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ABSTRACT
The supply of and market demand for assistive products (APs) are complex and influenced by diverse 
stakeholders. The methods used to collect AP population-level market data are similarly varied. In this 
paper, we review current population-level AP supply and demand estimation methods for five priority APs 
and provide recommendations for improving national and global AP market evaluation.

Abstracts resulting from a systematic search were double-screened. Extracted data include WHO world 
region, publication year, age-groups, AP domain(s), study method, and individual assessment approach.

497 records were identified. Vision-related APs comprised 65% (n = 321 studies) of the body of 
literature; hearing (n = 59), mobility (n = 24), cognitive (n = 2), and studies measuring multiple domains 
(n = 92) were proportionately underrepresented. To assess individual AP need, 4 unique approaches were 
identified among 392 abstracts; 45% (n = 177) used self-report and 84% (n = 334) used clinical evaluation. 
Study methods were categorized among 431 abstracts; Cross-sectional studies (n = 312, 72%) and 
secondary analyses of cross-sectional data (n = 61, 14%) were most common. Case studies illustrating 
all methods are provided.

Employing approaches and methods in the contexts where they are most well-suited to generate 
standardized AP indicators will be critical to further develop comparable population-level research 
informing supply and demand, ultimately expanding sustainable access to APs.
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Introduction

An assistive product (AP) is defined as a product used exter
nally to the human body, whose primary purpose is to main
tain or improve an individual’s functioning and independence 
and thereby promote his or her well-being (WHO, 2016). 
Global population aging forecasts a rise in the need for solu
tions that support participation and independence, including 
APs. AP provision is complex largely due to many different 
types of AP and the accompanying service provision systems 
that are necessary to meet the supply of and demand for each 
product. The AP supply and demand markets are therefore 
influenced by many different stakeholders, including product 
designers, manufacturers/producers, suppliers, distributors, 
purchasers, healthcare providers, policy-makers, and users, all 
who are collectively referred to as AP market-shapers in this 
paper. Given their diversity across industries and settings, AP 
market-shapers perceive and evaluate AP markets in distinct 
ways. Therefore, it is difficult to compare much of the existing 
market-level research on APs, or gauge how each market- 
shaper is being informed, due to varying definitions of AP 
measures and methodological strategies used. This review will 
explore the research informing AP supply and demand esti
mates by identifying common approaches and methods, com
paring their strengths and limitations, and describing the 
settings where each may be most effective.

sData on AP supply and demand are needed for AP purcha
sers, such as governments, UN agencies, and civil society orga
nizations, to make decisions about investing in AP supply chain 
infrastructure, and for AP designers and distributors to identify 
populations in need of APs. Yet these data are severely limited. 
Globally, the AP supply chain is highly fragmented and hardly 
exists in many low-resource settings characterized by little pur
chasing power and lacking service delivery systems. This sector 
has historically not been prioritized by governments in low/ 
middle-income countries (LMICs), and only recently been 
recognized on the international agenda (Albala et al., 2019). As 
a result, individual needs for APs have not been measured and 
supply chain infrastructure is not in place to approximate or 
infer the population-level need. Data in this sector must be 
improved to make the case for prioritizing AP access. Without 
these data, it is difficult to attract innovators and entrepreneurs 
to this space since an understanding of market size is required to 
attract investment. Initiatives and policies aimed at expanding 
AP access are also difficult to prioritize, evaluate, and compare 
internationally (de Witte et al., 2018). This gap in supply and 
demand data leads to uncertainties and inconsistencies in AP 
provision, procurement, and provider training, three major 
parts of an AP market.

In order to estimate AP supply and demand, researchers 
have used a variety of strategies to understand the coverage and 
need of APs at the population-level. Three characteristics of 
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reported research must be understood when interpreting this 
body of evidence. First, the indicators of access to APs that 
inform estimates of population-level supply and demand, 
which are generated in AP research. Second, the approach to 
assessing the presence or absence of individual AP need. Third, 
the study design and/or analysis method reported in each 
study.

AP market-shapers need a comprehensive understanding of 
how different research characteristics can be used to evaluate 
AP markets, including their strengths, limitations, and contexts 
where they may be most appropriate. Therefore, there is a need 
to consolidate existing research to identify and review the 
approaches and methods that inform population-level AP sup
ply and demand estimates (Layton & Borg, 2019; Matter et al., 
2017). Understanding how to appropriately apply these char
acteristics and interpret their findings is essential to reliably 
inform AP market-shapers and improve access to APs.

Objectives

Scoping reviews are well-suited to describe the characteristics 
of a body of evidence, examine and clarify definitions in litera
ture, and inform future systematic reviewing (Munn et al., 
2018). We therefore chose this method to learn how different 
approaches and methods have been used to generate AP indi
cators that inform supply and demand estimates. This method 
further allows us to identify overarching research gaps. This 
scoping review is also nested within the corpus of literature 
captured for a systematic review of population-level estimates 
of AP needs and coverage, with the more direct aim of collating 
the findings of each included study.

In this review, we present how population-level estimates of 
AP supply and demand are informed at the national and global 
levels for five priority APs: wheelchairs, hearing aids, limb pros
thetics, eyeglasses for distance and reading, and personal digital 
assistants (ATscale & AT2030, 2020). Specific objectives include 
(1) characterizing the contexts and components of existing 
research, (2) develop working definitions for AP supply and 
demand, (3) identify assessment approaches used to generate 
AP indicators and recommend the most effective setting for 
each, (4) identify population-level study design and analysis 
methods using these approaches, and recommend the most 
effective setting for each, and (5) identifying gaps in knowledge 
and practice in existing research on AP supply and demand.

Methods

Defining key AP indicators

To inform our literature search, we compiled a list of AP 
indicators with proposed definitions that can inform supply 
and demand estimates for APs, based on authors’ expertise and 
relevant literature (Frost et al., 2016; WHO, 2011) and the 
contributions of this author group. The working definitions 
and equations were iteratively developed by authors before 
beginning the systematic search and are provided in Table 1. 
These AP indicators informed the systematic literature search 
string presented in Table 2, and their definitions were used for 

consistency when reviewing and categorizing studies’ out
comes relevant to APs.

Indicators described in Table 1 may be estimated 
depending on variations in available data. The consistent 
use of these definitions in AP research is recommended, 
however, their comparability across studies is influenced by 
the approach and method used to gather the data. The 
influences of relevant approaches and methods are 
described in Tables 5 & 6.

Table 1. Population-level AP indicators and definitions.

AP Indicator Working Definition
Equation (if 
applicable)

Demand
Need 

(Potential 
demand)

The proportion of a defined 
population who could benefit 
from using an appropriate AP, 
based on an AP assessment 
approach.

Population who could 
benefit 
from an AP / 
Defined population

Perceived 
demand

The proportion of a population who 
need APs, based on a self- 
reported AP assessment 
approach.

Population who self- 
report 
needing APs / 
Defined population

Expressed 
demand

The proportion of a population who 
need APs and are willing to seek 
and use (and in some instances, 
pay for) APs.

Population who are 
willing to seek and 
use APs / 
Population who 
need APs

Prevalence of 
ownership

The proportion of a defined 
population who have an AP 
(obtained through purchase, 
loan, rent, donation, or by other 
means).

Population who have 
APs / 
Defined population

Prevalence of 
use

The proportion of a defined 
population who use an AP.

Population who use 
APs / 
Defined population

Coverage The proportion of a defined 
population who need and use an 
AP.

Population who need 
and use APs / 
Population who 
need APs

Met need 
(population 
with full 
coverage)

The proportion of a population who 
need and use appropriate APs.

Population who need 
and use 
appropriate APs / 
Defined population

Under-met need 
(population 
with partial 
coverage)

The proportion of a population who 
need and use APs that are 
insufficient to maximize 
functioning.

Population who use 
insufficient APs / 
Defined population

Unmet need 
(population 
with no 
coverage)

The proportion of a population who 
need and do not use any APs.

Population who need 
and do not use 
appropriate APs / 
Defined population

Supply
Provision The delivery of APs to the user. N/A
Distribution The delivery of APs to those who 

provide them and their essential 
services to users.

N/A

Table 2. Systematic search string.

Operator Concept

(((assistive OR accessible Or inclusive Or adaptive OR self?help) AND 
(tech* OR product$ OR device$ OR software))

OR (aid OR wheelchair$ OR hearing?aid OR prosthe* OR glasses OR 
spectacle$ OR eyeglasses OR PDA$ OR “personal digital 
assistant”))

AND (coverage OR unmet OR under?met OR need OR prevalence OR 
distribution OR provision or suppl* OR demand)

AND (impair* OR disab* OR functi* limit* OR limit* functi* OR correct* OR 
uncorrect*)

.ab,ti
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Systematic search
A systematic search was conducted for this scoping review in 
March 2020, designed to identify studies reporting population- 
based estimates of AP indicators (as shown in Table 1). 
PRISMA reporting guidelines for systematic reviews were 
adhered to throughout, as the search and review process is 
also designed for the accompanying systematic review, pub
lished separately (Moher et al., 2016).

The search spanned fifteen databases: Ovid (MEDLINE, 
EMBASE, AMED, Global Health, PSYCHInfo), Global Index 
Medicus (AIM – African Index Medicus; LILACS – Latin 
American and Caribbean Health Sciences Literature; 
IMEMR – Index Medicus for the Eastern Mediterranean 
Region; IMSEAR – Index Medicus for the South-East Asian 
Region; WPRIM – Western Pacific Region Index Medicus), 
CINAHL Plus, Cochrane Database of Systematic Reviews, 
Science Direct, OpenGrey, and Grey Literature Report.

Our search string was iteratively developed with contribu
tions of key terms and working definitions from Table 1 and 
preliminary test-searches in Ovid MEDLINE. Table 2 displays 
the string used in our systematic search. These parameters 
specified that a study must include a synonym for assistive 
product and/or the name of the actual AP, as well as an AP 
measurement and a synonym for impairment in its title and/or 
abstract. To accommodate different database search needs, 
minor alterations to the string regarding truncation and struc
ture were made.

Complementary searching

To identify relevant estimation methods outside of literature 
published in databases, an inquiry was emailed to key AP 
stakeholders from relevant IGO/NGOs, ministries, and private 
companies. Representatives were purposively identified as 
either contributors to the Product Narratives (ATscale & 
AT2030, 2020) or attendees of the 2019 GReAT Consultation 
(Layton & Borg, 2019). A total of 109 representatives were 
asked to e-mail records documenting how they assessed 
demand for APs among the population they served, like pro
tocols, studies, or reports, in order to inform their supply 
decisions. Evidence provided by these AP market-shapers 
helped to select and categorize case studies for our results 
and added overall to our body of literature.

Selection criteria

Peer-reviewed and gray literature were included in our review. 
Our search included records dating from 2000, published in 
either English, French, Spanish, or Portuguese, or providing 
a translation to one of these languages.

Inclusion Criteria:

(1) Study outcomes include at least one AP indicator 
informing supply/demand, as shown in Table 1.

(2) Study uses a representative population-based sample.
(3) AP indicator includes at least one of the followings: 

wheelchairs, hearing aids, limb prosthetics, eyeglasses 
for distance and reading, and personal digital assistants 
(WHO, 2016).

Exclusion Criteria:

(1) Study focuses only on services associated with AP, with
out providing an AP indicator from Table 1.

(2) Study does not have an abstract (if peer-reviewed).

Screening & extraction

After removing duplicates, all studies resulting from the systema
tic search underwent a title/abstract screening protocol to identify 
records relevant to the inclusion criteria. Identified records were 
then screened by second reviewers and conflicts resolved by 
a third. To reduce the risk of bias, 10% of initially excluded records 
were also screened by two second reviewers, selected as the first 
100 of every 1000. Included studies were combined with records 
resulting from stakeholder outreach, with duplicates removed, 
and finalized as our collection of literature. Records not meeting 
the inclusion criteria, but still providing valuable background 
information, were flagged at each stage and are included as 
references. Due to the high volume of resulting studies, only 
abstract-level data were extracted, with the exception of case 
studies. However, full-text data extraction is completed for the 
subset of these records comprising the accompanying systematic 
review.

Study characteristics data, including publication date, AP 
domain, age groups included, country location(s), and corre
sponding WHO world region(s), were extracted from all 
abstracts providing this information. AP assessment 
approaches and study design method were also extracted. 
Assistive products were grouped by functional domain during 
extraction, as many assessments included similar APs: in this 
review, vision corresponds to distance and reading glasses, 
hearing to hearing aids, mobility to prosthetics and wheel
chairs, and cognitive to personal digital assistants.

For the purpose of this paper, case studies were identified to 
illustrate each of the main methods (i.e. study design/analysis) 
used to generate AP indicators that inform supply or demand 
estimates. Studies were included if they captured the main 
strengths and limitations of their respective method and were 
judged by the authors to contribute a useful strategy for set
tings that differed in data and resource availability. Case studies 
were also chosen to represent a range of populations with 
respect to geography, age groups, and AP domains. Identified 
studies were subject to two full-text reviews and those 
approved were summarized and are included in Results & 
Discussion.

Results & discussion

Our results and discussion are combined in the following five 
sections corresponding to our objectives: (1) Literature 
Characteristics, (2) Working Definitions of Supply and 
Demand, (3) AP Assessment Approaches, (4) AP Study 
Methods, and (5) Gaps in Research. Recommendations for 
using each study characteristic when conducting population- 
based AP research or maximizing existing datasets are included 
at the end of sections 3 and 4, with overall recommendations 
provided after Results & Discussion.

ASSISTIVE TECHNOLOGY S37



Literature characteristics

A total of 14,867 unique records were captured in the systematic 
search. After a broad title/abstract review, 1,206 records were 
identified for a second review. Following the second review of 
title and abstract only, 462 studies were included in our body of 
literature. A total of 63 conflicts were settled by a third reviewer, 
demonstrating inter-rater agreement of 95%. Our inquiries to 109 
AP market-shapers resulted in 42 responses via e-mail. 35 relevant, 
unique articles were identified from this process and were com
bined with the results from the systematic database search, resulting 
in a total collection of 497 records.

Study characteristics were extracted from the 497 records. 
Functional domains and publication year were extracted from all 
records; however, WHO region and age groups studied are avail
able in 91% (n = 453) and 79% (n = 391) of studies, respectively. 
These results are represented in Figure 1. Regarding functional 
domains, 65% (n = 321) of the studies relate to vision. Only 0.4% 
of studies (n = 2) exclusively studied cognitive impairment and 
relevant APs, though this domain is also included in 10 of the 91 
studies covering multiple domains. A total of 12% of studies 
(n = 59) exclusively focus on hearing and 5% (n = 24) on mobility. 
The WHO region of the Americas (AMR) is most frequently 
represented in our literature, at 22% (n = 110); however, over half 
of these (n = 60) focus on the United States of America with less 
representation of Latin American countries. The most represented 
country for the AFR region is Nigeria (n = 14); for EMR, Iran 
(n = 11) and Pakistan (n = 10); for EUR, the United Kingdom 
(n = 10); for SEAR, India (n = 45), and for WPR, China (n = 27). 
Publication dates, represented in Figure 1 in 5-year intervals, 
demonstrate that studies reporting AP indicators as outcomes 
consistently increase over the past twenty years. Age groups 
included in each study are roughly categorized with no more 
than 10 years of overlap, with groupings defined based on those 
most commonly used in the literature. Most studies focusing on 
older adults (45+) did not include an upper-age limit. These find
ings show most studies focus on the school-aged population 
between 5 and 19 years old (31%, n = 152) and older adults over 

the age of 45 (29%, n = 142). School-based screenings are reflected 
as a widely practiced research strategy in the literature, as significant 
health gains are associated with early intervention. The higher 
prevalence of functional limitations among older adults may also 
explain the significant focus on those near or post-retirement.

Tables 3 and 4 represent the proportions of different AP 
assessment approaches and study methods by functional 
domain and WHO world region. Reviews, mixed-methods, 
pilot studies, and those with unspecified methods (67 studies 
in total) are excluded from Tables 3 and 4. Subsequently, 431 
remaining abstracts specify both domain and study method, 
while 392 specify both domain and assessment approach; these 
totals are reflected in Table 3. WHO world region and study 
method are specified in 402 abstracts, while WHO world 
region and assessment approach are specified in 355 abstracts; 
these data are detailed in Table 4.

Results displayed in Table 3 reflect that cross-sectional vision 
surveys dominate the identified literature and most often used 
clinical assessments. Vision is also the only domain to use 
indirect assessment approaches to generate AP indicators (see 
Table 5). There is very little population-level research done on 
mobility APs; the majority of data gathered on mobility devices 
is a result of self-report in cross-sectional surveys and secondary 
analyses of the same data. However, studies examining cognitive 
APs at the population-level are even less common.

Data displayed in Table 4 demonstrate that cross-sectional 
studies are the most common study design/analysis method used 
in every WHO world region. Key informant studies are a newer 
method and have only been conducted in Malawi and Nigeria 
(Duke et al., 2013; Tataryn et al., 2017). It is difficult to ensure an 
analysis of medical records is representative of the population; this 
method is made easier in countries with centralized health infor
mation management systems and more universal health coverage, 
which may explain why this method is most common in Europe. 
For all regions, most of the evidence was based on clinically 
assessed AP need. However, AMR countries have also incorporated 
a substantial proportion of self-reported data. In WPR and EMR 

Figure 1. Abstract characteristics. N.B: Not all records provided data for all four categories; the number of studies providing data for a category is reflected in 
parentheses next to the category. ’Global’ describes studies encompassing more than one WHO world region (WHO, 2017).
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countries, roughly one-third of the existing evidence basis is con
siderate of the individual’s perception of their needs.

Working definitions of supply and demand

Initially, apparent in our findings is the lack of a common 
definition and indicators for AP supply, which reflects the 
highly fragmented AP marketplace. In our body of literature, 
3% of studies (n = 14) mention the supply of APs and services. 
Of these, five studies mention that supply chains should be 
well-developed as a concluding recommendation, and none of 
the studies provide a more detailed outcome measure for 
supply than the quantity of APs stocked in, or prescribed by, 
a clinic. This represents a significant gap in understanding how 
effective, sustainable supply chains are defined, planned and 
evaluated. Additionally, in our literature, “supply” more often 
refers to industry-level action and “supply-side” is used to 
describe the relationship between manufacturers and distribu
tors/service providers. This finding indicates that this market 
aspect is less influenced by individual-level data, and may be 
better understood by examining international trade and mar
ket-shaping (Ramos & Battistella, 2019).

AP demand appears more frequently in the literature, but 
with several definitions/conceptual understandings. Where 
data are limited, demand is often equated to need or potential 
demand, (Harkins et al., 2013). Where more nuanced infor
mation on AP ownership, use, and coverage are collected in 
the study, demand is sometimes described in more detail with 
consideration of existing met need or user preference 
(Cornman & Freedman, 2008). Some studies also measure 
AP awareness, which may directly or indirectly influence 
perceived and expressed demand, but more research is 
required to better understand this relationship, specifically 
regarding under and overestimates of demand. It is also 
important that essential AP services to meet individuals’ AP 
needs are included when estimating the total demand for an 
AP. To establish a measure of total AP demand, the product’s 
essential services must be included alongside AP need. We 
therefore propose the following definitions for use in future 
research:

Supply: The process by which APs and essential parts are 
delivered from manufacturers to AP/essential service providers, 
either through sale or donation.

Demand: The proportion of a defined population who are 
willing to seek, in some instances pay for, and use an AP/essential 

Table 3. AP study methods and assessment approaches by functional domain.

Vision Hearing Mobility Cognitive Multiple Total
Study Method n = 292 n = 52 n = 15 n = 2 n = 70 431* (100%)

Primary data collection Cross-sectional survey 249 (85%) 26 (50%) 7(47%) 1(50%) 29 (41%) 312 (72%)
Longitudinal 11 (4%) 4 (8%) 0 0 1 (1%) 16 (4%)
Key Informant 1 (0.3%) 0 0 0 1 (1%) 2 (0.5%)

Secondary data analysis Cross-sectional 16 (5%) 10 (19%) 6 (40%) 0 29 (41%) 61 (14%)
Medical records/registry 7 (2%) 8 (15%) 1 (7%) 1 (50%) 4 (6%) 21 (5%)
Global population 1 (0.3%) 1 (2%) 0 0 3 (4%) 5 (1%)
Multiple datasets 7 (2%) 3 (6%) 1 (7%) 0 3 (4%) 14 (3%)

Assessment Approach n = 376 n = 75 n = 19 n = 2 n = 68 392** (100%)
Self-report 84 (22%) 31 (41%) 13 (68%) 1 (50%) 48 (71%) 177 (45%)
Clinical 278 (74%) 39 (52%) 3 (16%) 1 (50%) 13 (19%) 334 (85%)
Functional 11 (3%) 5 (7%) 3 (16%) 0 7 (10%) 26 (7%)
Indirect 3 (0.8%) 0 0 0 0 3 (0.8%)

*The number of study abstracts providing this information are provided in the “Total” column; not all included abstracts made their methods (or approaches) clear, out 
of the 497 total abstracts. Reviews, mixed-method studies, pilot studies, and those with unspecified methods are not included in this table. 

**There can be more than one assessment approach per study.

Table 4. AP study methods and assessment approaches by WHO world region.

AFR AMR EMR EUR SEAR WPR Global Total
Study Method n = 48 n = 104 n = 32 n = 48 n = 72 n = 86 n = 12 402* (100%)

Primary data collection Cross-sectional 40 (83%) 52 (50%) 31 (97%) 32 (67%) 64 (89%) 69 (80%) 3 (24%) 291 (72%)
Longitudinal 1 (2%) 3 (3%) 1 (3%) 1 (2%) 3 (4%) 6 (7%) 1 (8%) 16 (4%)
Key Informant 2 (4%) 0 0 0 0 0 0 2 (1%)

Secondary data analysis Cross-sectional 2 (4%) 40 (38%) 0 4 (83%) 2 (3%) 5 (6%) 2 (17%) 55 (14%)
Medical records/ registry 2 (4%) 6 (6%) 0 7 (15%) 1 (1%) 4 (5%) 0 20 (5%)
Global population 0 0 0 0 0 1 (1%) 4 (33%) 5 (1%)
Multiple datasets 1 (2%) 3 (3%) 0 4 (8%) 2 (3%) 1 (1%) 2 (17%) 13 (3%)

Assessment Approach n = 63 n = 119 n = 42 n = 62 n = 93 n = 110 n = 14 355** (100%)
Self-report 19 (30%) 54 (45%) 10 (24%) 18 (29%) 30 (32%) 28 (26%) 6 (43%) 165 (47%)
Clinical 39 (62%) 58 (49%) 32 (76%) 35 (57%) 60 (65%) 80 (73%) 7 (50%) 311 (88%)
Functional 5 (8%) 7 (5%) 0 7 (11%) 3 (3%) 2 (2%) 0 24 (7%)
Indirect 0 0 0 2 (3%) 0 0 1 (7%) 3 (1%)

*The number of study abstracts providing this information are provided in the “Total” column; not all included abstracts made their methods (or approaches) clear out 
of the 497 total abstracts. Reviews, mixed-method studies, pilot studies, and those with unspecified methods are not included in this table. 

**There can be more than one assessment approach per study.
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service which they perceive they could benefit from, and do not 
currently have.

These definitions accommodate different approaches and 
methods used to obtain population-level AP indicators. 
Approaches and methods are described in detail in the following 
two Results & Discussion sections.

Approaches to AP assessment

Several approaches are currently used to assess AP needs 
among individuals within studies and subsequently generate 
AP indicators for a population. These approaches include 
participant self-report, clinical impairment assessment, func
tional assessment, and the use of indirect or proxy measure
ments, such as impairment prevalence (Boggs et al., 2019). For 
each approach used in a study method, there are inherent 
strengths and limitations, as described in Table 5. Multiple 
approaches can be used in a single study; all instances of each 
approach being used in the first summary column, “Overall 
use.” The instances of studies relying exclusively on a particular 
approach are also provided in the second summary column, 
“Exclusive use.” For example, of all abstracts detailing assess
ment approaches (n = 392), 85% incorporated clinical assess
ment data, yet 68% of these studies (n = 228, or 58% of the 
total) exclusively rely on clinical assessment. This may mean 
those findings are limited in the consideration of an indivi
dual’s experience or personal environment when determining 
whether they may benefit from having an AP. Alternatively, 
studies employing multiple approaches could support or vali
date a clinical assessment with self-reported data.

As many AP procurers and suppliers estimate their target 
market’s demand based on existing research, understanding 
the strengths and limitations of the AP assessment approaches 
used is important. For example, using impairment prevalence 
as a proxy for AP need may require several assumptions that 
may limit the accuracy of AP indicator estimates. Some condi
tions or pathologies are strongly associated with specific APs; 
uncorrected refractive error (URE) indicates need for distance 
glasses and supply/demand measurements for this AP may 
reasonably be estimated from prevalence estimates of URE, 
according to clinical impairment assessments. However, for 
other APs (e.g., prostheses) the association with impairment 
may be more complex and influenced by the environment. An 
individual’s perception of their own impairment may also 
differentiate their AP demand from their AP need (e.g., hearing 
aids). Methods using these approaches are detailed in the next 
section of Results & Discussion and summarized in Table 6.

AP study methods
Approaches for individual AP needs assessment can be used in 
a variety of study methods; it is therefore important to present 
an overview of these methods and describe the strengths and 
weaknesses. The following Results & Discussion section details 
the most used methods and includes case study examples, for 
which the AP assessment approaches and measurements are 
also described. These methods and their representative case 
studies are categorized as (1) study designs for collecting pri
mary data and (2) study designs using secondary data sources. 

Analysis techniques that are feasible for all included study 
designs are also detailed in the final section of AP Study 
Methods.

Collecting primary data
Primary data collection of AP indicators may be useful where 
existing population-level data are lacking or inadequate, and 
where resources permit. Cross-sectional surveys were the most 
common method of primary data collection appearing in our 
body of literature, as both population-based (household sur
veys) and those conducted in specific settings/population (e.g. 
school based). Other study designs included key informant and 
longitudinal studies.

Cross-sectional study. Population-based surveys can be used 
to generate estimates of AP indicators as detailed in Table 1 
and are important for planning supply and estimating demand. 
Data collected with this method can also be disaggregated by 
socio-demographic characteristics (e.g. age, sex, socio- 
economic status, geographical area) to estimate inequalities, 
for example, in AP coverage. Where resources allow, surveys 
can be repeated periodically to monitor trends in the popula
tion. Sampling strategies are also an important aspect of cross- 
sectional population-based survey methods and might require 
input from national statistics office for their design and imple
mentation. However, household surveys can also be prohibi
tively time and resource intensive. To address these issues, 
particularly for low resource settings, rapid survey methods 
(e.g. Rapid Assessment of Refractive Error, Rapid Assessment 
of Hearing Loss) have been developed which enable data to be 
collected in shorter time and lower cost.

Typically, data on AP use and/or need had been collected 
either as part of surveys of disability, specific impairments or 
conditions (e.g. eye health surveys), or general health (e.g., 
National Health and Nutrition Examination Survey), which 
makes comparison amongst studies challenging. These surveys 
may also be insufficiently powered to derive reliable estimates 
of some APs and the variation in approaches used to assess AP 
need (e.g. self-report and clinical impairment assessment; see 
Table 2) further limits comparability. To address this gap, the 
WHO has developed the Rapid Assistive Technology 
Assessment (rATA) tool, a population-based structured ques
tionnaire for rapid data collection on self-reported AP need/ 
unmet need, demand, and use.

Case study: In 2018, an adaptation of the WHO Assistive 
Technology Assessment-Needs (ATA-N), a precursor to the 
rATA, was incorporated into the Bangladesh Rapid 
Assessment of Disability survey (RAD), in two districts with 
a subsample selected through a two-staged cluster random 
sampling process (Pryor et al., 2018). In the first stage, 60 
clusters were selected in each of the two districts using 
a probability proportional to size procedure. In the second 
stage, approximately 15 households were randomly selected 
in each cluster using a systematic sampling approach. The 
survey was adapted for cultural relevance through workshops 
with key stakeholders before translation and refinement. The 
adapted ATA-N was administered to adult participants “at risk 
of disability” who identified functional disabilities, based on 
questions in the RAD from the Washington Group Short Set of 
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Questions on Disability, which ask participants to self-report 
on level of difficulty in different functional domains (vision, 
hearing, mobility, cognition, self-care, communication) 
(Washington Group Short Set of Disability Questions, 2016). 
Age and sex matched controls without functional limitations 
were selected for comparison. The survey had a sample size of 
4254, of which 31.9% reported at least some functional diffi
culty in at least one domain. The study generated estimates of 
self-reported AP use and unmet need, as well as components of 
demand including facilitators and barriers for AP use. 
A Logistic regression was used to assess the association 
between different socioeconomic factors, use, and unmet 
need of AP. Sampling weights and adjustments were used to 
control for survey design effect.

Key informant study. The key informant method (KIM) has 
been used in low-resource settings to generate population-level 
data on prevalence of specific impairments/health conditions 
and associated AP need. The KIM involves training volunteers 
(KIs, or “key informants”) to identify individuals in their 
communities with the outcome of interest to the study. This 
method also includes a clinical approach, as those identified are 
invited to attend screening camps for examination by a medical 
professional and a potential referral for appropriate services 
and AP, as available. KIM has been developed and validated for 
use as a cheaper and more rapid alternative to population- 
based surveys. KIM can be most relevant where the prevalence 
of the outcome of interest is relatively low, for example, mobi
lity impairment among children, as this would require large 
population-survey sample sizes to provide reliable information 
and make meaningful interpretation from the data. 
Additionally, children with impairments may be hidden from 
view due to stigma and perceived shame, meaning that survey 
teams do not see and therefore do not register all possible 
children. KIs are more likely to be able to identify all children 
with impairments living in their community, given that they 
are trusted, long-term members of the same population. KIs 
engage with local communities and stakeholders and have an 
important capacity building and awareness raising role. As 
with cross-sectional surveys, KIMs have typically been used 
to estimate impairment prevalence and associated service 
needs, but to our knowledge have not been designed specifi
cally to estimate AP. If it is only utilizing clinician assessed/ 
impairment-based AP assessment, this method is subject to 
limitations associated with this approach (see Table 5). KIMs 
may also miss individuals with mild or less visible impairments 
and therefore underestimate AP need. Further, studies have 
shown that not all of those identified by KIs in the community 
consequently attend the screening camps, which has further 
implications for the reliability and generalizability of preva
lence estimates and AP indicators that inform supply and 
demand estimates.

Case Study: In a 2017 study, disability researchers trained 
KIs to identify and refer children with impairments in two 
rural districts of Malawi: Thyolo and Ntcheu (Tataryn et al., 
2017). These districts are considered comparable to, or slightly 
above, the average of all rural districts in their respective 
regions in terms of key socio-economic metrics. KIs were 
trained in a one-day training workshop (conducted in groups 

of 20), covering: disability sensitization, identification of the 
specific impairments included in the study, methods for case 
finding, and procedures of the screening camps. KIs returned 
to their communities where, during a 3–6 week period, they 
identified children suspected to have one or more of the con
ditions included in the study. 15,000 children were identified 
and invited to a screening camp; 7220 (48%) attended and 
underwent assessment by medical professionals for moderate/ 
severe hearing, vision, physical, and intellectual impairments, 
and epilepsy. Impairment prevalence was estimated. Based on 
the assessment of cause of impairment, the number who would 
benefit from APs including glasses, hearing aids, wheelchairs 
and prosthesis was recorded as well as physio/occupational 
therapy and refractive error services, approximating an 
unmet need and an expected demand for AP services. This 
study had a 52% drop-out rate between identification and 
screening camp attendance; this could be random or influ
enced by level of impairment, causing an over or underestima
tion of prevalence and potential to benefit from services. It is 
possible families did not agree with the KIs and perceive the 
child’s need for AP, or alternatively, individuals couldn’t access 
camps due to their lack of suitable AP in the first place. 
Functioning was not measured in the study, and no estimations 
for services relevant to APs were made apart from for vision 
and refractive index services. However, service needs could be 
implied from the hearing loss numbers and overall estimates 
for physical therapy service needs.

Longitudinal study. Conducting longitudinal cohort studies 
allows researchers to measure AP adoption, adherence, impact 
over time, as well as barriers to access and reasons for product 
abandonment, by collecting baseline and follow-up data on 
a cohort of participants. Each of these measurements inform 
both supply and demand, as they measure the individual’s need 
and want of a particular AP, while providing opportunities to 
address barriers to use at different stages. Consideration of how 
similar the cohort is to the population of interest will deter
mine how representative and informative the study is on 
a larger scale. This study design method can be expensive, 
requiring ongoing funding over a length of time, particularly 
if researchers provide AP and essential services, and loss to 
follow up can impact results. When based around a specific 
setting or population (e.g. school based), follow-up may be 
easier, but the study population may not be representative of 
the general population. Also, participating in a longitudinal 
study may influence the participants’ health outcomes and 
awareness, progressively making their cohort less representa
tive of the population of interest.

Case Study: The Shahroud Schoolchildren Eye Cohort 
Study collected its first-wave, baseline data on visual impair
ment (VI) amongst 5620 children, aged 6 to 12 years, in 2015 
(Emamian et al., 2018). Investigators coordinated with schools 
to set up examination sites, where student participants under
went anthropometric and optometric exams, and glasses were 
given to those presenting need. Parents also responded to 
questionnaires that recorded medical history, insurance, and 
students’ daily activities. This round of examinations is 
repeated every 3 years for the cohort, until students age out 
at 18. This allowed investigators to report the prevalence of 
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VIs, glasses use, newly-met need (glasses dispensed), associa
tions with health and social factors, as well as how these results 
change with age. These measurements estimate the current 
level of need for AP and essential services and will inform 
reasons for disuse over time. This study’s findings will high
light the difference between need and demand and identify 
individual-level barriers to meeting the AP need, and the 
measurements generated can be used to appropriately scale 
supply chains within the country. Shahroud’s population is 
considered representative of Iran in terms of key sociodemo
graphic averages reported in the 2016 National Population and 
Housing Census. The results from this cohort can be (with 
caution) generalized to represent the national school-age 
population at this point in time.

Using secondary data sources
Our findings suggest that secondary analysis of preexisting 
datasets can be beneficial for providing AP indicator estimates 
to inform supply/demand more quickly and at lower cost. 
Many studies in our review provided analyses of existing 
data, which typically included datasets from censuses, national 
health surveys, and global health repositories. This approach is 
governed by the availability of reliable, up-to-date data, and 
caution should be exercised when using preexisting datasets 
and deriving AP indicators from indirect sources (see Table 5). 
Often many assumptions are made which should be explicitly 
stated to provide more detailed understanding of the data 
analysis and any limitations. If multiple survey datasets are 
used to generate composite estimates (e.g., global or regional 
estimates), it is important to acknowledge that these data are 
often not collected in a uniform way; sampling, examination 
methods, and AP indicator across surveys will be varied (Smith 
et al., 2019). While extrapolations can also be made to fill data 
gaps, caution should be applied given this method can be used 
among diverse groupings. In most cases, existing data infra
structure limits what level of analysis is possible.

Cross-sectional surveys. Large-scale household surveys, 
including censuses and national health surveys which collected 
data on APs, can provide nationally representative estimates of 
use and unmet need. These datasets can be used by analyzing 
a sub-sample of the surveyed population, based on responses to 
certain questions about disability or activity limitation in the 
original survey. This method allows more nuanced analyses 
that maximize the use of the original dataset. However, many 
existing national health surveys and censuses do not adequately 
capture AP indicators (Smith et al., 2019). In these cases, 
following up with the sub-sample can be useful to generate 
new data in a study that is quicker and lower cost, but still 
nationally representative, with the use of survey weights. Using 
data from censuses and national surveys which have integrated 
these questions provides access to population data which is not 
dependent on diagnosis or contact with a health system. 
Statistical models based on the sub-sample and previous census 
data can also be developed, which may be predictive of future 
need/demand, and permit evaluation of the relationship 
between AP use, unmet need, and demographic factors which 
are typically collected in a census (i.e. income, location, age, 
sex, level of education, employment status). Mandatory 

participation in census activities in some jurisdictions may 
reduce self-selection and response bias found in other studies. 
However, self-report is a major limitation; individuals who do 
not perceive themselves to have an activity limitation may not 
have responded. Responses are also limited to who is included 
in the census; often, institutionalized individuals, those living 
on reservations, and those active in a country’s military are not 
included. This limitation can have a larger impact when sec
ondary analyses of these data intend to focus on vulnerable 
populations (e.g., AP use among older adults, many of whom 
may reside in care homes). Further, not all national surveys are 
comparable, as sample size, sampling strategies, and approach 
of assessing AP need can differ significantly.

Case study: The 2012 Canadian Survey on Disability (CSD) 
was a post-census cross-sectional representative sample survey 
conducted across Canada with persons who identified as hav
ing an activity limitation in the National Household Survey 
(NHS: 2011 Census)(Berardi et al., 2020). The total sample for 
the CSD was 45,443 individuals, with bootstrapping weights 
provided by Statistics Canada to provide population level esti
mates. The CSD included questions about over 70 different 
types of AT, related to impairments in mobility (gross and fine 
motor), hearing, seeing, and learning. The most recent study 
addressed the most commonly used (self-reported use) and 
needed (self-reported unmet need) for assistive technology in 
Canada. Where disability/functioning questions are integrated 
into national surveys, this sub-sampling method can be used to 
conduct an in-depth analysis and identify AP indicators 
informing supply and demand. Reasons for unmet need were 
also reported, highlighting barriers that can differentiate need 
from demand. This analysis benefitted from questions on dis
ability being integrated in the population census; where possi
ble, health and social demographic surveys should include 
standardized questions about activity limitation to data collec
tion and comparability of AP indicators at the population- 
level.

Medical records. A retrospective analysis of clinical records of 
a population can also be used to assess AP adoption, adher
ence, follow-up, impact, and cost. Medical records can provide 
very detailed data. A retrospective cohort can also be designed 
with medical record data to study long-term effects of AP use 
and other health measurements. Within universal health care 
systems, it can be easier to get a representative sample of 
records to estimate AP indicators and/or the prevalence of 
related conditions. However, it is more often difficult to ensure 
a sample of records is representative; the coverage of a clinic 
participating in a study may be limited by its main practice 
domain, funding source/level, and capacity. It may also serve 
a population uniquely defined by residence or insurance, which 
can influence the frequency of referrals and follow-up. In more 
fragmented health care settings, there may not be a centralized 
health information management system and obtaining 
a representative sample of records may not be possible. 
Analyses of medical records are also subject to limitations of 
clinical diagnoses, including variations in definitions for 
impairments related to APs and referral practices.

Case study: A retrospective analysis of hospital record and 
cost data was conducted in 2004 (Vuorialho et al., 2004). Data 
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were collected on the costs associated with assessment and 
fitting for hearing aids in two Finnish hospitals (a tertiary 
care and secondary care center, respectively,). The number of 
fittings and hearing aids provided were calculated as 
a proportion of inhabitants in the catchment area (number of 
fittings/1000 inhabitants and number of provided hearing aids/ 
1000 inhabitants). Differences in these proportions were attri
butable to individuals who were assessed as requiring a hearing 
aid but chose not to be provided with one. The number of 
fittings/1000 population over age 65 and 75 respectively were 
also calculated. This provides an estimate of required hearing 
aids in each of the catchment areas and may be extrapolated to 
a population estimate. As hearing aids are provided through 
government/public insurance, it is highly likely that this is 
representative of the individuals who require hearing aids in 
each jurisdiction, as there is little private provision. The differ
ence noted between those who were fitted and those who chose 
to be provided a hearing aid represents a measure of unmet 
need; as this is intentional nonuse of the AP, this may impact 
estimated demand.

Global population data. In the absence of censuses and 
national surveys, a rough estimate of prevalence and popula
tion growth can be used to ascertain the current and future 
potential need for an AP and contribute to supply chain plan
ning. An average prevalence of the related impairment(s) can 
be multiplied by the projected population at a specific year, 
based on data provided by global repositories, to obtain the 
potential AP need. This method may be more effective for 
specific APs within functional domains with a higher docu
mented population prevalence of and relevance to related 
impairments, such as distance glasses and uncorrected refrac
tive error for vision, as opposed to the more complex multiple 
impairments related to mobility APs. However, utilizing these 
data to identify areas with high potential AP demand can also 
be the first step in planning a more in-depth assessment survey 
(Al-Tayar et al., 2019). This method can help suppliers and 
purchasers plan for robust AP supply chain infrastructure as 
populations age more rapidly. Only two types of data are 
required, which are generally either readily available (global 
population growth estimates) or can be generalized from simi
lar populations if the target population has been under- 
researched (impairment prevalence among demographically 
similar populations). Historical trends can also be analyzed to 
strengthen projection reliability. Ultimately, caution should be 
applied when using this method given it equates impairment 
prevalence with AP need and is limited by a lack of information 
on existing coverage, under-met need and assumptions made 
when using an indirect source approach (see Table 5). It is 
therefore most useful in contexts with extremely low AP cover
age, where prevalence and AP need are the closest. 
A comprehensive estimate would also need to consider all 
impairments that would necessitate a particular AP; for exam
ple, if only limited to the projected prevalence of cerebral palsy, 
the total need for wheelchairs in a future population would be 
underestimated. Further, the likelihood of an individual with 
a particular impairment needing and wanting an associated AP 
would also refine the estimate significantly.

Case study: Holden et al’s 2008 study reports AP indicators 
for glasses resulting from population projections. These esti
mates are based on a group of population-based studies whose 
results were generalized to the world population and later extra
polated using projections (Holden et al., 2008). Their global 
estimates of vision impairment due to presbyopia collated the 
findings of a systematic review spanning 20 years, population 
projections of the US Census Bureau’s International Data Base, 
and economic development classifications of the UN 
Department of Economics and Social Affairs. With these data, 
this study calculated the prevalence of functional presbyopia, 
spectacle coverage rate, un- and under-corrected visual impair
ment, and disability caused by this condition in 2005, 2010, 2020 
and 2050. These results estimate the global coverage, unmet, and 
under-met need for certain visual APs at each point in time, 
informing where there is inadequate supply and expected 
demand. In projecting, assumptions were inevitably made 
about the behavior of demand and supply levels over time, 
despite the changes that sociodemographic development are 
expected to cause. Extrapolating study findings to other popula
tions based on ethnicity, location, climate, and level of develop
ment are further assumptions that weaken this study’s estimates. 
The strict screening criteria also resulted in an evidence base of 
only six studies that still allowed for variations in measurements; 
study comparability was assumed when combining and extra
polating from these different datasets.

Analysis methods of primary and secondary data
Analysis methods used across each data collection method can 
derive AP indicators and contribute to supply and demand 
estimation. Many studies in our findings use regression tech
niques to extrapolate data, test associations, and identify socio
demographic factors that can predict AP indicators. Datasets 
can be combined and previously unpublished data can also be 
used in regression analyses (Flaxman et al., 2017). It is impor
tant to better understand how analysis methods can be utilized 
to provide population-level estimates for AP supply and 
demand.

Regression techniques. Identifying sociodemographic factors 
associated with AP indicators through regression can predict 
AP needs for a population and help to plan supply chains. 
Logistic regression tests the association of AP indicators with 
personal and sociodemographic factors (SFs) recorded in 
a study, like anthropometrics, education, unemployment, 
residence, gender, or age. Linear regression can also be used 
in some instances to extrapolate data where it is missing (e.g., 
among unsurveyed age groups or populations) (Delcourt 
et al., 2018). To further examine resulting associations as 
reliable predictors of AP estimates, a path analysis could 
also be conducted. This form of multiple regression evaluates 
causal models and requires substantial, highly detailed data. 
These techniques may therefore be most reliable when mea
suring vision and hearing AP indicators, where more popula
tion-level studies have been done. There is potential to 
conduct these analyses and extrapolate results to similar 
populations in data-poor settings, provided appropriately 
representative research has been done elsewhere, though 
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results from this process would be weakened by many 
assumptions.

Case study: In 2018, United States researchers used data 
from the first round of the National Health and Aging 
Trends Study (NHATS, 2011) to identify SFs predicting AP 
use among Medicare beneficiaries aged 65 or older (Frochen & 
Mehdizadeh, 2018). Based on self-reported responses to AP use 
questions, researchers created a scale measure of AP use from 0 
(never use) to 6 (always use) averaged across multiple APs and 
tested the correlation of high use with numerous SFs. A path 
analysis was then conducted amongst those factors demon
strating significant correlation: age, sex, living arrangement, 
and income. This method allowed researchers to determine 
whether these SFs could predict device use, while controlling 
for the effect of the individual’s disability score. Income was 
shown to have no effect, but females and those living alone 
were more likely to use devices. Statistical testing showed the 
resulting model fit well, and representativeness was established 
by comparing the demographics of the NHATS participants 
included in this analysis with recent American Community 
Survey data. This methodology could be used to approximate 
demand for APs in a population, based on how SFs influence 
successful device adoption and use. These results can be pro
jected for aging populations to plan appropriate supply chain 
infrastructure, provided sociodemographic data are available. 
A secondary analysis is only as good as its data source, and in 
this case, limitations of self-report, including respondents 
using only one type of insurance, and reducing functioning 
to a numeric scale from 0 to 6 lower the generalizability and 
reliability of the outcome.

Gaps in research

Our findings have characterized the contexts (geographies, 
age groups, functional domains, and publication dates) and 
identified the components (approaches and methods) of 
population-based AP research, allowing us to describe their 
most effective use scenarios. In this process, the following 
practical and conceptual gaps in this body of evidence have 
emerged.

As identified in Figure 1, wheelchairs, prosthetics, and 
accessible software (limited in this review to personal digi
tal assistants and smartphones) are underrepresented in the 
literature; 76% of the studies identified in this review 
focused exclusively on vision and hearing. A range of con
ditions and pathologies can be associated with the use of 
mobility and accessible software devices; often these are 
under-researched and rarely provide related AP estimates 
in population-based studies compared to vision and hearing 
impairment prevalence studies. Specifically, mobility 
impairment assessment is complex with less standardized 
AP assessments compared to hearing and vision (Boggs 
et al., 2019). Additionally, the prevalence of need for wheel
chairs and prosthetics is low according to estimates in 
limited studies. For example, wheelchair prevalence esti
mates from Canada and the United States were between 
0.6% and 0.8%, while estimates from Cameroon and India 
were 0.1% (Berardi et al., 2020; Boggs et al., 2019). This 

lower prevalence may have led researchers to use more 
individual-level clinic-based study designs rather than 
large-scale population surveys given the large sample size 
required.

Further, our findings suggest that accessible software his
torically has not been a type of AP that is prioritized in 
population-based studies. This could be due to more recent 
advances in and affordability and accessibility of technology 
over the past twenty years making personal digital assistants 
a “newer” AP; however, the lack of population-based research 
limits the conclusions we can draw. Measuring PDAs and other 
digital APs is complex given inconsistencies in the umbrella 
term that is used, how it is defined, and given digital APs cross 
multiple functional domains. For example, mobile device 
applications, such as digital magnifiers, gesture to voice and 
memory aid apps, can improve functioning across vision, hear
ing, communication, and cognition, respectively. Digital APs 
are also relevant for individuals without functional difficulties, 
which complicates researching APs by adding difficulty to 
defining what is and is not an AP; depending on the individual 
and the context, the same products can be both. There are also 
barriers to awareness, access and use of accessible software that 
must be acknowledged, especially in resource-limited settings. 
Addressing these challenges when seeking population-level AP 
estimates for wheelchairs, prosthetics and accessible software 
deserves further attention.

Essential AP services, such as rehabilitation and prosthetic 
and orthotic services, are not measured in all studies with AP 
estimates; in the articles we reviewed, 31% (n = 154) men
tioned any type of services in their abstracts. Services referred 
to in the articles include physical and occupational therapy 
sessions, AP fittings, impairment screenings, checkups, and 
AP replacement provision. Services are essential for both 
supply-related provision with distribution, support and 
human resources, and demand-related provision including 
initial assessment, training and education and then follow- 
up over time with ongoing reassessment, retraining, reeduca
tion, and maintenance of APs. Therefore, determining the 
“annual demand” for essential AP services requires both the 
assessment of population-based need, which could be deter
mined in many population-level studies alongside AP need, as 
well as follow-up and close monitoring of service providers 
which is not typically within the remit of most population- 
based studies. As a result of this highlighted gap, we have 
written our working definitions for supply and demand to 
include a measure of essential services. Measurements of APs 
and services (together referred to as Assistive Technology) 
should be considered by all future population-based studies, 
wherever possible, because an estimate of AP supply or 
demand is misleading without it.

In our findings, only 2% (n = 9) of the studies included 
a measure of supply. There is significantly more information 
on demand measurement and evaluation than supply. This 
discrepancy is reflected in relevant data collection, and subse
quently, data are more available to construct a demand esti
mate based on other AP indicators. Supply data is lacking, 
especially considering there is not a consensus on which sup
ply-side operations data should be used to measure supply 
chains. One record details the AT-Info-Map, an app created 
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to map AP and service providers in multiple African countries 
(Visagie et al., 2019). While this software has proven informa
tive to AP users and networking market-shapers, supply-side 
data and AP indicators are not recorded. Further, 
a comprehensive view of all AP sources is not provided, as 
many users do not get their APs from suppliers (Visagie et al., 
2019). A few pilot studies identified in our body of literature do 
consider the “distribution” or “provision” for specific APs as an 
outcome measure, but analyses are limited to the number of 
APs given to or prescribed from a clinic, or provided under 
a specific policy/financing scheme (Gupta et al., 2019; Hlayisi & 
Ramma, 2019). Alternatively, data on AP tariffs and trade flows 
can illustrate market concentration and high-level determi
nants of AP quality, affordability and availability, yet do not 
capture the user experience (Ramos & Battistella, 2019). With 
only one type of these data, the whole supply chain cannot be 
evaluated and bottlenecks limiting AP access cannot be identi
fied. One study examines the ICF as a guide for coding impor
tant data in the process of AP provision; however, this strategy 
only provides standard data collection methods for the advi
sory and selection stages and does not cover AP delivery and 
use (Heerkens et al., 2011). There is a need for a standard 
protocol/guide to identify which study design methods and 
approaches are the most suitable for a wide variety of contex
tual and research needs, as well as agreed-upon indicators and 
definitions, to generate comparable AP supply data. Market- 
shaping initiatives supported by WHO GATE, AT2030, and 
ATscale are underway to improve both demand and supply 
data. The collaborative Product Narratives, for example, have 
been developed to categorize APs and services so there are 
common definitions for the data collected and indicators esti
mated (ATscale & AT2030, 2020).

Learning from related sectors

Additionally, as the AP sector progresses, there may be impor
tant lessons to learn from the supply chain strategies for phar
maceuticals and essential medical devices (EMDs). For 
example, the collection of standardized pharmaceutical and 
EMD supply data is facilitated by a common understanding 
through reaching agreement on definitions for key terms and 
processes, as described below (MacDonald, 2010).

● Measuring supply: Supply is evaluated as the proportion 
of health care centers and other distributors that had 
stock-outs for specific products, and where users reported 
fees constrained access. It is recommended that, for high- 
demand/previously unsupplied areas, a minimum 
required service level must be defined and maintained 
to prevent shortages (Roshan et al., 2019).

● Generating data: These evaluations necessitate recording 
stock and inventory levels at manufacturers and distribu
tion centers; shipment quantities; establishment, trans
port, and inventory costs; and the maximum permissible 
unmet demand in a population (Zahiri et al., 2018).

● Design: Designing products for challenging environ
ments may lead to an increased demand among an under
served population, which can mean increased attention 
from donors (Jonathan & Stoltenberg, 2012).

● Manufacturing: When the production process is flexible 
and integrated into supply chains, manufacturers can 
meet unique needs more effectively (Roshan et al., 2019).

● Measuring progress: The UN Commission on Life-Saving 
Commodities recommends several strategies to accelerate 
the Millennium Development Goals. These include global 
and delivery market shaping; regulatory efficiency; supply 
and awareness; and demand and awareness. Situational 
analyses are conducted to measure progress in these areas. 
These analyses review national strategic plans, essential 
medicine/device lists, and training materials. They maxi
mize the use of existing datasets like compiled aggregated 
measurements from nationally representative health facility 
assessments, health and logistics management information 
systems, and population-based survey data. They can iden
tify National-level and facility-level bottlenecks that hinder 
product delivery (Jonathan & Stoltenberg, 2012).

Limitations

Traditionally, scoping review searches are less comprehensive 
and may miss relevant resources, as they aim to capture the 
most relevant records, as opposed to all that are available. Due 
to their reliance on authors’ preexisting knowledge, they can be 
considered more subjective than systematic reviews (Munn 
et al., 2018). While this scoping review is unique in that it 
benefitted from a broad systematic search and abstract review 
process, it was limited by the large number of results which 
prevented the timely review and quality assessment of all full 
texts. Though the full texts are reviewed in the separately 
published systematic review, with all data including AP indi
cators extracted, only high-level information from abstracts 
was extracted for this scoping review. As such, there may be 
studies in our body of literature that might not meet our full 
inclusion/exclusion criteria. Approximately, thirty full texts 
were reviewed for the case studies.

Information from the AP market-shaper stakeholders who 
were contacted also contributed to our findings, but our reach 
is limited; our 109 inquiries received 42 total responses for 
a response rate of less than 50%. The majority of respondents 
are NGO employees and smaller-scale AP producers, who 
provided expert understanding of the AP marketplace, how
ever, high-volume manufacturers and purchasers are under
represented among all of those who responded to our inquiry.

Our research is also limited overall by how infrequently the 
specific terms “supply” and “demand” appear in population- 
based studies. It is difficult to draw conclusions and report 
associations when the sample of papers specifically mentioning 
supply or demand is so small, and our understanding is based 
on the assumptions made when using proxy AP indicators that 
inform supply and demand estimates, rather than existing 
supply and demand estimates themselves.

Finally, we limited the scope of this review to ATScale’s five 
priority APs to keep our search manageable with the aim to 
capture the most commonly represented priority APs in popu
lation-level studies. However, given this narrow focus, we 
acknowledge that there are limits to the generalizability of 
our findings to characterize the overall AT market and relevant 
research; this body of research is extremely diverse and consists 
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of hundreds of APs with unique supply chain infrastructures 
and market demands.

Research recommendations

Future research using AP indicators to inform supply and 
demand must be comparable to provide comprehensive esti
mates for AP marketplaces. Consistent AP indicator defini
tions and a thorough understanding of AP assessment 
approaches and study methods will improve supply and 
demand data, which could ultimately inform investments and 
innovations for AP market-shapers. The following recommen
dations from our findings should be used in future research, 
wherever possible:

(1) Standardized definitions for AP indicators should be 
used to enable the comparison of results across settings. 
Some measurements are only appropriate for data-poor 
settings, like potential need. When possible, the most 
relevant and comprehensive measurements should be 
reported.

(2) For AP assessment approaches, agreed methods for 
measuring common indicators should be used when 
possible, to collect more systematic and comparable 
data on impairment, functioning, and AP indicators 
across the six functional domains. Specifically, rapid 
assessment tools should be reviewed to ensure AP indi
cators are well-integrated as viable timely options for 
improving AP data collection.

(3) Use AP study design and analysis methods in contexts 
where they will be most effective and be aware of study 
design limitations when interpreting research.

(4) An indicator of essential AP services should also be 
included in research generating AP indicators, as the 
absence of these services will impact AP use, demand, 
and ultimately influence supply decisions. AP indica
tors will be more comprehensive where the need and 
coverage of their associated services are also evaluated.

(5) Data generated in the AP supply process should be 
well-defined and collected at each stage to standardize 
supply chain evaluation and facilitate the identification 
of bottlenecks that limit AP accessibility on the supply- 
side.
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