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ABSTRACT

This paper presents an application of the procedure SurveySelect ®. The objective is to draw a
systematic random sample from financial data for review. Topics covered in this paper include a brief
review of systematic sampling, variable definitions, serpentine sorting, and an interpretation of the output.

INTRODUCTION

[Sarndal, Swensson, and Wretman (2), pages 73-83] define the following notation for circular, systematic
sampling. The integer N is the population size. The integer n such that n ≤ N is the sample size. The
integer r such that 1 ≤ r ≤ N is called the random start. The probability of selecting any element in the

sample is π = 


ே
.

The circular, systematic random sample selection procedure is as follow:

1. Select the random start r from 1 to N.

2. The selected sample for j = 1, ..., n for periodic a =
ே


is

݇= ൜
+ݎ (݆− 1) ,ܽ ݂ܫ +ݎ� (݆− 1)ܽ�≤ ܰ .

+ݎ (݆− 1)ܽ− ܰ , ݂ܫ +ݎ� (݆− 1)ܽ�> ܰ .

In case the value of a is a real number, choose a such that it is the integer closest to
ே


.

SAS Institute ® provides a canned procedure named SurveySelect to perform sample selection. We will
present the parameters to the procedure for performing circular, systematic random sampling on financial
records. Prior to running the SurveySelect procedure, the procedure needs data steps to read the data for
sampling. Figure 1 shows the flow chart of the SAS ® code.
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Figure 1. This figure shows the flowchart of the SAS code.

EXAMPLE OF SAMPLE SELECTION

Hypothetically, suppose we have a population size of N = 65. Suppose we wish to draw a circular,

systematic random sample of size n = 10. We can deduce that a =
ே


=
ହ

ଵ
= 6.5. We choose the integer

nearest to
ே


. Rounding up, we obtain a = 7. Further suppose that the random start in the list is r = 12.

Then, Table 1 summarizes the selection.

Notice that on j = 9 and j = 10, the algorithm looped back to the front of the list to choose elements k=3
and k=10, respectively.
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Table 1: This table shows the sample selection algorithm performed on 65 elements. Column k shows the
selected sample element.

Index

j

Population Size

N

Periodic

a

Random Start

r

Element Selected

k

1

2

3

4

5

6

7

8

9

10

65

65

65

65

65

65

65

65

65

65

7

7

7

7

7

7

7

7

7

7

12

12

12

12

12

12

12

12

12

12

12

19

26

33

40

47

54

61
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DATA STEPS

We define the following variables. We use these variables to define other variables and as input
parameters to the SurveySelect procedure. These variables and fields reference the historical Voucher
Payment and Processing System files (VOPPS) [US Government Printing Office (3)]. This system stored
transactions on payments to contractors whom the US Government Printing Office (GPO) hired for
procurement work for Federal agencies. Later, GPO modernized the system to Oracle and SAP Business
Objects.

 VOPPS jacket number and print order number --- Both of these variables together identify a
procured job. The procured job can be printed work, CD and DVD reproduction, promotional
items such as magnets, and so on.

 Fiscal Year --- The Fiscal Year can refer to three different years: 1) the Fiscal Year of the jacket
number, 2) the Fiscal Year the contractor delivered the product, and 3) the Fiscal Year GPO paid
the contractor.

 Award amount --- This is the amount awarded to the contractor. It does not include contract
modifications (stored in different fields on the VOPPS file). Total award amount must be
calculated.

A VOPPS file does not contain the Customer Services Team (or team number) that facilitated the
procurement. The information comes from Customer Services. We use existing variables to define the
three contract types:

 A print order --- The print order field does not equal to '00000'.

 A one-time bid --- The print order field does equal to '00000' and the award price is greater
than or equal to $100,000.
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 A small purchase --- The print order field does equal to '00000' and the award price is less
than $100,000.

We used the phrase print order in two different ways. We used print order once as a variable and once as
the size of a contract. In other data steps, we select a particular team and the team's particular programs
for the given Fiscal Year 2009.

SYNTAX OF THE SURVEYSELECT PROCEDURE

This section discusses some of the syntax of the SurveySelect procedure in SAS. According to the SAS
manual [SAS Institute (1)], the SurveySelect procedure provides a variety of methods for selecting
probability-based random samples.

PROC SURVEYSELECT options;

STRATA variables </ options>;

SAMPLINGUNIT | CLUSTER variables </ options>;

CONTROL variables;

SIZE variable;

ID variables;

SURVEYSELECT STATEMENT

The options on the SurveySelect line allow the programmer to set most of the parameters to the
SurveySelect procedure.

 Declare the name of the input file using the DATA option.

 Declare the sampling method using the METHOD option.

 Declare the sample size using the N option.

 Declare the output file name using the OUT option.

SERPENTINE SORTING

The SAS software defaults to serpentine sort for systematic sampling. Serpentine sorting applies to data
ordered by more than one variable. This application uses two variables in the serpentine sort. A
serpentine sort orders the first named variable in ascending order. For each of the first variable values,
the order of the second variable is in descending order. For this application, the serpentine sort ordered
the print order numbers in descending order for each VOPPS jacket number. The serpentine sort ordered
the VOPPS jacket number in ascending order. To accomplish this sorting SAS provides the CONTROL
statement with the SurveySelect procedure. The CONTROL statement names variables for sorting on the
input data set before sample selection [SAS Institute (1)]. The programmer can name multiple variables
on the CONTROL line. The CONTROL statement does not have any options.

Tip: The SORT ® procedure immediately before the SurveySelect procedure may be unnecessary. SAS
sorts the data in serpentine order because of the CONTROL statement.
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RECOVERING A PRIOR DRAWN SAMPLE

It is possible to recover the exact sample drawn as long as the input file and the sort arrangement have
not changed. The SurveySelect statement has a SEED option. The SAS manual [SAS Institute, (1)]
states that if you need to reproduce the same sample in a subsequent execution of Proc SurveySelect,
you can. Specify the same seed value using the SEED= option, along with the same sample selection
parameters. The Proc SurveySelect will reproduce the sample.

SAMPLING FINANCIAL RECORDS

The purpose of this code is to draw a sample of contracts from each team for review. In the system of
record, to retrieve a commercial contract, we only need the jacket number and the print order number.
We ran one SurveySelect procedure (three in all) for each of the contract sizes: 1) print orders, 2) one-
time bids, and 3) small purchases. Some teams only have multi-year contracts. Therefore, obtaining the
same sample size for each contract size for each team was not an objective. We use the following SAS
code to draw a sample of financial records. Figure 2 shows the summary information from SurveySelect.

/* select the samples */
proc sort data = print_orders; by vopps_jacket_number print_order; run;
data print_orders;
set print_orders;
by vopps_jacket_number print_order;
if first.print_order;
run;

Proc surveyselect data = print_orders method = sys n = 32 out=print_orders_sample;
Control vopps_jacket_number print_order;
Run;

INTERPRETING THE OUTPUT

Figure 2 shows the summary information for a single run of SurveySelect. The first five lines repeat the
parameters given to the procedure. We declared the selection method as systematic random sampling
using the METHOD = SYS option. We declared the control variables VOPPS_JACKET_NUMBER and
PRINT_ORDER using the CONTROL statement. SAS defaults the control sorting to serpentine. Finally,
we defined the input data set using the option DATA = PRINT_ORDERS.

SAS generated the random number seed and printed it. As discussed in Section 4.3, this number may be
useful later. The SAS user sets the sample size n. We set n = 32 because this is the magic number most
textbook tables define infinity.

The selection probability of π = 0.026446 is a calculation. As stated in Section 1, it is the sample size n

divided by the population size N. We have π = 


ே
=

ଷଶ

ଵଶଵ
= 0.026446. The sampling weight is equal to

ଵ

గ
=

ଵ

.ଶସସ
= 37.8125. Lastly, SAS prints the name of the output data set.
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Figure 2: This figure shows summary information from SurveySelect.

The SurveySelect procedure generated the high-level summary statistics and the samples. To add
additional variables, we used the procedure PRINT ® for the final samples.

The selected samples list the following variables.

 VOPPS Jacket number and print order number

 VOPPS Program number

 Payment date

For the small purchases and one-time bids, the program number column was blank. Additionally, for small
purchases and one-time bids, the print order number column contains zeros. This is consistent with the
definitions in Section 3.
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