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ABSTRACT 

Data review can be viewed as a two step process: 
1. Compare: review differences betWeen two data sets. 
2. Exception Report: review data consistency with range 
and /ogic checks. 

A data set may updated with a file of the form: 
* if ID = 1 then do; 
* <variable name> = <value>; 
* end; 

This paper reviews the proc COMPARE output data set 
and the manipulation of that data set which is necessary to 
write a report to a file which contains update statements in 
an easily editable form. Summary information is written at 
the end of the update file. 

INTRODUCTION 

Data review is a necessary step in data management. Its 
purpose is to provide accurate and consistent data for data 
analysis. SAS- software provides proc COMPARE as a 
useful tool to identify differences between two data sets. 
These data sets may be the result of two independent data 
entry steps or the results of scanning using different 
degrees of optical character recognition or one of each of 
these two processes. 

With large survey data sets reviewing, indicating, and 
making corrections using a printed report from proc 
COMPARE can be tedious in two areas: 
1. Low information per page: many pages in report 
2. Transferring corrections from paper to an update file 
necessitates retyping variable names and values; this, in 
turn, requires an edit and correct cycle. 

This paper reports on a utility macro which fulfills these 
criteria: 
1. Concise report per observation, easy to read and edit. 
2. Difference report is written to file for later editing and 
subsequent use as an O/Oincluded update file. 
3. Summary report provided for data entry process review. 

For a discussion of exception reports see Fehd 1997, 
XRPT. 

Assumptions about the data sets to be compared 
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Pairs of data sets to be used with this macro are expected 
to have the same structure, identifiers (10), and number of 
observations. The test in step 1 checks the 10 list and exits 
if it is blank. The O/ONOBS macro (Fehd 1997) is based on 
the O/OOBSNVARS macro (SAS Macro Language 
Reference, Rrst Edition). Step 2 uses the O/ONOBS macro 
to provide the number of observations of the base and 
comparison data sets. Step 3 compares the number of 
observations in both data sets and exits if they are 
unequal. It is assumed that both data sets are sorted and 
unique on the IDs, else proc COMPARE wiD fail. 

Specifications of correction file to be used for updates 

In o~er for a text file to be usable as an °,l.,jncluded update 
file, it must be written in the following format: 

* if 10 = 1 then do; 
* variable = <value>; 
* end; 

*110; 
*2 variable assignment; 
*3 ID closure; 

1. The 10 line opens an if-do statement. This example 
shows a Single numeric id. If the 10 is character then the 10 
value must be enclosed in quotes. Similarly, if other 
secondary IDs are character, they must likewise be 
quoted. The first specification is: 

1. quote ID values, according to their type. 

This is accomplished by using the proc CONTENTS of the 
base data set and saving the type in a macro variable. 
Step 4 uses O/OARRAY (Fehd 1996) to create macro 
variables of each of the IDs. In step 5 the type of each 10 is 
saved as a macro variable. 

2. This procedure was written to eliminate the errors 
associated with retyping variable names and values. As 
with IDs, variables listed must be quoted, or not, according 
to their type. This information is available in the proc 
COMPARE output data set and is used in the report writer 
in step 1 O. The first part of the variable assignment 
specification is: 

2.1 quote difference values, according to their type. 

This report lists two different values of the same variable 
one from the base data set, the other from the compari~n 
data set. Visual comparison of short sequences of letters 



or digits to locate differences is relatively easy. For 
sequences longer than five characters it may be 
necessary to offer a visual indicator of the position of the 
difference. The second part of the variable assignment 
specification is: 

2.2 (or length greater than 5, indicate where difference is 

3. Every open control statement must have closure. The 
last specification is: 

3. provide end statement. 

These specifications are relatively simple to implement in a 
data _NULL_ report writer. We now review proc 
COMPARE and its options with a view to producing a data 
set which is usable by the report writer. 

Proc COMPARE: report and output data set 

The prototype for this macro is the proc COMPARE Value 
Comparison Results report (SAS'" Procedures Guide, 
Version 6, Third Edition). The transpose option is used to 
report by observation or ID. This report is paged by 10, 
which produces a minimum of one page per 10, no matter 
the number of variables reported different. 

In step 6 proc COMPARE creates an output data set. The 
option outall writes four observations per ID with any 
difference. These are identified by the variable _ Type_. 

_TYPE_ 

BASE 
COMPARE 
DIF 
PERCENT 

explanation 

value in base data set 
value in compare data set 
difference marker for character 
difference of numeric variable 

In step 7 the number of observation of the output data set 
is checked. If there are no differences, a message is 
written to the output file and the processing is ended. 

Step 8: The difference data set is transposed and then 
made unique on the differences. This process produces 
the data set for the report writer. 

Step 9: Values used in summary are created. 

Step 10: The report writer now has a data set with IDs 
which can be used with first- and last-IO proceSSing. This 
partially fulfills specifications 1 and completely fulfills 
specification 3. Macro Q adds appropriate quotes to the 
identifiers for the fulfilment of the rest of specification 1. 

Variables are identified as either character or numeric by 
comparing the values of Dif and Percent. Appropriate 
quotes are provided when writing the detail lines; this 
fulfills specification 2.1. Specification 2.2 is met by an 
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optional comment line which prints the Dif variable 
containing an 'X' at the position of difference. 

Summary Information 

This report provides several types of summary information. 
At end of the print file is the following data: the number of 
IDs, variables and cells in the base and difference data 
sets, and percentages of each. This data is intended as 
feedback to the data entry process. The percentage of 
cells reported different is the data entry error rate. 

Example of detail with summary data (from test data). Data 
entry error rate is at lower right: Pcnt : Cells 

* if NIDl = 3 then do; 
* D3 = 1.1 -; 

* 03 = '!' ; 
* end;*NDiff =1 
***smry: IDs 
*** Base: 4 
*** Diff: 3 
*** Pent: 75% 

Vars 
8 
4 
50% 

Cells; 
32; 
4; 
12.5%; 

A fist of the differences data set, by variable name, is 
provided so that errors within a variable may be reviewed. 
When the report is written to a print file, the following data 
sets may be enabled to be printed: Difference-lOs, and 
Difference-Variables. 

Usage: 

In a production setting this macro is first used to write and 
print both a correction file and a paper report. The paper 
report is reviewed by colleagues responsible for data 
collection. The marked up copy is returned and the desired 
corrections are enabled in the file by removing the 
asterisks in front of the appropriate statements. These 
updates are applied to the data and a third data set 
created. The macro is then used to write only a paper 
report, which is used to verify that all indicated corrections 
were made. 

Program COMPAR12: report differences 
filename COMPRPT <COMPARWS-destination>' 
%COMPARWS(LIBRARY.<DATA1> ' 
.LlBRARY.<DATA2>,IONMBR 
,PRNTFILE-COMPRPT) ; 
note: writes report to file, prints report for review. 

Process: review report, note corrections to be made. 

Process: edit corrections file, enable ccrrections. 

Program DATA3: apply corrections 
DATA <DATA3>; 
set <OATA2>; 
%include COMPRPT; 

Program COMPAR23: ccnfirm corrections 
%COMPARWS(LlBRARY.<DATA2> 
,LlBRARY.<DATA3>.IDNMBR); 



note: print report to review and confirm corrections. 

CONCLUSION 

Proc COMPARE provides a voluminous report of 
differences between two data sets. This routine use proc 
COMPARE's output data set to provide a concise 
difference report which may be saved as a text file or 
printed for review. When corrections are necessary the text 
file is edited instead of retyping variable names and 
values. Using the text file to update the data set etimlnates 
the edit and correct cycle associated with manually 
retyping variables and values. 
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Part B: XRPT: macros %10 and %sHOW for writing Exception Reports: 
perform range and logic checks on a data set; 

write file of exceptions to edit and use for updates 

ABSTRACT 

Data review can be viewed as a two step process: 
1. Compare: review differences between two data sets. 
2. Exception Report: review data consistency with range 
and logic checks. 

A data set may be updated with a file of the form: 
* if1D=1 then do; 
* <variable name> = <value>; 
• end; 

This paper reviews common problems in writing exception 
reports for range and logic checking; the product is a file 
which contains update commands in an easily editable 
form. SUmmary information is written at the end of the 
update file. 

INTRODUCTION 

Data review is a necessary step in data management. Its 
purpose is to provide accurate and consistent data for data 
analysis. While a comparison report (see Fehd 1997, 
COMPARWS) may identify individual characters or 
numbers to be updated, the second hall of data review 
consists of identifying values that are out of the range of 
expected valueS for a particular variable. 

SASe software provides procedures which may be used to 
identify outliers. Proc FREQ may be used for character 
variables; proc UNIVARIATE may be used for numerics. 

This paper reports on a demonstration program and 
template which fulfills these criteria: 
1. Concise exceptions report, per observation, easy to 
read and edit. 
2. Exception report is written to file for later editing and 
subsequent use as an %included update file. 
3. SUmmary report provided for data processing review. 

The primary macros are: 
%10: write 10 line only once, 

write message to reviewer 
%SHOW: write variable name and value, 
using either variable name or array reference 

Other macros are provided which facilitate quick, clear and 
easy writing of code to perform range checks of either 
numeric or character data; data may be checked as 
individual variables or arrays. 

Exception reports are unique to a data set and its 
variables. The test data set provided contains identifiers, 
individual variables and arrays in both character and 
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numeric variables. The specifications may be tested by 
assigning either character or numeric variables to macro 
variables used as program parameters. A macro variable 
TESTING is provided in order to be able to test any new 
routines. 

SpeCifications of correction file to be used for updates 

In order for a text file to be usable as an %included update 
file, it must be written in the following format: 

* if 10 _ 1 then do; 
* <exception note>; 
* variable = <value>; 
* end; 

*1 10; 
*2 message; 
*3 variable; 
*410 closure; 

1. The 10 line opens an if-do staternent for an observation 
with exceptions. This line is to be printed only once. This 
example shows a single numeric 10. If the 10 is character 
then the 10 value must be enclosed in quotes. Similarly, if 
other secondary identifiers are character, they must 
likewise be quoted. The first specification is: 

1.1. print 10 Rne once per observation. 
1.2. quote 10 value(s), according to their type. 

2. The exception message indicates why the variable is 
being revieWed. The second specification is: 

2. print the exception message as a comment statement. 

3. This program was written to eliminate the errors 
associated with retyping variable names and values. As 
with identifiers, variables listed must be quoted, or not, 
according to their type. The variable assignment 
specification is: 

3. quote exception values, according to their type. 

4. Every open control statement must have closure. The 
last specification is: 

4. provide end statement. 

These specifications are implemented in a report writer in 
step 4. 

This XRPTDEMO program contains five sections. The 
program may be run with the data provided or test data 
may be inserted into another data set in order to test other 
macros that call 10 and SHOW. 

1. Program parameters 



TESTING: This macro variable is provided for three 
purposes: 1. When testing the report is written to file 
PRINT for quick programmer review. 2. The data set is 
subset by reducing the number of observations. 3. Invalid 
values may be inserted into the data by the TESTOATA 
macro. 

ID1, ID2, 1D3: Ids are the identifiers or keys of the data set. 
An exception report is unique to a data set. To add a third 
10 it is only necessary to enable the macro variable, one 
line in the ID macro and one line in the summary listings. 

DATA_SET: The name of the data set is provided as a 
macro variable to be used in title and set statements; this 
ensures that the data evaluated is the correct version. 

TITLEn is the number of the last title statement used. It is 
used to correcUy number title Hnes in the summary. 

PRNTFILE is the name of the output file. This file is 
expected to be edited, have corrections enabled, then 
used as an %include file for an update. See usage below. 

2. Provide variable type to print methods 

Macros 10 and SHOW are described in object-oriented 
programming conventions as methods. Forthese methods 
to be able to quote character variables the variable type is 
suppfied by creating macro variables from a proc 
CONTENTS of the data set. 

3. Macro definitions 

Q returns a single quote for character variables. It is used 
by both 10 and SHOW. 

MAKARRAY is used to declare an array of character or 
numeric variables. It provides the array type to SHOW by 
declaring a macro variable named with the arrfli name. 

ID prints two lines: 1. If the identifier line has not been 
printed, i.e., if this is the first exception line for an 
observation, then the line is printed. 2. The exception 
message is always printed. 

SHOW prints a variable and its value, appropriately 
quoted. The parameter VAR may be either a variable 
name or an array reference. Where the variable type has 
been suppfied by proc CONTENTS in step 2, the type of 
an array is supplied by the MAKAR RAY macro in step 4.3. 

Macros 10 and SHOW are used as a pair in this sequence: 

if <condition> then do; 
%IO(exception message); 
%SHOW(<variable-1> or <array reference»; 
%SHOW(<variable-2»; 

end; 

When a condition refers to two or more variables each 
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variable is to be shown. 

The CHK· macros: 

To further reduce the number of lines of code in step 4.4, 
the programmer-written section of the report writer, three 
examples using 10 and SHOW are provided. These 
examples illustrate the use of different conditions. 

CHKARRAY illustrates reviewing an array. 
CHKONE is used for individual character variables with a 
defined set of values. 
CHKHIGH may be used with either character or numeric 
variables to check if the value exceeds a high point. High 
points for numeric variables may be discovered by using 
proc UNIVARIATE. Proc FREQ can be used to identify 
cutoffs for character variables. 

4. Report Writer: 

4.1. Setup: The data set is saved for use by the summary 
listings in step 5. The retained vjilriables are used in the 
brief summary in step 4.5. 

4.2. %TESTDATA: changIng values to Invalid: Test data 
has been provided with this demonstration program. To 
facilitate testing this program as it is written and debugged 
for other data sets the TESTOAT A macro: 1. writes outPut 
to file PRINT; 2. reduces the number of observations; 3. 
provides opportunity to insert dummy values. 

4.3. array declarations: If CHKARRA Y is to be used 
arrays must be declared with MAKAR RAY. 

4.4. list of exceptions: The simple part begins here: for 
each Variable it is only necessary to provide the checking 
macro, variable- or array-name and check-values. Each of 
the checking macros generates a minimum of 16 
statements. Compare the savings in time spent writing and 
reviewing one page of code with 50 lines for 50 variables 
or 50 • 16 - 800 lines: approximately 16 pages of code. 

4.5. ID and data step closure, brief summary: This 
report provides a brief summary at the end of the print file: 
the number of observations, variables and cells in the data 
set, the number of identifiers of the exception data, the 
number of observations of the exception data set, and 
percentages of each. This data is intended as feedback to 
the data collection design process. The percentage of cells 
reported is the exception report rate. 

Example of detail with summary data (from test data). 
Exception report rate is at lower right: Pent : Cells 

* if NIDI = 3 then do; 
* XRPT MSG; 
* D3 = I.' ; 
* end;*Xrptlnld =1 
***smry: Ids Vars 
*** Base: 4 8 
u* Diff: 3 
*** Pent: 75% 

Cells; 
32; 
4; 
12.5%; 



5. Summary listings 

When the report is written to a print file, the following data 
sets may be enabled to be printed: Exception-Identifiers, 
and Exception-Variables. 

A list of the exception data set, by variable name, is 
provided so that errors within a variable may be reviewed. 

Usage: 

In a production environment, an exception report program 
is used to write and print both a correction file and a paper 
report. The paper report is reviewed by colleagues 
responsible for data collection. The marked up copy is 
returned and the desired corrections are enabled in the file 
by removing the asterisks in front of the appropriate 
statements. These updates are applied to the data and 
another data set created. A comparison report (Fehd 1997, 
COMPARWS) is used to verify that all indicated 
corrections were made. 

Program XRPT 
filename XRPT <filespec>; 
note: writes report to iile, print output for review. 

Process: review report, note corrections to be made. 

Process: edit corrections file, enable corrections. 

Program UPDATE4: apply corrections 
DATA <UPDATE4>; 
set <DATA3>; 
o/oinclude XRPT; 

Program COMPAR34: confirm corrections 
%COMPARWS(LIBRARY.<DATA3> 
,LlBRARY.<UPDATE4> 
,IDNMBR); 
note: print output for review and confirm update. 

i'* .................................................................. . 
.. ,....: ......-a: .-=ept1H "1IOf"I ..... _til -.era. JD aDd ... .. 
.. IIIICI"M:' : ,... ..... 1.~ II •• tor c=IIaractw vaN 

IIWMIAY: iIIIClan a,.,..,., .... tJ' ... or ......,. 111 ..c .. .,.r 
JD :pr1nt.DliIIIt ... ,~ ........ 
•• : PI'1nt. ".rtau. or arr.,.·~ 
~Y: ......... wi-. 111 s,...... 
_ : CIIKII: .... var1aII~ 11 ... ....... 

CIIICI_ : cIIMII: ... vartau. 11 1Ns t .... IdIh 
.. DEICIIIP'lHIIl Mh _-LL.a NIIOI"I .... t ......... Illata ..t 

wig. cornc11cN1 -ru. Wltll III'1e1 ~ 
wios _rr lJ.ri::lap Iff ... ..u-. 

.. 'IDCUI: D ..... tNt IIIIta .".. cardS 

1. "' ........ N.--1 .... 
2. ~ vvs.u.. 'tJpII, :b (II,C) I to Ilri1rt ..-t1lO_ 
3 • .-cro .,ia1tloal 
4. ..t. lit .. : ... POrt .... it.r 
4.1. ild.t:La1lD ..... 
4.2. 11 1 ... 11111. CIIa ... valwt to :lIIYaUd 
···lII'OIr~-.-ltt.n sect:lDll ... _ ......................... begill .. 

4.3 ...... Q' dKlantlol(S). 1t allY 

4.4. l.1at Of HCePtto •• 
••• ..... .--..wrttt.n ..ct:Lo ................................. * 

4.5 tda d .. Cl.ORN. Itt1.r _ry 
S.~u.t_(.) 

* 1 ..... 1: ID ...... aN ..-tbHa .,.,. pr1Irtillll variaIalH 
VU'~ u.. H._ ...uau.. to a.- .KlIOft 
t ..... .-c • .,. ... cr.a'hd 1 .... proc; COl,.,. .. t. 
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CONCLUSION 

Many different procedures may be used to identify data 
that is not in the expected set of values for a particular 
variable. This procedure aids the data review process by 
writing exceptions to a file where corrections can be made 
by removing asterisks. This efiminates retyping of variables 
with their values and the associated edit and correct cycle. 
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