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Abstract:

Interoperability is a common understanding of the meaning of data between a sending and receiving computer system.
  The level of interoperability required varies with application needs.  The specification of data in enough detail to create a common shared meaning between organizations is a complex task as systems work within organizational and human factors contexts as well as having specific technical requirements.  Aequus communis sententia translates from Latin to the “level of common meaning.”  In this manuscript, we define an Ontology of Interoperability.  The scale asks reviewers of a specification to define it’s level in terms of Syntactic, Semantic and Pragmatic Interoperability.  We tested the scale by having five medical Informaticians rate a set of ANSI standard specifications and we report the inter-rater variability of the interoperability rating scheme.  We learned that some elements of the scale presented more difficulty for our reviewers and based on our findings we present a final version of the interoperability scale in our discussion.  Our interoperability rating ontology has high inter-rater reliability and is a relatively simple mechanism for comparing the levels of interoperability afforded by different specifications or the same specification over multiple versions.
Introduction:

Interoperability is one of the main goals of standardization for health information technology (IT).
  Although many Informaticians appreciate what would define an ideal state where we have perfect interoperability such that the receiver appreciates the information in the same context and meaning as the sender of the data.  Levels of interoperability that fall short of this ideal have to date been only minimally defined.  We believe that there are occasions when standards have been touted as supplying interoperability without actually accomplishing this lofty goal.
  We contend that it would be useful to reviewers and users of standard specifications to know what level of interoperability is afforded by the specification.  
Users of specifications, we believe, should be informed of what level of interoperability is afforded by any particular specification.  Implementers of specifications could compare the functional requirements for interoperability for their applications with the level of interoperability afforded by any specification that they are contemplating implementing to ensure that their needs are well served by their choice of which standard to implement.  This is implementation protective if the standard being considered would if implemented fall short of providing the level of interoperability needed by the functional requirements of their application.   This method is cost protective if the standard contains significant unnecessary machinery to ensure a level of interoperability well beyond the functional requirements of the application in question.
As new versions of specifications are developed or released standards development organizations (SDOs) and implementers of specifications could be informed regarding how the changes in the new version of the standard effects the level of interoperability provided by each version of the standard.
Syntax, Semantics and Pragmatics

In 1938, Charles Morris published his seminal work dividing interoperability into three components.
  Syntactic Interoperability deals with interoperable structures.  Semantic Interoperability deals with the interoperability of a common shared meaning.  Pragmatic Interoperability deals with the external constraints on the system.  This last category takes into account the level of granularity needed for common understanding and the complexity or difficulty required to achieve a certain level of interoperability.  Although Morris was referring to the Pragmatic Philosophers, we have extended this in our scale to address the practical side of standards development and implementation.
Levels of Interoperability

Many authors have discussed the benefits of Interoperability.  Some like Hammond et al in 1998, have differentiated partial from full or true interoperability.
  

	Interoperability
	
	

	
	Syntactic Interoperability

	
	a
	Headings (e.g. Section of the clinical record)

	
	b
	Select Fields Are Delimited, but relationships between fields are not specified

	
	c
	4 plus data types are fixed and reliable

	
	d
	5 plus numbers are broken out along with values (e.g. Blood pressure and values are diastolic and systolic values)

	
	e
	6 plus Hierarchical structure of data without non hierarchical relationships between fields (e.g. XML structures)

	
	f
	7 plus non-hierarchical relationships can be specified 

	
	
	

	
	Semantic Interoperability

	
	1
	Free Text

	
	2
	Free Text with fixed data types 

	
	3
	Codification of data by local codes

	
	4
	Codification of data by nationally standard aggregate codes

	
	5
	Codification of data by nationally standard detailed coding system allowing only pre-coordinated concepts

	
	6
	Codification of data by nationally standard detailed coding system allowing both atomic and pre-coordinated concepts

	
	7
	Codification of data by nationally standard detailed coding system allowing post-coordination (based on formal logic)

	
	8
	Model based knowledge representation with local codes

	
	9
	Model based knowledge representation with nationally standard aggregate codes

	
	10
	Model based knowledge representation with nationally standard granular pre-coordinated codes

	
	11
	Model based knowledge representation with nationally standard detailed coding system allowing both atomic and pre-coordinated concepts

	
	12
	Model based knowledge representation coordinated semantically nationally standard detailed coding system allowing post-coordination (based on formal first order logic)

	
	13
	Model based knowledge representation coordinated semantically nationally standard detailed coding system allowing post-coordination with support for context (based on formal higher order logic)

	
	
	

	
	Pragmatic Interoperability

	
	œ
	Currently available and easily implemented

	
	ß
	Currently available but with barriers to implementation

	
	¥
	Could be built and implemented within one year without barriers to implementation

	
	∂
	Could be built and implemented within one year with barriers to implementation

	
	€
	Could be built and implemented within three years without barriers to implementation

	
	π
	Could be built and implemented within three years with barriers to implementation


	
	κ
	Could be built and implemented within ten years

	
	£
	Would take longer than ten years to achieve

	
	µ
	Not practically achievable

	
	∞
	Not possibly achievable


Table 1:  Interoperability scale.  
The scale has three components.  Syntactic interoperability ranges from simple headings to fixed and formatted hierarchically organized fields with possible structural links indicating non-hierarchical relationships between concepts.  Semantic interoperability has as its simplest incarnation, free text, to the formal representation of knowledge using higher order logics which can fully support context.  The authors believe that context is integral to how clinicians process information and will be important to achieving adequate computer based clinical decision support, which is one of the important goals of standards that deliver interoperable data.  Pragmatic Interoperability speaks to the practical application of the standard.  Here the levels go from currently available and easily implementable to impossible to achieve, advancing using a combination of how difficult it is to achieve and how long it is estimated to take to reach the goal of being practically implemented.
Methods:

In order to evaluate the inter-rater reliability of the scale we had five Informatics professionals independently evaluate three standard specifications.  The specifications chosen were Health Level 7 (HL7) v2.5, HL7 v3.0
 and the American Society of Testing and Materials (ASTM) Continuity of Care Record (CCR) specification
.  These standards were chosen as they represent important national and international efforts that have taken somewhat different approaches to similar clinical problems (i.e. the representation of clinical laboratory data).  Each Informatician rated each of these three standards by the three components of the interoperability scale.

For each scale, we simulated 50,000 "deals" of 15 cards into 3 hands of 5 each.  The 15 cards dealt out were determined by the overall distribution of each scale.  We then had the computer count the number of "pairs" in each hand and summed this over the 3 hands (3 of a kind counts as 3 pairs, 4 of a kind counts as 6 pairs, and 2 of a kind is obviously just 1 pair).  In doing so we generated for each "deck", what the expected total pair count from a random deal would be.  In addition to calculating where our observed pair count fell in the tail of the distribution (this is a one-sided testing situation), we also calculated the mean and SD of the pair count.

Results:
The five reviewers showed excellent inter-rater agreement.  The agreement with respect to Syntax and Pragmatics was greater than with Semantics.  The agreement in the semantic category could be improved by conflating categories 5 and 6 and also conflating categories 10 and 11, as reviewers had particular difficulty making this distinction.
Although not directly studied, comments from the reviewers recommended simplification of the Pragmatic scale leading to the final recommended scale given below.

	HL7 v2.5
	R1
	R2
	R3
	R4
	R5

	
	
	
	
	
	

	Semantics
	5
	5
	3
	5
	6

	Syntax
	d
	d
	d
	d
	d

	Pragmatics
	alpha
	alpha
	beta
	alpha
	alpha


Table 2:  Review data for HL7 v2.5

	HL7 v3.0
	R1
	R2
	R3
	R4
	R5

	
	
	
	
	
	

	Semantics
	11
	11
	4
	10
	11

	Syntax
	e
	e
	e
	e
	e

	Pragmatics
	delta
	delta
	beta
	beta
	beta


Table 3:  Review data for HL7 v3.0

	ASTM CCR
	R1
	R2
	R3
	R4
	R5

	
	
	
	
	
	

	Semantics
	6
	6
	3
	5
	6

	Syntax
	e
	e
	d
	e
	e

	Pragmatics
	beta
	beta
	beta
	alpha
	beta


Table 4:  Review data for the ASTM CCR.

Statistical analysis:
The agreement among the reviewers was analyzed as follows.  For each scale the overall distribution of 15 responses was assumed fixed, and a probabilistic calculation was performed for how likely these 15 responses, when grouped by chance into 3 subsets (1 for each test case) would contain as many or more reviewers agreeing in a pairwise fashion.  For each scale, the maximum number of pairwise agreements over the 3 cases was 10*3 = 30.

Case 1:  Semantics, no grouping; Distribution of scale:

	3
	4
	5
	6
	10
	11

	2
	1
	4
	4
	1
	3


Number of pairwise matches = 9 (3 for each case).  

The probability of at least 9 pairwise matches occurring in all, given this distribution, assuming random clustering of responses, was p = 0.026.  The expected number of pairwise matches was 4.6 with an SD of 1.7.  

Case 2:  Semantics, grouping 5/6,  10/11; Distribution of scale:
	3
	4
	5/6
	10/11

	2
	1
	8
	4


In this case, there were 18 pairwise matches in all (6 in each case).  The chance of at least 18 pairwise matches occurring under random clustering, was P = 0.0042. The expected number of matches under random assortment was 10 with an SD of 1.9.  

Case 3: Syntax; Distribution of scale:
	d
	e

	6
	9


The number of pairwise matches was 26 (out of a possible maximum of 30).  

The chance of this good an agreement occurring by chance was p = 0.006.  The expected number of pairwise matches in this case was 14.6 with an SD of 2.4

Case 4:  Pragmatics; Distribution of Scale:
	Alpha
	Beta
	Epsilon

	5
	8
	2


Number of pairwise agreements was 16 (6+4+6)

The probability by chance of obtaining at least 16 pairwise agreements was 0.054.  The expected number of agreements was 11.2 with an SD of 2.2.  Thus in this case only, we cannot rule out chance as accounting for the amount of agreement, if we use the 0.05 significance level.

Discussion:
Here we present a revised (Table #5, below) scale for indicating the level of interoperability provided by any health informatics standard.  The authors hope that ratings using this scale will help consumers of health informatics standard to better understand the level of interoperability provided by any particular specification.  Further we believe that the use of this scale will help these same consumers, who are faced with the choice of which standards to implement, to compare the relative levels of syntactic, semantic and pragmatic interoperability provided by each of the specifications under review.

	   Interoperability
	Table #5

	
	Syntactic Interoperability

	
	a
	Headings (e.g. Section of the clinical record)

	
	b
	Select Fields Are Delimited

	
	c
	b plus data types are fixed and reliable

	
	d
	c plus numbers are broken out along with values (e.g. Blood pressure and values are diastolic and systolic values)

	
	e
	d plus Hierarchical structure of data without non hierarchical relationships between fields (e.g. XML structures)

	
	f
	e plus non-hierarchical relationships can be specified 

	
	Semantic Interoperability

	
	1
	Free Text

	
	2
	Free Text with fixed data types 

	
	3
	Codification of data by local codes

	
	4
	Codification of data by nationally standard aggregate codes

	
	5
	Codification of data by nationally standard detailed coding system allowing both atomic and pre-coordinated concepts

	
	6
	Codification of data by nationally standard detailed coding system allowing post-coordination (based on formal logic)

	
	7
	Model based knowledge representation with local codes

	
	8
	Model based knowledge representation with nationally standard aggregate codes

	
	9
	Model based knowledge representation with nationally standard detailed coding system allowing both atomic and pre-coordinated concepts

	
	10
	Model based knowledge representation coordinated semantically nationally standard detailed coding system allowing post-coordination (based on formal first order logic)

	
	11
	Model based knowledge representation coordinated semantically nationally standard detailed coding system allowing post-coordination with support for context (based on formal higher order logic)

	
	Pragmatic Interoperability

	
	œ
	Currently available and easily implemented

	
	ß
	Currently available but with barriers to implementation

	
	¥
	Barriers could be overcome within one year 

	
	∂
	Barriers could be overcome within three years 

	
	€
	Barriers could be overcome within ten years 

	
	£
	Would take longer than ten years to achieve

	
	µ
	Not practically achievable

	
	∞
	Not possibly achievable


Conclusions

Interoperability is essential for information about patients to be shipped from one computer to another in a reliable and computable manner.  The information once transferred should be adequate to drive the local clinical decision support software, thereby helping to improve patient safety and optimize patient outcomes.  We have presented a scale with good inter-rater agreement which can help implementers of healthcare standards to better understand the level of interoperability provided by standard specifications that they are considering implementing.  This transparency, we believe, will help mitigate the risk of choosing a healthcare standard and in that regard will fuel adoption of standards in health IT solutions.
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