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I. INTRODUCTION

1. The goal of this paper is to study the use of process data from the editing process. The goal
is to increase the efficiency of the editing process and the systems and software surrounding it.

2. Statistics Denmark (DST) has scheduled a project called modernized data editing with the
intended purpose to improve the efficiency of the data editing process at DST and to maintain the
quality of the editing at the same level as today. Selective editing plays a vital part in the project.
In order for the project to succeed and to measure the effect of the project, the usage of process data
is important. Process data are stored during the editing phase and can later be retrieved from the
editing database. Today surveys at DST are stored on different platforms and it can be difficult to
compare results between surveys. Process data exists to varying degrees and always have different
formats, making it difficult to develop standardized error detection software and processes.

3. One part of the modernization project is to construct a common database that where all surveys
can be stored and edited. Storage of process data has been an important feature in the construction
of the Data Archive. Statistics Sweden has prepared a guide for data editing from Grandquist et al.
[2002], where five indicators on record level and six indicators on variable level are suggested. It is
possible to extract all of these indicators from the Data Archive.

4. The case study used for this paper is based on process data from statistics on pig producers
in Denmark. This is the longest running collection of data with process data from the Data Archive,
and therefore the subject of this paper. For brevity henceforth referred to as PIGS.

II. Delimination

1. This paper covers the manual editing process and the interplay with error checking software.
Figure 1 on page 2 depicts the editing process in its entirety, and this paper focuses on the process
called "Manual Error Correction" and the process of determining whether an error is present or not.
Manual data editing counts for a considerable amount of the time spent in the production of survey
data Waal et al. [2011].
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Figure 1. The data editing process at Statistics Denmark

III. Understanding the process data

1. The process data saved by the Data Archive is a very detailed stream of information on the
record level that details the editing process. It tracks the state of each record and variable. The states
relevant for the editing process are:

• Created
• Error checked - OK
• Error checked - Error found
• Marked OK - No contact
• Marked OK - With contact
• Corrected - With contact
• Corrected - Without contact
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2. When reviewing a record marked as erroneous, the editor will decide whether to contact the
respondent to confirm or correct the record with their help, or simply adjust the record in accordance
with best practice for relatively low impact records. The systematic recording of this information can
be used to fine tune the error detection software. The software can then give more precise estimates
of when an outlier is actually an error, when it is run on future datasets.

IV. How process data can feed into selective editing

1. DST use the same selective editing principles as the ones used in Luzi et al.. For every record a
scoring function calculates a total score for that record, calculated from all errors found on the records.
The score is the central measure that dictates which records get manually edited - and in what order
they are edited.

2. The Data Archive has an API that allows extraction of data, process data and metadata in
general. When the user asks the system to check for errors, then the error checking program can use
the historic data to adjust the error correction process. Without process data the score for a given
error is likely to be calculated as depicted in equation 1. Where v is the actual observed value and e
is the expected value, for some variable of a record.

s =| v − e | (1)

3. The score function in a simple example could then be the sum of all the score values for each
error type.

4. With process data we can also take into account the likelihood that a particular error type
leads to a correction. Error types that lead to corrections should have a higher relative score - because
it is more likely that these influence the results. In equation 2 p is the probability that the error will
lead to a correction.

s =| v − e | ∗p (2)

5. The data can also be used for automatic adjustment of accept intervals for variables. As an
example an analysis can reveal that the probability of a correction does not grow linearly with the
deviation from the expected value.

A. The architecture of the data archive

1. The Data Archive is developed in an Oracle database with specialized procedures and a GUI
(Graphical User Interface) frontend developed in C sharp on .Net. Programs for marking errors and
suspicious records are coded in external programs such as SAS or R. These programs are developed by
the method office, and they return information on detected errors and scores back to the Data Archive,
so that the Data Archive can show this information to the editor.

2. The data editing is performed in the GUI where record can be compared with historical record
from the same subjects. Previous version of the same record can always be retrieved through the GUI.
Once data are edited in the GUI status of the record has to be updated. The Data Archive ensures
that a state is always set, and error markings must be changed to a new state. It is possible to make
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certain errors blocking, so that the entire record cannot be marked okay before they are explicitly
cleared.

3. The first versions of the Data Archive were put in use in 2013. There was a buildup period
where data where stored both in the Data Archive and previous platforms. The PIGS survey has been
run solely on the Data Archive since 2nd quarter 2014.

B. The feedback process

On PIGS the feedback process is manual and yearly. The process data is analyzed and the programs
adjusted. This is depicted in figure 2

Figure 2. The feedback process for PIGS

V. Results

A. Case study PIGS

1. The PIGS survey sample is approximately 2500 farmers. The sample represents a fairly large
part of the total population of 4000 pig farmers in Denmark. The collection of data starts the first
day of the first month in each quarter. The data editing starts around middle of the first month in the
quarter. Results are delivered to Eurostat on the 7th, in the second month in the quarter.

2. The editing process is short, less than one month in total. Results are not calculated before
at least 92% of the farmers have responded. Response is mandatory and non-response can ultimately
result in farmers facing legal consequences in case of non-response and that explains the very high
response rates in PIGS as show in figure 3 on page 5.

3. Data are still collected even though the quarterly report has been delivered. The editing process
of the PIGS survey has been examined a couple of times, using a process as shown in figure 2 on page
4.

4. The most basic process data indicator is the rate of records containing at least one error or
suspicious field. There are quite a few soft edits in PIGS and that is the reason why the error rate is
relatively high. Most observations have such a low score that they are only briefly treated.
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Figure 3. Number of records and response rate since full implementation of PIGS
survey in the Data Archive.

5. Figure 4 on page 5 shows a peak in 4th quarter 2015 where almost all records had error
markings. In 4th quarter 2015 a software update of SAS lead to SAS evaluating calculated fields from
the Data Archive to zero and therefore almost all record failed at least one edit rule. The bug was
fixed by changing the code in SAS and the error rate level was back to normal in 1st quarter 2016.

Figure 4. Rate of errors marked in the PIGS survey. A software update caused a
bug in editing programs wich resulted in very many error marks. It is seen that the
normal rate of error is above 50% of the Records in the PIGS survey.
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B. Data collected through external vendors

1. Once you have systematic tracking of process data, they can give you insights into your pro-
cesses at large. As an example PIGS used process information to determine that records from certain
software vendors where much more error prone than others, independent of other properties of the
record. This was the basis of a decision to disallow the software package in question, and move farmers
over to a manual solution or to another newly developed software package.

Figure 5. Until 4th quarter in 2015 more about 15% of the records were collected
through software from external vendor which handled email answers from the farmers.
Relatively there were many more corrections of data collected externally. Before 1st
quarter 2016, almost two thirds of the corrected records came from externally collected
data.

2. Not all farmers can report pig counts online, so private software vendors have made alternative
solutions for these farmers where they can send results by mail and then the program translates the
data into an email which is sent to Statistics Denmark.

3. The data collected by email cannot be validated online and hence are much more prone to
containing errors. Due to new requirements in 2014 a newer version of the software was developed.
Unfortunately there were even more errors in data collected with the newer solution than with the
previous version.

4. By using data from the Data Archive it was possible to pinpoint exactly the rate of error
markings and the correction rates of data collected via email and compare it with data collected from
other sources. The editing staff had a clear conviction that data collected externally by email cover a
disproportionate amount of the records needing manual data editing. Data on number of records, error
markings and corrections could be extracted from the Data Archive in order to support this conviction.

5. When the data was analyzed they showed that in 2014 16% of the records were collected
externally by email, but they counted for 55% of the error markings and approximately the same share
of records corrected. These results convinced stakeholders of the need for a new solution for farmers not
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able to answer directly online. A new solution which was better supported by the internal collection
database at DST was developed and used from 1st quarter in 2016. The rate of follow up contacts
has dropped dramatically since the introduction of the new solution for externally collected data as
demonstrated in figure 6.

Figure 6. The share of records leading to follow up contacts has decreased dramati-
cally since the stop of data collection by email.

6. Remarkably as the number of contacts has fallen dramatically, the level of corrections among
the contacted parties have stayed the same. One possible interpretation is that the average quality of
the last contacted respondent is not significantly worse than it was before. Even though the adjustments
have led to a dramatic decrease in the most expensive part of manual editing, namely follow up contacts.
This is demonstrated in figure 7.

C. The volume of errors marked in PIGS

1. The rate of error marked records can be broken into error marks by variable and by edit rule.
In total 18 different edit rules have been applied on PIGS while the Data Archive has been active.
Limits for error markings have changed and some rules are not in use anymore. This have been the
result of the process detailed in figure 2 on page 4.

2. An example of an adjustment have been that the accept interval for some variables such as
K007 have been widened, because there was a relatively low edit rate on these errors. You cannot see
this directly in figure 8, because K007 is a summary variable, and not one that is store directly in the
database. (It is total pigs of a certain category).

3. In figure 8 one can see how the edit rate has fallen after the rules where adjusted and the data
sourced where improved. Critically the number of errors marked have not moved much, as seen in
figure 4 on page 5. The algorithm still marks too many observations, even if it scores them better.
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Figure 7. The number of follow up contacts has decreased since 1st quarter 2016,
but the rate of follow up contacs resulting in corrections of records has been stable. It
can be interpreted as a sign of better quality in general since the stop of collecting data
externally via email.

VI. Discussion

1. We are still at a very early stage when it comes to using process data, but we believe the
potential for further efficiencies is relatively large. The goal is to build a setup where quality indicators
are calculated on a regular basis and the whole editing phase evaluated regularly.

2. In the case of PIGS we have seen some efficiencies but there is long list of possible improvements.
It would be possible to use automatic calibration to replace a lot of the manual yearly review.

3. The potential really grows when many more datasets have longer histories in the Data Archives.
Because all process data is generated in the same format for all datasets, it is possible to write packages
in languages such as R that can automatically do the analysis for a number of datasets. Today much
of the supporting software for each dataset is handwritten, although many of the processes are similar.
Statistics Denmark is currently attempting to standardize more and more of the software for editing.
Process data as provided in a automated and standardized format by the Data Archive is the key tool
in that effort.

VII. Conclusion

1. We have shown that the Data Archive can be used to extract useful information on process
data from the editing process and quality indicators can be constructed.

2. In the PIGS survey, we have examined changes of quality indicators over time. Process data
have here been used to both optimize the process by highlighting issues with inefficient data suppliers
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Figure 8. It is possible to track on variable level how many records have corrected
variable values. The number of corrections have decreased very much since 1st quarter
2016.

and been used for a running adjustment of the editing rules. On most variables the edit rate has been
at least halved as compared to their peak.
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