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ABSTRACT

Evaluating healthcare digitalisation, where technology
implementation and adoption transforms existing socio-
organisational processes, presents various challenges for
outcome assessments. Populations are diverse, interven-
tions are complex and evolving over time, meaningful com-
parisons are difficult as outcomes vary between settings,
and outcomes take a long time to materialise and stabilise.
Digitalisation may also have unanticipated impacts. We
here discuss the limitations of evaluating the digitalisation
of healthcare, and describe how qualitative and quantitative
approaches can complement each other to facilitate invest-
ment and implementation decisions. In doing so, we argue
how existing approaches have focused on measuring what
is easily measurable and elevating poorly chosen values to
inform investment decisions. Limited attention has been paid
to understanding processes that are not easily measured even
though these can have significant implications for contextual
transferability, sustainability and scale-up of interventions.
We use what is commonly known as the McNamara Fallacy
to structure our discussions. We conclude with recommenda-
tions on how we envisage the development of mixed methods
approaches going forward in order to address shortcomings.

J Gen Intern Med 38(16):3610 -5
DOI: 10.1007/s11606-023-08405-y
© The Author(s) 2023

INTRODUCTION

The underlying assumption of digitalisation of healthcare is
that it has the potential to improve safety, quality and effi-
ciency (in terms of allocation of resources).' Digitalisation
refers to the socio-organisational transformations associated
with the implementation and adoption of technology, as
opposed to merely automating existing processes.” Expecta-
tions drive the frequent assumption that outcomes are meas-
urable changes resulting from an intervention which will in
due course deliver impacts. Impacts are the broader effects
of an outcome that materialise over time.’
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Research can measure the outcomes of a digital interven-
tion and this information can help to judge if an intervention
has worked. Strategic decision makers, implementers and
technology suppliers can then use this information to justify
investments and to inform business cases for future initia-
tives. Healthcare staff are also more likely to adopt a digital
intervention if it is evidence-based.*>

However, outcomes and impacts often materialise slowly
over extended timeframes, frequently involve health infor-
mation infrastructures that take a long time to implement
and evolve (as opposed to discrete technologies), vary across
contexts, and are hard to quantify and difficult to attribute to
particular changes. Interventions are also increasingly com-
plex, including various behavioural and educational elements
in addition to technological aspects. Finally, although digital
initiatives are often seen as delivering specific short-term
improvements, they usually also bring unintended outcomes
and pave the way for longer-term evolution of services.® For
example, risk scoring for a particular event (e.g. readmission
for the same condition) can radically change the demand pro-
file on a range of services,” suggesting potentially wide-rang-
ing service redesign. This deep interaction between interven-
tion and context poses significant challenges for quantitative
measurement (Fig. 1).%

Although existing frameworks acknowledge the impor-
tance of mixed methods work in evaluations of complex
interventions,’ they are rarely implemented effectively. We
will here build on existing work advocating the use of mixed
methods in evaluating digitalisation initiatives in healthcare
settings,'” !! discussing the pitfalls associated with a sole
focus on quantitative measurements, and exploring why
mixed methods work is still rarely done well.

The Limitations of Quantification in the
Digitalisation of Healthcare

Sociologists, including Daniel Yankelovich, have con-
sidered the limitations of quantitative measurements.'>"14
Yankelovich analysed the behaviours of Robert McNamara,
the US Secretary of Defense during the Vietnam war. McNa-
mara attempted to quantify the success of the war through
enemy body counts alone. He neglected other factors that
could not easily be measured. This is now commonly known
as the McNamara Fallacy.'* Yankelovich proposed four
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Figure 1 Issues in healthcare digitalisation presenting challenges for quantitative measurement.

pitfalls relating to limitations in approaches to quantifying
outcomes, which we will discuss and apply to healthcare
digitalisation in the following sections (Box 1).

Box 1 Yankelovich’s four pitfalls relating to limitations in
approaches to quantifying outcomes

1. Measuring whatever can be easily measured

2. Adopting particular poorly selected quantitative measures as
proxy indicators of values which cannot easily be measured

3. Presuming that what cannot be measured easily is not important

4. Assuming that what cannot be easily measured does not exist

The first pitfall refers to using easily measurable data
to evidence decisions when its relevance to the decision is
unclear. In digitalisation projects, this may relate to cap-
turing real-world operational data relating to project man-
agement metrics, such as money spent on purchasing and
implementing a new system, or the time it takes to deliver a
project.!®> Although useful to monitor progress, these quan-
titative measurements do not provide a complete assessment
of impacts and they fail to account for programmatic aspects
that go beyond the confines of a particular change project.
For example, the impact of a digital intervention on patient
outcomes (e.g. morbidity and mortality) is crucial as an
end-point of success, but it is often not measured. This is
because patient outcomes often take a long time to materi-
alise (as new technologies embed), are expensive to collect
(e.g. evidence of harm from medication errors) and are hard
to trace with quantitative means as they may be subjective
(e.g. quality of life).

Yankelovich’s second pitfall of quantification refers to giv-
ing “an arbitrary quantitative value” to outcomes “which
can’t be easily measured.” The enthusiasm for cost-benefit
analysis was originally intended as a way to bring a degree
of objectivity to inform political decisions,'® and has value
where quantitative justifications are needed but other evi-
dence is lacking (e.g. business cases informing investment).
However, such quantitative measurements are to a degree
artificial, as they only provide partial insights into outcomes.
They are proxy measures or, in the clinical trials context,
putative surrogate outcomes.'” '® For example, different

tools for measuring utility (e.g. quality-adjusted life-years)
may produce different results and lead to inconsistencies and
errors.'*?? Similarly, hospital mortality rates, although com-
monly used, may not be appropriate to judge a hospital’s
performance, as they fail to take into account contextual fac-
tors that may influence outcomes (e.g. severity of conditions,
patient demographics).*’

The third pitfall of quantification involves presuming
that “what can’t be measured easily really isn’t important.”
This is where quantitative approaches have real difficulty.
For instance, user engagement is clearly important in every
digitalisation initiative, and there are many accounts of failed
systems that are not used or do not scale in the literature.>*
25 However, although crucial for successful implementation,
user and patient engagement is very difficult to measure
quantitatively.

Yankelovich’s final caution highlights the risk of dis-
counting factors that cannot be effectively quantified. User
workarounds are a good example. When faced with a system
that disrupts workflows, users tend to either ignore it or, if
this is not possible, behave in a way that makes it appear
that the system is working. This may include clicking away
boxes without reading them in order to get to the next screen.
Resulting risks can include threats to patient safety and unre-
liable data that is problematic for secondary uses.?® >’ Rather
than ignoring such workarounds, managers need to surface
them, in order to mitigate risks to patient safety.?® >

As digital applications become more sophisticated and
influence data-driven decisions, there is an exacerbated risk
that data that is difficult to measure gets neglected when
making decisions.*

The Potential of Mixed Methods in
Accounting for the “Unmeasurable”

Mixed methods can be used synergistically to address some
of the shortcomings associated with quantification. How-
ever, there is currently poor integration of quantitative and
qualitative approaches in digital transformation.?! Some



3612

Cresswell et al.: Healthcare Digitalisation and Quantification of the Unmeasurable

JGIM

sociologists have proposed promising directions to study
value creation in digital transformation.*"* 3 This has, for
example, been shown to be particularly important in relation
to digital exclusion of some groups (who may be unable to
fully exploit technologies due to lack of access to devices,
reliable internet connections or lack of digital skills), which
quantitative approaches have trouble accounting for.>*
Mixed methods are also critical for understanding the
relationship between intervention and the context in which
it is delivered. They can help to identify processes that lead
to a particular outcome, including why a digital interven-
tion has worked or why it has failed to achieve its antici-
pated impacts. Qualitative methods can help increase the
success of implementation, by identifying the source of
potential failures, and aid effective management of change.
For example, many potential barriers to effective technol-
ogy implementation and adoption are socio-organisational
and informal in nature and therefore not directly visible or

measurable. These may include discovering through inter-
views or observations how users employ workarounds to
compensate for lack of usability of systems.

Table 1 illustrates some examples of mixed methods
studies in digitalisation and the contribution of different
components.

Digitalisation encounters unexplained variation across
contexts, which are not adequately addressed in many tradi-
tional quantitative studies. For example, research has shown
that high-level leadership can help to ensure that a digital
transformation initiative is successfully implemented and
adopted, but this is difficult to measure.** Similarly, recent
artificial intelligence—based applications depend heavily
on training datasets.*® If the local population differs from
these training datasets, then the outputs of the application
are not reliable in different contexts. Many quantitative stud-
ies also treat diverse instances as if they were the same, and
thereby ignore the diversity of intermediate (e.g. what is

Table 1 Examples of Mixed Methods Studies

Reference

Study aim Quantitative component

Qualitative component

Watkinson F, Dharmayat KI, Mas-
tellos N. A mixed-method service
evaluation of health information
exchange in England: technol-
ogy acceptance and barriers and
facilitators to adoption. BMC
health services research. 2021
Dec;21(1):1-3

Powell KR, Deroche CB, Alex-
ander GL. Health data sharing
in US nursing homes: a mixed
methods study. Journal of the
American Medical Direc-
tors Association. 2021 May
1;22(5):1052-9

Murphy DR, Satterly T, Giardina
TD, Sittig DF, Singh H. Practic-
ing clinicians’ recommenda-
tions to reduce burden from the
electronic health record inbox: a
mixed-methods study. Journal of
general internal medicine. 2019
Sep 15;34:1825-32

Clarke MA, Fruhling AL, Sitorius
M, Windle TA, Bernard TL,
Windle JR. Impact of age on
patients’ communication and
technology preferences in the
era of meaningful use: mixed
methods study. Journal of medi-
cal Internet research. 2020 Jun
1;22(6):e13470

Weijers M, Boumans N, van der
Zwet J, Feron F, Bastiaenen
C. A feasibility Randomised
Controlled Trial as a first step
towards evaluating the effective-
ness of a digital health dashboard
in preventive child health care: a
mixed methods approach. Pilot
and Feasibility Studies. 2023 Feb
15;9(1):25

To assess the extent to which
users embraced Health Infor-
mation Exchange (HIE) and to
investigate the factors that either
hindered or supported its broader
adoption

acceptance

To explore nursing homes’ capabil- Secondary analysis of survey data
ity for data sharing and leaders’
perceptions surrounding data
sharing

To identify electronic health record
inbox design strategies

Secondary analysis of survey data
to extract design suggestions

To identify patient preferences in
relation to the use of information
and communication technology

Instruments measuring health
literacy, confidence using tech-
nology, and patient activation

To evaluate the feasibility of
exploring the effectiveness of
a digital health dashboard in
preventive child health care

Feasibility randomised controlled
trial

Questionnaire to assess technology

Semi-structured interviews to
explore barriers and facilitators
to adoption

Semi-structured interviews to
explore perceived challenges and
benefits of data sharing

Interviews to understand strategies
and improve efficiency

Semi-structured interviews to
explore current care processes

Semi-structured interviews to
explore quantitative findings




JGIM Cresswell et al.: Healthcare Digitalisation and Quantification of the Unmeasurable 3613

implemented, changes to practices) and ultimate outcomes
(e.g. patient experience, health outcomes). Lastly, they can-
not account for individual experiences, which can have sig-
nificant implications for uptake, use and outcomes.>°

Whilst qualitative methods address some of quantitative
methods’ shortcomings, it is important to acknowledge that
qualitative methods have their own limitations. For exam-
ple, they do not use statistical extrapolation as the basis for
claimed relevance to decisions. Genuine mixed methods
work therefore needs to be synergistic between approaches.
Here, qualitative analysis can help to identify appropri-
ate quantitative measures and facilitate the interpretation
of quantitative measurements. An example is the Triple C
study, which has led to the development of guidelines sur-
rounding the use of case studies to explore complex inter-
ventions including digital health initiatives.>’° This study
was designed to explore how findings of research from dif-
ferent traditions can be combined. One of the key emerging
tensions from this work was how the relationship between
context and intervention can be conceptualised.

Remaining Tensions and Why Measuring the
“Unmeasurable” Is Still Difficult

Although valuable,*® mixed methods are rarely done well,
often either sequentially applying one or the other but fail-
ing to explore linkages and interactions, or mechanistically
applying one to the other. This may include for example
quantifying qualitative findings as is commonly seen in
approaches to identify facilitators and barriers in implemen-
tation science studies, or aggregating summary outcomes
of multiple qualitative studies and then applying statistical
analyses. There are underlying tensions between the positiv-
ist tradition (associated with quantitative studies) and con-
structivist/interpretivist traditions (associated with qualita-
tive studies) in how claims are verified and how case study
findings may be extrapolated. The positivist tradition is a
philosophical and methodological approach that emphasises
empirical observation, scientific method and the objective
study of the natural and social world, whereas the construc-
tivist/interpretivist tradition highlights the role of individu-
als’ perspectives, cultural contexts and social interactions in
shaping reality.

There are difficulties in promoting scholarship across the
two approaches. For example, some mixed methods designs
may have been used to support positivist claims and do not
sufficiently account for the complexities of the social world
including stakeholder relationships and power dynamics.*!"
42 An example here is the Whole System Demonstrator, a
randomised controlled trial investigating the effectiveness
of telehealth and telecare. Policy makers interpreted and
disseminated the results in a way that fitted their existing
rhetoric, stating that it was effective in terms of cost and
clinical benefit.*> ** However, telecare was not found to
be cost-effective. This may be because studies assumed an

unlimited supply of labour, and used outcome measures that
may not have represented real impact of systems.

Existing inter-disciplinary silos and tensions also contrib-
ute to the lack of high-quality mixed methods studies.*> 4°
The challenge going forward will be to explore how the two
approaches can meaningfully complement each other in the
fast-evolving area of digitalisation. Pragmatic approaches
offer a common middle ground of exploring and combining
the complementary strengths of quantitative and qualitative
methods.*’ In relation to digital health, this may involve
combining quantitative impact work with longitudinal
formative qualitative process evaluations. Both elements
then need to inform overall summative judgements around
whether the intervention is worth pursuing. This summa-
tive work needs to involve an assessment of effectiveness
(the quantitative element) and an assessment of likelihood
of transferability, sustainability and scale-up (the qualitative
element).

There is now a need to map how these complementary
approaches can best be integrated and applied in evaluating
digitalisation in healthcare. Mixed methods approaches need
to co-produce studies of an intervention with movement back
and forth between qualitative and quantitative elements.*®
This may include using qualitative insights to inform quan-
titative designs (e.g. through identifying what to measure)
and should be characterised by agility, acknowledging that
evaluation and intervention shape each other. Key will be
appropriate incentives for evaluators and for participants.
This may need to involve allowing evaluation flexibility from
funders, moving away from the traditional focus on outcome
assessment to more balanced mixed methods and (where
relevant) qualitative approaches. In doing so, researchers
may need to distinguish between the focus of investigation,
and their operationalisation of measuring outcomes associ-
ated with that focus. This will help to distinguish the latent
concept and the measurement, helping to reveal limitations
of the measure, particularly when this is quantitative. Here,
qualitative methods can help to characterise the focus of
investigation, and inform outcome assessment by identify-
ing which outcome measures most adequately capture the
phenomenon of interest.

Despite a degree of recognition of the importance of
mixed methods amongst researchers, quantitative designs
often take immediate priority in digitalisation initiatives,
as they seem to provide the information needed to justify
investment decisions.*’ Scaling and sustainability considera-
tions are unfortunately often only considered when prob-
lems are encountered. Here, quantitative methods may treat
implementation contexts as comparable, but fail to take into
account factors that may prove to be key barriers to scaling
and sustainability. This is exemplified by the many current
investments in artificial intelligence, and the relatively poor
characterisation of implementation and adoption contexts in
this area.® As we move into the development of increasingly
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complex heterogeneous data sets, we may see a shift from
coarse-grained, analytically tractable, quantitative models
to fine-grained simulation models that are based on mixed
methods insights. Quantitative methods and results are often
perceived by strategic decision makers as more convincing,
objective and valid than qualitative methods and results. In
addition, the assumptions underpinning quantitative argu-
ments are often omitted and can be used to mislead. To
address this barrier, and for qualitative and mixed methods
work to be more widely adopted, there is a need to promote
awareness of and training in qualitative methods and their
validation amongst decision makers.

CONCLUSIONS

We hope that this publication can inform ongoing research
designs and help to inform strategic decisions surround-
ing investments in digitalisation of healthcare and beyond.
Decision-makers need to build business models to justify
investments in a context of incomplete information and are
forced to extrapolate from poorly chosen available proxy
measures. They tend to fail to ask questions around contex-
tual and processual factors that affect scaling and sustain-
ability, the kinds of questions that can be answered with
qualitative designs.

Therefore, there is now a need to build new approaches for
designing and appraising digitalisation in healthcare. This
may involve developing pragmatic approaches to address this
issue and raise the profile of mixed methods and the risk
associated with simplistic resort to quantification amongst
the policy community. Such efforts will help to ensure evi-
dence-based policymaking and promote the effective posi-
tive transformation of healthcare through digitalisation.
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