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[bookmark: _Toc425762311]Glossary
[bookmark: _Toc425762312]Domain Terms
	Observation
	An act of evaluating that is clinically relevant and generates a result. Includes asking a question, obtaining clinical history, doing a physical exam, conducting a lab test, imaging, diagnostic evaluation, and other acts of assessment and evaluation.  Ordinarily, the subject of a clinical record is observed, but observations may also be made regarding other people or regarding social, cultural, environmental, occupational or other conditions relevant to health or health care.

	Observation result
	The information generated by an observation

	Quality
	Merriam-Webster: a characteristic or feature that someone or something has : something that can be noticed as a part of a person or thing
BFO: a quality is a specifically dependent continuant that, in contrast to roles and dispositions, does not require any further process in order to be realized. (axiom label in BFO2 Reference: [055-001])

	Disposition
	Merriam-Webster Medical: a tendency to develop a disease, condition, etc.

	Function
	Oxford dictionary: an activity that is natural to or the purpose of a person or thing
BFO2.0: a function is a disposition that exists in virtue of the bearer’s physical make-up and this physical make-up is something the bearer possesses because it came into being, either through evolution (in the case of natural biological entities) or through intentional design (in the case of artifacts), in order to realize processes of a certain sort.

	Process
	Oxford dictionary: a natural series of changes, a  series of actions or steps taken in order to achieve a particular end
Merriam-Webster: a natural progressively continuing operation or development marked by a series of gradual changes that succeed one another in a relatively fixed way and lead toward a particular result or end

	Continuant
	Sowa JF: an enduring object which has a stable identity over some period of time[footnoteRef:1]. [1:  Sowa, J. F. (1999). Knowledge representation: logical, philosophical, and computational foundations. Brooks/Cole, 1994.] 


	Independent continuant
	An independent continuant is an entity that can exist by itself or as part of another entity. In SNOMED CT, the following hierarchies are to be considered as independent continuants: Body structure, Organism, Substance, Physical object, Pharmaceutical / biological product, Specimen, and Record artifact. 

	Component
	IUPAC Gold Book: Constituent of a mixture the amount or concentration of which can be varied independently. The number of components in a given system is the minimum number of independent species necessary to define the composition in all the phases of a system. It may vary with external conditions since additional chemical equilibria reduce the number of components. The term component is also often used in the more general sense as defined here under constituent.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


[bookmark: _Toc425762313]Introduction
[bookmark: _Toc425762314]Purpose
The purpose of this project is to refine the observable entity hierarchy and to coordinate these changes with the model for observation procedures and observation results. A primary goal is the proper representation and linkage to laboratory observable content expressions that represent the meaning of LOINC terms, according to the RII agreement regarding laboratory LOINC. The project scope includes all observables, not merely laboratory observables. Specifically included are history, physical exam, imaging, physiologic measurement, and other clinical observables, as well as demographic, social, occupational and environmental observables.
[bookmark: _Toc425762315]Audience and stakeholder domain
The audience for this document includes all standards terminology leaders, implementers and users but is especially targeted at those stakeholders who want to record observations and observation results. It also addresses the content that would be used for order entry.

A further significant audience is the community of SNOMED CT authors that may be requested to implement the recommended specification.
[bookmark: _Toc425762316]Input from stakeholders
There has been a long process of receiving input from various stakeholders regarding the observables content of SNOMED CT. Stakeholders who have been involved in the development and testing out of the Observables model include the LOINC mapping project, the Observables and Investigation Model project, the Functioning and Activities project, the Nursing SIG, and the IPaLM SIG.
[bookmark: _Toc425762317]Degree of consensus on the statement of problem
There is widespread consensus on the nature of the problem. There is a long prior history of SNOMED CT observable entity revision efforts.
[bookmark: _Toc335905546][bookmark: _Toc425762318]Statement of the problem or need
[bookmark: _Toc335905547][bookmark: _Toc425762319]Summary of problem or need, as reported
[bookmark: _Toc335905548]The purpose of this project is to refine the observable entity hierarchy and to coordinate these changes with the model for observation procedures and observation results. A primary goal is the proper representation and linkage to laboratory observable content expressions that represent the meaning of LOINC terms, according to the RII agreement regarding laboratory LOINC.
[bookmark: _Toc425762320]Summary of requested solution
There has been no single requested solution. 
[bookmark: _Toc335905549][bookmark: _Toc425762321]Statement of problem as understood
There is a difference between observable entities, observation results, observation procedures, and the features of reality that are observed.  The observable entity hierarchy in SNOMED CT requires revision because it lacks object properties that define the meaning of observables, and because the hierarchy currently contains sub-hierarchies that represent functions, activities, or other entities that are not (what is meant by) observable entities but instead are things that can be observed by observation procedures. The term “observable entity” suggests, incorrectly and unfortunately, that this category includes things that can be observed, rather than a category of information entity which is about those observed things, and is specified by acts of observation. See the diagram in 3.4.1 for a summary. See documentation associated with the observables project for more complete description of the background and proposed solution details.
[bookmark: _Toc335905550][bookmark: _Toc425762322]Detailed analysis of reported problem
In the text, when referring to the Observables Style Guide, this refers to the document “SNOMED CT ® Style Guide: Observable Entities and Evaluation Procedures (Laboratory)” from 2010-06-30[footnoteRef:2]. [2:  https://csfe.aceworkspace.net/sf/go/doc13019?nav=1 ] 

[bookmark: _Toc425762323][bookmark: _Ref429494831]Kinds of Observable entity
For the purpose of representing Observable entity in the domain of health care four different general kinds of Observable have been identified. It is assumed that these four kinds of Observable will have slightly different representation requirements and that different patterns will be used in their representation. The four kinds identified are:
1. Quality observables – an observable about a characteristic or feature, a quality, that is inherent in a person or a thing, for example the mass of a human being, the temperature of the internal organs, the concentration of sodium in plasma, the angle of a joint, etc.
2. Disposition observables – an observable about a characteristic or feature that is not always realized in full, for example the susceptibility towards antibiotics of bacteria of a certain population, etc.
3. Function observables – an observable about the ability of a person, some part of a human, or a thing to perform activities or realize processes, for example the ability to walk, 
4. Process observables – an observable about a process or the outcome of a process, e.g. secretion rate, or heart- or respiration rates.
Future versions of the Observables model might include more kinds of observable or might collapse these into fewer categories due to new design decisions. 
[bookmark: _Toc425762324]Representing observation results
The following diagram shows how observables, observation results, and observation procedures relate to each other:


[image: ]
[bookmark: _Ref428443024]Figure 1 Overall relationship between Observables, observation procedures, and observation results
Observable entities are defined by reference to the feature of reality which is observed, the “feature” in the diagram above (Figure 1), e.g. a patient’s (true) core body temperature, which in turn is observed by an observation procedure, e.g. an approximation using a tympanic thermometer in the left ear. Observation results are the output of the observation procedures, and in addition have a result value that the observable entity lacks.

Observation results could be divided into those representing results on a ratio or interval scale, i.e. typically using numbers, and those representing results on a nominal or ordinal scale. Although there have been discussions about applying concrete domains allowing representation of numbers in SNOMED CT definitions, there is at least today a clear preference among SNOMED CT implementers to use information models to represent numerical results, and thus, user requirements are limited. For nominal and ordinal scale results, which values in principle could be represented using SNOMED CT concepts, there is an existing solution for representing Clinical findings which are interpretations of observation results using the INTERPRETS and HAS INTERPRETATION relationships. While this can be considered both ontologically different from and ontologically equivalent to ordinal scale observation results, the work of rethinking the Clinical findings hierarchy has not yet concluded on recommendations. Thus, it is currently reasonable to postpone adding Observation results to SNOMED CT and coordinate with the development of the Clinical findings hierarchy.

[bookmark: _Toc425762325]Function vs. quality observables
The word “function observable” in this context could have at least three interpretations (and all three are seen in SNOMED CT):
1. a quality observable in some way related to function,
2. a grouper observable grouping other observables considered part of a functioning assessment panel, or
3. an observable which is specifically about a function,

For example, a “6 min walk test” could be either (1) a quality observable, the distance walked in 6 minutes, measured in meters or yards, or (2) a grouper consisting of a number of quality observables (distance walked, pulse and saturation before and after test, Borg scale level of exertion, etc.). Additionally, there may be (3) a “walking ability” observable with ordinal scale values such as “able to walk”, “difficulties walking”, “unable to walk”, or any similarly graded scale.  

Thus, there has to be clear rules for determining when an observable is considered, and is not considered, a function observable and how to represent observables for the three different cases.
[bookmark: _Toc425762326]Process vs. quality vs. function observables
Rate observables are about the amount of output of a process, e.g. the volume of urine voided during a time interval, the volume of blood plasma that is cleared of creatinine per unit of time, etc. and is in that sense a quality observable. In this sense, only strictly temporal aspects such as duration and start- and end time would be process observables.
In the other interpretation, as in the existing Observables Style Guide, observables related to processes are a specific kind of observable, and in this sense e.g. the “6 min walk test” quality observable mentioned above is a process observable, i.e. the rate of “walked distance” per 6 minutes.

The observable “Briskness of left knee jerk reflex” is another example of an observable which might be considered a process observable. While the word “reflex” have competing definitions, including and excluding the sensing, reception, control, and transmission, the reaction, common to all identified definitions, is a kind of process. However, when observing a reflex it can also be considered an observation of the patients ability to respond by reflex, and hence the function rather than the process itself.

Thus, there has to be clear rules for determining when an observable is considered, and is not considered, a process observable.
[bookmark: _Ref428185795]Ambiguity of Towards attribute
The attribute 704320005 | Towards (attribute) | as described in the original style guide has at least three distinguishable meanings:
1. For a relational quality, i.e. a quality which inheres in more than one entity, the attribute which specifies the second entity, the first being specified by the 704319004 | Inheres in | attribute. The range is any independent continuant. An example is concentration of (Towards) sodium in (Inheres in) plasma.
2. For a disposition, what the disposition is towards, i.e. a specific triggering agent, or more generally participant, in the realization of the disposition. For cases discussed within the Observables project so far, susceptibility and allergenicity, the range has been substances. An example is susceptibility of (Inheres in) bacterium to (Towards) antibiotic.
3. For a function, the process or activity which is realized. The range is processes, or more specifically, activities. An example is ability of (Inheres in) a person to (Towards) perform an activity.
All these three meanings of the attribute 704320005 | Towards (attribute) | will require different representation (e.g. different ranges) in the Observables model. Thus, there should be three distinct attributes corresponding to the three separate meanings.
Issues with some attribute ranges
Some attribute ranges in the previously published Observables Style Guide will need updating. These include:
	Attribute
	Current range
	Comments

	704318007 | Property type |370130000 | Property (attribute) |
	118598001 | Measurement property |
	The current range is too specific in that all property types will not be quantitative as indicated by the concept name ‘Measurement property’. Some descendants of 118598001 | Measurement property |, e.g. 410656007 | Type |, are not measurement properties. The concept name indicates a specific scale and/or observation procedure. Propose to either change FSN to ‘Property type’ or to add a new concept subsuming 118598001 | Measurement property |, which would be the top node of the new range hierarchy.

	
	
	



[bookmark: _Toc335905551][bookmark: _Toc425762327]Subsidiary and interrelated problems
There are several important interrelated problems. The most important of these is artf231800 situation – finding – disorder revision.  Observation results must be differentiated from clinical phases in which the patient bears a particular condition. Currently the two meanings are conflated under the general category of “finding”.
Other interrelated problems include:
artf7850 observables about procedures
artf6235 observable and attribute semantic duality
artf6257 observables as situations
artf6277 targets as observables
artf227339 observable about finding/disorder/procedure/event
artf221675 distinction between X feature (observable entity) and X observable (observable entity)


[bookmark: _Toc335905552][bookmark: _Toc425762328]Risks / Benefits
[bookmark: _Toc425762329]Project Risk Profile
The project risk profile is determined using the project risk profile assessment instrument as described in the “Guide to Stakeholder Engagement in Content Development” document.

	Criteria
	Analysis
	Score

	Number of concepts affected
	potentially several tens of thousands
	3

	Number of users affected
	virtually all implementers of result reporting
	3

	Changes to vendor software required
	Typically today implemented clinical systems use other terminologies (LOINC, NPU); some change may be needed
	3

	Change to concept model
	The proposed changes involve many new object properties and a significantly revised model for observation results
	3

	Change to content development software or processes
	Tooling for making these changes is not currently available except as prototype software
	3

	Average score
	
	3



Controversy level is assessed as high, a score of 3.

According to the project risk profile instrument the project is of high risk. In this type of project the stakeholder engagement type recommended is “collaborate”, and the stakeholder engagement method recommended is “direct, >10 users/groups”.

Stakeholder engagement is proceeding with collaboration via the LOINC/RII agreement, and via the technology preview for the LOINC content. Additional collaboration with vendors and national release centers should be initiated in order to help to mitigate the risks identified.

[bookmark: _Toc425762330][bookmark: _Toc335905553]Benefits
The benefits are primarily in support of the main use cases, which are:
· result reporting
· order entry
Secondary benefits are very important too.  These include a much clearer set of guidelines to help implementers determine which codes should be used to attach to structured data entry forms, as well as simpler and more routine addition of new content in several areas, including not just observables and observation results but also “clinical findings” and disorders that might be confused with or overlaps with observation results. This helps with clarity around the proper use of SNOMED CT for patient data analytics and for decision support.
[bookmark: _Toc425762331]Risks of not addressing the problem
The primary risk of not addressing this problem is that users will find SNOMED CT incapable of supporting their requirements for order entry and result reporting. 
Downstream risks if the solution is not provided, or is too slow in being made available, include the creation of competing terminologies, or development of national extensions that are incompatible with SNOMED CT international release, or incompatible with other countries’ extensions. These developments would represent fundamental threats to the viability of SNOMED CT.
[bookmark: _Toc335905554][bookmark: _Toc425762332]Risks of addressing the problem
By making changes to SNOMED CT, it is possible that there could be a re-work requirement imposed on those with existing implementations that made assumptions inconsistent with the new model(s).

From previous experiences, the Observables model has been thought of as more complex than existing models. Care has to be taken to ensure the URU-ness when applying the model in specific domains.
[bookmark: _Toc335905555][bookmark: _Toc425762333]Requirements: criteria for success and completion
[bookmark: _Toc335905556][bookmark: _Toc425762334]Criteria for success/completion
[bookmark: _Toc167369025][bookmark: _Toc335905557]The quality criteria and targets for those criteria are listed below:

	Characteristic
	Description
	Metric
	Target
	Qualitative output of evaluation

	Completeness
	The completeness of the Observables model application to all concepts within scope
	Number of codes with logic definitions that are sufficient (vs primitive) 
	80 %
	Descriptions of “failing” cases

	Consistency
	Lack of duplication or multiple ways of saying the same thing
	Number of concepts with multiple different possible models
	None
	Approach to narrowing options for modeling

	Applicability
	If the Observables model can be used with some widely used information models, such as CDA, FHIR, openEHR and CIMI.
	-
	-
	Information model binding issues



[bookmark: _Toc425762335]Strategic and/or specific operational use cases
[bookmark: _Toc167369026][bookmark: _Toc407362293][bookmark: _Toc425762336]Use case: 1E Order communication and result reporting
Fit with IHTSDO strategy

Quote from SNOMED CT Detailed Content Development Plan 2011-2015:
“3.3.4 Order entry and result reporting
Scope: revision of observables and observation procedures, for laboratory and clinical uses.
Included in scope: coordination with external vocabularies such as LOINC and C-NPU. Also included in scope is the coordination of definitions of clinical observations of functioning and disability that relate to WHO classifications, particularly the International Classification of Functioning and Disability (ICF).  Result reporting has broad scope, including radiology and other imaging, laboratory (clinical pathology), anatomic pathology, pulmonary function, electrocardiogram, and so forth. 
Out of scope: a formal mapping from all of SNOMED CT to all of ICF is out of scope.
Project interactions:
Observables depend on anatomy, substances, organisms, and a revision of the current parts of the observables hierarchy that are under “process”, including activities and physiological actions.”
[bookmark: _Toc425762337]Technical Approach and Concept Model
[bookmark: _Toc425762338]Current proposed solution
Details of the proposed solution are documented in the evolving materials for the observables project. These include the documentation of the model for LOINC expressions, as well as draft material for blood pressure and other physiologic measurements. In order to avoid having the same material repeated in multiple places which then become out of sync, this document will simply refer to the external design documents. Still, this document will summarize common aspects of the more specific development projects’ results.
[bookmark: _Toc407365825][bookmark: _Toc425762339][bookmark: _Ref428362889][bookmark: _Ref428362926]Outline of design
The concept model for Observable entities has two main parts and two main sets of attributes: the specification of the feature of reality that is observed, i.e. what is observed, and the observation procedure, i.e. how that feature is observed. The feature exists independently of being observed. A living person has a blood pressure and might have an ability to read without that feature being observed at a particular moment. 

The observation procedure part of the model describes various characteristics that define the type of observation that is done, such as techniques, measurement devices, and any proxy locations, and how results or values of observations are represented, such as scale and units. These characteristics may also help us infer how we know, and how accurately we know, that the observation result reflects features of the object of observation.

A simple example of this demarcation of concern is the observation (or measurement) of the core body temperature[footnoteRef:3]. The core temperature is something which is inherent in the internal body structures and this temperature is the feature of reality that is the target of observation. However, mostly a temperature observation is performed on a more convenient site, for example under the tongue, in the axilla, or in the ear (or more specifically on the tympanic membrane). The Observables model aims to separate these two aspects of an observation: what is observed, i.e. the feature of reality, vs. how that thing is observed, i.e. the observation procedure. Thus, different core temperature observables can share the representation of what is observed while being differentiated in terms of how the observation is performed. [3:  Wikipedia: Core temperature, also called core body temperature, is the operating temperature of an organism, specifically in deep structures of the body such as the liver, in comparison to temperatures of peripheral tissues. Core temperature is normally maintained within a narrow range so that essential enzymatic reactions can occur.] 

	
		


[image: ]
[bookmark: _Ref429133441]Figure 2 Core body temperature observable entity
The resulting Observables representation of core temperature is:

(276885007|Core body temperature (observable entity)|)===
(363787002|Observable entity (observable entity)|:
  704318007|Property type (attribute)|370130000 | Property (attribute) |= 722490005|Temperature (property) (qualifier value)|,
  704319004|Inheres in (attribute)|=278826002|Body internal region (body structure)|,
  704327008|Direct site (attribute)|=42859004|Tympanic membrane structure (body structure)|)

[image: ][image: ]
[bookmark: _Ref429133457]Figure 3 Core body temperature observable entity representations in SNOMED CT Compositional Grammar and according to the Diagramming standard

[image: ][image: ]
[bookmark: _Ref425772536][bookmark: _Ref428188691]Figure 4 Quality observable[footnoteRef:4] [4:  Concepts or attributes with an ’xxx’ ID are to be added to SNOMED CT. ‘yyy’ IDs correspond to groups of hierarchies in SNOMED CT] 

A general example showing all attributes that may be valid for a quality observable is shown in Figure 4. “Independent continuant” corresponds to the group of hierarchies << 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|. See Table 1 for details.
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[bookmark: _Ref474137272]Table 1 Overview of Observables model attributes
	Attribute
	Description
	Example of value
	Card-inality
	Range (including descendants)

	704318007 | Property type |370130000 | Property (attribute) |
	This attribute is used to specify the type of inherent quality or process that is to be observed. Its values are abstract types of quality (length, odor, concentration) or abstract types of process features (rate, speed), and do not include qualities that are located (length of arm, odor of urine), or given a value (elevated concentration).	Comment by danka: This definition needs updating
	Length, Mass, Concentration, Relative concentration, Ability, Susceptibility, Rate
	0..1
	<< 118598001 | Property of measurement |

	704319004 | Inheres in |
	This attribute specifies the independent continuantentity which bears the quality, disposition, or function, in which the quality, disposition or function is inherent. and on which the dependent quality (of this observable) depends.	Comment by danka: Needs updating
	Mass of the body: mass is the property which inheres in the entire body.

Anything that is the bearer of a property
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	718497002 | Inherent location |
	This attribute specifies the location of the entity specified by the attribute 704319004 | Inheres in |. 
	Serotype of bacteria in blood: serotype is the property type, which inheres in the bacteria which is (happens to be) located (inherent location) in blood.

Diameter of papule of the skin of the nose: diameter/length is the property type, which inheres in the papule which is located (inherent location) in the skin of the nose. Here, the diameter is the diameter of the papule, not the diameter of the skin of the nose.
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	704320005 | Towards (attribute) |
	For dispositions, this attribute specifies what the disposition is towards.
	The susceptibility towards antimicrobial agents of a (population) of microorganisms
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	704326004 | Precondition (attribute) |
	This attribute is used to specify any specific conditions of the entity being observed, e.g. body state, timing, challenges, and other situations circumstances, that is true of the entity at the time of observation.
	For standing blood pressure, the precondition is the fact that the subject is in standing position (state) during observation
	0..*
	<< 404684003 |Clinical finding| OR << 703763000 |Precondition value| OR << 71388002 |Procedure|

	246093002 | Component (attribute) |
	For relational property types, e.g. ratios, concentrations, etc., this attributed specifies what is in the numerator of the ratio.
From IUPAC Gold Book: “Constituent of a mixture the amount or concentration of which can be varied independently.”
	For sodium ion concentration in plasma, sodium ion is the component
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	704325000 | Relative to (attribute) |
	This attribute is used to specify the numerator of a relative relational property type, such as a ratio of ratios.
	See section 6.3.1.2
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	719715003 | Relative to part of (attribute) |
	This attribute is used to specify the denominator of a relative relational property type, such as a ratio of ratios.
	See section 6.3.1.2
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	704321009 | Characterizes (attribute) |
	This attribute specifies the process which is characterized by the observed feature.
	Secretion
	0..*
	<< 719982003 |Process|

	704322002 | Process agent (attribute) |
	This attribute is used to specify a participant (such as a body structure or organism) that is causally active in the process on characterized by the observed feature.
	Thyroid gland, Kidney, Pace maker
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR 105590001 | Substance (substance) |

	704323007 | Process duration (attribute) |
	This attribute specifies the duration of the process characterized by the observed feature.
	For 24 hour urine cortisol excretion rate, 24 hours is the process duration
	0..1
	<< 7389001 | Time frame (qualifier value) |

	704324001 | Process output (attribute) |
	This attribute specifies the resulting output of the process characterized by the observed feature.
	For 24 hour urine cortisol excretion rate, cortisol is the process output. For heart rate, a cardiac cycle is the process output.
	0..*
	<< 105590001 |Substance| OR << 719982003 |Process|

	719722006 | Has realization (attribute) |
	This attribute specifies the realization of a function
	For Ability to walk, walking is what is realized.
	0..*
	<< 719982003 |Process|

	246501002 | Technique (attribute) |
	This attribute is used to specify the systematic method of a procedure used to accomplish a specific activity.
	Automated count, manual count, for number concentrations
Pulse oximetry, for heart/pulse rate
	0..*
	<< 272394005 | Technique (qualifier value) |

	704327008 | Direct site (attribute) |
	This attribute represents the specific entity on which the observation is directly made, and is used when the observation is indirect, such as when a direct observation is not possible to be done on the entity in which the observable inheres.
	Sublingual space, for oral measurement of body temperature.
Serum specimen, for measurement of serum concentrations.
	0..*
	<< 123037004 |Body structure| OR << 410607006 |Organism| OR << 105590001 |Substance| OR << 123038009 |Specimen| OR << 260787004 |Physical object| OR << 373873005 |Pharmaceutical / biologic product| OR << 419891008 |Record artifact|

	370132008 | Scale type (attribute) |
	This attribute refers to the scale of the result of an observation or a diagnostic test.
	Nominal, ordinal, quantitative.
	0..1
	<< 30766002 |Quantitative| OR << 26716007 |Qualitative|  OR << 117363000 |Ordinal value| OR << 117365007 |Ordinal or quantitative value|  OR << 117362005 |Nominal value|  OR << 117364006 |Narrative value|  OR << 117444000 |Text value|

	246514001 | Units (attribute) |
	This attribute represents the units used in assigning a value to an observation.
	Meter, mmHg
	0..1
	<< 258666001 | Unit (qualifier value) |

	424226004 | Using device (attribute) |
	This attribute refers to the instrument or equipment utilised to execute an action. | USING DEVICE | is used when the device is actually used to carry out the action that is the focus of the procedure.
	Mercury manual sphygmomanometer, Goniometer
	0..*
	<< 49062001 | Device (physical object) |

	363701004 | Direct substance (attribute) |
	[From Procedure model] This attribute describes the | Substance | or | Pharmaceutical / biologic product | on which the procedure's method directly acts.
The procedure here refers to the observation procedure.
	Protein as a proxy for genetic variant
	0..*
	<< 105590001 |Substance (substance)| OR << 373873005 |Pharmaceutical / biologic product (product)|

	370134009 | Time aspect (attribute) |
	This attribute specifies temporal relationships for a measurement procedure.
	For a aggregated quantities, e.g. average 24 hour diastolic blood pressure, as opposed to process observables which uses 704323007 | Process duration (attribute) |.
	0..1
	<< 7389001 | Time frame (qualifier value) |




General observables attributes
Some attributes are only used for specific kinds of observable while most attributes are used with any kind of observable. Here the general observables attributes are described in more detail.
Observation procedure specification attributes
704327008 | Direct site (attribute) |
The attribute specifies the site of observation for indirect observations, i.e. when the site of observation is distinct from the entity being observed. This may be different from the value of 704319004 | Inheres in | since the property being observed may be inferred or approximated from a specimen or from another site. For example, a blood pressure is often observed non-invasively and the site of observation is e.g. the brachial artery of the left arm. The use of the (linguistic) qualifier “Direct” may be confusing as it is often used for indirect observation. The use is however consistent with the use in the Procedure hierarchy attributes: it is the site where the observation procedure is directly applied, while the intended target of observation is indirectly observed through the direct site.

Examples include the core body temperature observable described above (see Figure 2 and Figure 2Figure 3). Another kind of observables where this pattern is used is for sample-based observation observables, i.e. many laboratory observations. For example, a serum sample may be used to determine the body plasma glucose concentration (see Figure 5). The concentration inheres in the plasma, but is in this particular case being measured in a serum specimen. This representation of sample-based observation observables does not mean that sample-based and non-sample-based observables are considered equivalent, and the values received from the different methods are often not directly comparable. However, as new measurement techniques are developed and the possibilities of measuring in-vivo rather than in-vitro increases, the observables model allows both a technique-agnostic view of observable entities and the distinction between different observation techniques.

[image: ][image: ]
[bookmark: _Ref428364572]Figure 5 Blood glucose concentration observable
Different candidates for 704327008 | Direct site (attribute) | values might exist for representing a certain phenomenon. For example, for core body temperature measurements of the mouth the alternatives might be the general 123851003 | Mouth region structure (body structure) | or 74262004 | Oral cavity structure (body structure) |, or the more specific 110577000 | Sublingual region structure (body structure) | or 122861001 | Sublingual space (body structure) |. The general guidance is to use the most specific still universally applicable value. In the case of the oral core body temperature observable, as the probe is placed below the tongue, 122861001 | Sublingual space (body structure) | is the most specific applicable value for the 704327008 | Direct site (attribute) | attribute.
370132008 | Scale type (attribute) |
Scale type is currently used for specification of the scale of any value presented as a result of observation. The values allowed are concepts subsumed by 278444000 | Scales type (qualifier value) |. This set of values of the 70132008 | Scale type (attribute) | is a coarse categorization of scales, including ordinal scale, quantitative scale, nominal scale, etc., and not any specific scale which might be used, e.g. an assessment scale. As assessment scales typically are used with specific instruments it is recommended to specify such circumstances using the 246501002 | Technique (attribute) | instead.
246514001 | Units (attribute) |
The 246514001 | Units (attribute) | may be used to specify the unit used when representing the result of the observation.
424226004 | Using device (attribute) |
The attribute is used to specify any device used for observation. 

This attribute may be more informative, and more specific, than putting more of the meaning into 246501002 | Technique (attribute) |, but it might be hard to separate the two out. Typically, devices apply certain techniques and techniques may depend on certain devices being used. As long as a device is always used, redundancy in relation to 246501002 | Technique (attribute) | is allowed if the 424226004 | Using device (attribute) | value does not fully cover the meaning of the observable.
246501002 | Technique (attribute) |
Any specialization of the observation procedure that tells us how the observation was done that is not provided by the other observation procedure specification attributes; for example, “enzyme-linked immunosorbent assay” or “immunofluorescence”. This attribute may be used when there are no other attributes suitable for specifying the observation procedure.
Feature (quality, function, disposition) specification attributes
370130000 | Property (attribute) |704318007 | Property type |
The 370130000 | Property (attribute) | 704318007 | Property type | attribute specifies the kind of feature of reality that is observed. Depending on the kind of observable defined, it may be a simple quantity like mass or length, a more complex quantity like relative mass concentration, or a kind of disposition such as susceptibility, or a kind of function such as ability to perform activity.

[image: ][image: ]
[bookmark: _Ref428701893]Figure 6 Body weight observable
704319004 | Inheres in |
The 704319004 | Inheres in | attribute specifies what kind of entity is the bearer of the feature specified by the 704318007 | Property type |370130000 | Property (attribute) | attribute, i.e. that the feature is inherent in this kind of entity. In the example in Figure 6, a body weight observable, the property type of mass inheres in, is inherent in, or is born by, the entire body of the human being under observation.

For process observables, for the main agent participant of the process the Process agent attribute is used instead.
718497002 | Inherent location (attribute) |
The attribute 718497002 | Inherent location | is used to specify a location of the entity which is specified by the 704319004 | Inheres in | attribute, but which is not the actual bearer of the feature. The word “inherent” in “inherent location” is used to convey that the attribute is to be interpreted as nested even in a “flattened" observables model and that it further specifies what is referenced by the 704319004 | Inheres in | attribute. An example helps explaining the difference (see Figure 7).

[image: ][image: ]
[bookmark: _Ref428364541]Figure 7 Size of tumor of skin observable
Here, the size of concern is the size of the neoplasm and not the mass of skin. The skin is the place where the tumor with the size was found (and “size” is interpreted as “diameter”). In Figure 8 the observable corresponds to the size of the tumor marked by the blue bracket.

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/8/83/Melanoma2.jpg/800px-Melanoma2.jpg]
[bookmark: _Ref470872363][bookmark: _Ref470872355]Figure 8 Melanoma of skin

Other examples include the taxon or type of bacteria in blood, where blood is the Inherent location. The observable is not about blood typing, blood is just the location of the bacteria.

Yet another related, but different, case is ratios, fractions or concentrations. Here, when comparing the example above (Figure 7) to a concentration observables (Figure 5) we see that for a concentration, the feature inheres in the solution with the 246093002 | Component (attribute) | attribute specifying the specific constituent in that solution. 
704326004 | Precondition (attribute) |
The precondition attribute specifies the context of the feature that is observed, or some state co-occurring with the observation, and thus has effect on the result of observation. For example, “standing blood pressure” is defined by the context of the body state “standing position”.  Various challenge tests would be defined in terms of body states specifying the challenge that occurred, e.g. “2 hour post-prandial glucose” would have the precondition “2 hours after meal”. 

This solution entails that a large number of relatively complex primitive qualifier values would have to be added to SNOMED CT, as e.g. in the example in Figure 9.
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[bookmark: _Ref429908350]Figure 9 Two hours post-prandial glucose concentration observable
Quality observables
Quality observables will in many domains be the most common form of observable. A quality is a feature which is always realized, i.e. it is always present, although it may not always be readily observable. Examples of property types of qualities are length, mass, amount of substance, concentration, relative concentration, and angle.
Attributes with specific use in relation to quality observables
The observables model contains attributes which can represent ratios of different kinds, for example concentrations and fractions. The observables model extends this possibility be allowing the representation of a ratio of a ratio, for example for supporting the representation of relative concentration laboratory examinations. This is however the limit when it comes to representing mathematical formulas inside the observables model. Any formula used for specifying a quality more complex than a ratio of ratios has to be represented either using a primitive concept or by referring to a technique that includes to calculation through the 246501002 | Technique (attribute) | attribute. Examples where formulas cannot be fully represented include Body Mass Index (BMI) (see Figure 10), estimated Glomerular Filtration Rate (eGFR), etc.
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[bookmark: _Ref429491355][bookmark: _Ref429491348]Figure 10 BMI observable[footnoteRef:5] [5:  It can be argued that relative mass should only be used for quantities of dimension one, i.e. for mass divided by mass and not mass divided by area.] 

246093002 | Component (attribute) | and relational qualities
The 246093002 | Component (attribute) | attribute should only be used for relational qualities, i.e. qualities which describe some relation between things, such as ratios, fractions, and concentrations. For ratio qualities the 246093002 | Component (attribute) | attribute specifies what is in the numerator of the ratio. For other relational qualities which are not ratios, the order of the relationships has to be agreed upon. E.g. angles can be assumed to inhere in the vertex and the rays, if necessary, specified by two 246093002 | Component (attribute) | relationships. Note that this does not preserve the order of the rays. For symmetric relational qualities such as distance two 704319004 | Inheres in | relationships may be used.

[image: ][image: ]
Figure 11 Joint angle observable
[bookmark: _Ref429905810]704325000 | Relative to (attribute) | and 719715003 | Relative to part of (attribute) |
As stated above, the Observables model contains attributes to represent relative relational qualities. Using the four attributes in Figure 12 allows for representation of a ratio of two ratios. For example, the relative concentration of IgG in CSF compared to that in plasma may be represented as in Figure 13[footnoteRef:6]. Note that even though the same substance is referenced in both numerators, both should be specifically mentioned to avoid false subsumption results. [6:  An alternative interpretation is that the quantity observed is the concentration of IgG in CSF normalized by the concentration of IgG in plasma as a reference.] 

If there is only one ratio involved, only the former two attributes, i.e. Component, Inheres in should be used.
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[bookmark: _Ref429493116]Figure 12 Relative ratios
[image: ][image: ]
[bookmark: _Ref429493530]Figure 13 Relative IgG in CSF to IgG in plasma observable
Disposition observables
A disposition is an entity which is not always fully realized, but which has an increased plausibility e.g. due to pathologic structures or processes or due to circumstances in the environment. For example, a person may be genetically predisposed to some disease, and different strains of bacteria may differ in their disposition to react to antibiotics. Also, someone who never drinks milk may still have the disposition to react to lactose exposure.
Attributes with specific use in relation to disposition observables
704320005 | Towards (attribute) |
The 704320005 | Towards (attribute) | is used to specify any entity that specifically contributes to the realization of the disposition.

For example, the susceptibility of bacteria towards antibiotics is represented as in Figure 14. It is the microorganism that is the bearer of the disposition to react to the antibiotic, i.e. the disposition inheres in the microorganism, not the antibiotic nor any specific location where the bacteria may be found, e.g. blood or urine.
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[bookmark: _Ref429152301]Figure 14 Susceptibility observable
Function observables
A function is something that may be realized as a process or activity. The word “function” here is used only in this specific meaning. E.g. the distance walked in a “6 min walking test” is not a function observable but a quality observable even though the distance walked in 6 minutes is a way of quantifying the walking function. Thus, function observables would typically be restricted to observables with ordinal scale results such as “able to”, “unable to” or to Likert[footnoteRef:7] style scales. [7:  https://en.wikipedia.org/wiki/Likert_scale] 

Attributes with specific use in relation to function observables
719722006 | Has realization (attribute) |
The 719722006 | Has realization (attribute) | attribute is used to specify the process or activity that is the consequence of realization of the function. For example, when the walking ability is realized, the realization is the actual walking.

[image: ][image: ]
Figure 15 Ability to walk observable[footnoteRef:8]	Comment by danka: Check range of Inheres in and Social context! [8:  Note that 125676002 | Person (person) | is not within the current range of 704319004 | Inheres in (attribute) |. The inclusion of 48176007 | Social context (social concept) | in the range is being discussed but is not yet decided upon.] 

Process observables
Process observables are observables about features of processes or specific outcome of processes. Examples include durations and various kinds of rate. 
[image: ][image: ]
Figure 16 General process observable
Observables model attributes specific to process observables
704321009 | Characterizes (attribute) |
The 704321009 | Characterizes (attribute) | attribute specifies the process or activity that is the bearer of the property. In the example in Figure 17, the duration is the specific duration of the labor process. This attribute is used only with process observables.

[bookmark: _GoBack][image: ][image: ]
[bookmark: _Ref429910179]Figure 17 Duration of labor observable
704322002 | Process agent (attribute) |	Comment by danka: This is currently the only process participant for which there has been an attribute named. Consider other participants, specifically participants on which the process specifically depends without specifically being agents. INHERES IN could be an alternative, but does not conform with e.g. BFO2
The 704322002 | Process agent (attribute) | attribute is used to specify the participant of the process which is the main agent. In the example in Figure 18 the pituitary gland (or hypophysis) is the agent of the secretion process of which the rate is observed.

[image: ][image: ]
[bookmark: _Ref429910386]Figure 18 Somatotropin secretion rate observable
704323007 | Process duration (attribute) |
The 704323007 | Process duration (attribute) | attribute is used to specify a specific duration of the process, if applicable. In the example in Figure 19, the process observed has the duration of 24 hours.

[image: ][image: ]
[bookmark: _Ref429912119]Figure 19 Cortisone secretion rate observable
It can be noted that the urine as the target of secretion is specified through the direct site attribute and that the model currently has no process attribute to specify the direction of the process.
704324001 | Process output (attribute) |
The 704324001 | Process output (attribute)| attribute is used to specify what is the output of the process. In the example in Figure 18, the pituitary gland outputs somatotropin in a secretion process. In the example in Figure 19, cortisone is secreted.
Specific issues
Inheres in versus Direct site
A common question about the Observables model is related to how the Direct site and Inheres in attributes are supposed to be used together. As stated above, under 6.1.1 Outline of design, the separation of the (intended) target of observation from various aspects of how the observation was performed is central to the proposed Observables model. Generally, the same feature may be studied using any number of procedures and with the progress of health- and biomedical science, and specifically biomedical sensor technology, it can be assumed that new procedures for observation will appear or evolve continuously. 
Aggregation of quantities
In the current proposed version of the model there are no attributes specifically supporting aggregation, e.g. maximum, minimum and average, while there are examples of observables where this could be needed, e.g. maximum 24 hour systolic blood pressure, and maximum 24 hour body temperature. Note that in many cases the aggregation is implicit, e.g. for a shoulder abduction observation it is the maximum angle that is of interest, not just any angle.

This will today have to be represented as primitive subtypes. The duration of the aggregation is represented using 370134009 | Time aspect (attribute) |.
Presence observables
In the Observables Project Group there has been a separate discussion about how to represent presence observables. The different cases discussed includes presence or absence of findings and procedures on the one hand and presence and absence of substances, abnormal structures, etc., i.e. material entities. While observables about findings and procedures could rely on the concepts models for findings and procedures respectively for representation, presence of material entities have no or limited such corresponding models and would thus have to use the observables model. 

While the details of the representation of presence and absence observables will be the topic of a separate document, the proposed solution is to use the 704647008 | Is about (attribute) | attribute with the range extended to include 404684003| Clinical findings | and 71388002 | Procedures | and being subsumed by a primitive “Presence observable” concept. Other presence/absence observables would have a property type of “Presence” and use any other existing quality observable attributes. This conflicts with the existential restriction use in SNOMED CT definitions, in that having a presence/absence observable should not imply the existence of an instance of the type of entity intended to be observed.
Assessment scales
Assessment scales are often used to represent the result of an observation. However, the specific assessment scales are often also tied to a specific instrument or a specific observation procedure.
While there is a separate tracker item for how to represent use of assessment scales in SNOMED CT, Artifact artf6208 : Assessment scales, it is tentatively proposed that the  Assessment scales are specified using the range of the 246501002 | Technique (attribute) | attribute is extended to include descendants of the 273249006 | Assessment scales | concept.
Relationship between qualities and processes
In defining observables it may be necessary to state the relationship between a quality and a process, for example that the quality is the outcome of a specific process. For example, Forced Expiratory Volume (FEV) is that the volume which is the outcome of a forced expiration process, and blood pressure is the outcome of the heart beating process. Thus, the 704321009 | Characterizes (attribute) | attribute is allowed for (in the domain of) both process and quality observables.
[bookmark: _Toc407365826][bookmark: _Ref425498271][bookmark: _Toc425762340]Transition from previous designs
Previously, there has been two ways of representing observables, either as Evaluation procedures [www.snomed.org/eg?t=att_evaluation_evaluation_proc] or as Observable entities. It is assumed that existing Evaluation procedures modeled according to the existing Evaluation procedure model can be transformed into Observable entities using the proposed Observables model applying a similar method as to the LOINC mapping work, as the existing Evaluation procedure content is very much influenced by the LOINC model and uses similar attributes. However, as with the LOINC mapping project, there is no simple one-size-fits-all transformation which applies to all Evaluation procedures.

Still, some generic guidelines are:
· 116686009 | Has specimen (attribute) | is typically replaced with 704327008 | Direct site (attribute) |. The direct site is the immediate direct locus of the observation action (as opposed to the exact locus of the quality that is intended to be measured or assessed) and is available to be used when the entity that is being directly observed is not at the same locus as the intended object of the observation. (The intended object of the observation is the entity in which the observed property inheres; or the independent continuant which is ideally intended to be observed).
· 370129005 | Measurement method (attribute) | is replaced with 246501002 | Technique (attribute) |. Not all observations of interest are measurements, and “measurement method” is too close a name to “method” which takes values from the action hierarchy to define procedures in SNOMED CT. There is a techniques hierarchy, 272394005 | Technique (qualifier value) | from which the values will be drawn.
· Evaluation procedures typically do not specify the property type and this has to be specified (and possibly left generic) when transforming to an Observable entity.
· 246093002 | Component (attribute) | is used as in the Evaluation procedure model. However, the level of consistency has not yet been determined.
· Retains 370132008 | Scale type (attribute) | in the observation procedure part of model. 
· 370134009 | Time aspect (attribute) | is used together with 704323007 | Process duration (attribute) | for temporal specification of the observation procedure and the feature observed respectively.

Significant design or implementation decisions / compromises
The main design decision facing the project team at present is the decision about nested vs non-nested models. Nesting is not supported by the current SNOMED CT distribution format and it has been decided that a non-nested (flat) version of the Observables model is to be implemented. The impact of this decisions is that coordination between Observables content and Procedure content is made harder and practically forces a decision on to select either Observables or (Evaluation) Procedures as the single way to represent this kind of content.
[bookmark: _Toc407365827][bookmark: _Toc425762341]Evaluation of Design
Several criteria can be used to evaluate the design(s), in addition to the criteria for success/completion of the project overall. These include usability of the distribution structures and correctness of the inferred hierarchies for individual sub-parts of the observable hierarchy.
[bookmark: _Toc313952649][bookmark: _Toc407365831][bookmark: _Toc425762342]Project Resource Estimates
[bookmark: _Toc313952650][bookmark: _Toc407365832][bookmark: _Toc425762343]Scope of construction phase
The construction phase should take a staged approach that permits technical evaluation, terminological evaluation, and stakeholder engagement with implementation evaluation, before proceeding to full construction followed by the transition phase. Steps should include:
· Creation of a prototype that models sufficient number and variety of existing observable concepts with complete description logic models, so that the LOINC technology preview and significant other parts of the current observable model are properly classified
· Technical evaluation of correctness and adequacy of models
· Terminological evaluation of understandability, reproducibility and usefulness of the proposed text definitions and observable content
· Stakeholder engagement with impact analysis and feedback
The initial phase should definitely include laboratory observables implemented through mapping to LOINC terms.  Then beyond laboratory, each of the related subprojects listed in section 3.5 (plus any others than can be identifier) can be considered as potential parts of subsequent phases. An opportunistic search for quick early wins is likely to yield positive results.

[bookmark: _Toc313952655][bookmark: _Toc407365833][bookmark: _Toc425762344]Projection of remaining overall project resource requirements
[bookmark: _Toc407365834][bookmark: _Toc425762345]Expected project resource requirement category
The project resource requirement is LARGE – more than 24 person months. The exact resource requirement cannot be estimated at this stage without further planning at a more detailed level.
[bookmark: _Toc407365835][bookmark: _Toc425762346]Expected project impact and benefit
The project impact is LARGE, given the number of affected concepts. Expected benefit is also LARGE, and probably an order of magnitude larger than any adverse impact.
[bookmark: _Toc407365836][bookmark: _Toc425762347]Indicative resource estimates for construction, transition and maintenance:

Construction phase:	Comment by danka: Needs updating!
For laboratory observables only, a rough estimate would be 3 person months effort, assuming that batch-oriented editing is done similar to the LOINC technology preview.
Overall construction phase will probably take a minimum of 18 person months effort, and 12 months elapsed time. These are very rough estimates.
Impact analysis: Depending on the degree of thoroughness and extent of consultation, this would take between 1 and 6 person months, and between 3 and 12 months elapsed time.
Transition phase:
Transition phase: coordination of tooling: this is a big unknown. At least 12 to 18 months elapsed time from now should be built into plans in order to allow for development of mature delivery tooling and platforms.
Maintenance phase:
Ongoing maintenance costs are expected to be lower following this project than they would otherwise have been, because of clarity in definitions, ease of use of existing content, and ease of extension/addition.
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