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Background Data readiness is a concept often used when referring to health
information technology applications in the informatics disciplines, but it is not clearly
defined in the literature. To avoid misinterpretations in research and implementation, a
formal definition should be developed.

Objectives The objective of this research is to provide a conceptual definition and
framework for the term data readiness that can be used to gquide research and
development related to data-based applications in health care.

Methods PubMed, the National Institutes of Health RePORTER, Scopus, the Cochrane
Library, and Duke University Library databases for business and information sciences
were queried for formal mentions of the term “data readiness.” Manuscripts found in
the search were reviewed, and relevant information was extracted, evaluated, and
assimilated into a framework for data readiness.

Results Of the 264 manuscripts found in the database searches, 20 were included in
the final synthesis to define data readiness. In these 20 manuscripts, the term data
readiness was revealed to encompass the constructs of data quality, data availability,
interoperability, and data provenance.

Discussion Based upon our review of the literature, we define data readiness as the
application-specific intersection of data quality, data availability, interoperability, and
data provenance. While these concepts are not new, the combination of these factors
in a novel data readiness model may help guide future informatics research and
implementation science.

Conclusion This analysis provides a definition to guide research and development
related to data-based applications in health care. Future work should be done to
validate this definition, and to apply the components of data readiness to real-world
applications so that specific metrics may be developed and disseminated.
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A Conceptual Framework of Data Readiness

Background and Significance

The term data readiness has been growing in popularity in
health technology and informatics circles, from its use in
blogs of companies such as IBM,' to being offered as a service
by various companies and agencies.> Yet, its meaning varies
widely depending upon its use and application. A critical
examination and conceptual exploration of the meaning of
this term is necessary if data readiness is to be used to guide
future research and practice. For example, in lay language,
this term may convey the notion that “data” is in a state that
is considered to be “ready” to use in a particular application.
However, it is likely that there are many facets and inter-
pretations that must be considered and assimilated to pro-
vide a common conceptual framework for discussion and use
in health sciences. If left without critical examination, we
may find ourselves using the term data readiness in conflict-
ing circumstances that may undermine its use for describing
informatics research and applications.

The act of analyzing terminology in informatics is not
new; the exploration of “data quality” by Weiskopf and
Weng* showed that a standard definition of a concept is
important when attempting to operationalize measurement,
having real-world implications for research and quality
improvement. Their work revealed five dimensions of data
quality, with each dimension representing unique concepts
in the literature, many of which had overlapping and con-
flicting uses prior to this work. Their analysis demonstrated
the confusion and possible misinterpretation of results (and
ultimately consequent risk of misinformed patient care and
interventions) that can result from an assumed but not
explicit definition of a concept. The clear definition and
expansion of the concept of data quality has since laid a
critical foundation for the informatics community to advance
methods and tools that can impact data quality.

Similarly, data readiness is frequently used in reference to
specific clinical health information technology (HIT) tools
but is often vague and left to individual interpretation. As
such, the term might be used interchangeably for both data
and information readiness which are distinctly different
concepts, as supported by foundational informatics theories
and literature.>® To begin parsing between these two distinct
concepts, data readiness should first be defined at face value
to demonstrate how data should be conceptualized when
considering its use in HIT applications.

To our knowledge, data readiness has not been formally
defined nor operationalized in health care informatics, nor in
any other field. A definition of data readiness could be
applied to informatics applications, such as through the
implementation of clinical practice guidelines as clinical
decision support (CDS),” to provide a shared understanding
of how to assess data for its ability to be used in pragmatic
applications. Data readiness as a conceptual framework
could help to guide the development of interoperable health
solutions, synergistic technology development collabora-
tions across different medical centers, and reuse of infor-
matics solutions (such as apps and CDS tools) that could be
integrated into heterogeneous electronic health record (EHR)
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systems and data repositories. This could provide a founda-
tion for the development of metrics that can be used by
organizations to prioritize applications most suited to their
data and systems, and can further guide researchers and
implementers to ensure that planned applications fit the
data they intend to use.

Objectives

Using the extant literature, our objective is to provide a
conceptual definition and framework for the term data
readiness that can be used to guide research and develop-
ment related to data-based applications in health care. To
achieve this goal, we will (1) identify related and surrogate
constructs associated with or determinants of data readiness,
and (2) integrate these constructs into a parsimonious
conceptual framework to define data readiness.

Methods

To define data readiness, we conducted a modified scoping
review of the informatics-related literature of published
manuscripts that use the term “data readiness.” We searched
the databases of PubMed, the National Institutes of Health
(NIH) RePORTER, Scopus, the Cochrane Library, the American
Medical Informatics Associated (AMIA) Knowledge Center,
and the Duke University Library for all available business and
information sciences databases. The initial search strategy
included exact term matching for “data readiness,” “readi-
ness of data,” and “readiness of the data.” When applicable,
“all fields” were selected for search results. No date restric-
tions were imposed; all results were included through
July 2020.

Once the initial articles were retrieved, we confirmed that
each article contained one of the search terms of data
readiness. If one of the terms was found in the title, abstract,
or body of the article, the article was included in the full
review. Often, articles were picked up by the database
searches due to a citation containing one of the search terms.
If this was the case, the cited article was assessed for term
matching and whether it was already identified in the initial
search (i.e., a duplicate). In addition, while conducting this
search, we sought synonyms for data readiness within the
manuscripts, and included the synonym in the term match-
ing strategy within our selected databases. Once the articles
were identified and confirmed for term matching, two
authors (B.J.D. and R.LR.) conducted independent full-text
reviews of each article to confirm if the term data readiness
(and its associated phrases and synonyms) was used in a way
that contributed to a conceptual definition. For example, we
looked for the inclusion of definitions, frameworks, or figures
explaining data readiness as a whole or in part, using the
concept in a clearly defined use case, or operationalizing the
concept for measurement. This iterative search process is
outlined in

With the final corpus of literature identified, we synthe-
sized information from each article following a process
similar to standard scoping literature review methodology.?
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Search Strategy: PubMed, NIH RePORTER, AMIA Knowledge Center, Scopus,
Cochrane Library, and the Duke University Library (Business and Information
Sciences Databases)

1 !

Term Matching: Full Term Match in
Synonyms? < —>
4 V! Review or Exclusion References?
Full Text Review <«

!

Data Extracted
and Synthesized

Literature Search and Article Screening Strategy to Define the
Concept of Data Readiness.

First, we extracted relevant information from each article,
including the publication type, the objective of the article,
and a summary of the information that the article provided
which could contribute toward a definition for data readi-
ness. Second, the authors reviewed and discussed the find-
ings of each article and grouped the findings by common
attributes. Third, the authors named each grouping, identi-
fying these as key constructs for a definition of data readi-
ness. Fourth, the constructs were applied to each article to
assess for any findings that did not fit within the constructs.
Finally, the authors added the key constructs that applied to
each article in the summary table by group consensus.

Results

Search Strategy

The initial search produced 264 publications, after removing
duplicates. Of note, only one grant was found through the
NIH RePORTER. In total, 153 articles did not have any
mention of data readiness and were excluded from the final
reviews (often because “data” and “ready” were adjacent to
each other but separated by a comma or period). Two
potential synonyms were identified in the initial search: e-
readiness and database readiness. E-readiness was not con-
sidered as a synonym as it already had a formal definition
and did not pertain to health data, but rather to information
technology infrastructure.’ Four articles referring to “data-
base readiness” were found, two of which met inclusion for
exact term matching. However, neither yielded input to the
definition of data readiness.

In all, 111 articles were included in the full-text review. Of
the 111 articles, 20 met inclusion criteria to define the
concept of data readiness. Four were excluded due to the
full text not being available in English, 26 were excluded due
to not being relevant to data (making references to concepts
in physics and other concepts not relatable to health data),
and 61 were excluded as they did not provide context to their
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Records identified through Records identified in

database searches manuscript references
(n=320) (n=65)

' v

Records after duplicates removed
(n=264)

v

Records screened
(n=264)

v

Full-text articles assessed

Records excluded (No
mentions of data readiness)
(n=153)

Full-text articles excluded,
with reasons

for eligibility >
(=111 =)
i Full-text not available in
English (n=4)

Articles included to
define data readiness
(n=20)

Not relevant to data (i.e
references to physical space,
philosophical concepts, etc.)

(n=26)

Did not provide context
when mentioning data
readiness (n=61)

Results of Literature Search for Publications to Define Data
Readiness.

use of data readiness to contribute toward a definition.
Cohen’s kappa between the raters was 0.68, or strong agree-
ment.'® Discrepancies were resolved through consensus
between the raters. outlines the search results in
PRISMA format.'!

The 20 publications were then reviewed and discussed to
extract relevant constructs and contextual information
to define data readiness following the methodology de-
scribed in the Methods section. Following review by the
authors, four distinct and salient constructs were identi-
fied: data quality, data availability, interoperability, and
data provenance. lists the included manuscripts,
highlighting key information to define data readiness, the
data readiness constructs in each manuscript, and a sum-
mary of the frequency of each construct.

Data Quality

Data quality is perhaps one of the more complex concepts
included in data readiness, with multiple dimensions includ-
ing accuracy, completeness, consistency, timeliness, unique-
ness, and validity.'>'> Many of these dimensions were
represented in how the literature defined data quality in
reference to data readiness. Regardless of the type of data,
quality presented as the quantitative dimensions of data
usefulness in the data readiness literature.

In tandem with quantitative measurement, data quality
presented in one of two ways: as an antecedent to data
readiness, or as a prospective benchmark. When data quality
presents as an antecedent, the concept of “readiness” refers
to the adequate quality of data to facilitate the task at hand.
For instance, several publications'#~'? state that to use data,
it must pass an initial test of data quality, otherwise it should
not be used to make informed decisions. On the other hand,
some literature referred to data quality as a prospective goal
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of readiness, such as how the Nanotechnology Signature
Initiative?’ posits the need to continually assess quality as
a measure to predict its longevity. Regardless, the discovery
of these temporal factors necessitates us to consider both
short- and long-term strategies to assess data readiness.

In addition, we noted that different approaches to assess
for data quality were recommended based on specific use-
cases. As this is a well-studied field, several frameworks exist
to help evaluate data quality in the context of HIT, including
guidance from the Centers for Disease Control and Preven-
tion,?' the Canadian Institute for Health Information,? and
many experts in the field.?>%*

Data Availability

Data availability is defined as the accessibility of data in its
desired format. Challenges in data availability may stem from
a lack of interoperability, data capture issues, technical
infrastructure, and privacy protection.25 Some literature
may use this term interchangeably with data quality, but
data availability is distinct as it does not address the quanti-
fied usefulness of the data. Rather, it is defined as the ability
to access the data in a way that is usable, acting as a bridge
between the concepts of interoperability and quality in the
definition of data readiness. This is supported by the fact that
some publications used availability either separately or in
addition to quality to define data readiness.'”'%26-31 Data
availability was also frequently used in reference to larger
scale and public health applications. In these cases, there is a
call for certain data to become available to aid in an interna-
tional health collaboration.'®*%31 For a potential metric, the
proportion of data that are readily available may be calculat-
ed to inform effort expected or required in HIT
implementation.

Interoperability

Interoperability is widely accepted as the ability of multiple
systems to exchange and meaningfully use data.? This
definition is reflected in the data readiness literature, as a
focus of many article includes the ability to access and
exchange data with a variety of sources. In applied instances,
interoperability seemed to be a focus of national and inter-
national infrastructure'>'%-3% and research networks.'433:34
In addition, a significant body of literature noted interoper-
ability as a fundamental construct to assess for the viability
of HIT applications.?®27-3> Interoperability is often used as
an umbrella term for data exchange (reading and writing); in
the literature we explored, it appears that the most frequent
use of interoperability (if clearly defined) is the use of data
standards to facilitate data exchange. We did not note any
articles referencing specific measurements for interopera-
bility. However, based on the content of the literature, one
measure of interoperability may be the proportion of data
elements represented using standard terminology and stan-
dard clinical models. Such assessments may be able to
address both syntactic and semantic interoperability. In
addition, dependent upon the application, the ability to
read and write data should be considered as a tangible
measure of interoperability.

Applied Clinical Informatics

Douthit et al.

Data Provenance

Data provenance refers to the ability to follow the lineage of
individual data elements; from where it first appeared, to
how it has been manipulated, to where it rests at the current
moment.>® This often accompanies questions regarding data
ownership, management, and responsibility for keeping it up
to date. The literature, like with interoperability, does not
give specific measures to assess for provenance. However,
provenance is stated to be an important prerequisite to data
readiness, as confidence in the stability of the data relates
directly to data quality, availability, and interoperabili-
ty.26’37’38 We also noted that provenance was referenced
with regards to quality assurance and is an important factor
in assuring longevity for data-based applications.''”-?’ For
a metric to evaluate provenance, a Likert scale or similar
survey method could be used to judge confidence in the
stability of data access and ability to track its input over time.
Several frameworks regarding the assessment of data prove-
nance could be used to develop a quantitative metric.3%4!

Conceptual Framework of Data Readiness

In , we propose a guiding conceptual framework for
data readiness, highlighting the complex interactions of the
four essential constructs. Provenance, interoperability, avail-
ability, and quality all contribute to the feasibility of using
data for any given health care application. Provenance is
depicted first, as this is an overarching concept that has
impact on the other three constructs. Without provenance,
long-term interoperability and availability are uncertain,
and data quality cannot be assured if the data are not able
to be followed over time. Interoperability (defined as the
ability of multiple systems to exchange data) should be
assessed second, as without interoperability (especially in
cases where data exchange or multiple sources of data are
needed), the data become less available. The data would need
to either be recollected (which in turn hampers feasibility’),

Knowledge of data origin,
v —\ location, and changes
The ability to exchange (read [ N | |
9
1 \

and write) data as needed J
T |
\ ) I
\ g Availability|

\

A [ ‘
4 ‘ The presence of the data
_ \ in the required format
[ '
Quantitative dimensions of / J

data usefulness A |
\ o 7 ]

|

\

|

Health Information Technology (HIT) Context

Data Readiness Conceptual Framework for Data-Driven HIT
Feasibility.

Vol. 12 No. 3/2021 © 2021. Thieme. All rights reserved.

681



682

A Conceptual Framework of Data Readiness

or would simply not be available, impacting feasibility.
Availability precedes data quality, as without available
data, quality cannot be assessed properly. Time is included
at the bottom of the figure to represent the continual need to
assess all four constructs over time, as a change in any one
construct may affect feasibility. All of this is surrounded by
the context of the HIT application, as any assessment of data
readiness must be customized to the type of data that is
required.

Discussion

Discussion of Results

Our concept analysis found that data readiness can be
expressed as a hierarchical conceptual framework involving
four constructs: data quality, data availability, interoperabil-
ity, and data provenance. Data readiness is a context-depen-
dent operationalization of these different constructs, and as
noted from the body of literature identified in our search,
each example focuses on different aspects of data readiness
to fitits research question or goal. When using data readiness
to inform research and HIT feasibility, all aspects should be
considered and addressed when possible or relevant. With
this caveat, we propose the definition of data readiness as the
application-specific intersection of data quality, data avail-
ability, interoperability, and data provenance.

Data quality is a heavily studied area and is well recog-
nized as a critical factor in the success of research and any
data-based intervention.?>*%#3 It is also apparent that this is
an important factor in data readiness, as 11 of the 20
publications reviewed determined data quality to be essen-
tial to assess. As data quality is a highly studied area, six
major dimensions may be quantitatively analyzed: accuracy,
completeness, consistency, timeliness, uniqueness, and va-
lidity.'"3 As is noted in this literature, the approach in
which to measure these constructs may vary depending on
the type of data that is being used. Regardless, several
frameworks exist to help guide these measurements.' 32224
Importantly, this review revealed the temporal nature of data
quality, and thus the remaining concepts of the framework
should also be evaluated at regular intervals or be assured
that their assessments will last the lifetime of the HIT
application.

Data availability appears to bridge data quality and inter-
operability together; if the data are not interoperable it
cannot be accessed and used, while if data quality is not
adequate the data cannot be used as intended. In reference to
data readiness, the data must be available to use and in the
correct format, or it is indeed not “ready” for health appli-
cations. To assess availability, we recommend both longitu-
dinal and short-term approaches. For longitudinal
assessment, if there are uncertainties of whether data will
be available for the lifespan it is needed, the readiness of the
data for HITuse is in question. As for short-term assessments,
timeliness of data availability is also important to consider;
some applications may require real-time data that may not
be available at the time it is needed. In addition, even if the
data are available, the format of the data must be considered,

Applied Clinical Informatics  Vol. 12 No. 3/2021

Douthit et al.

© 2021. Thieme. All rights reserved.

as it is possible that there is not a sufficient granularity to
serve the needs of certain applications. As previously sug-
gested, using the proportion of data that is readily available
(considering accessibility, format, and other potential road-
blocks such as security and privacy) can be a helpful metric to
assess this dimension of data readiness.

Inan erawhere concepts such as thelearning health system,
research networks, and international data repositories are
becoming a reality, interoperability (the ability for one system
to meaningfully use data from another system)>2 has become a
topic of great importance in health care. It is not surprising that
this construct is a key factor in data readiness, as the most
current health care tools and applications demand interoper-
able systems. Implementing the most up-to-date health care
practices and conducting cutting-edge research require access
to many different sources of data, but there are many factors
that make up the construct of interoperability. In the data
readiness literature, the use of standards to facilitate data
exchange is key to the construct of interoperability. However,
this becomes complicated when considering issues of syntac-
tic and semantic interoperability; standards alone do not
predict interoperability.

Assessing interoperability is a unique challenge. One
reason for this challenge is likely due to the dynamic nature
of standard specifications (e.g., the Fast Healthcare Interop-
erability Resources [FHIR]** standard) led by groups such as
HL7 where national and international focus is driving the
development of common data representation. Because of
rapid change, it is difficult to develop metrics, especially
when considering the lifespan of a HIT tool. However, one
strategy might be to examine the proportion of required data
elements that are covered by data and clinical model stand-
ards. Such an assessment would need to be re-evaluated at
periodic intervals but would at least provide some insight
into the feasibility of achieving interoperability.

In comparison to the other three constructs, data prove-
nance asserts a human-centric factor of data readiness. The
literature suggests that without a strong understanding of
the origin, storage, and changes of the data, the long-term
success of an HIT implementation is at risk. This is especially
true when long-term and research-funded HIT solutions are
considered. One example may be a data repository of patient
data collected for research; it is crucial that “ownership” of
the repository be clear, and audit of the data (both collection
and changes) be traceable. If the data in the repository are
recorded in dissimilar formats, the ability to use the datais in
question. Although data provenance is important for data
readiness, it is not necessarily a requirement for any of the
other three constructs. Rather, it is important to consider
overall, especially with long-term projects. While a lack of
dependence may be true, interoperability can facilitate
provenance. For example, use of FHIR can support data
provenance through clear definition of data mapping and
clinical models.*> However, similar to the other three con-
structs, provenance is application-dependent. An individual
querying data from a local EHR for a cross-sectional study
would be less concerned about provenance than a team
developing a global repository.
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To summarize, the concept of data readiness is relevant to
informatics applications—either explicitly or implicitly. All
data-driven HIT applications use data, and hence require
access to the data to operate, and require an assessment of
readiness to determine the feasibility and plan work for
implementation and integration of the tool. To assess data
readiness, one must consider all four constructs identified in
our definition. Depending on the context of the data’s use,
assessments for each construct should be customized as
needed. As we found in the literature we reviewed, the
constructs of data quality, data availability, interoperability,
and provenance are not siloed; rather, it appears that complex
interactions and sequential analysis are needed to fully assess
the concept of data readiness. Our proposed framework for
data readiness may guide future research and assessments
related to data-driven applications in health care.

Limitations

This work represents a synthesis of literature that encom-
passes specific references to the term “data readiness.” Al-
though we sought to identify synonyms, none were found in
this review. Therefore, this work is influenced solely by studies
that used the data readiness term (and other similar terms
defined in the Methods section) verbatim. Studies using
different terms to convey data readiness would have been
missed. Our interpretation of the resulting publications, al-
though rigorous, is a subjective process, so we must accept the
possibility of misinterpretation. Further, as data readiness is
highly dependent on the particular application of the data, our
suggestions for evaluation may not fit every HIT application.
Further work should be conducted to apply the data readiness
framework to real-world HIT applications to inform these
metrics. Finally, the scope of this model addresses data readi-
ness, and does not explore information readiness.

Conclusion

We propose that data readiness can be defined as the
application-specific intersection of four constructs: data
quality, data availability, interoperability, and data prove-
nance. This work provides a foundation to expand upon and
apply to real-world applications that require health data. In
future work, this definition of data readiness should be
validated, with alterations being suggested as applicable.
Importantly, each construct of data readiness should be
evaluated with different applications, so that specific metrics
for each component may be developed and disseminated to
aid in future research.

Clinical Relevance Statement

This work clarifies a frequently used terminology used across
informatics disciplines and different specialties. By defining
this jargon, we may more clearly and effectively use it as a
framework in research and HIT implementation. Without a
succinct definition and framework for its use, our discipline
is prone to miscommunication and misinterpretation of
research results, organizational goals, and HIT assessments.
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Multiple Choice Questions

1. What four components were found to define data readi-

ness in the literature?

a. Data quality, data cleanliness, interoperability, and data
provenance.

b. Data quality, data availability, interoperability, and data
provenance.

c. Data variety, data velocity, data volume, and big data.

d. Data warehousing, data cleaning, data standards, and
data volume.

Correct Answer: The correct answer is option b. In this
review, it was found that data quality, data availability,
interoperability, and data provenance were the four com-
ponents that defined data readiness. Answer a includes
data cleanliness, which could be thought of as a sub-
concept of quality. Answer c lists the components of big
data, which may be related but are not the components of
data readiness. Answer d lists possible considerations and
manifestations of data readiness but are not the compo-
nents themselves.

2. In what ways can data quality present when assessing for

data readiness?

a. Data quality is always required when assessing for data
readiness.

b. Data quality assessments should include assessments
of volume, velocity, and variety.

c. Data quality can present an antecedent and as a pro-
spective benchmark.

d. Data quality is a presentation of data availability.

Correct Answer: The correct answer is option c. The
articles that comprised this review usually referred to
data quality as an antecedent (a requirement for data
readiness prior to the use of data) and as a benchmark that
should be assessed on a regular basis. Depending on the
application, both may be a part of the application-specific
definition. When possible, both presentations of data
quality should be considered.

This research does not involve human subjects.
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