Introduction 

The Missing Value Reason (MVR) group was formed to address a question that was raised in an early discussion of the Sex/Gender Candidate Data Standard. During this discussion it was observed that some of the possible coded values didn’t actually encode a sex or gender but instead represented various reasons for why the sex or gender information was not supplied.   As an example, the code Unknown was defined as “unknown, not observed, not recorded or refused”.  Rather than being a possible value representing gender, Unknown really represented a bit of metadata that: 

1. indicated that a "meaningful" code was not present 

2. gave a fairly generic reason why the code wasn't there 

Based on the fact that Health Level Seven (HL7), the CDC and others have decided to represent these missing value reasons, (or “flavors of null” in the case of HL7) as separate entities from the code values themselves, it was suggested that the caBIG community might want to investigate the viability of a similar solution.  This document represents the first report of a small group that was formed to investigate these issues.
Background
It is possible to omit some of the data elements from a transaction, message, form, report, data record or other information transmission medium.  There are different ways to represent the fact that information has been omitted.  On written forms, for example, missing information can be represented by leaving fields blank, check boxes unchecked, etc. Some forms may use additional fields to allow users to specify that the information is indeed missing (vs. the user just forgot to fill out that field).  Some forms will also provide additional slots that allow the user to state why the information is missing (e.g. “Not applicable”, “not asked”, “information refused”, etc.)
The requirements for digital media parallel those of written forms.  There needs to be a mechanism to show that information is was omitted from a field.  Some digital representations may require positive confirmation that the information was indeed missing.  Some representations may also require a way to provide additional information about why the value was not included.  The possible values of the field itself cannot overlap with the value(s) used to represent the fact that the information is missing and the possible reasons for omission.  As an example, the range of valid values for a field used to record a quantity might encompass all non-negative integers.  A missing value would have to be recorded as a negative integer, a non-numeric value, as a separate field or, where the medium permits it, by omitting the field completely.  The value “0” could not be used to indicate the value was missing because it overlaps with the case where a quantity of “0” had actually been observed. Note that simply omitting the field isn’t viable where there is a need to record the omission reason.

The issues described above apply to any data type, which includes boolean, integer, string, date, float, enumerated, etc.  The enumerated data type is often treated differently than the other data types, however, because there is usually many unused values in the list of possible values.  As an example, if the data type of a value domain is a single upper case alpha character (“A” – “Z”) and the permissible values are “M”, “F” and “U”, there is a lot of non-overlapping codes that can be used to record the fact that the value is omitted and many flavors of why.  It should be noted, however, that this isn’t always the case.  Some enumerated domains may end up as densely packed as their boolean, integer, counterparts.
The MVR group has determined that the actual mechanism used to indicate that a value is missing is an architectural or implementation responsibility, and are not within the scope of the group’s purpose. The group, however, needs to understand the possible representations to be certain that the solution that they recommend doesn’t preclude the use of any of the possible architectural solutions.  As an example, were the group to recommend that missing value reasons be included as part the namespace of an data element itself, statistical programs that were designed to treat all numeric values as valid might yield erroneous results. Similarly, a requirement that missing value reason occupy  a separate field might break some information acquisition and reporting programs.

Approach
The MVR working group’s evaluation is based, in part, on a representative set of use scenarios, the HL7 Version 3 data type standard, the CDC document (ref) and a synopsis of various missing value reasons that are currently used by the CDC and NCI (?where did we get that list from?).   

The primary question addressed by the working group was:  

Q1: Should the MVR be treated in a uniform fashion across the caBIG infrastructure, or should it be treated as it is today on a case-by-case basis? 

If the answer to the first question was “uniform”, the group then needed to address the following:
Q2: Should there be a separate conceptual domain for missing value reasons and, if so, what are its characteristics?
Q3: Should it be possible to specify different MVR’s for different data elements?
Q4: How should MVR’s be paired  with data element optionality?  
Q4a: Is optionality (minimum cardinality of 0) a characteristic of the data element itself, or is it a characteristic of the inclusion of the data element in a larger structure?  

Q4b: Can enumerated fields be required (minimum cardinality of 1) and still allow missing value reasons?

Q4c: Are MVR’s a characteristic of the data element itself, or can there be different MVR’s for the same data element when it is used in different circumstances?

Q5: What are the functional requirements for implementing MVR’s in the caDSR?
Q6: What are the rules that data element curators need to follow to make sure that MVR’s are correctly specified?
Q7: Are there any recommendations or guidelines that caBIG architects should follow when representing MVR’s in grid messages? 

Related Approaches

Health Level Seven (HL7) has developed a possible approach and solution to this issues. The Version 3 Data Type Specification (http://www.hl7.org/v3ballot8/html/foundationdocuments/helpfiles/datatypes.htm) includes a both a method to test whether the value is "null" isNull (http://www.hl7.org/v3ballot8/html/foundationdocuments/helpfiles/datatypes.htm#prop-ANY.isNull) which "Indicates that a value is an exceptional value, or a NULL-value. A null value means that the information does not exist, is not available or cannot be expressed in the data type's normal value set" and an additional field named "nulLFlavor" that "If a value is an exceptional value (NULL-value), this specifies in what way and why proper information is missing." The table of possible values can be found here (http://www.hl7.org/v3ballot8/html/foundationdocuments/helpfiles/datatypes.htm//#domain-NullFlavor)
(CDC Document)

Use Scenarios and Discussion

(From web page)

Decisions 

Q1: Should the MVR be treated in a uniform fashion across the caBIG infrastructure, or should it be treated as it is today on a case-by-case basis.  

A1: The group recommends that MVR’s be treated in a uniform fashion.
Rationale:

The related standards and use scenarios provided convincing evidence that there was much to be gained by standardizing the terminology of missing value reasons.  The group believes that the is much to be gained by maintaining MVR’s as a separate conceptual domain with a consistent set of definitions and corresponding usage across the entire workspace.  The reasons for this decision included:

· Ambiguity – the same phrase (e.g. “not specified”) may be used in one context as a reason for a missing value (e.g. an instrument didn’t supply the result)  and another as a valid value for the conceptual domain (e.g. the patient self-identified their gender as non-specific)
· Completeness – MVR’s need to be considered in all CDE’s and message designs.  By separating MVR’s from the actual content and including them as a procedural step, curators will need to consider the possible situations and reasons that a CDE would be omitted.

· Shared Semantics – decision support and analysis tools often need to be separate “real” values from those that are omitted.  Attempting to determine which is which on a field by field basis is difficult and error prone.

Q2: Should there be a separate conceptual domain for missing value reasons and, if so, what are its characteristics?
A2: Yes.

All three of the reasons described above for having a separate MVR also call for a separate MVR conceptual domain.  The group recommends that the MVR conceptual domain should be specified as singly rooted hierarchy in the EVS, with the root node being “value missing”.  The hierarchy should be organized in a fashion similar (and compatible to) that used by HL7.  (See figure below).  Curators should be encouraged to extend this conceptual domain as is needed for specific use cases.
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Q3: Should it be possible to specify different MVR’s for different data elements?
A3: Yes. The use cases clearly show that the type of MVR is context specific and, to be useful, MVR’s must be selectable on a data element by data element basis.  

Q4: How should MVR’s be paired  with data element optionality?  

Q4a: Is optionality (minimum cardinality of 0) a characteristic of the data element itself, or is it a characteristic of the inclusion of the data element in a larger structure?  

A4a: Not determined at this point.  Prior experience w/ LDAP, OWL and other situations where cardinality was part of the data element tended to result in a proliferation of elements (the required address, the optional address, the required HCT, the optional HCT, etc.), but the caDSR group needs to be consulted before this is determined.

Q4b: Can enumerated fields be required (minimum cardinality of 1) and still allow missing value reasons?

A4b: No.  A MVR, by definition, explains why a value was not supplied.  If the value must always be present, there is no use for a MVR.  Note, however, that this doesn’t preclude creating a composite data element containing an optional value and a mandatory MVR. (David: this response has some ramifications regarding the specification of the enumerated types, but it is one that I have a fairly strong conviction on…)
Q4c: Are MVR’s a characteristic of the data element itself, or can there be different MVR’s for the same data element when it is used in different circumstances?

A4c: Not determined at this point.  The answer to this question depends upon the answer to question A4a. 

Q5: What are the functional requirements for implementing MVR’s in the caDSR?
A5: (Need to pull what we’ve got to date from the web page and continue)
Q6: What are the rules that data element curators need to follow to make sure that MVR’s are correctly specified?

A6: (Same as A5)
Q7: Are there any recommendations or guidelines that caBIG architects should follow when representing MVR’s in grid messages? 

A7: TBD
Outstanding issues

1) Consensus has not yet been reached on the hierarchical organization of the MVR’s.  (David – you need to supply discussion here – I’m not sure that I understand your rationale.)


2) Should the MVR group make recommendations regarding “silver” and “gold” MVR compliance and, if so, what should they be?
When the caBIG grid is viewed as a messaging infrastructure, there are a lot of reasons to attempt to reduce optionality.  Studies have shown that the complexity of a project increases in an exponential fashion relative to the number of options available.  Every new way of saying the same thing introduces the need for new requirements, documentation, testing, etc., as well as the need to generate combination test cases, process mixtures and combinations of values, mapping etc.  From a messaging perspective, it is good to reduce the number of options as much as possible.

3) What is the exact significance of the specification of a data element in the caDSR?
A data element in the caDSR specifies things like length, character set, value range, possible values, etc.  It doesn’t, however, specify how the data element is to look when it is recorded in a database (table names, normalization (?) and other issues), or how it is to appear in a message (XML tags, attributes, etc).   In addition, the caDSR says little or nothing about how one might indicate that a data element is omitted.  The same element might be represented as a null pointer in ‘C’, an empty string in Java, or a missing element in an XML transaction.  An unresolved issue, however, is the significance of the inclusion of a set of MVR’s along with a data element.  If one application wants to always represent MVR’s as a separate field and a second application wants to encode the MVR’s as part of a single field, does that require the specification of two data elements, even if all other characteristics are the same?  (more here).
