Supplementary Material S2: Observation

Keywords: 
Subject: Individual undergoing monitoring.
User: Individual implementing metadata standard.
Observer: Individuals involved in the curation of observations for a subject such as a clinician or the subject’s partner. 

Observation: Human Reported Observation
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Table S2.1 Technology Affiliated Site Location metadata: Description, motivation and examples
	Technology Affiliated Site Location:  Describes metadata for linking a technology to a specific geographical site.

	Metadata
	Description & Motivation
	Examples

	Technology Site ID
	Unique identifier for the geographical site in which a sensing technology is deployed. It must be unique for each site involved in the study. 

Motivation: Provides a consistent variable for linking a sensing technology across unique site locations. For example, where there are multiple clinics involved in a study,  each clinic would have a unique Technology Site ID to identify the geographical site/clinic in which the technology is deployed. Similarly, where technologies are deployed in the subjects’ homes, a unique Technology Site ID would be given to uniquely identify each address.
	Clinic 1: 
· Technology Site ID: CLINIC-258 
Clinic 2:
· Technology Site ID: CLINIC-259
Subject’s Home: 
· Technology Site ID: SUBJHOME-456 

Examples inspired  from CDISC SDTM 1.5 

	Technology Site Description
	Describes the site in which a technology is deployed. 

Motivation: To be able to easily search and extract results collected in specific environments, such as the home, or clinic. For example, a user may use this metadata to search for results collected in clinic, which may guarantee a certain level of quality, compared to results collected in the home.   
	Technology Site Description: 
· Home
· Clinic
· Office
· Hospital
· Research lab

	Start/End Date + Time 
	Denotes the start and end, date and time, i.e. the duration, in which a technology is deployed at a specific site.  

Motivation: Allows the user to identify time intervals in the results collected from specific sites. For example, for the first course of a study, a technology may have been deployed in the subject’s home to record their symptoms prior to treatment. In the second course of the study, the technology may have been deployed in clinic where the subject is receiving treatment. In the third course of the study, the technology may have been deployed back in the subject’s home, to monitor their symptoms post treatment. Thus, this metadata would be useful in identifying the relevant time intervals in the results that were collected pre and post treatment. Note that a single site may have multiple start/end date + time.    
	SUBJHOME-456:
· 2018-06-12T06:52:32+00:00 to 2018-08-12T09:00:00+00:00  
· 2018-09-12T09:00:00+00:00 to 2018-10-12T06:52:32+00:00  
CLINIC-258:
· 2018-08-12T08:00:00+00:00 to 2018-09-12T08:00:00+00:00

Examples inspired  from ISO 8601



 Technology Type 
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Figure S2.2 Technology Type
Table S2.2 Technology Type metadata: Description, motivation and examples
	Technology Type: Describes metadata that denotes whether a technology is a (1) wearable technology: worn on the body as an implant or accessory (2) non-wearable technology, i.e. portable or standalone technology.    

	Wearable Technology

	Metadata
	Description 
	Examples

	Wearable Technology ID

	Unique identifier for a wearable technology. It must be unique for each tracked unit of technology under study.
 
Motivation: Provides a consistent variable for linking the results to a specific technology unit. This makes it easier to search for results from a specific wearable technology.
	Wearable technology 1 
· Wearable Technology ID: ABC001
Wearable technology 2
· Wearable Technology ID: ABC002

Examples inspired  from CDISC SDTM 1.5 

	Wearable Technology Anatomical Site
	Denotes the anatomical site on which the wearable technology is worn. 

Motivation: To be able to easily search and extract results collected from a specific region on the body. For example, the user may want to search for all results collected from the wrist. Moreover, different processing and data analysis techniques may be applied depending on the region on which the wearable technology is worn. 

	Smartwatch:
· Wearable Technology Anatomical Site: 8205005 (Wrist region)
Smart-shoe:
· Wearable Technology Anatomical Site: 56459004 (foot region)

Examples inspired from SNOMED-CT

	Wearable Technology Orientation

	Denotes the physical orientation of the wearable technology if secured on to anatomical site. 

Motivation: To be able to easily search and extract results collected from wearable technologies secured in a specific orientation on anatomical site. For example, the user may want to search for output from an accelerometer that is strapped to the sagittal plane of the lower limb to extract heel strikes. Heel strikes may be used to assess a subject’s gait.
	· Sagittal plane, coronal plane, transverse plane
· X, Y, Z co-ordinates 


	Start/End Date + Time of Technology Placement & Removal
	Denotes the start and end, date and time of when technology was worn by subject and removed.   

Motivation: Allows the user to identify time intervals in the results during which the technology was worn by the subject. Analysing results during which the technology was not worn by the subject may result in irrelevant and ambiguous conclusions.  

	Start/End Date + Time of Technology Placement & Removal 
· 2018-09-12T09:00:00+00:00 to 2018-09-12T18:52:32+00:00  

Example inspired  from ISO 8601 

	Non-wearable Technology

	Non-wearable Technology ID

	Unique identifier for non-wearable technology. It must be unique for each tracked unit of technology under study. 

Motivation: Provides a consistent variable for linking the results to a specific technology unit. This makes it easier to search for results from a specific non-wearable technology.  
	Non-wearable technology 1 
· Non-wearable Technology ID: DEF001
Non-wearable technology 2
· Non-wearable Technology ID: DEF002

Examples inspired  from CDISC SDTM 1.5

	Non-wearable Technology Site Description
	Describes the location in which the non-wearable technology is deployed relative to the subject. 

Motivation: To be able to easily search and extract results deployed at a specific location relative to the subject. For example, the user may want to search for results collected from a sleep sensor placed at the end of a subject’s bed, in order to compare it to the results collected from a sleep senor placed on the subject’s bedside table for validation. Moreover, different processing and data analysis techniques may be applied depending on the location of the non-wearable technology.
	Non-wearable Technology Site Description:
 Smartphone: 
· Subject’s pocket
Sleep sensor: 
· At the end of subject’s bed  
· On subject’s bedside table



Technology Software
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Figure S2.3 Technology Software
Table S2.3 Technology Software metadata: Description, motivation and examples
	 Technology Software: Describe metadata relating to the different types of software associated with a technology.

	Metadata
	Description 
	Examples

	Software Environment/ Platform:
· Software Version
	Denotes the software environment/platform hosting the patient monitoring program on the sensing technology. This may include the operating system and coordinating programs such as the database management system. 

Motivation: To be able to search for results collected from a specific software environment. For example, a user may only be looking to analyse results from a specific mobile operating system version, e.g. iOS 3, as older versions may not be compatible/adequate for their code/purpose. 
The software version refers to the version of the hosting software environment/platform. 
	Software version:
· Windows 10
· macOS Sierra (version 10.12)
· iOS 11.4
· Android 

	Runs Application:
· Application Name
· Application Description
· Application Version

	Denotes the application, i.e. program, installed on a sensing technology for symptom monitoring. This includes metadata describing the name of the application, its purpose, and the version of the application installed on the technology. 

Motivation: To be able to extract results that are collected from a specific application and version. For example, different versions of an application may be released throughout the course of a study, which may result in different symptoms being monitored. Thus, the user can use this metadata to extract results collected from a specific version of the application.  

The application name refers to the name of the symptom monitoring application. The application description provides a small description about the aim of symptom monitoring application. The application version refers to the latest version of the application on the technology.   
	Smartphone application name:
· SmartphonePD app
Smartphone application description:
· Monitor symptoms of Parkinson’s disease through 5 different tests, including gait, voice, balance, reaction and tapping. 
Smartphone application version 
· V2.3

	Technology Firmware
	Denotes the software that provides the low-level control for the technology's specific hardware and firmware upgrades.

Motivation: To be able to search for results based on the firmware update running on the technology. For example, the user may wish to search for results collected after a firmware upgrade as the new upgrade may provide additional functionalities to the technology not previously available.  
	



Technology Source
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Figure S2.4 Technology Source
Table S2.4 Technology Source metadata: Description, motivation and examples
	Technology Source: Describes metadata that denotes if the technology deployed is owned (i.e. “bring your own technology”) or supplied to the subject.

	Metadata
	Description 
	Examples

	BYOT: Bring Your Own Technology
	Denotes if the technology is owned by the subject.

Motivation: To be able to search and extract results from technologies that are subject owned.  
	BYOT: Bring Your Own Technology 
· Y/N

	Supplied
	Denotes if the technology is supplied to the subject.

Motivation: To be able to extract results from technologies that have been supplied to the subject. For example, a user may only want to analyse results collected from supplied technologies to control for technology disparities. 
	Supplied 
· Y/N



Technology Relationships
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Figure S2.5 Technology Relationships
Table S2.5 Technology Relationships metadata: Description, motivation and examples
	 Technology Relationships: Describes metadata that defines the relationship between a technology and a subject, study or other technologies.  

	Metadata
	Description 
	Examples

	Subject ID
	Denotes the subject identifier for the study. 

Motivation: Identifies the relationship between a technology and a subject in the study. For example, a user may want to remove all the results collected from a technology that belonged to a subject whom was found to be incorrectly diagnosed with Parkinson’s post mortem. 
	Subject ID:
 USUBJID



Example inspired from CDISC SDTM 1.5

	Study ID
	Denotes the unique identifier for a study.

Motivation: Identifies the relationship between a technology and a study. For example, a user may want to identify all technologies involved in a specific study. 
	· STUDYID:
ABC-123

Example inspired from CDISC SDTM 1.5

	Technology ID
	Denotes the unique identifier for a technology. This is the same as the Non-wearable Technology ID/ Wearable Technology ID.

Motivation: Identifies the relationship between a specific technology, and other technologies in a study. For example, a user may wish to fuse observations collected from all the technologies simultaneously monitoring a subject to provide higher contextual information about the subject’s symptoms.  
	


Output
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Figure S2.6 Output
Table S2.6 Output metadata: Description, motivation and examples
	Output: Describes metadata about technology reported observations.

	Metadata
	Description 
	Examples

	Feature of Interest
	Denotes the thing or event whose property is being measured, estimated, or calculated. For example, a feature of interest could be a subject, the subject’s partner, or the temperature of the surrounding environment.

Motivation: To be able to easily identify results relating to a specific feature of interest. For example, one study may investigate multiple features of interest, such as the subject and temperature, to assess the impact of behavioural and environmental factors on drug efficacy, respectively. Thus, denoting the feature of interest is pivotal for increasing the interpretability of the results collected. 
	Feature of Interest 
· Subject
· Temperature
· Subject’s partner






Examples inspired from SSNO and SOSA ontology

	Observable Property:
· Symptom 
	Denotes the observable quality of a feature of interest. For example, if a subject is the feature of interest we are monitoring, then the subject’s gait is the observable quality.   

Motivation: To be able to easily identify results related to a specific observable property. If a specific symptom is being monitored, this is also noted. For example, a user may only be interested in analyzing voice (observable property) recordings to assess for the presence of voice related symptoms. 
	Observable property: Gait
· Symptom: Bradykinesia
Observable property: Voice
· Symptom: Dysphonia

Examples inspired from SSNO and SOSA ontology  

	Stimulus
	Denotes an event in the real world that 'triggers' the recording of an observation.

Motivation: To be able to extract results triggered by a specific stimulus.   
	Stimulus 
· Drug administration
· Rhythmic cues
·  Change in the environment 

Examples inspired from SSNO and SOSA ontology

	Sensor
· Sensor ID 
· Sensor Description
· Sensor Settings
· Data Storage Format
· Measuring capabilities 
· Calibration
	Denotes the sensor deployed on a technology for symptom monitoring.  

Motivation: To be able to identify results produced from a specific sensor. Understanding which sensor was involved in creating the results is pivotal for deciding on subsequent processing and analysis.  
The sensor ID is the unique identifier for a sensor. The sensor description denotes the type of sensor e.g. accelerometer, gyroscope, etc. The senor settings refers to the values of settings that are intentionally set on a technology when it is used, and may or may not vary from subject to subject e.g. sampling frequency. The data storage format refers to the format in which the results from the sensor are stored, e.g. data type (float, double, integer, signed byte and text). The measuring capabilities refers to the precision and resolution of a senor. The calibration refers to the calibration steps implemented to improve sensor performance.   
	Sensor ID:
· 123ACC
Sensor Description: 
· Accelerometer
Sensor Settings: 
· Sampling frequency: 120 kHz
Data Storage Format: 
· Double integer
Measuring Capabilities:
· Precision: ± 0.1 g
· Resolution: 1 μg at 1 Hz.
Calibration: 
· Define the steps that use the acceleration due to gravity to calibrate the accelerometer here.

Examples inspired from SSNO and SOSA ontology

	Procedure
· Procedure ID
	Identifies the procedure (through the procedure identifier) that is executed by the subject during the generation of the results. 

Motivation: Allows the user to identify and extract results generated from a specific procedure. For example, a user may only want to compare the results in which the user is instructed to place a smartphone in their pocket and walk in a straight line for 20 yards, to assess gait impairment. 
	Procedure ID:
· GAIT456
· VOICE879
· POSTURE123



	Result
· Measurem-ent Type
· Unit of Results
· Result in Condition
	Denotes the characteristics of the unprocessed or processed values  (i.e. the result) generated from a sensor.    

Motivation: To provide further interpretability to the results collected. The measurement type refers to the characteristic of a result, e.g. acceleration, sound and video. The unit of results refers to the metrics of the results e.g. seconds, milliseconds and m/s2.  The result in condition describes the condition under which the result is collected, these conditions can refer to the subject’s behavior or whether they are ON or OFF medication. For example, a user may only want to extract results when the subject is in the ON state. 
	· Measurement type: 
Acceleration
· Unit of Results:
m/s2
· Result in Condition:
ON state



Examples inspired from SSNO and SOSA ontology

	Result Time:
· Start/End Time 
	Denotes the start and end time of recording. 

Motivation: To be able to identify the time interval for a specific observation.  
	· 10:00:00+00:00 to 11:00:00+00:00
· 06:52:32+00:00 to 07:52:32+00:00  

Examples inspired  from ISO 8601

	Phenomenon Time:
· Start/End Time

	Denotes the start and end time in which a subject is adhering to the assumptions of a procedure.   

Motivation: To identify time intervals in the results that are adequate for symptom analysis. This time is different to the start and stop time of recording, i.e. Result Time. Instead, this time denotes the time interval of interest for assessing a subject’s symptoms. For example, a subject may only begin to follow a procedure 10mins into recording (Result Time). The remaining time, i.e. the time in which the subject is following the procedure, is referred to as the Phenomenon Time. Identifying the time intervals in which the subject is following the required procedure will increase the accuracy and interpretability of our analysis.  
	

	Processed Results:
· Processed Results Label
· Processed Results Description
· Units
	Describes the processing applied to the unprocessed results. 

Motivation: To provide a better understanding of how the processed results from a technology are generated. On board signal processing techniques may be applied to the unprocessed results generated from a sensor to provide higher contextual information.  For example, step counts can be processed from the gait acceleration for a subject. 
The processed results label defines the processed results, e.g. step count, number of falls and number of freezing of gait episodes. The processed results description denotes the specific signal processing/machine learning algorithms applied to obtain the processed results. The units refers to the metrics of the processed results e.g. seconds, milliseconds and count. 
	· Processed Results Label:
Step count
· Processed Results Description:
Peaks in acceleration magnitude correspond to steps being taken while walking.
· Processed Results Units:
Count

	Annotations:
· Annotation Type
· Annotation Label
· Annotation Start/End Date + Time 
· Observable Property
· Feature of Interest

	Denotes the characteristics of the annotations accompanying the results. 

Motivation: To better interpret the annotations accompanying the results. 
The annotation type denotes the nature of the annotation e.g. text, image and sound. The annotation label defines the annotation e.g. subject sleeping, subject outside, drug administered. The annotation start/end time refers to the start and end, date and time of an annotation. The observable property describes the observable property related to an annotation (if applicable). The feature of interest describes the feature of interest related to an annotation.
	· Annotation Type:
Text
· Annotation Label:
Walking 
· Annotation Start/End Date + Time: 
· 2018-06-12T06:52:32+00:00 to 2018-06-12T07:15:32+00:00  
· Observable Property:
Gait: bradykinesia
· Feature of Interest:
Subject

	Actuator
	Describes the technology that changes the state of a subject or their environment.  

Motivation: To be able to search for results associated with a specific actuator. For example, a user may want to analyse the long-term effects of deep brain stimulation on gait. 
	· Deep brain stimulation 


Example inspired from SSNO and SOSA ontology



Technology Events  
[image: ]
Figure S2.7 Technology Events
Table S2.7: Technology Events metadata: Description, motivation and examples
	Technology Events: Describes metadata regarding events that may affect the precision and validity of the results, including technology malfunction or maintenance. 

	Metadata
	Description 
	Examples

	Time of Data Upload
	Denotes the time schedule for uploading results to a server/cloud (if applicable). 

Motivation: To be able to make informed decisions about whether the results from a technology are uploaded at adequate times for a relevant application. For example, results that are uploaded only when the technology is connected to the internet may not be useful for real time patient monitoring applications. 
	· Upload data when connected to the internet 
· Upload data every two hours

	Start/End Date + Time of Technology Recharging
	Denotes the start and end, date and time when technology is charging. 

Motivation: To be able to make informed decisions about whether the battery life of a technology is adequate for a relevant application. These times may also explain gaps present in the results if recording seizes when the technology is recharging. 
	Start/End Date + Time of Technology Recharging 
· 2018-08-12T11:00:00+00:00 to 2018-08-12T12:00:00+00:00

Example inspired  from ISO 8601  

	Start/End Date + Time of Technology Maintenance
· Technology Maintenance Description

	Denotes the start and end, date and time when a technology is undergoing maintenance.  

Motivation: To identify time intervals in the results in which the technology is undergoing maintenance. Identifying these intervals can explain missing or corrupt results. The technology maintenance description defines the details relating to maintenance. .  
	Start/End Date + Time of Technology Maintenance

· 2018-08-12T10:30:00+00:00 to 2018-08-12T13:00:00+00:00

Example inspired  from ISO 8601  

	Start/End Date + Time of Technology Flagged Issue 
· Flagged Issue Description

	Denotes the start and end, date and time of a software or hardware malfunction. It may also denote other circumstances that raise concerns regarding the recording of results. 
Motivation: To identify time intervals in which the validity or precision of the results is compromised, missing or corrupt. The technology flagged issue description defines the details relating to the detected issue. Issues such as malfunction, may deem the data void for processing.   
	Start/End Date + Time of Technology Maintenance

· 2018-10-12T08:00:00+00:00 to 2018-10-12T08:30:00+00:00

Example inspired  from ISO 8601  


Subtechnology 
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Figure S2.8 SubTechnology
Table S2.8 Subtechnology metadata: Description, motivation and examples
	Subtechnology: Describes metadata that relate to technologies that have been deployed in groups to monitor a feature of interest. In some cases, one defined technology may contain requisite component technologies, which may need to be described separately.

	Metadata
	Description 
	Examples

	Subtechnology Affiliated Site Location
	Similar to  Technology Affiliated Site Location, for a subtechnology.  
	

	Subtechnology Type
	Similar to  Technology Type, for a subtechnology.  
	

	Subtechnology Software
	Similar to Technology Software, for a subtechnology. 
	

	Subtechnology Source
	Similar to Technology Source, for a subtechnology.
	

	Subtechnology Relationships
	Similar to Technology Relationships, for a subtechnology. 
	

	Subtechnology Output
	Similar to Technology Output, for a subtechnology.
	

	Subtechnology Events
	Similar to Technology Events, for a subtechnology.
	


Observation: Human Reported Observation
Observer ID and Observer Relationships 
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Figure S2.9 Observer ID, Observer Relationships, Observer output
Table S2.9 Observer Relationships and Observer Output meta data: Description, motivation and examples
	Observer ID: This denotes the unique identifier for the human observer.

	Observer Relationships: Describes the relationships between an observer and the study they are involved in, the procedure that they are asked to carry out and the subject they are observing.

	Metadata
	Description 
	Examples

	Subject ID
	Denotes the subject identifier.  

Motivation: Identifies the relationship between an observer and the subject they are monitoring. 
	Subject ID:
 USUBJID

Example inspired from CDISC SDTM 1.5

	Study ID
	Denotes the unique identifier for a study.

Motivation: Identifies the relationship between an observer and the study that they are involved in. 
	STUDYID:
ABC-123

Example inspired from CDISC SDTM 1.5

	Procedure ID
	Denotes the unique identifier for a procedure.

Motivation: Identifies the relationship between an observer and the procedure for which they are collecting results.     
	Procedure ID:
· GAIT456
· VOICE879
· POSTURE123



Observer Output
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Figure S2.10 Observer Output
Table S2.10 Observer Output metadata: Description, motivation and examples
	Observer Output: Describes metadata about human reported observations.

	Metadata
	Description 
	Examples

	Observer Feature of Interest
	Denotes the thing or event whose property is being measured, estimated, or calculated by an observer. For example, a feature of interest could be a subject. 

Motivation: To be able to easily identify results collected by an observer relating to a specific feature of interest. 
	Observer Feature of Interest 
· Subject

Example inspired from SSNO and SOSA ontology

	Observer Observable Property
· Symptom
	Denotes the observable quality monitored by an observer.  

Motivation: To be able to identify results related to an observable property, as monitored by an observer. For example, a user may be interested in analyzing gait monitored by an observer to assess how the technology reported observations hold up. If a specific symptom is being monitored, this is also noted. For example, a user may only be interested in analyzing voice (observable property) recordings to assess for the presence of voice related symptoms.     
	Observer Observable Property:
Gait
· Symptom: Bradykinesia
Observable property: Voice
Symptom: Dysphonia 

Examples inspired from SSNO and SOSA ontology 

	Observer Result
· Measurem-ent Type
· Unit of Results
· Result in Condition
· Start/End Date + Time of Result 
	Denotes the characteristics of the results collected by an observer.    

Motivation: To provide further interpretability to the results collected by the observer. The measurement type refers to the characteristic of a result, e.g. movement impairment. The unit of results refers to the metrics of the results e.g. UPDRS score. The result in condition describes the condition under which the result is collected, these conditions can refer to the subject’s behavior or whether they are ON or OFF medication. The start/end date + time of result refers to the start and end, date and time of when a result was noted by the observer.

	· Measurement type: 
Movement impairment  
· Unit of Results:
UPDRS score
· Result in Condition:
ON state
· Start/End Date + Time of Result:
2018-10-12T08:00:00+00:00 to 2018-10-12T08:30:00+00:00

Example inspired  from ISO 8601 and SSNO/ SOSA ontology

	Observer Phenomenon Time
	Similar to Phenomenon Time,  collected by an observer. 
	

	Observer Annotations
	Similar to Annotations, collected by an observer. 
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