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BACKGROUND: The e f f ec t s o f improvement
(implementation and de-implementation) interventions
are oftenmodest. Although positive and negative deviance
studies have been extensively used in improvement sci-
ence and quality improvement efforts, conceptual and
methodological innovations are needed to improve our
ability to use information about variation in quality to
design more effective interventions.
OBJECTIVE: We describe a novel mixed methods exten-
sion of the deviance study we term “delta studies.” Delta
studies seek to quantitatively identify sites that have re-
cently changed from lowperformers to high performers, or
vice versa, in order to qualitatively learn about active
strategies that produced recent change, challenges
change agents faced and how they overcame them, and
where applicable, the causes of recent deterioration in
performance—information intended to inform the design
of improvement interventions for deployment in low
performing sites. We provide examples of lessons learned
from this method that may have been missed with tradi-
tional positive or negative deviance designs.
DESIGN: Considerations for quantitatively identifying
delta sites are described including which quality metrics
to track, over what timeframe to observe change, how to
account for reliability of observed change, consideration
of patient volume and initial performance as implementa-
tion context factors, and how to define clinically meaning-
ful change. Methods to adapt qualitative protocols by in-
tegrating quantitative information about change in per-
formance are also presented. We provide sample data and
R code that can be used to graphically display distribu-
tions of initial status, change, and volume that are essen-
tial to delta studies.
PARTICIPANTS: Patients and facilities of the US Veterans
Health Administration.
KEY RESULTS: As an example, we discuss what deci-
sions wemade regarding the delta study design consider-
ations in a funded study of low-value preoperative testing.
Themethod helped us find sites that had recently reduced
the burden of low-value testing, and learn about the strat-
egies they employed and challenges they faced.

CONCLUSIONS: The delta study concept is a promising
mixed methods innovation to efficiently and effectively
identify improvement strategies and other factors that
have actually produced change in real-world settings.
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BACKGROUND

Healthcare-focused improvement research often starts by
quantitatively describing variation in healthcare quality, quan-
titatively and qualitatively studying the barriers and facilitators
(i.e., determinants) of this variation, and then using what is
learned to design and evaluate improvement (implementation
or de-implementation) interventions.1 This common mixed
methods design, which uses quantitative results to inform
subsequent qualitative examination and ultimate synthesis of
these streams, has been termed a “sequential explanatory”
design.2, 3 Mistakes in this process can be made anywhere
along the way. Problematic definitions of quality can focus
attention on practices without a strong evidence base.4 Inves-
tigations of determinants can be conceptually or methodolog-
ically flawed, leading to incomplete or incorrect understanding
of variations in quality.5 Designing improvement strategies
and interventions that address the identified barriers and facil-
itators is also complicated and an active area of research.5–8

Therefore, it is perhaps not surprising that the effects of
improvement interventions are often more modest than
hoped.8–10 Conceptual and methodological innovations are
needed to improve our ability to design effective improvement
interventions.8 In this paper, we focus on one mixed methods
innovation to efficiently and effectively identify improvement
strategies and other factors that have produced change in real-
world settings.
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A traditional sequential explanatory approach to diagnosing
the barriers and facilitators of healthcare quality is to qualita-
tively study those clinicians and settings that are quantitatively
found to be positive or negative outliers—so-called deviance
studies.11–13 The idea behind deviance studies is simple and
compelling: If you want to know about the factors that facil-
itate success, study successful people and places.14 Converse-
ly, barriers to success are identified through studying people
and places that are not successful. Deviance studies have been
used extensively in improvement science and quality improve-
ment.13 One limitation of deviance studies is that factors
thought to facilitate success in successful places may not be
applicable or logistically feasible to implement in places that
need to improve. Unless they have experienced recent im-
provements in performance, lessons derived from positive
outliers may not be informative to the design of improvement
interventions for negative outliers.
Here, we propose an extension of the deviance study concept

we term “delta studies.” Delta studies seek to quantitatively
identify sites that have recently changed from low performers to
high performers, or vice versa, in order to then qualitatively
learn about active strategies that produced change, challenges
change agents faced and how they overcame them, and where
applicable, the causes of recent deterioration in
performance—information intended to inform the design of
improvement interventions for deployment in low performing
sites. The delta study concept and design have been successful-
ly employed in large-scale improvement studies,15–17 but its
distinctive features and methodological nuances relative to
positive deviance studies14 have not been adequately described.
Our initial experiences with applying the delta study concept
suggest its potential for revealing information about the active
improvement strategies or other factors that produced recent
change in performance, rather than just information about de-
terminants of static performance (i.e., barriers and facilitators)
as might be revealed in a traditional deviance study. Before
outlining the details of the method and design decisions that
must be undertaken, we briefly describe lessons revealed from
an in-progress delta study that likely would have beenmissed in
traditional deviance studies.

Low-Value Preoperative Testing. In piloting this method in a
VA-funded study to describe and develop strategies to reduce
low-value preoperative testing for cataract surgery, we identi-
fied several sites with substantial decreases (improvements) in
low-value testing between 2015 and 2017. By interviewing
the service chiefs, anesthesiologists, and surgeons at these
delta sites, we learned about common features that drove high
levels of low-value testing before the change, and a variety of
strategies (both common and unique) that explained the ob-
served improvement. Prior to the improvements when the
prevalence of low-value testing was high, most delta sites
conducted evaluations for minor surgeries in the same preop-
erative clinic as evaluations for more major surgeries. The

same battery of tests was routinely ordered for all preoperative
patients regardless of procedure, planned anesthesia, or patient
characteristics. We found that delta sites instituted a variety of
strategies to reduce testing. Some instituted a specific pre-op
clinic for minor procedures, focused on tailoring screening
tests to procedure, anesthesia, or patient-specific risks. Some
implemented tailoring protocols in the existing preoperative
clinics. Others switched to making no evaluation the default,
but still available when indicated by patient characteristics.
We were also able to learn from the people who actively

produced change about challenges they faced implementing
their innovations and suggestions for others wanting to make
similar improvements. For example, in one site, the switch to
the no-evaluation default was met with initial resistance. How-
ever, when it was presented as a short-term trial, comfort and
buy-in increased. When nothing bad happened, the change
became permanent. The delta study method allowed us to
identify effective real-world change strategies and, in many
cases, to learn directly from change agents about their suc-
cesses and challenges. These opportunities would likely have
been missed by studying stable high performers.
The purpose of the rest of this paper is to describe factors to

consider in selecting delta sites for deeper qualitative investi-
gation and to present possible adaptions to conceptually
grounded qualitative protocols to focus on change. We de-
scribe howwewrestled with these design decisions in the low-
value testing study.We also provide R code that can be used to
graphically display distributions of initial status, change, and
volume that are essential to using this method.

METHODS

In this section, we describe (1) quantitative methods and
criteria for delta site selection and (2) considerations for using
the quantitative results to inform the qualitative aspects of
delta studies.

Criteria for Delta Site Selection

Several factors need to be considered in using quantitative
results on change in performance in the selection of delta sites
for deeper qualitative investigation. The overall goals of the
study will dictate how these decisions are negotiated:

Which Quality Metrics Are Most Important to Track?.
Improvement science studies are predicated on the existence
of a process quality gap that needs to be fixed. However, most
quality gaps have several dimensions and candidate
specifications.18, 19 For example, efforts to improve the
provision of evidence-supported psychotherapies for mental
health disorders might hope to improve capacity (more trained
clinicians), access (more patients served), length of engage-
ment, and/or fidelity to established protocols. Some facilities
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might experience high improvement on all of these metrics, or
somemight have high delta (improvement or deterioration) for
some and not others. Thinking through these scenarios and
looking at the candidate metrics and distributions of change
can help researchers refine the problem or problems that take
priority when selecting facilities for qualitative study. Note
that this consideration is also relevant for negative and positive
deviance studies.

Over What Timeframe Do You Observe Change?. The main
purpose of identifying sites that have experienced change is to
then qualitatively learn how change happened. Choosing a
baseline period needs to balance observing long enough to
obtain a stable estimate of performance and recency to
maximize the probability that key informants are still
available and can provide relevant information. The follow-
up period also needs to be long enough to obtain a stable
estimate, occur long enough after the baseline period to allow
for real change to happen, and be as recent as possible. Beyond
the two time period pre-post formulation we have used, there
may be other ways to represent change (e.g., linear slope over
a time series) that could be developed for use in this context.

How to Account for the Reliability of Observed Change?. It
is important not to over-interpret results that do not repre-
sent real change. Measured change is a sum of real change
(signal) and measurement error (noise). For a quality metric
that is calculated on a measurement year (e.g., the propor-
tion patients with an opioid use disorder in 2017 that re-
ceived medication treatment), reliability, also known as
precision, quantifies the variation in scores that we would
expect if the same year could be repeated many times.20

Many factors can affect reliability when measuring quality
and change in quality.20–22 However, when the target qual-
ity metric is well-conceived and operationalized, perhaps
the most important source of noise to consider is low volume
measurement units (e.g., patients per clinic).23 A change
from 50 to 75% in the percent of patients meeting a quality
metric is less reliable in a clinic with 4 versus 400 patients in
the denominator. For quality to be reliably measured, each
observation period needs to be long enough to allow enough
patients to be observed but short enough so real (vs. mea-
sured) performance does not change.
One simplistic but effective strategy to address this source

of unreliability is to restrict the analysis to units with at least
someminimum number of target patients over a period of time
that real change is unlikely to occur. Amore sophisticated way
to determine if facilities are true outliers in terms of change in
performance is to produce plots of 95% confidence intervals of
the change in proportions (Fig. 1).22, 24, 25 Confidence inter-
vals that do not include zero represent real change. Confidence
intervals that do not overlap are significantly different from
each other. The R code and data we used to produce these
plots are provided as supplemental files.

Is Patient Volume an Important Aspect of Implementation
Context?. Beyond the effect of site-level patient volume on
reliability, one must also consider if patient volume is an
important selection criterion in terms of implementation con-
text.26, 27 Patient volume might be associated with other
resources that impact implementation context. Effective im-
plementation strategies may be quite different for small and/or
rural facilities compared with very large and/or urban medical
centers. Depending on the goals of the study, researchers may
choose to maximize homogeneity or heterogeneity of facility
size, or other related aspect of implementation context, in their
qualitative selection criteria.

Initial Level of Quality. Implementation context includes
current openness to and penetration of the practices to be
implemented.28 Delta sites selected for qualitative study
should have baseline levels of quality that match the sites
targeted for improvement. If the ultimate goal is to improve
quality at low outlier sites,29 then the delta studies should look
for sites who were low outliers at baseline but experienced
significant improvements. If the ultimate goal is to help 25th
percentile sites improve to 75th percentile sites, then the delta
studies should look for sites that were initially 25th percentile
but experienced significant improvements.

Defining Meaningful Change. The literature on defining
clinically vs. statistically meaningful change is mostly
centered on patient-level outcomes30 or comparing facility-
level performance between institutions.20–22 Less attention has
been put on how to define clinically or operationally mean-
ingful within-facility change. Beyond being reliable, what
magnitude of change seems important to achieve? Is relative
or absolute change more important for the problem at hand? Is
an improvement from 25% performance to 75% performance
(relative and absolute improvement 300% and 50%, respec-
tively) more or less important than an improvement from 1 to
5% performance (relative and absolute improvement 500%
and 4% respectively)? Clinically meaningful change, in rela-
tive or absolute terms, should be defined for each study and
considered in selecting delta sites.

Designing Conceptually Grounded Interview
Guides or Questionnaires for Delta Studies

The Consolidated Framework for Implementation Research,28

the Theoretical Domains Framework,31 and other frameworks
have been used to develop conceptually grounded question-
naires and interview protocols to better understand the deter-
minant current practice (aka barriers and facilitators). In tradi-
tional deviance studies, high and low performers are asked
about various domains that might be related to their current
status. In delta studies, it is fairly straightforward to modify
these templates to focus on understanding changes in domains
that influenced changes in performance (Table 1). When the
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change is positive, we also include specific information in
recruitment materials: “We are interested in learning more
about decisions regarding whether or not to order preoperative
screening tests that some consider low value. In 2015, 90% of
patients receiving cataract surgery at your facility received at
least one low value test. But in 2017, that number was only
20%. We are interested in learning from you how that change
occurred.” The exact nature of the qualitative investigation
will be driven by the goals of the project. In our low-value
testing study, we were interested in conducting a series of
individual case studies in order to find either common or
unique strategies that might account for the recent changes in
performance.

RESULTS

In this section, we present our experience conducting a delta
study on the de-implementation of low-value preoperative test-
ing for patients undergoing low-risk surgery in the Veterans
Health Administration (VA). Although the main results from
this study will be of most interest to perioperative professionals
(and published in a specialty journal), how we navigated the
decisions regarding the delta study design is intended to be
useful to implementation scientists more broadly.

Metrics. In our study on low-value preoperative testing,
several metrics of quality were relevant: the proportion of
patients receiving at least one low-value test, the average
number of low-value tests per patient, the average cost of
low-value tests per patient, and total facility costs.

Although we presumed that these metrics would be highly
correlated, they were not. We found that some sites ordered
many inexpensive tests while others ordered fewer very
expensive tests. Although we could have chosen one of
the metrics as primary and ignored the others, we decided
to select sites where there was a consistent signal of change
across all metrics.

Timeframe. We chose 2015 as the baseline period and the
most recent fiscal year (2017) as the follow-up period. The 1-
year performance period is long enough to accumulate enough
surgeries per facility to produce reliable estimates and is
consistent with the timeframe used for many VA quality
measures. Based on pilot data demonstrating lower reliability
of 1-year change compared with 2-year change, we allowed a
1-year gap. Alternatively, we could have looked for a trend in
a monthly or quarterly time series.

Displaying Variation in Change. A primary indicator of low
quality was the proportion of patients receiving at least one
low-value preoperative test in 120 VA facilities. Facilities
were measured in year 1 and then again 2 years later (year
3). Modifying the candle chart concept from finance, we
developed an R program to display a “delta plot” (Fig. 2):
Performance in year 1 (black dots) sized by the volume of
patients treated in each clinic during the measurement year
with deltas between year 1 and year 3 signified by green bars
for improvement and red bars for deterioration. The R code
and sample data are available as supplemental files. We made
similar delta charts for the other quality metrics.

Figure 1 95% CIs of percent change in low-quality care in year 1 for 120 facilities.
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Reliability. To further improve reliability and overall impact,
we restricted the sample to facilities with at least 20 low-risk
surgeries a year (Fig. 3). We also checked that the 95%
confidence intervals for the changes in proportion did not
include (were significantly different from) zero (Fig. 1).

Facility Size, Initial Status, and Meaningful Change. From
the sample remaining, we were most interested in larger sites
with large absolute changes in quality. Although initial (2015)
performance was not directly relevant from our goals, poorer
performing sites had more opportunities to have large

improvements. For example, in Figure 3, one can identify a
moderately large site that improved from having 75 to 25% of
patients receiving at least one low-value test. Although admit-
tedly arbitrary, we prioritized sites with more than 25% abso-
lute change in proportion of patients receiving at least one low-
value test, and similar magnitude change on the other metrics.

Qualitative Interview Guide Focused on Understanding
Recent Change. Informed by the Theoretical Domains
Framework, the delta-focused aspects of our interview guide
are included as supplemental materials. As already mentioned,
we were able to use quantitative data on recent improvements
to identify and recruit sites to participate in the interviews. In
many cases, we recruited the people who the primary drivers
of the observed change. We learned how they did it (e.g.,
implementing a new pre-op clinic for low-risk procedures),
about the challenges they faced, and their strategies to over-
come them.

DISCUSSION

In this paper, the delta study—an extension of the traditional
deviance study—is described as a method to efficiently and
effectively identify sites that have recently changed from low
performers to high performers, or vice versa, in order to
qualitatively learn about active strategies that produced
change, challenges change agents faced and how they over-
came them, and where applicable, the causes of recent deteri-
oration in performance. The ultimate purpose of seeking this
information is to inform the design or selection of improve-
ment interventions for deployment in low performing sites. By
sampling sites that have experienced recent improvements or
deteriorations in quality for further qualitative investigation,
the method seeks to identify strategies and other factors that
have actually produced improvements or deteriorations in
real-world settings. Delta studies are likely most feasible in
large systems of care with centralized data systems. The
experiences of our team and others using the delta study
concept have confirmed its value (e.g., 15, 16, 17) and gener-
ated considerations in selecting delta sites for deeper qualita-
tive investigation, adaptations to existing qualitative ap-
proaches, and R code that can be used to graphically display
the facility-level distributions of initial status, change, and
volume.
Although it is relatively straightforward to modify existing

conceptually grounded interview guides, it is possible that
conceptual frameworks and accompanying tools might be
extended to accommodate factors related to change rather than
current status. Identifying and learning from delta sites might
also identify effective improvement strategies that should be
used to supplement or improve current taxonomies33 and be
modified and tested in new contexts. Our list of criteria for
selecting delta sites should be considered preliminary.

Table 1 Examples of Theoretical Domains Framework Domain-
Grounded Interview Questions for Deviance and Delta Studies
(Adapted from Michie et al., 2005 and Patey et al., 2012) 31, 32

Theoretical
Domains
Framework
domain

Deviance study:
example interview
questions for low
performing site

Delta study: example
interview questions
for greatly improved
site

Motivation and
goals

What would be an
incentive for you to
reduce the number of
preoperative tests you
order when
evaluating patients for
low-risk procedures?

Was there an incentive
that helped reduce the
number of
preoperative tests you
ordered when
evaluating patients for
low-risk procedures?

Beliefs about
capabilities

How easy or difficult
is it for you
personally to cancel
or order no tests as
all?

Has it become more or
less difficult for you
personally to cancel or
order no tests as all?
(If yes) In what ways?
How did this change
occur?

Beliefs about
consequences

What will happen if
you do not order tests
during your pre-op
evaluation for low-
risk patients?

Compared to before,
do you think the
consequences or risks
have changed of not
ordering tests during
your pre-op evaluation
for low procedures?

Environmental
context and
resources

What aspects of your
clinical environment
influence whether or
not you are able to
order preoperative
tests for patient
having a low-risk
procedure?

What aspects of your
clinical environment
have changed to
enable you to reduce
the number of
preoperative tests you
order for a pre-op
evaluation for patient
having a low-risk pro-
cedure?

Social influences Would your section
chief support your
decision to not order
preoperative tests for
low-risk procedures?

Has your section
leader been supportive
of your decision to not
order tests for low-risk
procedures?

Behavioral
regulation

What would you
personally have to do
to decrease the
number of
preoperative tests you
order for a patient
having low-risk pro-
cedure?

How have you
personally managed to
decrease the number of
preoperative tests you
order for a patient
having low-risk sur-
gery?

Emotion Does not ordering
preoperative tests for
a patient having a
low-risk procedure
evoke worry or con-
cern in you?

Do you feel more or
less worry or concern
when you do not order
preoperative tests
compared to before?
(If yes), what has
contributed to that
change?
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Furthermore, many future refinements and developments are
possible. For example, the two time period pre-post formula-
tion we have used thus far could be expanded to characterize
change using other, perhaps more reliable, metrics (e.g., linear
slope over a time series). Other criteria may be relevant de-
pending on the goals of the study. For example, it may be
important to select sites with good geographic or demographic
diversity.

It is important to note a limitation shared by both traditional
deviance studies and delta studies: they are trying to have been
eloquently described but are often unheeded.34 When we ask
people to explain high or recently improved performance, they
will infer reasons which may or may not be the true determi-
nants. It is therefore important not to take post hoc explana-
tions for success at face value. Bradley et al. suggest that
retrospective explanations for performance, such as those

Figure 2 Distribution of initial performance (black dots), and 2-year improvements (green) and worsening (red) of low-quality care for 120
facilities.

Figure 3 Distribution of initial performance (black dots), and 2-year improvements (green) and worsening (red) of low-quality care for 62
facilities with > 20 denominators cases in year.
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derived from deviance or delta studies, be considered hypoth-
eses to be validated by triangulation with other methods (e.g.,
surveys) and data sources (e.g., a larger representative sample
of organizations).14 As our group and others gain experience
with conducting delta studies, its strengths, limitations, and
potential for efficiently and effectively identifying improve-
ment strategies that may have actually produced change in
real-world settings will become clearer.

CONCLUSIONS

Improvement interventions designed with information about
barriers and facilitators gleaned from traditional deviance
studies often fail or have modest effects. Here, we describe
an extension of deviance studies—delta studies—that seek to
learn from recent change in performance in order to design and
test improvement interventions. We view delta studies as a
potentially promising complement to, rather than substitute
for, traditional deviance studies. Deviance studies are helpful
to understand stable high and low performers. However, if the
focus is on understanding how change occurs, and finding or
designing strategies to produce change, then the delta study
design may be more useful. The ideas and methods outlined in
this paper need to used, evaluated, and refined so that imple-
mentation scientists can most efficiently identify promising
change strategies, as well as the challenges and successes
experienced by change agents, all of which can inform the
design of more effective improvement interventions in sites
still needing to improve.
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