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ABSTRACT  
As survey science has turned to computer-assisted interviewing (CAI) for primary data collection, the 

keystroke or Audit Trail data, the automatic by-product of CAI software systems, has received increasing attention. 
Such data contain valuable information about the interview process, and includes responses as well as timing, audio 
settings, and literally every keystroke made by the respondent. How to efficiently convert these semi-structured Audit 
Trail ASCII files into user-friendly database files such as SAS® datasets remains challenging. 
 

To process the voluminous Audit Trail data, RTI has developed a SAS® system to convert the ASCII files 
into SAS® datasets. This system expands the accessibility of text files to a wide range of users for survey analysis.  
The resulting data are used in many ways, such as to assess the performance of field interviewers, to assure the 
accuracy of the survey instrument, and to monitor the time required to complete the interview. 
 

This paper has three objectives. First, we give an overview of our automated Audit Trail system.  We 
highlight some of the challenges faced in developing this system and how we addressed them. Second, we illustrate 
several ways the resulting datasets have been analyzed. Third, we discuss potential applications and future 
developments of this automated information processing system.  

BACKGROUND 
The National Survey on Drug Use and Health (NSDUH) is a nationwide survey conducted annually since 

1988 by RTI International for the Substance Abuse and Mental Health Services Administration (SAMHSA). The 
NSDUH is the primary source of information on the prevalence, patterns, and consequences of alcohol, tobacco, and 
illegal drug use and abuse in the general U.S. civilian non-institutionalized population age 12 and older. The survey 
collects interview data from approximately 67,500 respondents in 180,000 sampled households across the United 
States. There are more than 700 field interviewers working on the survey.  
 

Large surveys generally use Computer-Assisted Interviewing (CAI) for data collection and NSDUH was a 
pioneer in this regard. The CAI software for the NSDUH survey, written in Blaise, is designed to collect behind-the-
scene or “audit trail” data, in addition to the survey data. The audit trail data include information such as systems 
settings, the number of times that a question is visited, answer entered to each question, time spent on each 
question, time spent on each module. The complete keystroke sequence during the data collection process is saved. 
A separate audit trail file is generated for every interview session. Multiple audit trails are generated if a user breaks 
off and restarts the questionnaire. The various time reports generated from the audit trail data help to estimate 
respondent burden, to understand respondent difficulties, to identify interviewer falsification and to improve the over 
all survey design. However, processing these voluminous, detailed, semi-structured text files is time-consuming and 
thus may limit timely use and analysis of audit trail data. 
 
THE CHALLENGES 

The annual NSDUH survey generates about 40,000 audit trail data text files (based on 2005-2007 survey 
data) that need to be processed. Each text file contains information, ranging from 300 to 1000 data fields. An audit 
trail data file is a ‘~’ delimited text file (figure 1) that includes information on a questionnaire field,  the time a field was 
entered, the value of the entry, the time of the field departure, the state of some system settings, and the method of 
navigation out of the field. The file also captures how the interview is ended. An interview can end as complete or 
interruption (e.g., exit due to interview breakoff, hardware failure or error - CAI crash) (figure 2). Before 2004, the 
massive amount of audit trail text files were processed using Perl language, then converted to SAS® dataset for 
analyses. The process was not done on a regular basis and took an inordinate time to run. 

 
THE SOLUTION 

To meet the increasing demand for easy access to audit trail data, we have developed an audit trail data 
processing system that automatically transfers audit trail data from its native text format to a structured SAS® dataset 
each day. The system calculates the elapsed time in seconds for each question, each questionnaire module, and 
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various special request sections. The datasets also capture interview interruption information, such as the specific 
module and field where the breakoff occurred.  Additional information in the data includes frequency of a specific 
question visited, the corresponding values entered for the question, and the range of values entered for the question. 
The following section describes few key steps involved in our audit trail data processing system. Fig. 3 below shows 
the overall system design on the left and data flow diagram on the right. 

 
Macro Get Files  
The audit trail files are stored in directories named by the following convention: 
DirectoryName\Year\Data\Month\MonthDate 

 
We created a named pipe (figure 4) to move all files from the current day into a variable called ‘infile’ and then 

put all those filenames into a table (tblFileName). The process then loops through the table and processes each file in 
the table.   Each of the files we are interested in have the ‘.adt’ extension so our code parses out these filenames and 
prepares them for our infile statement in Figure 5. 

 
 
Figure 1: Example of an audit trail file  

 
 
Figure 2: Example of different audit trail file ending 
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Figure 3: Audit Trail Data Processing System Flow Chart  

 
 
 

 
 
Figure 4: Get file names 
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Figure 5: macro to read in each file into a table 
 

 
 

DETERMINE THE BEGINNING AND ENDING OF EACH RECORD IN A FILE 
One Audit trail file can contain several different interview records transmitted by a single field interviewer.  A 

normal record starts with the keywords ‘Enter Interview:’ and ends with keywords ‘Leave Interview:’ followed by the 
interview ID, then the state of the interview (COMPLETE OR BREAKOFF) unless the record abruptly ends with a 
hardware or power failure – CAI crash.  We use the rxparse statement to detect the beginning and end of each 
normal record.  
 

 
 
We assign unique idNum to each interview within the file and assign counter to the entire file. The elapse time for 
each interview and each field within an interview are calculated by using custom Macros. 
 

The CAI crash records (interviews) cannot be processed with the same macro, since those records are 
missing the end of record keyword line ("Leave Interview:"~"XXXXXXX"~" CaiCrash "). The macro will not know 
where to start and where to end. With less than 0.5% total records are interviews abruptly ended by hardware or 
power failure, we first search for where the failure occurred, and then manually add the end of record keyword line 
("Leave Interview”) at the appropriate location so that the same macro can be used for all files 
 
The following code looks at the end of the file, and determines whether the record ended with a CAI crash. 
 

 
 
If a CAI crash occurs in the middle of the file, a series of “proc sql” statements are used to determine the ending of 
first record and the beginning of the next record. Then an end of record keyword line, “Leave Interview” is inserted 
between the records. 
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After the CAI crash record is treated, the process calls the same macros to obtain all necessary information to a 
dataset.  
 

The process also generates a custom log file (figure 6) to summarize the frequency of processed files or 
records each day as well as each month. This summary information may streamline the steps designed to calculate 
missing records during analysis.  As seen in this sample we detect the process did not run on 6/29/2008.  By looking 
at this log we can easily detect a problem and investigate the situation. 
 
Figure 6: process log file 

 

 

CURRENT USE 
This section illustrates two of the most useful reports, timing Data Report and Breakoffs report generated 

from the structured SAS® dataset and explains their benefits. 
 

1. TIMING DATA REPORT 
 In the CAI process, timestamps are captured at the beginning of each interview section or module. Since the 
audit trail captures the length of each individual screen, it has a clear advantage over the traditional CAI time stamp. 
The audit trail data may produce timing for any single question or any combination of screens as well as the entire 
interview. With this advantage, our current analysis focus is more on monitoring interactions between field 
interviewers and respondents and the amount of interview time spent on each interview (Table 1).  The timing data is 
also used to monitor interviewer falsification. Any abnormal or outlier timings could indicate fraud. The timing data is 
also helpful to monitor the respondent burden.  An abnormally long average time for a question could indicate the 
respondent’s difficulty in understanding the question.  Since our study is ongoing and new questions are added each 
year, we are able to track the timing for new or modified questions.  The timing results for these areas of the 
instrument may get extra attention by analysts.   
 

Audit trail data are captured each time an interviewer transmits and it is possible to get a complete interview 
over several transmissions and files.  This scenario happens if multiple breakoffs are needed and the interview is 
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conducted spanning more than one day. To consolidate this type of interview into a single SAS® record for each 
interview, we must sum the variable times by interview id (questid) and field interviewer id (fiid). 

 

 
 
 

Table 1. 2007 NSDUH CAI Audit Trail Timing Data: Total Interview Time (Minutes) with FI Observation Section 

 
 

2. BREAKOFFS  
The audit trail data may be used to summarize patterns of breakoffs occurred during an interview.  The 

number of breakoffs associated with individual field interviewers is useful to detect data errors and data falsification. 
The locations in the questionnaire where breakoffs occurred during an interview may suggest that respondents may 
have difficulties in a specific question.  Tables 2 and 3 below taken from “Analyzing Audit Trails in NSDUH by Penne, 
M.A., J. Snodgrass, and P. Barker (2005)” –Ref 1, are examples of break off reports based on 2002 survey data that 
show further details about break off interviews. 
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Table 2. Unweighted Distribution   Table 3. Distribution of Breakoffs, by Location 

of Breakoffs Summary    in Interview 

 
 
 
FUTURE DIRECTION  

Audit Trail data are packed with information.  We have concentrated our analyses on the timing aspects thus 
far.  Analyzing respondent and FI navigation through the instrument, counting all backups in an individual 
questionnaire, and studying lengths of backup paths are some of the potential new analyses that could be performed 
on the audit trail data. These would require additional data processing to obtain further information from the original 
audit trail files. Our goal is to expand the current system, to make it more flexible, and to make fuller use of 
information captured in the audit trail data files. 
 

CONCLUSION  
The Audit Trail data processing system is a dynamic, data driven tool. It efficiently gathers and converts data 

from thousands of text files into an easily analyzable SAS® dataset. We have used the traditional benefits of SAS® in 
analyzing large data sets to build a system for analyzing audit trail data from CAI surveys. Most of the business logic 
is implemented in SAS® data steps, proc SQL steps and procedures like proc MEANS from Base SAS® package. A 
special mention should be made about the efficiency of file management via "filepath" and execution of database 
queries via proc SQL. Our code modules are flexible and lend themselves easily for functional modification. We 
believe the improved performance of our system is coming from the high efficiency of the underlying SAS tools. We 
are planning to further expand our current system to meet increasing demand on audit trail data analysis. 
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