared. However, if a t 
distribution is used – which is the case for SUDAAN and WesVar - the number of degrees of 
freedom of the distribution must be specified.  The usual recommendation for the degrees of 
freedom is to use the number of primary sampling units containing sampled individuals in the 
(sub)population being studied, less the number of strata containing sampled individuals in the 
(sub)population being studied.  For Statistics Canada surveys where bootstrap weights are 
provided, the analyst does not have readily available information about the numbers of psu’s or 
strata.  Thus, the tendancy is to use the “default” number of degrees of freedom used by the 
software package – which is the number of replicate weights.  If an analysis includes most of the 
survey sample, this “default” is likely to be a conservative estimate, but if an analysis is focused 
on a small subpopulation, where the t distribution is probably a better approximation than the 
normal, this “default” could be far too large.  It is always a good idea, when using a small 
subpopulation, to consider whether the results of a test would change if the degrees of freedom 
of a test statistic were reduced; if this is the case, it may be worthwhile to explore what would be 
a better estimate of the df than the “default” estimate. 
 
 Note: In the particular analysis that we are carrying out in this paper, if Solution #1 or #2 
is being used, where a rate in a subpopulation is being compared to the rate in the full population, 
the recommended degrees of freedom for the test statistic under the assumption of a t distribution 
would be the number of primary sampling units containing sampled individuals in the 
subpopulation less the number of strata containing sampled individuals in the subpopulation.  If 
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Solution #3 is being used, where two subpopulation rates are being compared, the number of 
primary sampling units containing sampled individuals in the subpopulation less the number of 
strata containing sampled individuals in the subpopulation would be calculated for each 
subpopulation and the lesser of the two values would be the recommended number of degrees of 
freedom.  Since, as stated above, the analyst does not have readily available information about 
psu’s and strata when using bootstrap replicate weights, the analyst has to use caution when 
interpreting the results of the inferences if he/she is working with a subpopulation having a small 
sample. 
 


