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Executive Summary 

Aim 

The aim of this report is to present findings from research undertaken into the use of sensor data, 
available today, and mapped alongside current interRAI assessment data, to demonstrate the viability 
of data collected from sensors in a home (external) environment from a clinical setting. The rapid 
development of sensor use in health care provides an opportunity to combine sensor use in the home 
with interRAI health assessments to improve health outcomes.  

Methods 

A scoping review of published literature for sensor use in the home was conducted together with an 
environmental scan of commercial sensor systems available in NZ to determine what was already 
known about using sensors for health assessment and ascertain what new requirements, features, 
functionalities and processes are needed to make the best use of sensors in the home of older adults 
for health assessments. This was followed by a three-step modified Delphi method to map interRAI 
assessment items to sensor use to determine that such a mapping was possible, and to suggest 
potential sensors for use in the home of older adults.  

Findings 

The sensor literature review and environmental scan revealed that there is limited objective high-
quality evidence to support the use of sensors in health care. That is not to say that sensors may not 
be useful in health care rather that the evidence is limited. The majority of evidence is either 
experimental, based on algorithm testing, with small sample sizes, or a pilot project. Some clinical 
trials exist but the number is small. Some clinical trials do not involve older adults, and none use 
sensors for health assessments for the older adults.  Very few real-life RCTs exist, however as most of 
these are in recent years, this area is maturing. Therefore further research into real-life use of sensors 
to support care for older adults at home is needed. 

 
Sensors 

Sensors have a role in rehabilitation, monitoring of vital signs, monitoring of location and falls, aide 
memoirs for medication and activities of daily living, supporting activities of daily living, improving 
communication with informal carers and health providers. They may be of use in the psychosocial 
aspects of health as well as the physical aspects and have proved popular with some older adults.  
However, sensors have been shown to be of variable sensitivity and specificity, poorly designed, bulky, 
lack encryption of data, lack interoperability and have significant battery life limitations. In particular, 
sensor systems lack quality clinical validation. Interestingly, smart clothing can use miniature sensors 
and have high levels of reliability most likely due to good contact with skin. Ambient sensors may be 
able to be connected to a permanent power supply, but wearables ideally should last for long periods 
of time before needing recharging or battery changing but at the same time have to be small. This is 
a significant barrier to increased use of wearables but there is ongoing research to reduce power 
consumption and battery size of wearables or to provide alternative sources of power such as through 
body heat or motion or other electrophysiological processes. 
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Many health-related sensor systems are combinations of different sensors used together, as in 
ambient assistant living (AAL) systems. AALs used with wearables, and indeed with robots and multiple 
sensor deployment is the commonest use of sensors. Sensors can be used for short-term use and be 
removable, such as small motion detectors or wearables, or can be permanently installed in a home, 
such as cameras fixed to the wall or wired smoke detectors. This multiple use of sensors serves to 
increase the range and type of data collected and analysed and hence increase the range of purpose 
for sensors. 

The majority of robotic sensor systems are still undergoing development so have not been extensively 
tested in real-life situations or demonstrated a positive impact on health outcomes. Robots can be 
divided into those that mainly provide companionship and close physical contact (pet or social robots) 
and those that have some functionality to move and manipulate objects in the environment (carry, 
move, pick up items, support ADLS, provide navigation or medication reminders). 

Sensors do not have to be designed to be recognizable as sensors. Wearables can be inserted into 
items of everyday use, for example: necklaces, pendants, bracelets, rings, belts, socks, shoes have all 
been used in studies. Ambient sensors can similarly be inserted into other items usually seen in a 
home, for example smart plugs, smart light bulbs, gaming systems like Kinect and Wii, smoke alarms 
and could also be amusing – such as a sound sensor inserted in a rubber bath duck in the bathroom 
to detect water running.  

Providing low cost, easy to use, adaptable, secure, culturally acceptable sensors that add value to 
existing everyday items and that can be selected by the older adult will increase compliance and 
acceptability by older adults.  

 
interRAI data 

Data input into interRAI health assessments is currently from multiple sources, in multiple formats, 
high volume, based on self-reported recall, on paper and time consuming to collate and enter into the 
online assessment form. A lack of operability prevents data that is in digital format from being used, 
with the exception of the NHI. 

Sensors can be used to improve data input for interRAI assessments. Some assessment items are, 
however, complex and difficult. Those items that are most difficult for the assessor to access were 
also the same items where it would be difficult to introduce sensors to provide input data. In these 
situations, providing sensor data to the assessor who would then use their clinical judgement would 
enable the assessor to complete these items in a more efficient and effective manner. This report does 
not suggest that clinical judgement should be replaced with clinical decision support systems (CDSs), 
rather that data be presented in a more effective and efficient manner and of higher quality, to the 
assessor such that they may then use their clinical judgement with the aim that the outputs of the 
algorithms will be more accurate and hence the care planning leading to better health outcomes. 

Sensors could play a role at any step in the assessment process, from pre-assessment, to providing 
support care and monitoring of health outcomes after the assessment is completed. Changes to the 
assessment process would increase efficacy and effectiveness of assessments.  

Technical data concerning existing commercial sensors systems was absent from the public domain 
hence it was not possible to assess their ability to provide data for interRAI assessment.  



 

A major theme of the literature review was that research studies conducted on sensor use are mainly 
experimental, with small sample sizes and based in residential care providing limited evidence that 
sensor use improves health outcomes. Of major concern though is that sensor systems lack quality 
clinical validation. They must be tested and validated by health providers in real-life situations. This 
could be addressed by supporting real-life clinical studies on the use of sensors in the care of the 
elderly.  

Next steps 

Based on work undertaken for this project, a 2-tier approach to a minimum sensor package for homes 
is recommended. If the older adult lives with others, then their needs and wishes such as privacy need 
to be taken into account.  

Tier 1: this would consist of simple wearables, such as acclerometer, barometic pressure/altimeter, 
gyroscope in different designs plus simple PIR motion detectors appropriately located – opened door, 
moved into room, turned on light or radio plus self-competed online health assessments and screening 
tools by older adults and/or informal carers plus temporary ambient cameras could be installed for 3 
days for improved assessment of iADLS and ADLs. 

This can be be used for pre assessment data gathering and screening, leading to early identification 
for assessment, and early detection of declining health but also for a feeling of security, reduced 
loneliness and improved interaction with their support network. This would connect the informal 
network with the older adult so that a system was already in place for when/if the health of the older 
adult declines. Tier 1 would be scalable by the addition of wearable and ambient sensors as health 
needs change with more frequent screening tool use by health providers to detect early deterioration 
in health status.  

Tier 2: this would consist of fixed ambient cameras or movement detection by radar or audio and 
continuous monitoring with selected wearables and ambient sensors based on a formal needs 
assesment by a registered health provider, such as occupational therapist or interRAI assessor. More 
complex data processing would be required which would include protection of privacy, pattern 
recognition and AI such as fuzzy logic and rules-based reasoning with alerts of abnormal events. Whilst 
data collection could be continuous, the processing output could be exception based, summarised, or 
otherwise aggregated for ease of viewing. Skin care concerns are more important in frailer older 
adults.  

This tier would be for older adults with high levels of fraility, requiring support for iADLS and ADLS, 
cognitive problems, unstable health conditions, frequent falls, frequent ED visits or hospital 
admissions. Tier 2 adults may be willing to trade privacy for security and reassurance of help arriving 
from continuous monitoring.  

Like Tier 1, Tier 2 can be be used for pre assessment data gathering and screening, leading to early 
detection of declining health but also would determine the level of support needed and ensure it was 
provided when needed. Again, like Tier 1, Tier 2 would provide a feeling of security, reduce loneliness 
and increase interaction with support network, and bring health providers in the circle of care. Both 
Tier 1 and Tier 2 would include checks to ensure informal carers are not being overwhelmed. Any 
changes to the interRAI health assessments or data input methods and process must have the aim not 
only of creating an end-to-end digital system with benefits such as reduction in transcription errors, 
having the right information at the right time, and time savings, but of improving health outcomes.  
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Limitations 

The main limitation of the report is that sensors are a fast-moving area with new sensors being 
developed all the time. The sensors and their use discussed in the report could be superseded by 
future development. There was very little published research found on health assessments and 
sensors with older adults so findings presented may not be strictly applicable to the scope of the 
project as age and purpose of health assessments was removed to find published literature on sensors 
in health. 

No observations of real time interRAI health assessments were conducted and no older adults and 
their informal carers, assessors and other data end users, such as hospital elder care services or 
primary care providers, were consulted in the preparation of this report. Arranging for this to occur 
would enable triangulation and increase the validity of the project findings, this may also reveal new 
findings.   
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Recommendations 

It is recommended that the existing interRAI assessment process be enhanced by the use of sensors 
in the home (external) environment of older adults. 

It is suggested that the following actions be taken:   

1. Provide a digitally capable system end-to-end 

a. Ensure interoperability with existing datasets   

b. Increase use of digital technologies that can provide data other than sensors  

c. Increase digital and health literacy of assessors, older adults and their carers 

d. Ensure culturally acceptable system end-to-end 

e. Determine ownership/guardianship of data collected by sensors  

2. Investigate specific sensor acceptance by older adults  

a. Ensure sensors selected meet user requirements and are scalable and flexible to 

permit personalisation 

b. Add value to existing everyday items and technologies 

3. Make changes to the interRAI assessment process  

a. Introduce screening in primary care/home/informal carers 

b. Move timing of assessments in relation to health status/needs/stage of life 

c. Introduce self-assessments via tablet or similar 

d. Expand the assessor workforce 

e. Provide mechanisms for informal carers to warn if they are starting to feel 

overwhelmed 

4. Use interRAI output data to provide care support and monitoring of health outcomes  

5. Access commercial sensor systems for sensitivity/specificity/user acceptance/health 

outcomes supported 

6. Deploy as two-tier system of sensors, with support for informal carers provided in both tiers  

a. Older adults with stable health conditions but need some support  

b. Frail older adults who need lots of support for ADLs and ambient monitoring for falls 

7. Run pragmatic clinical trials for sensors in homes of older adults, starting with tier 1, or a pilot 

project with large sample size, for example, for improving medication adherenc
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Background and Purpose 

The purpose of this report is to present findings from research undertaken into the use of sensor data, 
available today, and mapped alongside current interRAI assessment data, to demonstrate the viability 
of data collected from sensors in a home (external) environment from a clinical setting.  

The wider context for the project is that health care systems that succeed in preventing or delaying 
long term care in Aged Residential Care (ARC) facilities and acute hospital admissions of frail older 
people may substantially save on their public spending as demand for ARC is estimated to continue to 
increase (Broad et al., 2015). Older adults can have a higher quality of life and prefer to stay at home, 
with sensor support, as they age (‘ageing in place’) (Elers et al., 2018; Hrast, Sendi, & Kerbler, 2020; 
Wiles, Leibing, Guberman, Reeve, & Allen, 2012). However, moving into ARC can also improve health 
and wellbeing, especially for older adults with mental illness, loneliness, unstable health conditions or 
have a lack of, or overstressed, informal carers (such as family or friends) and not only do some older 
adults wait too long to access care, but access to care at the right level varies across New Zealand (NZ) 
(New Zealand Aged Care Association, 2018). Thus, ageing in place or moving into ARC can be a complex 
and difficult decision (Hrast et al., 2020) and accurate assessment for the type and level of health and 
disability support and care needed to continue to stay at home is therefore critical.   

What is interRAI  

The term “interRAI” refers to both a group of international researchers from more than 35 countries 
who have developed and validated health assessment instruments and is an acronym for a clinical 
international resident assessment instrument (interRAI New Zealand, 2016) and refers to the suite of 
more than twenty (20) health assessment tools (instruments), that provide input to electronic decision 
support software, to complete comprehensive clinical assessments for older adults.  

This comprehensive and standardized assessment system consists of an assessment with 236 
questions over 20 domains (which produces a minimum data set) and a set of Clinical Assessment 
Protocols (CAPs). Data is obtained from a variety of sources and then entered into the assessment 
system by an assessor using an online form. The data collected from an assessment is then subject to 
algorithmic processing which may trigger any from one to several CAPS. The assessment covers several 
functional, cognitive, health and social needs and current service use for an older adult. The CAPs 
contain guidelines to inform and focus on person-centered health and disability care and support, for 
example: the physical activities CAP includes personalised goals to increase level of exercise taken by 
the older adult. These goals include education, motivational barriers, step-by-step increases in activity 
and longer-term exercise goals (interRAI New Zealand, n.d.).  

Thus, the overall purpose of interRAI health assessment is restorative care - to support continuity of 
health and disability care and to support decision making by health professionals.  

In New Zealand, any person who wishes to receive funded health and disability support services must 
have an interRAI health assessment and you must be assessed as requiring such services.  

A person cannot receive funded health and disability support services just because they would like to 
receive them (Ministry of Health, 2011). 
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History in NZ  

New Zealand (NZ) was the first country in the world to adopt interRAI as the national older person 
health assessment software platform for both aged residential care and home/community care. It was 
first piloted in 2006, with subsequent phased implementation across New Zealand in two tranches - 
the DHB interRAI Implementation Project for home and community interRAI assessments (2008-2012) 
and the Comprehensive Clinical Assessment (interRAI) project introducing the Long Term Care 
Facilities assessment (LTCF) into Age Residential Care (ARC) (2011-2015) (Agreements for use of the 
interRAI assessment system (interRAI New Zealand, 2016; Meehan and McCreadie, 2016).  See 
appendix 7 for a detailed timeline.  

Five interRAI assessments are used in New Zealand. These are the Contact Assessment (CA) which 
includes the Emergency Department (ED) screener; the Home Care (HC) assessment; the Community 
Health Assessment (CHA) which may be combined with the Functional Supplement, and is used to 
identify individual needs and implement appropriate interventions or specialist referrals for clients 
with a suspected or known mental health condition); the Palliative Care (PC) assessment and the Long 
Term Care Facilities (LTCF) assessment. The CHA with the Functional Supplement is equivalent to a HC 
assessment. CA and HC assessments were the first assessments to be introduced into New Zealand 
and are the two most used in New Zealand. 

The most appropriate assessment tool is selected based on the client status, urgency of care support, 
complexity of support needs, residential location and potential duration of care support which is 
determined by the clinical referral coordinator. Briefly a CA is screener tool to determine urgency, 
complexity and rehabilitation needs, and is used for home residents with non-complex needs or 
needing short-term Packages of Temporary Support (POTS) whilst waiting on a HC/HCA assessment 
(for example on discharge from hospital). The CA contains an Emergency Screener for use when an 
older adult presents to an Emergency Department (ED).  A CA is used for home residents with low 
complex needs and a HC assessment for home residents with high complex needs or requiring an 
urgent assessment based on a CA assessment result. A HC assessment is also used when permanent 
residential care is being considered. PC assessments are reserved for people with palliative care. A 
LTCF assessment is used when a person is permanently in Aged Residential Care facility and may be 
being considered for upgrading into hospital-level care. For a chart outlining in more detail when each 
assessment is used, see ‘Which interRAI assessment to use and when to use it’ at (interRAI New 
Zealand, 2019b).  

Completed assessment data was stored in two national data warehouses, but these have been merged 
in June this year, into single national software platform and feed into one central data warehouse. 
Output data from completed assessments is available via a data visualization tool and further data is 
available upon formal request from the data warehouse and Central Region’s Technical Advisory 
Services (TAS). Output data is available for individual care planning (CAPs), local, regional and national 
health service development and planning, and research. Primary care providers may receive a copy 
relevant to their own patients. Of note is that the assessment outputs inform and support clinical 
decision making, they do not determine range, type or hours of care – this is determined by each 
District Health Board (DHB) based on their local resources and service guidelines.  

interRAI in New Zealand is funded by the Ministry of Health, delivered by TAS interRAI services and is 
governed by the interRAI Governance Board. There is a royalty free agreement between interRAI 
International and the New Zealand Ministry of Health. Assessors work for the Needs Assessment and 
Service Coordination (NASC), which has centers and assessors located throughout New Zealand. Figure 
1 shows the current status of interRAI assessments in New Zealand as of October 2019 (interRAI New 
Zealand, 2019a). For more information about interRAI New Zealand, see the extensive interRAI 
website at https://www.interrai.co.nz/about/.  

https://www.interrai.co.nz/about/
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Methodology 

Introduction  

This section describes the various steps and sources of information used for the project: 

1. Determine scope of project 
2. Ethics approval 
3. Scoping literature review for sensor use for older adult health assessments 
4. Review of InterRAI websites and assessment manuals 
5. Analysis and categorization of input data for interRAI health assessments 
6. Environmental scan of websites for Commercial sensor systems (mainly in NZ and 

Australia) 
7. Review of outcomes and attendees at three workshops run by the Minitsry of Health in 

collaboration with Massey University during 2019 
8. Mapping of assessment data to sensors 
9. Identify other data sets that could potentially fill some data gaps 
10. Determine model effectiveness for screening, ranking of items, prognostic indicators  

Ethics 

Although the project analyses literature and data, with no human participants, a low risk notification 
was submitted as the means of recoding research conducted by University staff. This project has been 
evaluated by peer review and judged to be low risk. Consequently, it has not been reviewed by one of 
the University's Human Ethics Committees. The researcher(s) named in this document are responsible 
for the ethical conduct of this research. If you have any concerns about the conduct of this research 
that you want to raise with someone other than the researcher(s), please contact Professor Craig 
Johnson, Director (Research Ethics), email humanethics@massey.ac.nz. 

Scope 

The context for this project is limited to assessments for home-based health care where sensors may 
make a difference to the health status of the home resident. Therefore, the LTCF assessment and the 
Palliative Care assessment were excluded from the project scope as they would not be used in the 
context of this project. As the CHA with the addition of the functional supplement is equivalent to a 
HC assessment, the CHA tool was also excluded. Thus, this project examined the data inputs for the 
CA and HC assessment instruments (Hirdes et al., 2010; Morris et al., 2012).  The interRAI Clinical 
Assessment Protocols (CAPs) inform and focus on person-centered care and support and are triggered 
by the interRAI assessment data. Hence CAPs fall out of scope as they are dependent on output data 
after algorithm processing of the input data (Morris et al., 2010).  

Out of scope 

The report focuses on interRAI health assessments, thus other forms of assessments, including 
inhouse primary care assessments and other international assessments are not considered in this 
project. Whilst this project is restricted to analysing the data inputted into assessments, the interRAI 
assessment system is part of a wider process from referral to care planning and review, therefore note 
has been taken where digital data and technology could be used in the wider process and 
recommendations made.  

mailto:humanethics@massey.ac.nz
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Much of the data inputted in the assessments is based on clinical judgement. This project seeks to 
examine the data required and does not attempt to replace clinical judgement with clinical decision 
support systems (CDSs), rather it seeks to present data in a more effective and efficient manner and 
of higher quality, to the assessor such that they may then use their clinical judgement on input data 
of higher quality with the aim that the outputs of the algorithms will be more accurate and hence the 
care planning leading to better health outcomes. Likewise, this project does not attempt to analyse 
the algorithms used or evaluate health outcomes from a care plan but recommends that these are 
considered in future work.  

Data collection is very dependent on the users who provide the data, cultural-safe data collecting 
practices are critical, outside the scope of the project, but recommended as future work. Whilst this 
project looks at the use of sensors in the home, it does so from the perspective of providing higher 
quality data for assessments. Sensor acceptance is critical to the successful implementation of sensors 
in the home and we recommend that this also informs future work so that what works for assessments 
will also work for the older person. interRAI assessments do not collect biophysiological data apart 
from height and weight, therefore, sensors used as biosensors, detecting a wide range of clinical 
parameters, both for individuals and for public health surveillance are excluded.  

Finally, interRAI has a governance Board and this report does not examine the role and function of the 
Board. We are aware that the Ministry of Health has commissioned some work around service design 
of interRAI from Tenzing Management Consulting and believe that this report will complement that 
work.  

Scoping review of literature 

A scoping review of published literature was conducted following the methodology of the Joanne 
Briggs Institute (Peters et al., 2020), the purpose being to determine that the Research Question had 
not already been answered in the published literature. Scoping reviews are appropriate for the 
identification of certain characteristics in diverse sources of evidence, in the mapping of these 
characteristics and to examine a broad area to identify gaps in the research knowledge base. This 
project seeks to identify, characterise and map the data types and sensor types, useable in the home 
of older adults, that could be used for interRAI home (health) assessments, checking a broad range of 
evidence to ensure these mappings have not already been identified in a curated space is the first 
step.  

The project also seeks to identify a minimum sensor setup based on the mappings with pragmatic but 
not formal recommendations of practice based on a formal synthesis of high-quality evidence. Hence 
a scoping review rather than a systemic review is appropriate. In addition, this review of published 
and grey literature is not being conducted with a view to developing a clinical guideline or determining 
the effectiveness of an intervention, which are more appropriately addressed by a systematic review. 
Therefore, it is not necessary to assess the quality of the evidence included in the scoping review. 
Whilst a scoping review has a priori review protocol similar to a systematic review, a scoping review 
has a less restrictive inclusion and exclusion criteria than a systematic review and the elements in the 
PCC (Population, Concept and Context) framework may be used to assist with determining these 
criteria and the research question to be answered by the scoping review. Because of the broad nature 
of scoping review questions, scoping reviews are particularly useful for bringing together evidence 
from disparate or heterogeneous sources hence qualitative as well as quantitative study designs can 
be included along with grey literature. The selection of material follows the PRISMA format modified 
for scoping reviews (Tricco et al., 2018) and a standardised data extraction form was used to input the 
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characteristics (see Appendix 4). The PCC framework has been used to define the research question 
and the search parameters.  

Research Question: 

Undertake research into the use of sensor data, available today, and mapped alongside current 
assessment data to demonstrate the viability of data collected from sensors in a home (external) 
environment from a clinical setting.  

Using the PCC framework, Population is defined as older adults using sensors for health and wellbeing 
in the home. “Older” rather than a set age is used to include all studies that recruited older adults as 
the age cut-off for older adults varies depending on each study plus there is disparity and health 
inequities with age and chronic disease between Maori and Pacifica peoples and the rest of the NZ 
population. Concept (the phenomena of interest) is the characteristics of available sensor types (with 
their data input/output types) and Context is ‘assessment for health and wellbeing in health and 
disability care in the home’ (and community).  

PCC framework for scoping review 

 

Figure 1: PCC framework 

The following keywords plus synonyms were identified and used in Boolean searches. Health and 
Wellness/Wellbeing were not used as keywords, firstly because it is the broad context for the 
research, and secondarily, a search returned a result of 4,842,785 references. Including keywords from 
all circles in a Boolean search returned a result of 34,174, still far too many to search in a realistic and 
pragmatic manner. Hence the keywords Health and Wellness were excluded from the search terms 
but were used as inclusion criteria when selecting articles.  Additional inclusion criteria are publication 
date: last 10 years 2010 – 2020, Language: English, available without payment.  

Table 1: PCC search terms 

Circle 1  (synonyms)  Circle 2 (synonyms)  Circle 3 (synonyms)  Circle 4 (synonyms) Circle 5 
(synonyms) 

Health  interRAI  ageing/ aging  sensors  monitoring 

Wellness  older adult 
assessment  

Older adult wearables   
 

 senior Smart home or smart 
house  

 

    technology   

   
 

IoT   
     assistive technology  

     pervasive technology   

Older adults

Sensors and 
their data 

types

interRAI/other 
assessments 
for home or 
community 

care
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The key word ‘monitoring’ was interesting as it returned different items when used as AND than when 
used as OR in the sensor circle 4 in the below table. Using monitoring as an action for sensor use was 
interpreted differently to using a monitoring sensor and gave different search results. Hence 
monitoring was placed in circle 5.  

Using ‘older adult’, ‘ageing’, ‘aging’, or ‘senior’ did not impact on the references returned from the 
database search so the below Boolean query was used for the scoping review and returned 191 
PubMed references (greater than for Cinahl or Web of Science which returned the same references, 
just fewer). Digital was removed as a synonym from circle 4 as it returned too many false results.  

A similar search process was used with MeSH (Medical Subject Headings) Terms. The time frame was 
limited to the previous 5 years since most references found with the database search revealed that 
most studies over 5 years of age were not relevant to this project.  

The references returned by both search strategies were reduced to 79 after elimination on non-
relevant references (for example, not in humans, not health and wellbeing/wellness, paediatrics, 
biophysiological sensors for chronic disease and so on). See Appendix 2 for the Boolean and MeSH 
Terms searches and numbers returned in more detail.  

Table 2: MeSH Terms used in Scoping Review, that align with PCC framework. 

Medical Subject headings 
used in PubMed 

  

Healthy aging interRAI or interrai – no records Technology 
Aged Assessment – no MeSH terms wearable technology 
Health Services for the Aged 
 

Assessment of health needs assistive technology 

 Rehabilitation Ambulatory technology 
  Wearable device 
  Telehealth 

interRAI articles in scoping review: 

Both the database and MeSH Terms Boolean searches that looked for any references to interRAI with 
sensors for various actions with older adults’ health and wellbeing (with synonyms) returned one 
reference only, thus demonstrating that this research question has not been answered. 

This single reference that did include both interRAI and sensors, used an observational study to 
evaluate the classification of falls, using smart wrist-worn devices in community-dwelling older adults 
with the RAI-HC assessment tool (Yang, Hirdes, Dubin, & Lee, 2019). 

Whilst there were research studies using data produced by the interRAI assessment process only two 
articles were found that looked at the input side of this process – both from the assessor’s perspective 
(Smith, Whiddett, & Hunter, 2013; Vuorinen, 2019). 

In an attempt to locate references that used health assessment data or sensors in real-life settings, 
searches for ‘clinical trials’ and for ‘systemic review for health assessments’ were added. This gave 3 
relevant references for clinical trials and 2 systematic reviews for health assessments. Further clinical 
trial references were found for sensor technology by removing the ‘older adult’ so could be from any 
age group. Following citations of returned references found a few more clinical trial and systematic 
review references.  
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Findings and Discussion 

Introduction to findings  

The majority of the studies identified for older adults and sensor technology were conducted in 
experimental environments such as technology laboratories and were focused on improving algorithm 
processing of sensor data, and/or did not provide any health outcomes and/or were small pilot 
studies. However, where appropriate they are included as examples of potential sensor use. 
Information from clinical trials came the closest to real-life sensor use. The scoping literature review 
showed that the Research Question has not already been answered in the published literature.  

The Findings and Discussion section is split into findings relating to sensors, findings relating to 
interRAI data input, and then the extent to which these can be mapped to each other. Problematic 
interRAI assessment items for sensor use are discussed and potential minumum sensor packages for 
older adults living at home are identified.  

Sensor frameworks  

There are different ways to classify sensors for health care assessments of older adults living at home 
- by purpose, device type, processing required, activities used with, health outcomes, location, length 
of use, cost and so on. Magnetic switches and passive infrared (PIR) motion sensors are very cheap 
and readily available whereas biosensors and robots can be very expensive and complicated to design, 
implement and use (Koceska, Koceski, Beomonte Zobel, Trajkovik, & Garcia, 2019; Uddin, Khaksar, & 
Torresen, 2018). Sensors can be simple or complex in design and can be used individually or together 
with other sensors thus the list of sensors available for use in home assessments is long. The range of 
sensors produced is rapidly expanding and new types of, and uses for sensors are being developed on 
an almost daily bases – a good example of this is the response to Covid-19 (Furberg, 2020). 

Wearable, ambient or robotic sensors 

One of commonest classification frameworks is to divide sensors into wearable, ambient sensors, or 
robotic, each of which can be further subdivided for example into fixed or mobile, temporary or 
permanent. Figure 4 lists different types of sensors identified from published and grey literature, 
including commercial sensor systems. Sensors are listed in no particular order. Smart phones, smart 
watches and gamification may use multiple sensors and data input screens.  

Sensors do not have to be designed to be recognizable as sensors. Wearables can be inserted into 
items of daily use, for example: necklaces, pendants, bracelets, rings, belts, socks, shoes have all been 
used in studies. Ambient sensors can similarly be inserted into other items usually seen in a home, for 
example smart plugs, smart light bulbs, gaming systems like Kinect and Wii and smoke alarms. 
Embedded sensors could also be amusing – such as a sound sensor inserted in a rubber bath duck in 
the bathroom to detect water running - now called Hans after our colleague who had this idea during 
one of the modified Delphi method meetings. 

The majority of robotic sensor systems are still undergoing development so have not been extensively 
tested in real-life situations (Bajones et al., 2019) or demonstrated a positive impact on health 
outcomes (Broadbent, Peri, Kerse, Jayawardena, Kuo, & Datta, 2014).  
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Table 3: Different types of sensors. 

Ambient (embedded into daily 
environment) 

Wearable (anywhere on-body) Robotic (could include sensors 
from wearable and ambient) 

Passive infrared (PIR) motion  Biosensors Biosensors 
Video Accelerometer (tri-axial) Tablet 
Pressure Barometic pressure/altimeter Camera 
Force Gyroscope  Accelerometer 
Smoke and flame Velocity Velocity 
Humidity Magnetic forces Barometric pressure 
Luminescence Video (ego-centric) Microphones 
Sound  Microphones Panic buttons 
Water flow Step counters GPS trackers 
Water temperature Panic buttons Movable ‘arms’, ‘legs’, ‘limbs’ 
Floor sensors Fitness trackers (Fitbit, etc)  
Pressure mat sensors GPS trackers  
Radar sensors (both doppler and 
ladar) 

Hearing aids  

Magnetic switches, Pocket talker  
Temperature detectors AR (MS Hololens)  
CO2 concentration sensors Smart clothing (socks, shoes, vest, T-shirt  
Gas concentration sensors Wearable tattoos  
Electricity use    
RFID Sensors can be combined:  
Eye trackers Smart wristband (combines activity 

tracker, sleep, heart rate) 
 

Kinect and Wii (creates silhouettes) Smart phones (often contain some of 
these sensors) 

 

Vibration and vibro-tactile Smart watches (also can contain multiple 
sensors) 

 

Contact detection Gamification using sensors, apps and data 
input screens 
 

 

Visitor-counting   
silicon photomultipliers (SiPMs)  
360 degree lamp  
Float sensor (for toilet) Biosensors can measure heart rate, body temperature, oxygen saturation, 

respiration rate, electrocardiogram, blood glucose, blood pressure, 
perspiration, heart sounds, electromyogram 

Human activity recognition (HAR)  
Refs: (Coiera, 2015; Elers et al., 2018; Geraedts, Zijlstra, Van Keeken, Zhang, & Stevens, 2015; Hassett et al., 2020; Koceska et al., 2019; 
Massé et al., 2015; Nguyen, Nebel, & Florez-Revuelta, 2016; Pantelopoulos & Bourbakis, 2010; Rohrbach et al., 2019; Siena, Byrom, Watts, 
& Breedon, 2018; Son & Kim, 2019; Stucki et al., 2014; Susnea, Dumitriu, Talmaciu, Pecheanu, & Munteanu, 2019; Taylor, Buchan, & van der 
Veer, 2019; Tedesco et al., 2019; Uddin et al., 2018; Webster & Celik, 2014; Yang et al., 2019). 

Robots can be divided into those that mainly provide companionship and close physical contact (pet 
or social robots) and those that have some functionality to move and manipulate objects in the 
environment (carry, move, pick up items, support ADLS, provide navigation or medication reminders) 
(Bajones et al., 2019). The systemic review article by (Broadbent, 2017) is an excellent source of 
further information on robots, including the interesting concept of the Uncanny Valley – where feeling 
of unease and discomfort increase towards robots that look almost humanlike. 

Pet robots such as Paro, a cute baby seal, have been used the most in clinical trials. Results show that 
Paro can be used to reduce loneliness and depression; reduce chronic pain; and reduce agitation, 
anxiety and stress and improve affect and social interaction for people with dementia (Jøranson, 
Pedersen, Rokstad, & Ihlebæk, 2015; Liang et al., 2017; Petersen, Houston, Qin, Tague, & Studley, 
2017; Pu, Moyle, Jones, & Todorovic, 2020; Robinson, Macdonald, Kerse, & Broadbent, 2013;  
Robinson, Cottier, & Kavanagh, 2019).  
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Ambient assistant systems 

Many health-related sensor systems are combinations of different sensors used together, as in 
ambient assistant living (AAL) systems. For home care support, the AAL would involve the older 
person’s home.   

Figure 2 shows the basic structure of an AAL, where one or more sensors are used to track the 
interactions and subsequent activities between the assisted person and the environment (Susnea et 
al., 2019). Sensor data can either directly inform about these activities (eg: number of steps taken) or 
can be used as surrogate data from which activities can be inferred (eg: the bathroom door opened, 
therefore someone entered the bathroom presumably to tend to personal hygiene needs). Data can 
be processed and analysed either within the sensor or by a central processing device. Note that upon 
detection of any anomaly or risk, the system can either issue a local warning/reminder or send alert 
messages to carers.  

 

Figure 2: Basic structure of an AAL (Susnea et al., 2019). 

 

Figure 3 shows simple schematic setup of AAL in an older person’s home (Uddin et al., 2018).  

 

Figure 3: Simple schematic setup of a smart home for an older adult using different ambient sensors (Uddin et al., 2018). 
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AALs used with wearables, and indeed with robots and multiple sensor deployment is the commonest 
use of sensors. Sensors can be used for short-term use and be removable, such as small motion 
detectors or wearables, or can be permanently installed in a home, such as cameras fixed to the wall 
or wired smoke detectors.  

This multiple use of sensors serves to increase the range and type of data collected and analysed and 
hence increases the range of purpose for sensors. Thus, a further classification is by purpose or action 
of the sensor.  

Sensor purpose or goals of sensor use 

A second framework for sensors is by the goals or purpose of using one or more sensors, be they 
wearable, ambient and/or robotic. Table 4 lists various goals/purposes from the published literature.  

Table 4: Sensor purpose/goals of sensor use. 

Ambient or wearable Biosensors Robots 
 

Activities of daily living Physiological (vital) signs 
recognition 

Activities of daily living detection 
or assistance 

Falls detection Monitoring of chronic diseases Videoconferencing 
Falls location  Detection of acute clinical events  Falls detection 
Sit-stand/Time to stand Detection of worsening of clinical 

conditions 
Medication reminders 
 

Transfer detection  Alerts 
Motion (bending, sitting, standing, 
walking, going up/down stairs) 

 Motion – detection or assistance 

Footstep recognition  Lifting people 
Gesture recognition  Entertainment 
Facial emotion recognition  Cognitive training 
Walking speed  Medication management 
Medication management  Give and receive hugs 
Event detection (any event or 
departure from normal) 

  

Alerts   
Sleep detection   
Personal security   
Home automation   

Refs: (Coiera, 2015; Elers et al., 2018; Geraedts et al., 2015; Hassett et al., 2020; Jøranson et al., 2015; Koceska et al., 2019; Massé et al., 
2015; Nguyen et al., 2016; Pantelopoulos & Bourbakis, 2010; Rohrbach et al., 2019; Siena et al., 2018; Son & Kim, 2019; Stucki et al., 2014; 
Susnea et al., 2019; Taylor et al., 2019; Tedesco et al., 2019; Uddin et al., 2018; Webster & Celik, 2014; Yang et al., 2019) Liang et al., 2017; 
Petersen, Houston, Qin, Tague, & Studley, 2017; Pu, Moyle, Jones, & Todorovic, 2020; Robinson, Macdonald, Kerse, & Broadbent, 2013; 
Robinson, Cottier, & Kavanagh, 2019). 

 

The taxonomy shown in figure 4 is particularly useful for examining sensor use for data input to 
interRAI assessments as it covers many of the interRAI assessments groupings, including support for 
the carer and family. This was developed by (Uddin et al., 2018) from their comprehensive review of 
surveys in the literature and the goals of the AAL joint Programme  (AAL Europe, 2019). 
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Figure 4: Taxonomy for AAL (Susnea et al., 2019) 

Domains 

A third framework is by domains as shown in figure 5 by (Uddin et al., 2018). The domain of ambient 
sensor could be expanded to include wearables and robots as the other three domains apply equally 
to them. The majority of studies into sensor use have focused on the feature extraction and machine 
learning domains with the aim of improving the sensitivity and specificity of the sensor for a given 
action or activity. The various algorithms for machine learning techniques and technical details of 
feature extraction are out of scope for this project but should not be ignored as a sensor is of no use 
in a clinical setting if it does not have sufficient sensitivity and specificity for the target events. The 
data produced by processing of sensor input data must be of an overall quality that is clinically usable 
and meaningful.  This project is interested in target events, specifically those that provide input into 
an interRAI assessment.  

 

Figure 5: AAL domains (Uddin et al., 2018) 
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Socio-technical system 

However, regardless of sensor classification or frameworks, a sensor used for interRAI health 
assessments for home care and support forms part of a socio-technical system that considers the 
human, social and home (and wider organisational) aspects as well as the technical aspects of the 
sensors (Coiera, 2015). The majority of studies in the published literature on sensors and older people 
consider the technical aspect only or use sensors in very controlled environments. Technology projects 
tend to fail due to human aspects, not technical aspects, hence it is difficult to extrapolate the findings 
of these studies to real-world situations.  

Limitations of research on sensors in care support for older adults 

The majority of studies are exploratory, in residential care, are pilot projects with small sample sizes 
or show minimal impact on health outcomes. Very few real-life RCTs exist, however as most of these 
are in recent years, this area is maturing. Therefore further research into real-life use of sensors to 
support care for older adults at home is needed. 

One RCT involved 29 New Zealand residents in independent retirement village units and the iRobiQ or 
Cafero robot at home versus a non-robot control. The trial lasted 6 weeks. The robots measured blood 
pressure and pulse oximetry, and could provide entertainment (music and quotes) and Skype calls; 
iRobiQ also had medication reminders, and could send an alert to the nurse if medication was not 
taken or the older adult said they were unwell; Cafero provided cognitive exercises with memory 
games, a village map, and calendar reminders. While the robots were feasible and acceptable, they 
had no significant impact on adherence, depression or quality of life. Improvements in their reliability 
and functionality may increase their efficacy and ability to impact on health outcomes (Broadbent, 
Peri, Kerse, Jayawardena, Kuo, Datta, et al., 2014). 

Environmental scan of Commercial Sensor Systems (CSS) available in NZ 

Methodology 

The environmental scan for commercial systems included a review of grey literature and product 
websites, identified from references in articles from the scoping review, from the NZ Technology 
Investment Network (TIN) report (Shanahan & Siew, 2020), from industry partners who attended any 
of the three workshops held by the Ministry of Health with Massey University in 2019 or who had 
expressed interest in our previous pilot study of using sensors in the homes of 5 older adults (Elers et 
al., 2018). The results of the environmental scan are summarised in a spreadsheet in Appendix 6. 

Key Findings  

There are many industry partners in the sensor system commercial space.  Key findings from the 
environment scan include:  

1. Lack of evaluation data – of technical, socio-technical and for health outcomes 
2. Ownership/guardianship of data collected by commercial sensor systems lies with the 

commercial owners 
3. Some CSS only used in ARC facilities 
4. Most CSS use proprietary systems and will not ‘talk to’ sensors from other CSS 
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5. The basic model is the same – sensors, a central processing hub which may be located in 
the home/ARC or with the industry partner, a communication channel, ability to generate 
alerts 

6. Some CSS provide the functionality to communicate with carers, others only with health 
providers, and some communicate with both  

7. The funding model is ‘pay subscription fee’ +/- a cost for the sensors and any installation 
required 

8. Some CSS provide sensors as part of other functionality – such as smartphones and smart 
watches 

9. Some CSS consists of one device (such a fitness tracking device), others contain multiple 
sensors, both ambient and wearable 

10. Robot sensor systems are popular in Japan and South Korea but are expensive and apart 
from lifting people in ARCs, thus sparing the backs of staff, do not provide many 
reproducible improved health outcomes 

11. Pet therapy robot systems are fun and highly user acceptable but are of limited use for 
improved health outcomes to date 

 

Summary of evidence for the use of sensors for health assessments for older adults - 
from literature review and environmental scan 

In summary, the sensor literature review and environmental scan revealed that there is limited 
objective high-quality evidence to support the use of sensors in health care. That is not to say that 
sensors may not be useful in health care rather that the evidence is limited.  

The majority of evidence is either experimental, based on algorithm testing, with small sample sizes, 
or a pilot project. Some clinical trials exist but the number is small. Some clinical trials do not involve 
older adults, and none use sensors for health assessments for the older adults.   

Sensors have been shown to have a role in rehabilitation, monitoring of vital signs, monitoring of 
location and falls, aide memoirs for medication and activities of daily living, supporting activities of 
daily living, improving communication with carers and health providers. They may be of use in the 
psychosocial aspects of health as well as the physical aspects and have proved popular with some 
older adults.  

Compliance may be an issue with the successful adoption of sensor monitoring, and the importance 
of personalisation of the suite of sensors implemented for the older adult and the carer, needs to be 
considered within this. 

However, sensors have also been shown to be of variable sensitivity and sensitivity, poorly designed, 
bulky, lack encryption of data, lack interoperability and have significant battery life limitations. In 
particular, sensor systems lack quality clinical validation.  
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Review of interRAI health assessments 

All interRAI health assessments are clinical assessments conducted by trained health professionals, 
usually registered nurses with an annual practicing certificate, working for NASC.  

The interRAI assessment output data has been used for several research studies, particularly in New 
Zealand but not focused on the input of data and sensors (Beere, Keeling, & Jamieson, 2019; interRAI 
New Zealand, 2019a; Jamieson, Abey-Nesbit, Ahuriri-Driscoll, Keeling, & Schluter, 2018; Salahudeen 
& Nishtala, 2019; Schluter et al., 2016). Several presentations on New Zealand-based research using 
interRAI data were made recently at the Knowledge Exchange Forum  (interRAI New Zealand, 2020b). 
Whilst requests for data are increasing, the data warehouse is underused for research (interRAI New 
Zealand, 2019a).  

Interestingly, one randomised controlled trial investigated the effectiveness of inter RAI‐HC compared 
to its predecessor, the Support Needs Assessment (SNA) found that, whilst interRAI-HC identified 
more unmet support needs than the SNA, it resulted in no improvement in health outcomes for the 
older person or their carer (Parsons et al., 2013).  

New Zealand citizens or residents who are eligible for publicly funded health or disability services 
under the New Zealand Public Health and Disability Act 2000 are eligible for free (to the older adult) 
interRAI assessments. Some of the support services identified by the CAPS (such as household support 
such as cleaning) are only available to those who have a community services card.  

A useful consumer resource ‘Needs Assessment and Support Services for Older People: What you need 
to know’ is available (Ministry of Health, 2011). This consumer document provides information for 
consumers on how to access a needs assessment and home support services. Basically, anyone can 
contact a NASC to arrange (refer for) a healthcare assessment. This booklet describes the referral/self-
referral process, needs assessment process, developing a care plan, coordinating support services and 
review (at least annually).  

interRAI assessors in New Zealand completed approximately 127,000 assessments for older people 
during the 2018/19 year (figure 8). 

 

Figure 6: interRAI assessment in New Zealand. 
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Of these assessments, 35,950 were Home Care Assessments (28% of all assessments completed) and 
17,023 were Contact Assessments (13% of all interRAI assessments). More than half (57%, 72,757) 
were Long Term Care Facilities (LTCF) assessments (72,757), an increase of 0.9% over the previous 
year (interRAI New Zealand, 2019a). Figure 7 shows assessment type by age, gender and ethnicity 
(interRAI New Zealand, 2019a). 

 

 

Figure 7: Characteristics of older people in different care settings, based on interRAI assessments 2018/2019. 

The overall number of HC assessments was 3.9% (1,445) fewer than in the preceding year. TAS posited 
that this may be attributed to more Palliative Care assessments being completed. Likewise, fewer 
Contact Assessments were done in 2018/19 compared to 2017/18 – a drop of 992 (5.5%) but still more 
than in 2016/17 (interRAI New Zealand, 2019a).  

13% of women and 8% of men aged 65+ have had at least one interRAI assessment, however the 
median age is 81 for CA and 83 for HC assessments and the majority of assessments are with the 85+ 
years cohort.  (Data visualisation tool (interRAI New Zealand, 2020a)).  

The tripling of LTCF assessments since 2014, now comprising just over half of all assessments 
combined with the median age of CA and HC assessments could represent an imbalance in the timing 
and purpose of assessments. The overall goal of interRAI assessments is restorative care however LTCF 
assessments are required for all older adults entered an ARC long-term facility. Assessor resources 
may be being allocated to LTCF assessment over CA or HC assessments, differing thresholds may exist 
for eligibility to ARC, or the assessments are being conducted at a late stage in the life span of an older 
adult, when the support package triggered by CAPS is residential care in ARC facilities.  

In addition to an imbalance in the timing of assessments, there is regional variation in the availability 
of assessments (Figure 8).  

Whilst the majority of assessments occur with older adults over the age of 65 years, interRAI 
assessments are not limited to those over 65 years of age, their use is based on need for health and 
disability support care not age. However, the availability of assessments to people aged under 65 years 
is not well known. Likewise, access to assessments is not based on any other demographic feature, 
such as ethnicity, gender, etc. For older adults aged 65+ years there is no disparity within ethnic groups 
((Jamieson et al., 2018).  
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Figure 8: Number and percentage of completed assessments by DHB and region, 2015/16 (interRAI New Zealand, 2016) 

 

Description of assessment process 

The interRAI assessment is undertaken after the NASC assessor has received the referral and then 
collected all other available information on the client eg: from the referral, any available clinical notes 
in primary or secondary care including elder health or an ED screening, allied health if been an 
inpatient. This takes time and has the potential to delay assessments. 

Contact Assessments (CA) over the telephone take on average 20-30 minutes to complete with the 
older adult +/- support person(s)/family member(s), the Home Care (HC) assessment takes on average 
90 minutes conducted in person in the older adult’s home followed by inputting the data into the 
online assessment form and then formulating a support plan. Travelling to home visits, especially in 
rural areas, also takes up assessor time. The assessor conducting an assessment may take notes (either 
on paper on a laptop/tablet) and then inputs information from the client into the online form when 
back at their office, it is rare for an assessor to complete an assessment into the interRAI online tool 
during the assessment. These time requirements make it difficult for an assessor to complete more 
than one HC per day impacting in assessment waiting times. Not everyone has a CA and the main 
assessment used is HC. A reassessment should happen annually (but is dependent on available 
resources) or when the clinical situation of the older person changes.  

Covid-19 - changes to assessment process  

The Covid-19 pandemic has resulted in some changes to the assessment process to reduce the risk of 
infection to the older adult and their assessor, and to enable assessors to continue to conduct 
assessments in self-isolation but able to work. It is unknown at this stage how many of these changes 
will stay post-Covid-19, however having demonstrated that these changes have been successful, it 
would seem logical that they be continued. 

These changes include: 

• A Covid-19 risk and clinical assessment for entry into ARC facilities has been included – the 
data inputs for this is not considered in this project.  

• A CA may be used instead of a HC assessment for entry into ARC.  
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• More health professionals are able to conduct interRAI assessments (as long as this is within 
their scope of practice or under direction and delegation of an approved assessor and have 
undertaken training) 

• HC can be done using video link rather than in-person at the older adult’s home. CAs can still 
be done by telephone, or by video link if the older adult prefers.  Specific protocols have been 
developed for conducting telephone and video-link assessments.  

• Further detail can be found on the website Covid-19 information at 
https://www.interrai.co.nz/covid-19-info/  

 

Steps in the assessment process 

This assessment process is shown in the following simplified process diagram (figure 11). A more 
detailed diagram is shown in Appendix 4.  

 

A referrer can be anyone from a wide range of options, such as the older adult, a formal or informal 
carer, a health provider, friends or family members or an organisation such a hospital (either after 
inpatient stay or visit to ED). It is not a requirement that the General Practice for the older adult writes 
the referral letter. Information about a referral is received by a NASC in a variety of ways, including 
electronic if the referrer has the technology to do this – at present this usually is only an option for 
General Practice, ED and hospital referrals.  

There is no national standard for data items to be included in a referral and hence referrals contain 
different amounts of data, of variable data quality, about the older adult. Therefore, the NASC assessor 
at the triage step, upon receipt of a referral, may have to contact the referrer or other people or 
agencies to collect more information before making a judgment about the urgency for assessment, 
the type of assessment needed or if a temporary disability support package is required pending a 
formal assessment. This takes assessor resources before the assessment even starts.  

Referral
•Community, 

hospital, ED or 
self

NASC Triage

•Triage step for timing of assessment, for type of 
assessment  and if a package of temporary support 
(POTS) is needed whilst waiting for assesssment

CA or HC

•Provides outputs that trigger 
assessment and  
support/rehabilitation plan

Disability care 
support 
package

•Functional performance
•Cognition/mental health/
•Social life
•Clinical issues

Reassessment

Figure 9: interRAI assessment process – simplified diagram. 

https://www.interrai.co.nz/covid-19-info/
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A referral can exit the assessment process after a CA or a HC if the data does not trigger a CAP, either 
because the need is not there (eg: older adult is too well), the implementation of a support package 
will not result in any improvement to the older adult’s condition or there is no suitable support 
package (eg: severe dementia). This is an important consideration emphasizing again the need to time 
a referral for a health assessment such that an appropriate support package is possible and thus an 
improvement in, or maintenance of, health and wellness status will be possible. 

This project focuses on the data inputs for a CA or HC assessment. However, during the exploration of 
the assessment process, steps in the assessment process where digital data and technology, including 
but not limited to sensors, could be usefully applied are identified and discussed briefly.  The main 
focus of this section now is on the analysis of the data inputs to the CA (includes ED screener) and HC 
health assessments followed by a more detailed mapping of sensors to specific interRAI items. 

Categorization of input data for interRAI health assessments 

The data items were identified from the assessment forms and manuals for CA and HC assessments 
(Hirdes et al., 2010; Morris et al., 2012) and were entered into an MS Excel for PC spreadsheet and 
analysed within the following categories in table 2. The full list of items and their respective categories 
is attached in Appendix 5. 

Table 5: categorisation of interRAI items. 

Category What is this 

interRAI item name Each piece of data required for an assessment. 

Format of observation Format of data item as presented to the assessor. Could be speech, 
text, numerical, visual, date, interRAI algorithm 

Data type Text, numerical, alphanumerical, yes/no. The assessor has to turn the 
format of the observation into a data type before coding it for entry 
into the assessment form*.  

Notes for coding Additional information about item and coding of item 

Referrer/Health Provider A source of data. Referrer was combined with health provider as one 
category for source of data. ** 

Hospital Staff A source of data. Clinical staff working in a hospital 

Hospital Notes A source of data. Clinical notes from hospital stay or ED visit 

Formal helper A source of data. Registered home care provider 

Older adult The main source of data. The person having the assessment 

Informal helper A source of data. Family or friends as appropriate 

Information prepopulated 
by other database 

Is the data prepopulated into the assessment form from another 
database. Database identified, eg: NHI, hospital PAS, GP PMS or 
other PAS, laboratory or pharmacy database 

Assessor What action the assessor had to do with the data. Options were: 
check data presented to them, ask someone for data, observe to get 
data, use clinical judgement, calculate data, and then input data into 
the form or just input data (date, time, location and signature). 

Data is objective or 
Subjective 

Based on the content and origin of data to be inputted, determined 
to be objective, subjective or consists of both. For example, date is 
objective, pain level is subjective.*** 
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Available now in digital 
format 

Data is in digital format somewhere but is not currently pre-
populating the assessment form.  

Potential for digital 
format 

An assessment of how easy it would be to generate in digital format 

Multi-input with 
algorithm 

The data category has multiple data inputs with some type of 
processing to produce a data item that is then entered into the 
assessment form. For example, the outcome of interRAI decision 
support algorithms or the assessor seeking data from multiple 
sources or parts of the assessment and then interpretation of the 
wider health status with clinical judgement.  

Incorporate into 24 hr 
assessment 

Data reflects health status items over the previous 24 hours 

Incorporate into 3 Day 
assessment 

Data reflects health status items over the previous 3 days 

Incorporate into 30 days 
assessment 

Data reflects health status items over the previous 30 days 

Incorporate into 90 days 
assessment 

Data reflects health status items over the previous 90 days 

Incorporate into 180 days 
assessment 

Data reflects health status items over the previous 180 days 

Notes on above table 5: 

*For example if the assessor observes and listens (visual and speech) to an older adult to determine if they can make themselves understood, 
they have to determine the most correct response from a list of text options – in this case, understood, usually understood, often 
understood, sometimes understood, rarely or never understood. This is then coded 0 (understands) – 4 (rarely/never understands). 

** even though a referrer does not need to be a health provider, for the data content of a referral combining the referrer and health provider 
such as general practice as one option worked well for the analysis.  

*** the rationale for dividing data into objective and/or subjective is that objective data is easier to convert to a digital format.  

Potential for digital format 

Some data items are easier to capture for input into the assessment form whereas others are much 
more complex and difficult to capture. Data items that require clinical judgement, are subjective, or 
are multi-input with algorithm (multiple data sources collated and processed) are difficult to capture 
and are also the most problematic to develop into a digital format. Simple objective data such as date, 
or NHI number are much easier to render in a digital format.  

Assessment date, location, date assessment completed and electronic signatures for example can be 
system generated by the interRAI software, as can counted items such as number of ED visits, time 
since last hospital stay, last day of hospital stay, surgery in the last 90 days, number of GP visits, 
number of inpatient stays can be system generated by hospital PAS and GP PMS and passed to the 
assessment. The current manual method is exceedingly time-consuming and prone to data quality 
errors. 

Some data item groupings such as Medications, Treatments and Procedures, Disease Diagnoses, and 
Demographics may already be stored in a digital format in clinical notes and databases. Likewise, 
smoking status is a key performance indicator and so should be recorded in all clinical notes and 
databases. Where these are digital, then the corresponding data items are already in a digital format. 
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As these data items are objective, easily defined and observed, if not already in a digital format, they 
could be stored in digital format with little effort.  

General practice/primary care practices could conduct assessments of their older adult populations. 
If all providers were to use the same assessment tool online, then data could be shared in a digital 
format much more easily. Likewise, if the CA could be conducted by general practice nurses, the data 
would be available in a digital format, and pre-populated, for the NASC assessors to use for the more 
detailed HC assessment. 

That said, there are several groups of items that could lend themselves to a digital format but would 
require more effort to render them such. Cognitive skills for daily decision making, functional status 
including capacity for (and performance of) activities of daily living (ADLs), instrumental activities of 
daily living (iADLS), mobility, mood and behavior are more likely to contain both objective and 
subjective elements or to be based on clinical judgement. These items are also more time consuming 
for the assessor to determine and code correctly. In addition, poor performance in these areas is linked 
to a greater risk for subsequent admission to ARC facilities for permanent care and increased informal 
carer burden (Mello et al., 2017; Mitchell, Harvey, Draper, Brodaty, & Close, 2017). Thus, accuracy of 
assessment is vital to ensure that appropriate disability support and care is provided where it can 
make a difference. Sensors can have a role to play here.   

Informal helper (carer) status is a key element in determining need for ARC (Betini et al., 2017; Mello 
et al., 2017).  If an informal helper (carer) is feeling overwhelmed, and no one else is available to step 
in, then home care can no longer be provided and permanent residence in an ARC facility is the 
outcome. Early identification and provision of increased support to informal helpers (carers) can delay 
admission to ARC facilities. Self-reporting of informal helper (carer) status via digital devices and apps 
or even via asynchronous communication such as texts or email, with NASC or their general practice, 
could be easily implemented and thus be available in a digital format for assessments.  

Multiple sources of data input 

As can be seen from the above table, there are multiple potential sources of data that could inform 
an assessment. An assessor may have to seek data from any of these sources, depending on the data 
item. This may involve ringing up different people or organisations, accessing paper-based hospital 
notes or databases, speaking with hospital or general practice staff, checking medications with a 
pharmacist, and so on.  

All of the data sought from these multiple sources is unintegrated, in different data formats, of varying 
data quality, and mainly on paper. Even if the data is available in digital format, the databases do not 
have a high level of interoperability with interRAI assessment platform and manual mapping of items 
is needed – the exception here is the NHI database which does prepopulate some demographic data.  

Having multiple sources of data impacts on data quality as the data not only may be of poor quality 
itself but may not have been validated before being provided to the assessor. Clinal evaluation 
requires a high level of data quality and resources must be applied to ensure that only high-quality 
data is used. The list of medications taken by an older adult is a good example of clinical data that 
must be correct. It can be very time consuming for the assessor to collate the uptodate list of 
medications from the medications in the home, the medications that the older adult says that they 
are taking, the medication listed in a hospital discharge summary, general practice or pharmacy 
printout and so on. The medication list must also include any over-the counter or natural remedies 
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taken by the older adult. The collated list must then be entered into the assessment form and include 
medication name, dose, unit, route of administration, frequency, and a drug code.  A similar process 
is required with treatments ordered and to be initiated. As mentioned above, medications may 
already be in a digital format, and there is a national programme around electronic medication 
management (Health Quality & Safety Commission New Zealand, 2017). Digital sensors systems will 
form yet another source of data or replace several sources of data.   

Multiple formats of data that determines data input 

In addition to multiple sources of data inputs, the data that informs about the input data can be in a 
variety of formats – structured (eg: codes and limited standardized text), semi-structured (eg: free 
text) and unstructured (eg: audio, video). Speech (such as self-reported data in audio format), visual 
data (such as observed behaviors) and text-based data all require different detection and processing 
methods to be converted into the input data format requirements for an assessment form (usually 
this is text).  

This is the place where digital sensor systems can have a major role to play in either creating, 
processing and directly inputting digital data or in presenting digital data to an assessor to use with 
their clinical judgement. Developing, or using, clinical decision support systems (CDSs) to support 
clinical decision making is outside the scope of this project.  

Improving self-reported items and accuracy of recall  

The older adult is the main source of the majority of the data that is inputted into an assessment form 
and may be retrospective in nature based on memory recall over the previous 24 hours to 3 months, 
for example, number of falls in the last 3 months or if the fall was between 31-90 days ago or within 
the last 30 days. Thus, high quality data relies on the accuracy of memory recall, reporting bias and 
cognitive ability of the older adult. Having data collected by sensors over the time frame would reduce 
this reliance of memory recall and validating data would reduce the potential for reporting bias and 
reliance on cognitive ability. Improved input data quality would flow through the assessment process 
to better inform the CAPS and thus more relevant and individualised person-centered disability 
support packages.  

Self-completing of items on digital devices such as tablets using apps by the older adult in a timely 
manner would also improve data quality and have the additional benefit of presenting the data in a 
digital format. Items such as Social Relationships and Social Activities also would lend themselves to 
digital diaries or similar. Improving interoperability between digital devices and databases would 
enable this self-reported digital data to pre-populate the assessment form, or at the least, be 
presented to the assessor to use.  

Providing a sensor system package or a way to record self-completed items on transfer of care from 
hospital or after an ED visit could enable data collection to occur prior to the assessment that is 
triggered by these events.  

Screening  

One problem identified earlier is that CA and HC assessments appear to be conducted late in the older 
person’s life span. Often a referral is triggered by a significant health event, such as a fall with hip 
fracture, where full recovery may not be likely. interRAI assessments are conducted to determine care 
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packages to restore health and wellness and/or prevent decline so waiting until after a significant 
event has happened is too late. Screening at set milestones, such as age or presence of health 
condition, similar to the cardiovascular screening that occurs in general practice or the national breast 
and cervical screening programmes, would offer the opportunity to detect risks and appropriate 
support packages prior to a significant event occurring.  

interRAI has several potential screening tools – the ED screener which is also available as a digital app 
to download, the Depression Rating Scale (DRS), IADL Capacity Hierarchy Scale and MAPLe Outcome 
Scale. The MAPLe Outcome Scale is calculated from 35 data items and generates 5 levels of likelihood 
that better care would be obtained in a setting other than home, a type of risk assessment for the 
need for residential care. Depression and poor performance with iADLs are indicators for ARC 
admission, thus using them as screening tools could enable early detection and treatment of 
depression or the provision of early support with iADLs. Depression in particular can be difficult to 
diagnose in older adults, especially if they also have dementia, and suicide is not uncommon amongst 
older adults (Conejero, Olié, Courtet, & Calati, 2018). These three scales could all be designed as apps 
for either self-assessment by the older adult, or for screening by carers or health providers.  In 
addition, if used as digital screening tools then the data would be available in a digital format for the 
CA and HC assessments.  

The ED app asks the following questions and returns an assessment of the urgency for assessment. 
This could be used by general practice or other primary care providers as a quick screening tool to 
decide if a referral is needed for a formal assessment, and to indicate to the NASC assessors how 
urgent the request is. If conducted at defined screening intervals it could enable earlier assessments 
and increase the use of interRAI assessments for its main purpose of providing restorative care and 
support rather than admission to ARC facilities. It could also reduce admissions to ARC facilities.  

Table 6: ED Screener 

1. Do you need any supervision or help to take a bath or shower? (includes transferring in/out) 

2. Does someone help you make decisions about daily tasks? 

3. Do you need any supervsion or help to dress and undress below the waist? 

4. Do you need any supervision or help to move between locations on the same floor level? 

5. Do you need any supervision or help to manage your personal hygiene? 

6. ASK PERSON ONLY: In general how would you rate your health? 

7. Do you have any conditions that make your health unstable? 

8. ASK PERSON ONLY: In the last 3 days have you felt sad, depressed, or hopeless? 

ASK FAMILY OR FRIENDS: In general do you feel overwhelmed by the person's illness/condition? 

Family or friends feeling overwhelmed is asked with every question. Answering yes to this 
automatically allocates the highest urgency score. In fact, a screen could just involve this question and 
be directed at the informal helper (carer) in the form of a digital prompt. A Caregiver Wellbeing index 
(CWBI) based on the interRAI items that relate to informal carers was validated (Betini et al., 2018). 
This would be another option for screening in General Practice or the community. 
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Issues with increasing digital input and sensors use 
Digital input 

There are some barriers to increased digitalization of data input of interRAI assessments. Whilst the 
assessment data is inputted into an online form, a lack of digital skills for some assessors means that 
data may be collected at the older adult’s home, noted on a piece of paper and then inputted into the 
online form back at the assessor’s place of work.  

Assessors have reported a lack of ready access to laptops or computers and having to wait to be able 
to input their assessments (Smith et al., 2013). Simple design flaws such as the font being too small to 
be easily legible contribute to frustration with the assessment system (Vuorinen, 2019). Training 
requirements together with the need to keep uptodate with changes in coding and items can be off-
putting for some assessors (Vuorinen, 2019) and be a barrier to widening the pool of potential 
assessors.  

Changing the data input format to pre-population with checking of data or use of tick boxes to indicate 
item has been updated may not be popular. Health professionals value the important of narratives 
(listening to their patients) and the relationship this has to empathy and compassion which can be 
undermined by technology (The Conversation, 2017). Narratives enhance the understanding of 
cultural contexts of health, which would be lacking with data pre-population (Greenhalgh, 2016).   

Understanding why data is being collected, how it will be used, and providing the necessary training 
and resources not only increases user acceptance of the technology (Smith et al., 2013) but has the 
potential to improve use of data by home care providers and well as health outcomes for older adults 
(Elliott, Gordon, Tong, & Stolee, 2020). In addition, it could facilitate timelier referral from general 
practice and the community.  

The quality of data in submitting databases and lack of interoperability is a barrier to acceptance of 
pre-population of data. The lack of a ‘At a glance’ view of reports or outcomes makes it very hard to 
show older adults and other appropriate people the data that has been inputted and to check the 
validity of that data. This also makes it very hard for GPs to see what is happening with their 
populations. As the interRAI assessment is not a living document, any changes in the older adult’s 
circumstances mean that the information is no longer current. 

A major issue to address with increased digitalisation is inequity. There are regional variations in 
interRAI assessments, digital and health literacy is lower for Māori and Pasifica, and access to digital 
technologies and communications is limited (Department of Internal Affairs, 2019). It is critical that 
increasing the use of digital data for interRAI assessments does not disadvantage already vulnerable 
groups.    

 
Sensors 

Sensors used for health care are basically an extension of telehealth where sensors are linked with 
mobile and ehealth applications to provide healthcare across time or distance (Coiera, 2015; Susnea 
et al., 2019). Therefore, sensors are only useful for data input for health assessments if they can meet 
the wider digital data and technology issues that exist for telehealth. Addressing these issues is out of 
scope for this project but mention is made of them so that they are not forgotten. These include 
technology-related barriers, organizational barriers, financial barriers, regulatory issues, legislation, 
and user adoption (Joshi, Thorpe, & Waldron, 2019). Specifically, in New Zealand, culturally-safe data 
collection, data ownership and governance must be addressed (Department of Internal Affairs, 2019). 
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Personalisation where sensors selection would be matched to the older adult’s needs, capabilities, 
preferences and cultural norms is an area that needs research and development.   

Sensors have been shown to be of variable sensitivity, specificity and reliability, poorly designed, 
bulky, lack encryption of data, lack interoperability and have significant battery life limitations 
(Pantelopoulos & Bourbakis, 2010). Interestingly, smart clothing can use miniature sensors and have 
high levels of reliability most likely due to good contact with skin (Pantelopoulos & Bourbakis, 2010).  

Ambient sensors may be able to be connected to a permanent power supply, but wearables ideally 
should last for long periods of time before needing recharging or battery changing but at the same 
time have to be small. This is a significant barrier to increased use of wearables but there is ongoing 
research to reduce power consumption and battery size of wearables or to provide alternative sources 
of power such as through body heat or motion (Munos et al., 2016) or other electrophysiological 
processes (McSweeney, 2020; Pantelopoulos & Bourbakis, 2010). 

Of major concern though is that sensor systems lack quality clinical validation. They must be tested 
and validated by health providers in real-life situations (Pantelopoulos & Bourbakis, 2010; Robinson 
et al., 2019).  

As a start, there is a national standard for digitally sharing comprehensive clinical assessment reports 
created using the interRAI assessments released in 2013 by HISO. This could be more widely adopted 
(Ministry of Health, 2013). A service design review of interRAI is in progress so hopefully some of these 
issues will be addressed (Croskery, 2020).  

Identify other data sets that could potentially fill some digital data gaps 

The spreasheet in appendix 5 indicates data items where there is digital data available or potentially 
available. The databases that may contain digital data would include hospital electronic health record 
systems such as clinical portals, general practice practice management systems (PMS) and associated 
patient portals, ED systems, regional electronic medical record (EMR), electronic health records (EHR) 
and patient administration systems such as WebPAS and Health One, national systems such as the 
national data collections. Pharmacy and laboratory systems could also provide digital data. Allied 
health providers are starting to use electronic medical record systems and thus would be able to 
priovide digital data to interRAI. A standardised online referral template even if standalone from a 
PMS or EMR/EHR would increase the availability of digital data.  

There are health assessments that can occur before an interRAI assessment that could provide digital 
data that could pre-populate or be used to inform an assessor if conducted through a digital system. 
Assessments by occupational therapists (OT) would be very informative for iADLs/ADLs data input – 
these are the most resource intensive parts of an interRAI assessment and are prone to subjective 
interpretation as items are often self-reported. Hence an OT assessment in the older adult’s home 
would be very useful. Likewise, vision, hearing and dentals checks could be conducted prior to an 
interRAI assessment and provide the information to the assessors. Urgency of need for assessment 
may preclude pre-assessment assessments but for those of lower urgency, there may well be time to 
arrange for them to occur in a timely manner and the results be made available. Not only would this 
fill some digital data gaps but would save time in the assessment both for the assessor and the older 
adult.  
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Other steps in assessment process that could benefit from sensor data 

The above discussion analyses input data for interRAI health assessments and highlights steps in the 
assessment process where sensors, digital technologies and digital data could be used. One final area 
is post-assessment in the support packages. For example, sensors that support especially iADLS and 
ADLS would be useful, as would sensors that provide support with medication adherence such as 
reminders. The majority of clinical trials using sensors are in the domain of rehabilitation eg: post-
stroke, post-surgery post-hip fracture, and show user acceptance and some health outcomes -
improved mobility (Hassett et al., 2020), reduced fear of falling (Kwok & Pua, 2016), improved patient-
reporting daily functioning (Pol, Ter Riet, van Hartingsveldt, Kröse, & Buurman, 2019). 

 

Mapping of assessment data to sensors 

Mapping Methodology 

A three-step modified Delphi method was used to establish consensus. 4 members of the Home Smart 
Home research team at Massey University who are experts in clinical, digital technology adoption, 
sensors and machine learning participated as the expert panel. In round 1, all input data items were 
reviewed (see spreadsheet) by the panel, focusing on those items categorised as having potential for 
digital format items. Round 2 consisted of a face-to-face meeting in which panel members were asked 
to consider the feasibility of each item for sensor output and to provide informed comments. Round 
3 consisted of a final face-to-face meeting at which specific items were mapped to sensors. 
Problematic interRAI assessment items for sensor use were identified and a minimum sensor package 
was considered.  

The following interRAI assessment items were excluded by logical deduction and discussion:  

• Removed items that are clinical terms such as medications and clinical conditions  
• Removed items already in digital format and prepopulating (demographics) 
• Removed items that could be part of a standardized digital referral template: demographics, 

clinical conditions, medications, treatments to be initiated, allergies, reason for referral, 
expected living conditions, changes in living situations, smoking status, alcohol intake, 
Treatments and Procedures (Screening), if told to stop driving.  

• The ED screener items were also removed a) most are in the CA or HC, b) non-biophysiological 
sensors are unlikely to be used in ED in any meaningful way.  

• Data input items that are the result of interRAI algorithms were excluded as their input items 
were in CA and HC assessments and creating CDSS were ruled as out of scope. So, algorithm 
scores for assessment urgency, service urgency and rehabilitation were excluded as would be 
calculated by the interRAI software.  

• Data items that could be system generated 
• Data items that were clinical judgement or clinical observation – although these could be 

informed by sensor data (Discharge Potential and Overall Status, Urinary collection device)  
• Items that would be more logical to collect via online self-completed forms: decision maker 

for personal Care and Property, Social Supports 
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Mapping results 

The following data items remained: Cognition, ADL self-performance, Communication, Mood and 
Behaviour, Psychsocial wellbeing, iADL self-performance and capacity, Health conditions (falls, 
balance, and sleep), Skin Condition, Days and minutes of formal caregiving in the last 7 days (or since 
last assesment or adminision if less than 7 days) and hours of Infomal Care and Active Monitoring 
during last 3 days, physical restraint, Oral and Nutritional Status, Environmental Assessment.  

These align quite well with the sensor purpose or goals of sensor use from the sensor review section 
of this report suggesting that the use of sensors is possible to support interRAI assessments.  

How sensors could be used to inform interRAI assessments 

The modified Delphi method produced a list of how sensors could be used with interRAI assessments.  

• Tracking Outcomes  
• As a complete assessment tool to measure patient wellness 
• Include a sensor to assess and evaluate sensor data as a tool for a re-assessment. 
• Psychosocial aspects eg, confidence, ability, activities, eg, cooking for oneself (affects 

nutrition, movement, cognition) 
• For those at risk of going into ARC using sensors as part of the initial assessment 
• Healthy homes (humidity, temperature, lighting) 
• Sensors could provide input to part of the item if not the whole item, eg, 4 metre walk. 
• Sensors could measure variables such as impact on carer/ caregiver distress, mood, 

loneliness, pain. 
• Data-fishing – use sensors in a home and look at the whole data set produced to see what 

is relevant and useful. 
• Falls 
• Medication management 
• ADLs 
• 3 day assessment item - 3 day recall is difficult and questionable for accuracy 
• 90 day assessment item recall also difficult and questionable for accuracy 
• Screening with ED screener app, DRS and MAPLe outcome scales  
• Self-monitoring 

Detailed sensor to interRAI mapping 

This list was then broken down into individual data items. Selection of sensors based on client need 
and preferences increases compliance, but also needs to determine what is possible based on the 
older adult’s living conditions. If an older adult lives with others, then their needs and wishes such as 
privacy need to be considered. Tables 6-9 suggests sensors for specific interRAI assessment items. 

As the field of sensor reseach and development is expanding rapidly, sensors are getting smaller and 
smarter, so new sensors as yet unknown may be able to be mapped in the future. Temporary e-tattoes 
are an example of futuristic weables. They use conductive ink and can be applied with water and 
washed off after a few days without damaging skin. Power is provided through electrophysiological 
processes so they do not need batteries (McSweeney, 2020). 
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Table 7: Sensor to interRAI item mapping 

InterRAI items What is assessed or measured Potential sensor 

Cognition Making decisions and 
organising daily self-care 
activities, disordered thinking 

Video – camera records activities then assessor can 
view the footage to determine if the older adult is 
making. Comparison to previous footage enables acute 
(1-2 days) or chronic (90 day) decline detection. 

 Remembering Games like ‘Simon says’ with lights, records length of 
light sequences. Online or app memory games. Follows 
audio instructions.  

Communication Ability to communicate with 
and understand others 

Audio - Sound recording sensors – assessor listens to 
audio or audio can be processed with AI 

Mood and 
Behaviour 

Assessed over last 3 days. May 
be expressed verbally, 
nonverbally and/or through 
behaviours.  

Video, can be used similar to that for cognition.  

Audio, can be used similar to communication.  

Changes in room lighting detected by luminescence 
sensors (depressed, dark room). 

Motion sensors and GPS – detect withdrawal from 
activities. 

Facial recognition of expressions.  

These arethe  most difficult items to assess.  

 Self-reported mood. Visual representations of mood, eg: something the 
older adult uses changes colour, such as the border of 
the screen in a chat with family using VC.  

 Wandering 

 

GPS, and geo-fencing 

Psychological 
welllbeing 

The degree to which the older 
adult is involved in social 
activities, roles and 
pursuits/hobbies. Includes 
change. Length of time alone. 

GPS tracking/mapping in relation to places of social 
activities. Digital diaries. Monitoring  communication 
device use (land-line, mobile phone, VC, etc). Visitor-
counting sensors, or using smiley face scales.  

 Self-reported feels lonely Audio – recording of older adult saying they are lonely 

 Major life stressors in last 90 
days 

Digital diary 

ADL (see 
seperate table) 

Activities of daily living in last 3 
days 

ADLs and iADLs are composite assessments so multiple 
sensors may be required. Action may be inferred.  

iADLS (see 
seperate table) 

Instrumental activities of daily 
living in last 3 days, assessed for 
both performance and capacity. 

Performance easier to detect. Capacity is the person’s 
presumed ability, highly subjective, and requires a 
certain amount of speculation.   

Falls/recent 
falls 

Common use of sensors Acclerometer, Gyroscope, floor sensors, force and 
pressure, sound, video, radar, event detection  – detect 
and count instances 

Balance/gait Common use but not very 
successful 

Acclerometers, pressure mats, video, floor sensors, 
fitness trackers, Kinect and Wii, AR,  

Sleep  Sleep sensors in fitness trackers and smart watches 

Skin condition  Camera and assessor views images, can track progress 
over time.  
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Amount of 
formal/informal 
caregiving 

 Event detectors, contact detection, video – count 
instances over relevant timeframe 

Use of physical 
restraint 

In last 3 days Video, motion sensors in restraints 

Pain Highly subjective Devices that support self-reporting such as visual 
analog scales (VAS), video to detect behaviour 
indicating experiencing pain, facila expression 
recognition 

Continence Urine and bowel, and use of 
pads 

Smart clothing, such as moisture detecture sensors in 
underwear, pad/underwear sensors to monitor pad 
usage, flow sensors in urinary collection device 

Oral and 
Nutritional 
status 

Multiple ways to detect fluid 
intake, some may be inferred 

Digital height and weight measuring instruments, water 
flow, motion sensor in fluid container, electricity use 
(smart plug) for kettle (infers cup of tea/coffee), fridge 
door motion sensor, smart fridges 

Environmental 
Assessment  

see seperate table Multiple sensor options 

 

 

Table 8: Sensor to iADLs item mapping 

iADLS May be inferred or by direct observation 

Meal 
preperation 

 Camera (ambient or egocentric), or inferred from 
ambient sensors such as fridge opening, oven turned 
on, cupboards opened 

Ordinary 
housework 

 Sensors in dishwashers or washing machines, on 
washing brushes, on vacuum cleaners or brooms, on 
sheets (motion = changed) 

Managing 
finances 

 Card tracking. Monitoring cash is more problematic.  

Managing 
medication 

 RFID, pill counting, reminders, lid motion sensors.  

Phone use Is assisitive technology 
needed? 

Large buttons, audio help, video for Skype, Zoom, 
FaceTime, etc 

Stairs  Barometic pressure/altimeter, Accelerometer (tri-axial) 

Shopping  Ego-centric camera 

Transportation  Ego-centric camera, digital diary 

   

Help with iADLs  Camera, self-reported 
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Table 9: Sensor to ADLs item mapping 

ADLs May be inferred or by direct observation – privacy issues critical here 

Bathing  Camera (note privacy issues), could be inferred from 
motion detector on bathroom door, humidity sensor 
(humidity increases with warm water use), circadian 
patterns of activity, water flow through taps, etc  

Personal hygiene  Motion sensors in personal hygiene objects such as 
toothbrush, comb, shaving equipment 

Dressing upper body  Camera, smart clothing  

Dressing lower body  Camera, smart clothing  

Locomotion  Walking frame with motion sensor, smart phone app 
with step counter, pedometers, etc. 

Wearables on person or wheelchair - Step counters 
(pedometers), Accelerometer (tri-axial), barometic 
pressure/altimeter, gyroscope. Audio, radar, 
movement around objects (AI) 

 Walking around home or 
wheelchair 

 Timed 4 metre walk Accelerometer (tri-axial), step counters, fitness trackers 

 Distance 
walked/wheeled self 

Accelerometer (tri-axial), step counters, fitness trackers 

 Total hours of exercise Accelerometer (tri-axial), step counters, fitness trackers 

 Went out of house in last 
3 days 

Outside door motion sensor 

Transfer toilet  Self-reported, camera (privacy issues), toilet seat 
sensors 

Toilet use  Motion sensors on toliet door, toilet handle or seat 

Bed mobility  Accelerometer (tri-axial), bed sensors 

Eating  Camera or inferred from cupboards/fridge opening, 
smart fridge 

Change in ADLs status 
in last 90 days 

 Calculate difference between 2 or more stored points in 
time 

Help with ADLs  Camera, self-reported 

Driving Drove car in last 90 days Car motion sensor 

Adding value to exisiting devices 

User acceptance and contination of use is increased if the sensor is passive, not requiring action by 
the older adult, low cost, can be used for other reasons, and is easy to use (Elers et al., 2018; Lawrie 
et al., 2018). Incorporating sensors into everday items adds value to existing devices and is thus an 
important design feature and a reason for the increase in research into smart clothing, smart watches 
and smart phones. Smart plugs, smart light bulbs, unobstructive motion detectors, water temperature 
sensors (can change the colour of the water based on temperature), pressure/force/vibration sensors 
incorporated into floor mats, carpets, and other forms of flooring, adding 
temperature/CO2/gas/smoke and flame sensors as combination smoke alarms. Sometimes though 
this can increase cost – for example smart fridges are more expensive than non-smart fridges.  
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Table 10: Sensor to Environmental item mapping 

Environmental   

Home in disrepair   

Squalid condition  Pictures, or inferred from lack of housework 

Inadequte heating or 
cooling 

 Temperature sensors, gas use, electricity use,  

Lack of personal satety Fear of personal attack Motion sensors with lights, panic buttons, hearing 
aides,  

Limited access to 
home or rooms 

Can’t climb stairs, can’t 
manoeuvre well, also 
building issues 

Accelerometer (tri-axial), barometic 
pressure/altimeter, gyroscope. Audio, radar, 
movement around objects (AI) 

Finances Has enough money to 
live on 

Digital bank statements 

 

Sensor systems (models) effectiveness - screening, item ranking, and prognostic indicators  

This is very dependent on the type of sensors used, types of processing of sensor data by a central 
prcessing unit and if the input data can be converted to a digital format. Types of processing of sensor 
generated data is critical, such as pattern recognition and identification of abnormal events or 
converting images such as from video into more privacy-preserving outputs (for example, 
depixelation). 

Problematic interRAI assessment items for sensor use include mood & behavior, indicators for iADLs 
and ADLS and informal helper status. Prognostic indicators and ranking of items can include screening 
algorithms which may get input from sensor data or self-completed digital questionnaires. 
Unfortunately, the most useful items for prognostic indicators are the harder items to be deteced by 
sensor sytems.  

As significant volumes of data can potentially be collected using sensors, data produced by sensors is 
big data. As such it has the same problems as any form of big data – data formats that are structured, 
semi-structured and unstructured, and the 5 Vs - volume, velocity, value, variety and veracity (Joshi et 
al., 2019). The effectiveness of sensor sytems is dependent on how well these are managed.  

Improving clinical outcomes 

Any changes to the interRAI health assessments or data input methods and processes must have the 
aim not only of increasing digital data for input into these health assessments, but also of improving 
health outcomes.  
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Minumum sensor package for homes 

Based on work undertaken for this project, a 2-tier approach to a minimum sensor package for homes 
is recommended. If the older adult lives with others, then their needs and wishes such as privacy need 
to be taken into account.  

Tier 1: simple wearables - acclerometer, barometic pressure/altimeter, gyroscope in different designs 
plus simple PIR motion detectors appropriately located – open door, moved into room, turned on light 
or radio. 

This can be be used for pre assessment data gathering and screening, leading to early identification 
for assessment, and early detection of declining health but also for a feeling of security, reduced 
loneliness and improved interaction with support network. This would connect the informal network 
with the older adult so that it is there for when health declines. 

Simple wearables can be incorporated into items of daily wear such as shoes, bracelets, pendants, 
straps, and could potentially be located anywhere on the body. However care needs to be taken with 
direct skin placement as the skin of older adults may be thin, easily damaged and slow to heal. 
Incorporating sensors into favourite everyday items would increase continuation of use. Self-
completed online health assessment questions and screening tools by older adults and/or informal 
carers could be used as well. Temporary ambient cameras could be installed for 3 days for improved 
assessment of iADLS and ADLs (these are assessed over the previous 3 days in an interRAI assessment). 
Screening tools and a standard referral form used by health providers would apply.  

This tier would be for older adults who are basically well, may have health conditions but these are 
stable, have good support (informal carers) and who want reassurance that events such as falls would 
be detected and that support network/health providers would be notified. Devices used could be self-
selected from an offered range of sensors. Communication could be by cellular or wifi, either included 
with the device or sent via a central processing unit.  

Tier 1 would be scalable by the addition of wearable and ambient sensors as need changes with  more 
frequent screening tool use by health providers to detect early deterioration in health status.  

Tier 2: fixed ambient camera or movement (such as radar or audio) continuous monitoring with 
selected wearables and ambient sensors based on a formal needs assesment by a registered health 
provider, such as OT or interRAI assessor.  

More complex data processing would be required which would include protection of privacy, pattern 
recognition and AI such as fuzzy logic and rules-based reasoning with alerts of abnormal events. Whilst 
data collection could be continuous, the processing output could exception based, summarised, or 
otherwise aggregated for ease of viewing. Skin care concerns are more important in frailer older 
adults.  

This tier would be for older adults with high levels of fraility, requiring support for iADLS and ADLS, 
cognitive problems, unstable health conditions, frequent falls, frequent ED visits or hospital 
admissions. Tier 2 adults may be willing to trade privacy for security and reassurance of help arriving 
from continuous monitoring.  

Like Tier 1, Tier 2 can be be used for pre assessment data gathering and screening, leading to early 
detection of declining health but also would determine the level of support needed and ensure it was 
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provided when needed. Again, like Tier 1, Tier 2 would provide a feeling of security, reduce loneliness 
and increase interaction with support network, and bring health providers in the circle of care. Both 
Tier 1 and Tier 2 would include checks to ensure informal carers are not being overwhelmed.  

Next steps 

This project has identified that the majority of research undertaken in the sensor/older adult space is 
experimental, in residential care, and are pilot projects with small sample sizes. Very few real-life RCTs 
exist, however as most of these are in recent years, this area is maturing. Therefore further research 
into real-life use of sensors to support care for older adults at home is needed.  

One option would be a pragmatic clinical trial of home sensors and data mapping, to test Tier 1 and 
Tier 2, with engaged local service providers such as: Marion Kennedy centre, Alzheimer’s Manawatu, 
Age concern, NSAC asssessors, MidCentral DHB, general practice and allied health providers.  

A second option would be devloping pilot studies with large sample sizes in real-life situations with 
clincal validation. For example, as medication adherance disportionally affects the elderly (Yap, 
Thirumoorthy, & Kwan, 2016) investigating how digital data and technology could support medication 
adherence of older adults within their home, communicate with the older adults’ informal support 
networks and their health care providers and integrate with existing electronic information sharing 
systems.   

In addition, ongoing research into the wider aspects of digital technology use such as privacy, security, 
interoperability, improving digital and health literacy, and culturally appropriate technology use and 
data management/governance (including informed consent) and how they apply to sensors in the 
home is needed.  

Limitations 

The main limitation of the report is that sensors are a fast-moving area and new sensors are being 
developed all the time. The sensors and their use discussed in the report could be superseded by 
future development. 

The project was a data analysis project. Observing a real time assessment and interviewing older 
adults and their informal carers, assessors and data end users such as hospital geriatric services or 
primary care providers would enable triangulation and increase the validity of the project findings, 
this may also reveal new findings.   

Detail about available commercial sensors systems was limited to public company websites, there 
were no published evaluations of these systems found, therefore it was not possible to comment on 
their suitability of otherwise for use to support older adults living at home and for providing data for 
interRAI home assessments.  

There was very little published research found on health assessments and sensors with older adults. 
Findings presented may not be strictly applicable to the scope of the project as age and purpose of 
health assessments was removed to find published literature on sensors in health. The project 
examined assessments for home, assessments for ARC and palliative care may produce different 
findings.  
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Conclusions  

This report presents findings from research undertaken into the use of sensor data, available today, 
and mapped alongside current interRAI assessment data, to demonstrate the viability of data collected 
from sensors in a home (external) environment from a clinical setting. 

The main findings are that data input is currently from multiple sources of data input, in multiple 
formats, based on self-reported recall, on paper and time consuming to collate and enter into the 
online assessment form. A lack of operability prevents data that is in digital format from being used, 
with the exception of the NHI.  

Sensors can be used to improve data input for interRAI assessments. Some assessment items are 
complex and difficult. Those items that are most difficult for the assessor to assess were also the same 
items that would be difficult to introduce sensors to provide input data. In these situations, providing 
sensor data to the assessor who would then use their clinical judgement would enable the assessor to 
complete these items in a more efficient and effective manner. 

Sensors could play a role at any step in the assessment process, from pre-assessment, to providing 
support care and monitoring of health outcomes after the assessment is completed. Changes to the 
assessment process would increase efficacy and effectiveness of assessments.  

Technical data about existing commercial sensors systems, apart from what was included in their 
public websites, was absent from the public domain hence it was not possible to assess their ability to 
provide data for interRAI assessments.  

Providing low cost, easy to use, adaptable, secure, culturally acceptable sensors that add value to 
existing everyday items and that can be selected by the older adult will increase compliance and 
acceptability by older adults.  

A major theme of the literature review that research studies conducted on sensor use are mainly 
experimental, with small sample sizes and based in residential care providing limited evidence that 
sensor use improves health outcomes. This could be addressed by supporting real-life clinical studies 
on the use of sensors in the care of the elderly. 
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Appendix 1: Abbreviations 

5 Vs  volume, velocity, value, variety and veracity 

ACF   Aged Care Facility 

AAL  Ambient Assisted Living 

ADLs  Activities of Daily Living 

AI  Artificial Intelligence 

AR   Augmented Reality 

ARC  Aged Residential Care  

CA   Contact Assessment 

CAPs       Clinical Assessment Protocols 

CCS  Commercial Sensor Systems 

CDSS  Clinical Decision Support System 

CHA   Community Health Assessment 

CWBI  Caregiver Wellbeing Index 

DHB  District Health Board 

DRS  Depression Rating Scale 

ED  Emergency Department 

EHR   Electronic Health Record 

EMR   Electronic Medical Record 

GP  General Practice 

GPS  Global Positioning System 

HAR  Human Activity Recognition 

HC   Home Care assessment 

iADLs  instrumental Activities of Daily Living 

interRAI international Resident Assessment Instrument 

LTCF   Long Term Care Facilities 
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MAPLe  Method for Assessing Priority Levels 

MeSH   Medical Subject Headings 

MoH  Ministry of Health 

NASC  Needs Assessment and Service Coordination 

NHI  National Health Index 

NZ   New Zealand 

OT  Occupational Therapists 

RAI-HC  Resident Assessment Instrument-Home Care (the Canadian version of interRAI) 

RCT  Random Controlled Trial 

RFID  Radio Frequency Identification 

PAS  Patient Administration System 

PC   Palliative Care assessment 

PCC   Population, Concept and Context 

PIR  Passive Infrared sensor 

PMS  Patient Management System 

POTS  Packages of Temporary Support 

PRISMA  Preferred Reporting Items for Systematic reviews and Meta-Analyses 

SiPMs  Silicon PhotoMultipliers 

SNA  Support Needs Assessment 

TAS  Technical Advisory Services 

TIN  Technical Investment Network 
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Appendix 2: Boolean phrases and MeSH Terms 

Databases searched: PubMed, Medline, Cinahl 

Search outcome by Boolean phrases  

 (health OR wellbeing) AND (interRAI OR interrai OR "older 
adult assessment" OR geriatric OR ageing OR aging OR 
senior) AND (sensors OR wearables OR digital OR technology 
OR IoT OR iot OR IOT OR "internet of things" OR assistive OR 
"pervasive technology" OR "Smart home" OR "smart home" 
OR "smart house" OR "Smart house" OR monitoring) 

34,174 
Pubmed 

512 Cinahl  

* (interRAI OR interrai OR “older adult assessment”) AND 
(ageing OR aging OR senior) AND (sensors OR wearables OR 
digital OR technology OR IoT OR iot OR IOT OR "internet of 
things" OR assistive OR "pervasive technology" OR "Smart 
home" OR "smart home" OR "smart house" OR "Smart 
house" OR monitoring) 

8 Pubmed 2 Cinahl 5 web of 
Science 
(emailed) 

1 using 
keywords 

* (interRAI OR interrai OR “older adult assessment”) AND 
(ageing OR aging OR senior) AND (monitoring) AND (sensors 
OR wearables OR digital OR technology OR IoT OR iot OR IOT 
OR "internet of things" OR assistive OR "pervasive 
technology" OR "Smart home" OR "smart home" OR "smart 
house" OR "Smart house") 

1 Pubmed 0 Cinahl 0 Web of 
Science 

 ("older adults" OR ageing) AND (monitoring) AND (sensors 
OR wearables OR technology OR IoT OR iot OR IOT OR 
"internet of things" OR pervasive technology OR Smart home 
OR smart house) 

188 
Pubmed 

107 Cinahl 

60 if use 
Abstract as 
filter 

100 by 
keywords 
WoS  

 ("older adults" OR ageing) AND (sensors OR wearables OR 
technology OR IoT OR iot OR IOT OR "internet of things" OR 
pervasive technology OR Smart home OR smart house OR 
monitoring) 

1303 
Pubmed 

1053 Cinahl 

1223 if use 
abstract as 
filter 

759 WoS 
Keywords  

 (ageing OR aging OR senior) AND (monitoring) AND (sensors 
OR wearables OR technology OR IoT OR iot OR IOT OR 
"internet of things" OR pervasive technology OR Smart home 
OR smart house) 

191 
Pubmed 

62 Cinahl 

37 in last 5 
years 

 

95 by 
keywords 
WoS 

 interRAI OR interrai (full free text, last 10 yrs, English, aged 
>45 yrs) 

57 Pubmed 66 Cinahl 12 WoS 

Adding clinical trial to above MeSH terms search 15, but only 3 relevant. Linked 
articles found another 25 

Adding systematic reviews for health assessments in older adults, but 
neither included sensors 

2, did not include sensors 

Adding systematic reviews to older adult/technology (first search above) 10, 8 relevant. Linking from 
other references identified a 
further 12. 
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MeSH Heading Terms: 

Medical Subject headings used in 
PubMed 

  

Healthy aging interRAI or interrai – no records Technology 

Aged Assessment – no MeSH terms wearable technology 

Health Services for the Aged 

 

Assessment of health needs assistive technology 

 Rehabilitation Ambulatory technology 

  Wearable device 

  Telehealth 

Search outcome by MeSH terms 

Search strategy 
ID 

Boolean search terms Number of returns  

1 ("health services for the aged"[MeSH Terms] OR 
"aged"[MeSH Terms]) OR "healthy aging"[MeSH Terms] 

298,442 

2 (("wearable electronic devices"[MeSH Terms] OR "self-help 
devices"[MeSH Terms]) OR ("ambulatory"[All Fields]) AND 
("technology"[MeSH Terms] OR "technology"[All Fields]))) 
OR ("wearable electronic devices"[MeSH Terms] OR 
("wearable"[All Fields] AND "electronic"[All Fields] AND 
"devices"[All Fields]) OR "wearable electronic devices"[All 
Fields] OR ("wearable"[All Fields] AND "device"[All Fields]) 
OR "wearable device"[All Fields]) AND ("2010/06/19"[PDat] 
: "2020/06/15"[PDat]) 

39,843 

3 ((Assessment[MeSH Terms]) OR Assessment of health 
Needs[MeSH Terms]) OR InterRAI[MeSH Terms] AND 
("2010/06/19"[PDat] : "2020/06/15"[PDat 

0 

4 ("rehabilitation"[MeSH Terms] AND ("2010/06/19"[PDat] : 
"2020/06/15"[PDat]) 

24873 

1 and 2 (("health services for the aged"[MeSH Terms] OR 
"aged"[MeSH Terms]) OR "healthy aging"[MeSH Terms] 
AND ("2010/06/19"[PubDate] : "2020/06/15"[PubDate])) 
AND ((("wearable electronic devices"[MeSH Terms] OR 
"self-help devices"[MeSH Terms]) OR "ambulatory"[All 
Fields] AND ("technology"[MeSH Terms] OR 
"technology"[All Fields])) OR ("wearable electronic 
devices"[MeSH Terms] OR ("wearable"[All Fields] AND 
"electronic"[All Fields] AND "devices"[All Fields]) OR 
"wearable electronic devices"[All Fields] OR ("wearable"[All 
Fields] AND "device"[All Fields]) OR "wearable device"[All 
Fields]) AND ("2010/06/19"[PubDate] : 
"2020/06/15"[PubDate])) AND "2010/06/19"[PDat] : 
"2020/06/15"[PDat] AND ("2010/06/19"[PDat] : 
"2020/06/15"[PDat]) 

5517 

1, 2 and 4 (((("health services for the aged"[MeSH Terms] OR 
"aged"[MeSH Terms]) OR "healthy aging"[MeSH Terms] 
AND ("2010/06/19"[PubDate] : "2020/06/15"[PubDate])) 

762 
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AND ((("wearable electronic devices"[MeSH Terms] OR 
"self-help devices"[MeSH Terms]) OR "ambulatory"[All 
Fields] AND ("technology"[MeSH Terms] OR 
"technology"[All Fields])) OR ("wearable electronic 
devices"[MeSH Terms] OR ("wearable"[All Fields] AND 
"electronic"[All Fields] AND "devices"[All Fields]) OR 
"wearable electronic devices"[All Fields] OR ("wearable"[All 
Fields] AND "device"[All Fields]) OR "wearable device"[All 
Fields]) AND ("2010/06/19"[PubDate] : 
"2020/06/15"[PubDate])) AND "2010/06/19"[PDat] : 
"2020/06/15"[PDat]) AND "2010/06/19"[PDat] : 
"2020/06/15"[PDat]) AND ("rehabilitation"[MeSH Terms] 
AND "2010/06/19"[PDat] : "2020/06/15"[PDat]) AND 
("2010/06/19"[PDat] : "2020/06/15"[PDat]) 

1, 2 and 4 open 
access 

(((("health services for the aged"[MeSH Terms] OR 
"aged"[MeSH Terms]) OR "healthy aging"[MeSH Terms] 
AND ("2010/06/19"[PubDate] : "2020/06/15"[PubDate])) 
AND ((("wearable electronic devices"[MeSH Terms] OR 
"self-help devices"[MeSH Terms]) OR "ambulatory"[All 
Fields] AND ("technology"[MeSH Terms] OR 
"technology"[All Fields])) OR ("wearable electronic 
devices"[MeSH Terms] OR ("wearable"[All Fields] AND 
"electronic"[All Fields] AND "devices"[All Fields]) OR 
"wearable electronic devices"[All Fields] OR ("wearable"[All 
Fields] AND "device"[All Fields]) OR "wearable device"[All 
Fields]) AND ("2010/06/19"[PubDate] : 
"2020/06/15"[PubDate])) AND "2010/06/19"[PDat] : 
"2020/06/15"[PDat]) AND "2010/06/19"[PDat] : 
"2020/06/15"[PDat]) AND ("rehabilitation"[MeSH Terms] 
AND "2010/06/19"[PDat] : "2020/06/15"[PDat]) AND 
("open access"[filter] AND "2010/06/19"[PDat] : 
"2020/06/15"[PDat]) 

444 

Adding Clinical 
trials as MeSH 
term to 1, 2 and 
4 open access  

"clinical trials as topic"[MeSH Terms] AND ((((("health 
services for the aged"[MeSH Terms] OR "aged"[MeSH 
Terms]) OR "healthy aging"[MeSH Terms] AND 
("2010/06/19"[PubDate] : "2020/06/15"[PubDate])) AND 
((("wearable electronic devices"[MeSH Terms] OR "self-
help devices"[MeSH Terms]) OR "ambulatory"[All Fields] 
AND ("technology"[MeSH Terms] OR "technology"[All 
Fields])) OR ("wearable electronic devices"[MeSH Terms] 
OR ("wearable"[All Fields] AND "electronic"[All Fields] AND 
"devices"[All Fields]) OR "wearable electronic devices"[All 
Fields] OR ("wearable"[All Fields] AND "device"[All Fields]) 
OR "wearable device"[All Fields]) AND 
("2010/06/19"[PubDate] : "2020/06/15"[PubDate])) AND 
"2010/06/19"[PubDate] : "2020/06/15"[PubDate]) AND 
"2010/06/19"[PubDate] : "2020/06/15"[PubDate]) AND 
("rehabilitation"[MeSH Terms] AND 
"2010/06/19"[PubDate] : "2020/06/15"[PubDate]) AND 
("open access"[filter] AND "2010/06/19"[PubDate] : 
"2020/06/15"[PubDate])) AND ("open access"[filter] AND 
"2010/06/21"[PDat] : "2020/06/17"[PDat]) 

3  

(15 returned but only 3 
relevant – put in EndNote 
group Clinical trials 

Adding clinical 
trials to 2 

 37 
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Appendix 3: Data extraction form template 
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Appendix 4: Assessment process flow chart 
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Appendix 5: Data inputs - spreadsheets 
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Appendix 6: Commercially available sensors - spreadsheet 
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Appendix 7: Timeline for interRAI in New Zealand 

 

Source: (interRAI New Zealand, 2020c) 
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