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ABSTRACT
We can avoid using expensive experts to do tasks they do not enjoy, increase productivity, train a new generation of
experts, and ensure quality outputs by using validation and quality control to develop programmers. Validation
activities expose programmers new to the industry to the types of outputs they will produce, while providing a
function vital to any company that needs to maintain procedures and documentation ensuring the quality of
programs and outputs.  But, before validation and quality control activities can be assigned to these less-
experienced programmers, some crucial groundwork needs to be in place.  We need to be aware of their skills
and provide guidance and source materials that fit their level of expertise.  With some forethought, virtually any
validation task can be tailored to the abilities of the person providing validation/quality control.

INTRODUCTION
One of the challenges to being a manager in a programming department is to develop new staff so that they
quickly become productive programmers.  This means getting the information that experienced staff hold in their
heads into the heads of our new staff.  For programmers, this information can be divided into two broad
categories: programming knowledge and industry knowledge.

PROGRAMMING AND INDUSTRY KNOWLEDGE
Programmers who have been working in the same industry for a while will become expert in both programming
and industry standards for outputs.

Programming knowledge is gathered over the course of a career as a programmer learns to write more efficient or
robust code to accomplish tasks.  While much of this knowledge comes from formal training or from reading the
many sources of information available to programmers in user manuals, technical updates, or user support
feedback, a great deal of the practical, day-to-day knowledge comes from interacting with more experienced
programmers.

Industry knowledge is gathered in much the same way.  Guidance documents provide broad information about the
industry, but it is through interaction with clients, regulatory agencies, or experienced project team members that
programmers learn how to apply this information to their daily tasks.

Each of these two areas of expertise supports the other and makes programmers more productive.  For example,
knowing the standards for reporting treatment-emergent adverse events in clinical trials greatly contributes to a
programmer’s ability to determine the optimal structure of the database that will be used to summarize incidences
of these adverse events.  As importantly, knowing the way SAS Procedures process data can influence
programmers’ decisions about how they structure the databases that will support those industry standards.  This
is important knowledge that we would like to pass from experienced programmers to less experience
programmers.

Two familiar methods of passing along important information are training and mentoring.  Both of these strategies
have significant costs in development and/or productivity.  Training can take place in a classroom in the form of
presentation by an instructor or by self-paced reading of instructional materials.  Training requires a great deal of
effort in developing materials and training instructors and generally means that the staff-in-training are non-
productive during the training period.  Mentoring has less development cost, but requires that an experienced staff
member supervises the activities of newer staff and “shows them the ropes”, so to speak.  Mentoring is more
interactive and usually more targeted to types of tasks that the new hire initially will do.  Mentoring has the serious
drawback of reducing the productivity of the experienced staff as they review the work of their apprentices.  Worse,
is that mentors may have to choose between high productivity and mentoring and so have trouble finding the time
to spend with new programmers.
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TRANSFERRING KNOWLEDGE THROUGH VALIDATION AND VERIFICATION ACTIVITIES
An alternative to the classroom or to mentoring is to give newer staff a task that is productive, required, and which
opens the channels of communication with the experienced programmers.  Such tasks include verification, quality
control, and validation of outputs.

Practically all program outputs have a recipient who would like to have confidence that those outputs are correct
with regard to the underlying data and to industry standards for manipulating and reporting those data.  Also,
companies within many industries are subject to audits, conducted by clients or regulatory agencies, to provide
assurance that procedures are in place and have been followed and documented with respect to the review of
programs and outputs.  These procedures can take several forms, including peer review of programs, program
validation, quality control of results, and verification of outputs.  Performing validation and quality control, coupled
with proper documentation, is thus vitally important.

While it is possible to hire nothing but experts to both produce outputs and independently check outputs, there are
several drawbacks to this approach.  First, experts are relatively rare and expensive.  Second, expert programmers
prefer to do expert-level production work rather than validating other programmer’s outputs.  Even when they are
willing to do this task, many experienced programmers are not a good fit to this work.  They may lack the attention
to detail that someone with less experience brings to the task.  Third, experienced programmers are unlikely to
learn anything new about programming from reviewing the code or outputs of other programmers.  Unless they
enjoy mentoring junior staff to improve their programming, they may regard such reviews as “no gain” tasks.
Fourth, as managers, we usually can find a better fit for our experienced programmers, since they are more
efficient producers of the products that generate revenue for our companies.

Despite these drawbacks, under some conditions it may be preferable to keep the validation activities at a high
level.  Examples include using a senior programmer to review programs to assess the skill of another
programmer or when the act of tailoring the validation requires too much time and effort compared to having a
more difficult validation performed by an experienced programmer.  This is especially true when the program
validation is unique, since the effort of tailoring the validation to fit less experienced staff is not likely to result in
future gains.  But, for the most part, validation by less experienced programmers is a win/win situation.

We can avoid using expensive experts to do tasks they do not enjoy, increase productivity, train a new generation of
experts, and ensure quality outputs by using validation and quality control to develop programmers.

Validation activities expose programmers new to the industry to the types of outputs they will produce.  Newer
programmers are also more receptive to performing validation tasks and understand that it can be a useful step
on the path to becoming top-notch production programmers.  For this reason, they bring a level of enthusiasm to
validation that is rare among experienced programmers.  Given that they are provided with the resources to
perform effective validations, newer programmers are a great choice to do this work.  First, novice programmers
recognize that they have a lot to learn about the industry and programming.  They tend to see validation activities as
an opportunity to learn new skills, which will benefit them in their careers.  Second, novice programmers are likely
to gain new information about programming from reviewing the code or outputs of other programmers.  Their
review of code, and subsequent questions, are considered to be in the context of learning and so are less
uncomfortable than peer review among experts.  Third, from a management perspective, novice programmers
learn about industry standards and new programming techniques that will improve the quality, efficiency, and
maintainability of their programs when they move into production programming.  In these ways, novice
programmers are given the opportunity to learn while contributing to the production of quality outputs.

Before validation and quality control activities can be assigned to these less-experienced programmers, some
crucial groundwork needs to be in place.  We need to be aware of their skills and provide guidance and source
materials that fit their level of expertise.  With some forethought, virtually any validation task can be tailored to the
abilities of the person providing validation/quality control.

This paper will discuss tailoring validation and quality control to the experience levels of staff in order to develop
new programmers.

OVERVIEW OF VALIDATION/QUALITY CONTROL
In general, ensuring the quality of programs and their outputs can include four basic strategies: verification, quality
control, validation, and peer review.  These activities vary greatly in the amount of programming skill and industry
knowledge that they require, but in general tend to increase as one moves from verification of outputs to peer
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review of programs.

• Verification:  This activity includes the checking of outputs against a standard.  Such standards might include
tables shells with titles, column headers, and standard footnotes; or database descriptions with variable
names, formats, and sort orders.

• Quality Control: This includes checking that a sample of observations or outputs matches a desired result.
Quality control checking may be systematic, such as checking all the results for a site within a region or
checking the first observation across all sites; or random, such as checking all results for 10 percent of all
subjects selected randomly.  It is generally a search for systematic error.

• Validation: This includes checking that a program performs as intended.  This generally involves hand
calculation of derived variables, followed by parallel programming of the intended results and an electronic
comparison to the results of the production outputs.  Unlike quality control, validation is a check that the
program performs correctly for all data that it may encounter.

• Peer Review: This includes checking that a program performs optimally and conforms to departmental
standards for documentation and structure.  A peer review of a program may discover errors in logic or
language that are not apparent on a particular set of outputs.  Such reviews also include verification and
documentation components as the reviewer checks for compliance with good programming standards or
preferred practices.

Each of these activities can be tailored to match the skill level of the person performing validation or quality control.
In general, less experienced staff require more detailed instructions.  For example, verification of tables by an
experienced programmer might simply be guided by noting that the outputs should match industry standards. A
novice, on the other hand, would need to access to industry standards, client standards, and company standards.
The quality of the validation of less experienced staff can only be expected to be as good as the quality of the
instructions that guide them.  As their experience and skill improves, they can provide more substantive feedback
beyond the limit of those instructions.

TAILORING VERIFICATION
Verification requires references to industry standards, client standards, and company standards.  In the
pharmaceutical industry, for example, there are regulatory guidelines that touch on maintaining audit trails for
programs and outputs, as well as on reporting the results of clinical trials.  Summarizing these references in
documents that highlight the key points relevant to your product can be helpful to staff.  Whenever possible,
checklists should be produced to ensure that important requirements are not overlooked.  For example, a
regulatory checklist might remind staff performing verification that statistical outputs that support tables need to be
combined into an appendix.  A client checklist would list client specifications for fonts, margins, and requirements
for correctly referencing the client or product name.  A company checklist would handle reporting standards not
covered by the other two.  Examples might include preferred order of footnote symbols or standard wording of
common phrases found in footnotes.

Although producing and maintaining such summaries and checklists requires additional effort, they are important
steps toward helping less experienced staff to provide effective verification of outputs.  Without these tools,
inexperienced staff are reduced to giving only uninformed opinions.  With these tools, they become authorities on
maintaining a quality product.

Experienced programmers have the industry and programming knowledge that allows them to produce outputs
with a minimum of planning.  A simple directive, for example, “Heart rate and blood pressure change from
baseline to each visit and to the study endpoint will be summarized”, contains enough information for them to
design and produce a table.  However, they are often less experienced with respect to any particular client’s
reporting standards.  For this reason, they tend to appreciate independent verification of outputs to check just the
sort of details that are easily missed when producing outputs.  Being able to rely on independent verification
relieves them from the burden of remembering all the client and company standards.  The inexperienced
programmer, on the other hand, gets exposure to the attention to detail required to maintain a satisfied client.
Many verification activities require little or no programming experience, so even novices can provide a useful
service to the production programmers.

As newer staff learn more about production, they will have opportunities to not only point out discrepancies, but
also to point directly to the part of the program that needs a fix.  For example, their finding may change from “This
footnote doesn’t conform to client guidelines” to “You need to update footnote #7 in the table template program to
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reflect the changes requested for this table.”

Verification can also be applied to database structures, where a description of the required database variables,
attributes, formats, sort order, and so on are provided.  Since these databases may not exist in hard copy, the
newer programmer gets the opportunity to do some programming.  Even novice programmers can produce SAS

PROC CONTENTS output for comparison to these file specifications.  This is often a good way for new
programmers to “get their feet wet”.

The following table presents verification activities designed to match the skills of less experienced programmers:

Process:  Verification
Task: Verification of outputs and files
Need: • Regulatory guidelines

• Client preferences
• Company policies
• Checklists

Activity: • Check of outputs and files against
client preferences, regulatory policies,
and company standards.

Result: Assurance that outputs conform to
industry, client, and company standards.

Level of Staff: Non-programmer and above

TAILORING QUALITY CONTROL
Quality control involves checking data (usually derived variables) against detailed definitions of those data.  As with
verification, these definitions or specifications provide the base against which the quality control provider checks.
As with the guidelines and checklists that guide verification, the more specific these specifications the better.  A
good practice is to include a text definition, followed by a programming specification with pseudo-code.  For
example, the specification that “AGE = (DATE_A in FILE_A – DATE_B in FILE_B)/365.25)” supports the definition
that “Age = age in years at start of study”.  Specifications should also include the sources for all variables to prevent
confusion when multiple choices are available.

Specifications require a bit of up-front work, but generally transfer across projects.  The work is rewarded in the
level of quality control they allow, the relatively inexperienced level of staff that can perform quality control, and in the
documentation trail of decisions about how data were manipulated.

Beside specifications, quality control can often benefit from a quality control plan that specifies a percentage of
observations to be checked under certain criteria.  These plans are based on experience of where problems tend
to occur.  Without guidance, inexperienced staff may not choose to check in the places most likely to have
problems.  A typical request for quality control of a data file might ask for a “check that the first and last
observations are present wherever the site of origin changes”, while guidance for the check of a table might specify
to “check overall summaries for each body system and top five most prevalent adverse events within each body
system”.  Like specifications, these validation plans require some effort up front but tend to transfer across
projects with only minor modifications.

In some cases, programming can be coupled with hand counts, or hand calculations, to confirm programming
results.  Quite often, hand calculation and counts lead to a better understanding of how programs should be
organized to get the desired results.  By hand counting these incidences, less experienced programmers can get
a feel for how the program should select observations.  This “low tech” quality control check thus leads to more
robust programs.

Quality control presents more opportunity for novice to intermediate programmers to incorporate programming into
their checks.  At its most basic, quality control can be performed by hand with prints of the data and descriptions of
the rules guiding the creation of variables and the retention of records.  Staff providing quality control checking
could get the information with prints of subsets of the data.  As their programming progresses, they can add
algorithms to their programs to flag observations or provide interim variables.  A logical progression in the use of
SAS Procedures tends to be from:
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PROC PRINT DATA=FILE_A;
WHERE OBS_ID=322,

to
DATA A; SET FILE_A;
WHERE OBS_ID=322,
PROC PRINT DATA=A,

to
DATA A; SET FILE_A;
IF AGE = . THEN AGE_FLAG = 1;
WHERE OBS_ID=322,
PROC PRINT DATA=A

This inherent flexibility in approaches to quality control make it useful in introducing newer programmers to more
advanced coding techniques used by experienced staff.  Curiosity leads staff performing quality control to
investigate how the production programmer applies logic to produce the final data and outputs.

Experience gained by performing quality control is valuable in sensitizing newer programmers to the areas that are
most likely to cause problems.  They get first-hand knowledge about how out-of-range values can affect
programming algorithms and where the weakest links in the programming chain are located.  Not only is this
valuable information in their growth as production programmers, it also makes them more efficient quality control
programmers.  Their knowledge helps them target where mistakes are likely to happen and to focus on those
areas first when performing future quality control checks.

Many of the programming practices that support quality control can also benefit staff as they move into production
programming.  For example, flagging observations of interest, rather than dropping them using SAS PROC SORT
procedure with the NODUPKEY option, is a quality control programming practice that strengthens production
programs.

The following table presents quality control activities designed to match the skills of less experienced
programmers:

Process:  Quality Control
Task: Validation of selected variables and

observations
Need: • Variable definitions

• Variable specifications
• Validation plan

Activity: • Hand calculation of selected variables
on specified observations.

• Programming of selected variables
according to specification to check
against production data file.

Result: Assurance that algorithms applied to data
produced no systematic errors.

Level of Staff: Novice programmer and above

TAILORING VALIDATION
Validation of outputs can be one of the more difficult tasks for less experienced programmers to perform.  This is
so because not only the variables, but also the structure of the data file must match to have a successful
comparison of the validation data set versus the production data set.  While it will be beyond the ability of novice
programmers, even validation can be tailored to their skills.

For validation to be effective, the less experienced programmer must be given specifications that include detailed
instructions on how the final data file should be constructed.  This is in addition to the quality control specification
of how the variables within them should be created.  Without these specifications, validations performed by less
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experienced programmers will be less efficient and effective.

The conundrum of validation programming is that inexperienced programmers will likely be called upon to
manipulate data in ways that they do not yet understand.  In such cases, they will need to ask a more experienced
programmer for help.  Asking the production programmer should be a last resort since this compromises the
independence of the validation.  Situations sometimes occur, however, where the production programmer must be
called upon to explain the logic of subsets of code with regard to the information detailed in the specification.  The
validation programmer, however, should never borrow code from the production programmer without a thorough
understanding of what the code does.

Sometimes the need for complex programming is illusionary.  Many complex manipulations are really only a
series of small, simpler manipulations.  By explaining these interim steps in the specifications or in face-to-face
interaction, the perceived level of required programming knowledge can be greatly reduced.  In many cases, these
interim steps can result in interim variables that facilitate a check of the final result.

The following table presents validation activities designed to match the skills of less experienced programmers:

Process:  Validation
Task: Validation of all variables and

observations
Need: • Variable definitions

• Variable specifications
Activity: • Programming of  files and their

variables according to specifications
• Electronic comparison of validation

versus production files
Result: Assurance that algorithms applied to data

produced no errors.
Level of Staff: Intermediate programmer and above

TAILORING PEER REVIEW
Peer review of programs or logs can be a useful tool for helping programmers improve their programming skills.
As such, it is a task usually assigned to a programmer of approximately equal or higher skill.  It is quite unlikely
that an inexperienced programmer can suggest meaningful ways to improve the logic, efficiency, or robustness of
an experienced programmer’s work.  However, peer review of an experienced programmer’s code by a less
experienced programmer can still be helpful under most circumstances.

On rare occasions a program review by a relatively inexperienced programmer results in the discovery of actual
errors.  A review of a program against variable specifications can lead to a discover of an incorrect variable being
referenced.  Much more commonly, errors are discovered by investigating discrepancies identified during QC and
validation activities.  When discrepancies are found, the validation programmer may choose to look at the
developer programmer’s code or log to see if the source of the discrepancy can be easily pinpointed.  If the source
is in the developer’s code, then the validation caught an error.  If, however, the source is in the validation
programmer’s code, then the programmer will learn from seeing the correct coding from the production
programmer’s code.  In either case, one or both programmers will benefit from the exercise.

Less experienced programmers can also review the logs from runs to look for Errors, Warnings, and Notes.
These can easily be searched for electronically and resolved according to departmental programming standards.

Outside of troubleshooting, peer review of programs can consist of checks against programming standards,
including good programming practices.  Inexperienced reviewers can be guided by standards and/or a checklist
based on accepted departmental practices.  Such checks would include checking for a history of revisions within
the program header, for proper indention within the body of the program, and for adequate commenting.  By
reviewing these programs, less experienced programmers help experienced programmers comply with standards
and are exposed to programming syntax that they will likely use in the future.  They also learn the standards that
they will be asked to apply to their own production programs.
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The following table presents peer review activities designed to match the skills of less experienced programmers:

Process:  Peer review
Task: Review of code/log to check for errors in

logic or efficiency; or violation of preferred
practices/standards.

Need: • Programming standards
Activity: • Check of program for proper

indentation, commenting, etc.
• Check of log for warnings, errors, and

notes.
Result: Assurance that program has no obvious

errors and complies with good
programming practices and standards.

Level of Staff: Non-programmer and above

MAINTAINING A CULTURE OF TRUST AND COOPERATION
A recurrent theme to designing verification and validation activities as staff development tools is that these
activities are guided by checklists, which reflect standards, which in turn reflect guidelines.  Thus, the final authority
is not the person performing the activities, but the documentation that supports the activities.  This shifts these
activities from potential confrontations to helpful exercises.  We should reinforce the message that the purpose of
verification and validation is not to find fault with the programmer, but to assure the highest quality outputs are
delivered.  In most cases, experienced programmers are happy to be relieved of the burden of remembering every
detail of industry, customer, and departmental needs while also producing the outputs that generate revenue.  This
may be the reason that they welcome the opportunity to let someone else attend to the details.

In general, programmers of all experience levels benefit from these verification and validation activities.  Senior
staff get a second pair of eyes to make sure that processes are followed and outputs are correct.  Junior staff get
an opportunity to learn about outputs, programming logic, and advanced coding techniques.  Once specifications
are developed, experienced programmers can also use them to improve the efficiency of their own validations.

CONTACT INFORMATION
Your comments and questions are valued and encouraged.  Contact the author at:

John Gorden
Quintiles, Inc.
10245 Hickman Mills Drive
Kansas City, MO 64137
Email: john.gorden@quintiles.com

SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS
Institute Inc. in the USA and other countries. ® indicates USA registration.

Other brand and product names are trademarks of their respective companies.
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