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Abstract
Background: Hospital-specific template matching (HS-TM) is a newer method of hospital performance assessment.

Objective: To assess the interpretability, credibility, and usability of HS-TM-based vs. regression-based performance
assessments.

Research design: We surveyed hospital leaders (January-May 2021) and completed follow-up semi-structured inter-
views. Surveys included four hypothetical performance assessment vignettes, with method (HS-TM, regression) and
hospital mortality randomized.

Subjects: Nationwide Veterans Affairs Chiefs of Staff, Medicine, and Hospital Medicine.

Measures: Correct interpretation; self-rated confidence in interpretation; and self-rated trust in assessment (via sur-
vey). Concerns about credibility and main uses (via thematic analysis of interview transcripts).

Results: In total, 84 participants completed 295 survey vignettes. Respondents correctly interpreted 81.8% HS-TM
vs. 56.5% regression assessments, p < 0.001. Respondents “trusted the results”for 70.9% HS-TM vs. 58.2% regression
assessments, p=0.03. Nine concerns about credibility were identified: inadequate capture of case-mix and/or illness
severity; inability to account for specialized programs (e.g., transplant center); comparison to geographically disparate
hospitals; equating mortality with quality; lack of criterion standards; low power; comparison to dissimilar hospitals;
generation of rankings; and lack of transparency. Five concerns were equally relevant to both methods, one more
pertinent to HS-TM, and three more pertinent to regression. Assessments were mainly used to trigger further quality
evaluation (a“check oil light”) and motivate behavior change.

Conclusions: HS-TM-based performance assessments were more interpretable and more credible to VA hospital
leaders than regression-based assessments. However, leaders had a similar set of concerns related to credibility for
both methods and felt both were best used as a screen for further evaluation.
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Introduction

Benchmarking hospital performance is a cornerstone of
hospital quality assessment [1]. However, differences in
patient case-mix and illness severity must be accounted
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for in order to yield fair cross-hospital comparisons
[1-3]. The most common approach to adjust for patient
characteristics is to use regression models [3], but this
approach has at least two key limitations. First, clinicians
frequently question whether differences in patient popu-
lations have been sufficiently accounted for in regression
models [4, 5], and this concern may limit the ability of
regression-based performance assessments to drive posi-
tive change. Second, estimates from regression models
are used to produce a standardized mortality ratio, which
is a form of indirect standardization that compares an
index hospital not directly to other hospitals, but to the
other hospitals only if they were to admit hypothetical
populations of patients similar to the index hospital [4].
Thus, no hospital is being judged against real patient care
outcomes at other hospitals. As a result of these limita-
tions, the National Academy of Medicine has recognized
the need for greater transparency and interpretability of
hospital benchmarking systems and called for dedicated
research to improve the science of hospital performance
assessment [6, 7].

Hospital-specific template matching (HS-TM) was
proposed by Silber et al.?as a fairer and more transpar-
ent approach for assessing hospital performance. In
this method, a representative sample of hospitaliza-
tions is selected from the hospital under evaluation, and
the outcomes of the sampled hospitalizations are com-
pared to outcomes of matched hospitalizations from
a set of comparator hospitals with sufficiently similar
patient case-mix to the hospital under evaluation [4,
8]. The performance assessment is thus customized for
each hospital, providing a potentially fairer assessment
than regression-based performance assessment [4, 8].
Furthermore, because the quality of matching can be
readily reported, HS-TM provides greater transparency
than regression [4]. In prior work, we have shown that
HS-TM is feasible for hospital performance assessment
in the Nationwide Veterans Affairs (VA) Healthcare sys-
tem [8]. Despite the case-mix variation [9], VA hospitals
could each be matched to enough comparator hospitals
to support performance assessment across the entire
system [8].

The statistical advantages and disadvantages of these
two approaches have been explored in prior studies [4,
8]. However, while HS-TM has theoretical benefits over
regression-based performance assessment and is feasible
in the VA healthcare system [4, 8], it is unclear whether
HS-TM is more interpretable, more credible, or more
usable to end-users than the traditional regression-
based performance assessments. Thus, in this study, we
assessed the interpretability, credibility, and usability
of HS-TM-based versus regression-based performance
assessments among VA hospital leaders. To do this, we
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generated hypothetical hospital performance assess-
ments using real VA patient data [8], then used surveys
and semi-structured interviews of VA hospital lead-
ers to assess the utility of HS-TM-based versus regres-
sion-based performance assessment. Interpretability
and credibility were assessed quantitatively by survey.
Actionability and specific concerns about credibility were
assessed via semi-structured interviews.

Methods

Setting

The VA healthcare system is a large U.S. national inte-
grated healthcare system for Veterans with approxi-
mately 130 hospitals, ranging from small rural hospitals
to tertiary referral centers. VA has been a leader in the
development and implementation of hospital perfor-
mance assessment [2, 10, 11]. It was among the first
healthcare systems to have an electronic health record
and to measure and report risk-adjusted mortality [2, 10,
11]. VA mortality models are updated annually [12], and
risk-adjusted 30-day mortality is a key outcome metric
included in quarterly hospital performance assessments
[12].

Study design
We used a multiple methods approach to assess the inter-
pretability, credibility, and usability of HS-TM-based
versus regression-based hospital performance assess-
ments among end-users charged with maintaining and
improving the quality of VA care. We first surveyed VA
hospital leaders (Chiefs of Staff, Chiefs of Medicine, and
Chiefs of Hospital Medicine) to assess their ability to
correctly interpret hospital performance assessments
of risk-adjusted 30-day mortality and to evaluate their
confidence in interpretation and trust in the assessment.
(While no single metric is sufficient to evaluate hospital
quality, we selected 30-day mortality as the outcome of
interest in this study because of its importance to perfor-
mance assessment in the VA system as well as in other
healthcare systems.)

Second, we completed semi-structured interviews with
a subset of Chiefs of Medicine to further explore their
concerns regarding credibility and the uses of HS-TM-
based versus regression-based performance assessments.
eTable 1 summarizes the target population, enrollment,
research tools, sample size, and analysis methods for the
survey and the interviews. The study was approved by the
Ann Arbor VA Institutional Review Board with a waiver
of written documentation of informed consent for the
survey portion. All methods were performed in accord-
ance with relevant guidelines and regulations.
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Randomized survey

Chiefs of Staff, Chiefs of Medicine, and Chiefs of Hospital
Medicine at approximately 130 nationwide VA hospitals
were invited via group emails to complete an anonymous
Qualtrics survey (Qualtrics, Provo, UT) from January
through May 2021. Invitation emails were sent by VA
leaders (e.g, VA Ann Arbor Chief of Staff) to promote
participation, with reminder and final invitation emails
sent by study staff. No compensation was provided for
survey completion since we anticipated surveys would be
completed during respondents’ VA tour of duty.

The full survey is provided in Additional Appendix 1;
key aspects of the survey are presented in Table 1. The
survey vignettes were developed using 2017 VA hospi-
talization data [8]. The survey language was adapted from
a prior survey assessing the presentation of quantitative
information [13] and refined iteratively, incorporating
feedback from 5 study co-investigators, each of whom
participated in a 1-h cognitive interview. The survey
was then piloted by 7 MD and 1 PhD-trained colleagues
to determine the median time for completion (11 min)
before deploying to hospital leaders.

Each survey included four hypothetical performance
assessments (for four hypothetical hospitals)—two using
HS-TM and two using regression. Each survey included
hypothetical hospitals across a range of 30-day mortality
(one above-average, one high-average, one average, and
one below-average risk-adjusted mortality). The order of
performance methods (HS-TM versus regression) and
mortality category (above-average, high-average, average,
and below-average) were randomized. For each vignette,
participants received a description of the performance
assessment method, a table showing the characteristics
of hospitalizations included in the performance assess-
ment, and a figure displaying outcomes of their hospi-
tal relative to their comparator hospitals. Participants
were asked to assess the hospital’s performance relative
to their comparators (above-average, average (including
high-average), and below average), then rate their con-
fidence in interpretation and trust in the performance
assessment on a Likert scale. At the end of the survey,
participants were asked about their overall impressions
of HS-TM versus regression-based performance assess-
ment methods.

Survey results are presented using standard descrip-
tive statistics and Chi-square tests to compare results of
HS-TM vs regression-based vignettes. Secondly, a series
of logistic regression models were fit to measure the asso-
ciation between the performance assessment approach
(HS-TM vs regression) and correct interpretation. In the
serial models, we additionally adjusted for the mortality
category, the respondent’s self-rated statistical knowl-
edge, and the respondent’s confidence in their response.

Page 3 of 13

The models included a random intercept for the respond-
ent to control for the repeated measures.

Semi-structured interviews

At the end of the survey, Chiefs of Medicine were asked
to provide their contact information if amendable to par-
ticipating in a confidential follow-up semi-structured
interview. We invited only Chiefs of Medicine so that
we would have just one interview participant per hospi-
tal. After completing written informed consent, Chiefs
who expressed interest were invited for a 60-min semi-
structured interview via video conference. The full inter-
view guide is provided in Additional Appendix 2. During
the interview, the participants were asked about two
vignettes from their survey (one of each method), using
an interview guide to elicit perceptions of credibility and
usability. Additionally, we asked about interpretability,
suggested improvements, and general impressions about
performance evaluation. The interview guide was piloted
with two physician colleagues and refined to improve
clarity prior to use in the study.

Nine Chiefs of Medicine were interviewed via video
conference. Interviews were audio-recorded, profes-
sionally transcribed, and redacted of identifying infor-
mation. The sample size was guided by the criteria of
“information power” [14]. We required fewer partici-
pants because the goal of the interviews was narrow; the
participants were highly selected (limited to key leaders
directly involved in evaluating hospital quality) [15, 16];
the feedback was anticipated to relate to known meth-
odological limitations [3, 5-7]; and the interviews had
high quality dialogue since they were conducted by an
experienced, PhD-trained qualitative analyst (LT) with
at least one quantitative expert (BMM and/or HCP) pre-
sent to answer technical questions and probe responses
as needed.

Interview transcripts were analyzed by LT, BMM, and
HCP using content analysis [17]. We used preliminary
codes (interpretability, credibility, usability, suggested
improvements) based on the interview guide and allowed
additional subcodes to emerge from the data. Transcripts
were coded independently, then reconciled through dis-
cussion. Data were manually entered into separate code
reports, which were reviewed and discussed as a team to
finalize subcodes, summarize the key findings, and iden-
tify representative quotes.

Results

Eighty-four VA hospital leaders completed at least one
survey vignette (a response rate of approximately 21.5%),
including 70 (83.3%) who completed all four vignettes
and provided demographic data. Respondents included
17 (20.2%) Chiefs of Staff, 31 (36.9%) Chiefs of Medicine,
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Table 1 Six items included in each survey vignette

Item .
1 Explanation of the Method
Item . . .
2 A table presenting with raw data used in the performance assessment
The performance assessment.
An example of the performance assessment in which the hospital had a mortality higher mortality
than the benchmark is provided below for regression (left) and template matching (right).
6% o
5 o Your hnxp\lal‘
2
2
g +2SD
i
‘g 2% + Mean Adjusted Mortality Rate
2
-1sD
-2SD
Item
3 0% o
Lower Mortality Higher Mortality
10%
Unadjusted Adjusted
8%
oYour hospital
Your hospital
.
@ +2SD
2 %
2
@ +1SD
5
=
>
5 T e~ R Mean Unadjusted Mortality Rate
£ Mean Adjusted Mortality Rate
-1SD
2%+
-2SD
0% 4
Question on Performance Assessment Interpretation:
Item . . . o .
4 “Based on this performance report, your hospital’s adjusted 30-day mortality is best described as:”
(Lower than average, average, or higher than average)”
Question on Confidence of Interpretation: “How confident are you in your answer to the previous
Item | question?”
5
(Not at all Confident, Slightly Confident, Moderately Confident, Highly Confident)
Question on Trust in the Assessment: “Rate your agreement with the following statement: I trust
that the results of this performance report accurately reflect the mortality at my hospital relative to
Item | other hospitals.”
6
(Strongly Disagree, Disagree, Somewhat Disagree, Neither Agree nor Disagree, Somewhat Agree,
Agree, Strongly Agree)
Question on Actionability of the Assessment: “Rate your agreement with the following statement:
Based on this performance report, my hospital may need to make changes to improve care. I would
Item | convene a committee to determine where change is necessary to improve mortality at my
7 hospital.”
(Strongly Disagree, Disagree, Somewhat Disagree, Neither Agree nor Disagree, Somewhat Agree,
Agree, Strongly Agree)
The complete survey is presented in the online supplement, Appendix 1.
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and 36 (42.9%) Chiefs of Hospital Medicine. Descriptive
characteristics of the respondents are presented in eTa-
ble 2. Respondents were 65.7% male. 52.9% were in their
current role for 0—4 years, while 20.0% had been in their
current role for > 10 years. Length of time practicing
medicine varied: 5.8% (0-9 years), 26.1% (10-19 years),
31.9% (20-29 years), and 36.2% (30 years or more). The
majority (77.1%) rated their statistical knowledge as
“Good” or “Fair”.

Respondents completed 148 vignettes using HS-TM,
in which the hypothetical hospital under evaluation
had below-average mortality (37, 25%), average mortal-
ity (39, 26.4%), high-average mortality (36, 24.3%), and
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above-average mortality (36, 24.3%). Respondents com-
pleted 147 vignettes using regression, in which the hypo-
thetical hospital under evaluation had below-average
mortality (37, 25.2%), average mortality (38, 25.9%), high-
average mortality (39, 26.5%), and below-average mortal-
ity (33, 22.4%).

Interpretability

Respondents interpreted 81.8% of HS-TM vignettes vs.
56.5% of regression vignettes correctly, p<0.001 (Fig. 1).
Survey respondents determined the hospital’s perfor-
mance correctly more often when the hospital’s mortal-
ity was above or below average (compared to being no

Template Matching Correct

Regression Correct

Template Matching | Highly Confident

Regression | Highly Confident

Template Matching

Regression

Accuracy

Incorrect

Incorrect

p<.0001

Confidence

Not at all Confident

Not at all Confident

2.-

Trust
Strongly Agree II Strongly Disagree
Strongly Agree !. Strongly Disagree
p=03
T T T T T T
0 20 40 60 80 100

Fig. 1 Accuracy, Confidence and Trust in the HS-TM-based vs Regression-Based Performance Assessments. Accuracy indicates whether the

participant correctly classified the hospital as lower than average, average, or higher than average mortality. Confidence indicates how confident
they were in their rating: Highly Confident, Moderately Confident, Slightly Confident, or Not at all Confident. Confidence is then dichotomized into
Not Confident (Not at all Confident, Slightly Confident) or Confident (Moderately Confident, Highly Confident) and the p-value is the significance
level of the difference in the percent Confident for HS-TM versus regression. Trust indicates their level of agreement with the following statement:

I trust that the results of this performance report accurately reflect the mortality at my hospital relative to other hospitals. (Strongly Agree, Agree,
Somewhat Agree, Neither Agree nor Disagree, Somewhat Disagree, Disagree, Strongly Disagree). The p-value indicates the significance level of the
difference in the percent that trust the rating (Strongly Agree, Agree, or Somewhat Agree) using HS-TM versus regression




McGrath et al. BMC Health Services Research (2022) 22:739

different from average). For example, among HS-TM
vignettes, respondents correctly interpreted 97.3%
(36/37) of below-average mortality and 94.4% (34/36) of
above-average mortality vignettes, compared to 74.4%
(29/39) of average and 58.3% (21/36) of high-average
HS-TM mortality vignettes (eTable 3, eFigure 1). For
regression vignettes, respondents correctly interpreted
89.2% (33/37) of below-average mortality and 87.9%
(29/33) of above-average mortality vignettes, compared
to only 31.6% (12/38) of average morality and 23.1%
(9/39) of high-average mortality vignettes (eTable 3,
eFigure 1). After adjusting for hospital mortality, the
association of HS-TM with correct interpretation was
even stronger (Table 2) and persisted after additionally
adjusting for the respondent’s self-rated statistical knowl-
edge and confidence in their interpretation (Table 2).
Neither self-rated statistical knowledge nor confidence
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were associated with correct interpretation (Table 2).
Overall, these analyses show that HS-TM-based perfor-
mance assessments were more interpretable to the sur-
vey respondents than the regression-based assessments.

Credibility

Survey respondents reported that they “trust that the
results of the performance report accurately reflected
the mortality at [their] hospital relative to other hospi-
tals” in 70.9% of HS-TM vignettes versus 59.2% of regres-
sion vignettes, p=0.03 for the difference (Fig. 1). Results
stratified by mortality category are shown in eTable 3 and
eFigure 2.

While survey respondents trusted most perfor-
mance assessments (70.9% of HS-TM and 59.2% of
regression vignettes), the interview participants voiced
many concerns about the credibility of performance

Table 2 Serial logistic regression models assessing the association between approach (HS-TM vs regression) and correct interpretation

of performance assessment vignettes

Odds Ratio 95% Cl p Mean Percent Correct 95% Cl

Model 1: no covariates

Approach

Regression ref 0.56 (047,0.65)

HS-T™M 362 (2.08,6.28) <.0001 0.82 (0.75,0.88)
Model 2: scenario as a covariate

Approach

Regression ref 0.63 (0.51,0.74)

HS-TM 6.26 (3.10, 12.64) <.0001 091 (0.85,0.95)

Scenario*

Below-Average Mortality 17.70 (5.70, 54.98) <.0001 0.95 (0.88,0.98)

Average Mortality ref 0.54 (0.40,0.67)

High-Average Mortality 0.52 (0.24,1.13) 0.10 038 (0.25,0.53)

Above-Average Mortality 19.28 (5.75,64.72) 091 0.96 (0.88,0.99)
Model 3: scenario, self-rated statistical knowledge, and confidence as covariates

Approach

Regression ref 0.59 (0.44,0.72)

HS-TM 6.33 (3.10,12.92) <.0001 0.90 (0.81,0.95)

Scenario

Below-Average Mortality 19.41 (6.08,61.91) <.0001 0.95 (0.86,0.98)

Average Mortality ref 048 (0.33,0.64)

High-Average Mortality 0.52 (0.24,1.13) <.0001 033 (0.20,0.49)

Above-Average Mortality 21.06 (6.12,72.52) 0.10 0.95 (0.86,0.98)
Self-Reported Statistical Knowledge

Poor ref 0.78 (0.65,0.87)

Good 1.05 (0.46,2.42) 0.90 0.79 (0.63,0.89)
Confidence in Assessment

Not Confident ref 0.72 (0.51,0.86)

Confident 1.99 (0.76,5.21) 0.16 083 (0.75,0.90)

Cl Confidence Interval

Across all 3 models the HS-TM approach was consistently associated with increased odds of correctly interpreting the performance assessment vignette
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assessments—most which were pertinent to both HS-TM
and regression. The concerns, presented in Table 3,
related to the following domains: (1) the inability to fully
or correctly capture case-mix and illness severity from
the electronic health record; (2) the inability to account
for special hospital programs or referral centers (e.g., an
organ transplant center where many patients with end-
stage disease may be evaluated but not ultimately eligi-
ble for transplantation); (3) the comparison to hospitals
elsewhere in the country, as opposed to VA or non-VA
hospitals in the same geographic region; (4) the use of
mortality as a measure of quality; (5) lack of a criterion or
reference standard for acceptable or good performance;
(6) small sample sizes and/or low event rates, such that
assessments are under-powered and unstable; (7) the
comparison to dissimilar hospitals (e.g;, comparison of
an urban referral hospital to a smaller rural hospital); (8)
the generation of hospital rankings, particularly when
hospitals are tightly clustered such that differences in
rank do not necessarily reflect differences in outcomes;
(9) the lack of transparency of performance assessments.
Concerns 1-5 were equally relevant to both approaches.
Concerns about small sample size were more pertinent to
HS-TM, while concerns about ranking [8], lack of trans-
parency, and comparison of dissimilar hospitals were
more pertinent to regression. A fuller summary of inter-
view responses related to fairness and credibility is pre-
sented in Additional Appendix 3.

Usability

Survey respondent agreed with the statement “Based on
this performance report... I would convene a commit-
tee to determine where change is necessary to improve
mortality at my hospital’;, for 88.9% of HS-TM vignettes
with above-average mortality, compared to 78.7% regres-
sion vignettes with above-average mortality (p=0.25 for
difference)—suggesting similar actionability of HS-TM vs
regression-based assessments.

Survey participants described two primary uses of
performance assessments: (1) to trigger a deeper dive
and (2) to motivate behavior change (Table 4, Additional
Appendix 4). Interview participants reported that they
would use both HS-TM-based and regression-based per-
formance reports similarly, but several expressed that
HS-TM may be more helpful for identifying a true prob-
lem, while the ranking generated by regression-based
performance assessments may be more helpful for moti-
vating behavior change (eTable 4).

A common sentiment among interview participants
was that “in and of itself, the data doesn’t say you're good,
bad, or indifferent”. Rather, above-average mortality was
consistently viewed as a trigger for further evaluation,
described my participants as “a flag or an indicator for
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something that that we might need to respond to’, a “trig-
ger for a deeper dive’, a “red flag’, or a “check oil light”
Most interview participants felt the deeper dive should
occur to confirm and understand the potential issues
raised in performance assessment before sending it to
clinical staff. As a first step, interview participants would
explore whether deaths were occurring on a specific ser-
vice (e.g., medical vs. surgical) or subgroups of patients
(e.g., ICU vs non-ICU), or even complete chart reviews
of all deaths. They would consider unique circumstances
related to their patient population or any specific care-
related practices. In short, they would evaluate who
died, why they died, and how they died to assess whether
greater-than-average mortality was a one-time occur-
rence, a reflection of natural variation over time, or a
marker of a broader problem. All interview participants
felt it was inappropriate to use performance assessments
for punishment or reward.

Besides serving as a trigger for a deeper dive, multiple
interview participants reported that greater-than-average
mortality can serve as strong motivation to improve pro-
cesses and help one “get on it with a sense of urgency”
and “impress upon certain stakeholders that this is
indeed something that we need to devote some energy
to... particularly if we find that there is a certain service
line that seems to be over-represented in our mortality”.
Finally, participants also noted that assessments indicat-
ing a mortality at or below the mean should not trigger
complacency. Rather, hospitals should always look for
opportunities to improve, although there is less urgency
to do so when performance assessments suggest average
or below average mortality.

Suggestions for improvement

Suggested improvements are presented in Additional
Appendix 5. The most common suggestions were to: (1)
use criterion standards rather than norm-reference (par-
ticularly since non-VA hospitals are not used to define
the norm-reference) and (2) limit comparisons to similar
hospitals, as defined by facility characteristics or geo-
graphic location.

Overall utility

When asked which method would be “more helpful for
understanding mortality at your hospital relative to other
hospitals’, most (72.5%, 50/69) survey respondents pre-
ferred HS-TM. Likewise, when asked which method
would be “more helpful for driving change to improve
care at your hospital; most preferred HS-TM (78.3%,
54/69). Regarding distinctive features of these methods,
88.4% responded it was more important to be compared
to hospitals treating similar patients (as in HS-TM) than
to have all hospitalizations included in the performance
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Table 4 Usability of Performance Assessments

Use Representative Comments

1 Trigger a deeper
dive to under-
stand the data

"if people were dying at a higher rate at my
hospital, | wouldn't say that means that we're
providing poor quality care. | think what it is, is
it's a trigger to say, why are people dying. It's a
trigger for a deeper dive!

“it's a little bit like ‘check oil’ There’s a lot of
reasons why that light may come on and so
you need to get under the hood to under-
stand why that that check oil light is coming
on. So, | would never devote a huge amount of
resources without having a good understand-
ing of why we might be an outlier”

“[these data are] a flag or an indicator for
something that that we might need to
respond to”

“in and of itself, the data doesn't say you're
good, bad, or indifferent”

“this would be enough for me to start trying
to understand why does this exist” ... are their
service lines, care processes that that we need
to be focusing improvement efforts on to
bring these numbers down

2 Galvanize
stakeholders and
motivate behavior
change

“it's possible that | might use this to impress
upon certain stakeholders that this is indeed
something that we need to devote some
energy to”

“it's been very well shown that if you want to
motivate physician performance just show
them where they stand as compared to their
peers and they don't like to be [at the bottom].
You know, it’s like lake Wobegon, 90% want to
be in the top 10% of their class!

“what changes physician behavior in my expe-
rience, more than anything is a comparison

to your peers in your hospital. I've been struck
by how that's been true in different organiza-
tions, because you can look at a study and say,
well, my patients are sicker or older, or they
live further away, so | can't discharge them as
early, but when you look at how your peers,
are doing with the same patients in the same
organization you start having to own the dif-
ferences more, so some providers-specific data
on outcomes could be an asset in prompting
change”

assessment (as in regression). During semi-structured
interviews, several participants expressed greater trust
in HS-TM assessments, but participants nonetheless
felt that—regardless of the method—they would primar-
ily use performance assessments as a screen for doing
a deeper dive. A summary of comments comparing the
utility of HS-TM to regression is presented in eTable 4.

Discussion

Hospital performance assessment is a key tool for moni-
toring the quality of hospital care and incentivizing per-
formance improvement. However, while the breadth and
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complexity performance assessment has grown over the
past few decades, there has been little assessment of the
interpretability, credibility, or usability of performance
assessments among the end-users charged with main-
taining and improving the quality of hospital care [6].
Indeed, a National Academy of Medicine expert panel
called for improving the robustness of performance
assessment systems, including settings thresholds for
interpretability such that assessments are understandable
and usable by those with limited statistical knowledge
and time [6].

We found that hospital performance assessments
developed wusing hospital-specific template match-
ing were more interpretable and more credible to VA
hospital leaders than performance assessments devel-
oped using regression. The greater interpretability of
hospital-specific template matching was robust to sen-
sitivity analyses. Across a series of models including
adjustment for additional factors including the mortality
category of the hospital under evaluation, the respond-
ent’s self-rated statistical knowledge, and the respond-
ent’s self-rated confidence in their interpretation, HS-TM
remained associated with increased likelihood of correct
interpretation.

A second finding of this study was that hospital per-
formance assessment served two key purposes in the
perspective of VA hospital leaders: a trigger for further
quality investigation and a tool for motivating behavior
change. Among interview participants, HS-TM was gen-
erally considered to be a more reliable trigger, while hos-
pital rankings generated by regression were considered
more helpful for motivating behavior change. As a result
of these differing strengths, HS-TM could be consid-
ered as a supplement or adjunctive method rather than a
replacement for standard regression-based assessments.
Importantly, the Chiefs of Medicine identified many
potential threats to the credibility of both methods, and
universally felt that further evaluation of the accuracy
of performance assessments was needed before passing
along the findings to front-line clinical staff.

This study extends the findings of prior studies of
HS-TM. We previously showed that HS-TM was poten-
tially feasible for use in the diverse VA healthcare system
[8]. Each hospital could be matched to a sufficient num-
ber of comparison hospitals (median 38 hospitals) to
detect standardized mortality ratios greater than 2.0 [8].
Here, we show that assessments generated via HS-TM
are more interpretable and credible to VA hospital lead-
ers. Our study also builds on limited prior work assessing
clinician end-user’s ability to correctly interpret perfor-
mance assessments. In a prior study examining clinicians’
interpretation of central line-associated bloodstream
infection (CLABSI) quality data, clinicians answered
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questions testing increasingly difficult domains of inter-
pretability: basic numeracy, risk-adjustment numeracy,
and finally risk-adjustment interpretation [18]. Clinicians
answered 82% of basic numeracy questions correctly, ver-
sus 70% of risk-adjustment numeracy and only 43% of
risk-adjustment interpretation questions, underscoring
the limited interpretability of risk-adjusted performance
assessment among end-users [18]. Also concerning,
respondents who accurately interpreted the data were
more likely to view it as unreliable [19]. Our finding
that HS-TM (which uses matching rather than regres-
sion adjustment to account for case-mix differences) was
more interpretable than regression is consistent with
this prior study showing limited interpretability of risk-
adjusted data. However, reassuringly, HS-TM was not
only associated with greater interpretability, but also with
greater credibility.

Finally, our study is consistent with the broader litera-
ture on quantitative data interpretation. End-users have
better comprehension and make better decisions when
information is presented in a way that is easier to pro-
cess and understand [20]. And, while the simplicity of
data presentation is particularly important for individuals
with low numeracy, even high numeracy individuals per-
form better when presented simpler information. Indeed,
our study showed no association between self-rated sta-
tistical knowledge and correct interpretation of the per-
formance assessment vignettes.

Our study should be interpreted in the context of
several limitations. First, our survey response rate was
approximately 21.5%, and it is possible that survey
respondents may not generalize to VA leaders at large.
However, our survey sample population was highly
selected and relatively homogenous (limited to Chiefs of
Staff, Chiefs of Medicine, and Chiefs of Hospital Medi-
cine), which may mitigate the risk for bias due to the
lower response rate. Second, we interviewed leaders
within the VA healthcare system only, so it is unclear
whether hospital leaders in other healthcare systems
or countries would have similar reactions to HS-TM vs
regression. However, the VA is a large and diverse system,
with both small rural hospitals and tertiary referral cent-
ers [9]; interview participants represented a range of hos-
pital types. One key benefit is the ability to personalize
the assessment to diverse hospitals. A second key benefit
is the improved interpretability. In a healthcare system
or country where similar patient populations are treated
across all hospitals, the benefits of a personalized assess-
ment may be less important. However, such homogeneity
is rare. Third, survey respondents were provided hypo-
thetical vignettes, and it is possible that impressions of
credibility may differ if HS-TM were used in practice. We
decided to use hypothetical vignettes to randomize the
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hospital mortality category and differentiate the impact
of the method vs mortality category on impressions of
credibility, which would not have been possible using
each respondent’s own hospital data. Fourth, we assessed
only one quality outcome, mortality. Hospital quality is
a complex and multi-faceted construct [21] which can-
not be summarized by hospital mortality alone, or by any
single metric. However, mortality is a key performance
indicator, and the methods of HS-TM and regression can
be applied to other outcomes such that the findings of
improved interpretability and credibility are not neces-
sarily specific to mortality only.

Conclusion

In this multiple methods study of VA hospital lead-
ers, HS-TM-based performance assessments were more
interpretable and more credible than regression-based
assessments. However, both types of assessments had
several threats to credibility and would be used for simi-
lar purposes by hospital leaders. The differing interpret-
ability and credibility across performance assessment
methods underscores the importance of evaluating,
understanding, and optimizing interpretability and cred-
ibility of performance assessments among end-users.
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