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Abstract

Introduction: When performance data are provided as feedback to healthcare
professionals, they may use it to significantly improve care quality. However, the
question of how to provide effective feedback remains unanswered, as decades of
evidence have produced a consistent pattern of effects—with wide variation. From a
coaching perspective, feedback is often based on a learner's objectives and goals.
Furthermore, when coaches provide feedback, it is ideally informed by their under-
standing of the learner's needs and motivation. We anticipate that a “coaching”-
informed approach to feedback may improve its effectiveness in two ways. First, by
aligning feedback with healthcare professionals' chosen goals and objectives, and
second, by enabling large-scale feedback systems to use new types of data to learn
what kind of performance information is motivating in general. Our objective is to
propose a conceptual model of precision feedback to support these anticipated
enhancements to feedback interventions.

Methods: We iteratively represented models of feedback's influence from theories
of motivation and behavior change, visualization, and human-computer interaction.
Through cycles of discussion and reflection, application to clinical examples, and soft-
ware development, we implemented and refined the models in a software application
to generate precision feedback messages from performance data for anesthesia
providers.

Results: We propose that precision feedback is feedback that is prioritized according
to its motivational potential for a specific recipient. We identified three factors that
influence motivational potential: (1) the motivating information in a recipient's perfor-
mance data, (2) the surprisingness of the motivating information, and (3) a recipient's
preferences for motivating information and its visual display.

Conclusions: We propose a model of precision feedback that is aligned with leading
theories of feedback interventions to support learning about the success of feedback
interventions. We plan to evaluate this model in a randomized controlled trial of a

precision feedback system that enhances feedback emails to anesthesia providers.
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1 | INTRODUCTION

When performance data are provided as feedback to healthcare profes-
sionals, they may use it to significantly improve care quality.® However,
the question of how to provide effective feedback remains unanswered,
as decades of evidence have produced a consistent pattern of effects with
wide variation.? Efforts to increase feedback intervention effectiveness
includes calls for better use of evidence®> better coordination and
embeddedness of trials of feedback in implementation laboratories,>®

7-10

more use and development of theory, and improving the design of

feedback in dashboards, reports, and information systems.** >

Enduring challenges such as the rapid expansion of biomedical
and health knowledge?® that is concurrent with provider burnout”-18
and information chaos,®” suggest that fundamentally different
approaches to the delivery of feedback are needed to improve its
effectiveness. In the context of healthcare professional coaching, a
focus on protecting autonomy leads to asking the learner to guide the
process of prioritizing objectives and goal setting for learning.2°2*
Based on these objectives and goals, a coach supports the learner
with feedback that is appropriate for their performance level, motiva-
tion, and other identified needs. To our knowledge, automated sys-
tems that deliver feedback, such as clinical quality dashboards and
reporting systems, are largely missing such personalized functionality.

In the absence of coaching-type feedback in clinical quality
reporting systems, allowing clinicians to prioritize their own feedback
could help address these gaps. However, clinicians may lack insight
into learning opportunities and priorities that a more global analysis of
their performance data could inform. In contrast to feedback studies
that focus narrowly on improving one clinical practice, we propose to
shift the question of “what works” to be anchored on the feedback
recipient, such as individuals, teams, or organizations, across clinical or
health-related practices. Infrastructure for studies based on this para-
digm may offer several benefits, including an ability to leverage more

2526 n-of-1 studies,?”?8

granular analyses of performance information,
computer-actionable theories of feedback,?’ and the development of
dynamic, continuous-tuning feedback systems.*°

To create infrastructure for large-scale study of feedback interven-
tions using a “coaching”-informed approach, new models and system
architectures are required. We developed a precision feedback system
and models of information for this purpose. The context of anesthesia
care offers a large set of quality metrics with high-quality clinical pro-
cess data and attribution to individual providers who use an anesthesia
machine during operative cases. Currently, a subset of anesthesia clini-
cians work at institutions that contribute data to a platform that returns
monthly quality email reports containing their crude performance on
these quality metrics. This platform can be employed to study feedback
and a conceptual model of precision feedback.

2 | OBIJECTIVE

Our objective is to propose a conceptual model of precision feedback.

To achieve this objective, we iteratively represented models of

feedback's influence from theories of motivation and behavior change,
visualization, and human-computer interaction. Through cycles of dis-
cussion and reflection, application to clinical examples, and software
development, we implemented and refined the models in a software
application to generate precision feedback messages from perfor-
mance data for anesthesia providers.

3 | PRECISION FEEDBACK

We propose a model of precision feedback (Figure 1). Precision feed-
back is feedback that is prioritized based on its motivational potential
for a specific recipient. We present this model and describe its ele-
ments, beginning with a foundational definition of feedback, and
describing each element of the model (Table 1). The term feedback has
been defined and used in various ways to refer to the delivery and
influence of performance information and related processes.”*%31-34
We use the term feedback to mean information about performance
that can guide future action.> This definition originates from the con-
text of learning environments, in which feedback is primarily delivered
by educators and coaches using framing and prioritization that aims to
motivate learners.

For our purposes, feedback refers to statements and quantitative
information about past performance that are distinct from advice
about the future. For example, feedback to a physician about antibiotic
stewardship might include a statement about the proportion of appro-
priate prescriptions for patients in a previous month, such as “Your
rate of appropriate prescribing of antibiotics was below the standard
of care for September, 2023.” In contrast, advice would include guid-
ance about how to improve, such as “Avoid sending a urine culture
when the patient does not have any symptoms of catheter-associated
urinary tract infection.” We recognize that advice is sometimes
referred to as “corrective feedback.”??3® We adopt a narrow meaning
of feedback in our context to enable clarity about the delivery, use,
and functions of performance information. Similarly, we use the term
performance information narrowly to mean statements and quantita-
tive data about performance levels of recipients and comparators
(Table 1).

To recognize types of feedback, we use a typology of feedback
based on its function for feedback recipients, which can include evalu-
ation, coaching or appreciation (Figure 2).3¢ Most feedback provided
via audit and feedback can be recognized as evaluation feedback, that
is necessary to inform feedback recipients about where they stand,
relative to comparators, and their current performance levels, possibly
with historical performance information to visualize performance
changes. Evaluation feedback is needed to further recognize the other
functions of feedback. Coaching feedback involves identifying learning
opportunities to motivate improvement and see progress, whereas
appreciation feedback involves recognizing accomplishments and moti-
vating sustainment of performance. Feedback that is provided for any
of these purposes can originate from multiple sources, including from
patients, a recipient's team leader or supervisor, peers, or telemetry

data from machines that may be summarized in a report. For our
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FIGURE 1 A conceptual model of precision feedback.

purposes, the source of the feedback is independent from the pro-
posed model, which focuses on the information content that is related
to motivation.

We developed the proposed model through iterative modeling and
analyses of performance information from a wide range of clinical
contexts.?® However, our primary demonstration domain for this model
is anesthesia care. We implemented the model in the context of an
anesthesia care research and quality improvement consortium, the
Multicenter Perioperative Outcomes Group (MPOG).>”*® MPOG has
developed and maintains a national-scale infrastructure for periopera-
tive quality improvement initiatives in more than 70 institutions and
23 US States. Each month, data from the electronic health record (EHR)
and complementary data sources are sent from member institutions to
the MPOG registry. Quality improvement measure performance is
attributed to individual anesthesia providers, including attending anes-
thesiologists, resident anesthesiologists, and Certified Registered Nurse
Anesthetists (CRNAs) based on their relationship to the case and pro-
cess of care or outcome measured. Approximately 10 000 anesthesia
providers receive a feedback email from MPOG each month about care
quality and outcomes of their operative cases. MPOG has developed
more than 70 quality improvement measures using EHR data and com-
puted phenotypes that can be selected for inclusion in emails. A primary
purpose of the provider feedback email is to support individual quality
improvement and learning with data about that individual's clinical prac-
tice. These data are also available in a clinical quality dashboard for each
provider to review, and in aggregate for quality champions at an institu-

tion to review, using standardized representations of operative case

Achievement

improving trend with a
historical negative
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progression and clinical outcomes. To implement precision feedback
within the MPOG infrastructure, we have enhanced emails with mes-

sages that appear at the top of the email template (Figure 3).

4 | PERFORMANCE INFORMATION

Performance information can be understood to generally contain
five data elements: measures, recipients, comparators, performance
levels, and time intervals.2>2¢ These elements can form a foundation
for analyses to produce precision feedback and form the basis for
elicitation of preferences about alternative types of performance

information.

41 | Measures

Measures are indicators or metrics used to calculate perfor-
mance.®?"#2 Measures in healthcare are widely used for the purposes
of quantifying and improving healthcare quality, related to both care
processes and outcomes. While these measures are used at all health
system levels, not all measures are suitable for generating feedback to
clinicians, especially at higher levels of scale. Measures that are
focused at the organizational or team-level may have little applicabil-
ity for front-line healthcare providers. In some cases, however, when
performance is attributed to individuals, teams, and organizations, the

data that are generated may be useful to clinicians.
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TABLE 1

Glossary.

Term

Achievement

Benchmark

Comparator

Comparison

Explicit target

Feedback

Feedback recipient

Loss

Motivating performance
information

Motivational potential

Performance information

Precision feedback

Trend
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Description Source

Motivating performance 25
information that is about a
change from a negative
comparison to a positive
comparison.

A comparator with a 25,43
performance level that is

calculated from the

performance of other health

professionals or peers.

Information that is used to 25
identify a discrepancy with the
performance level of a
feedback recipient.

Motivating performance 25
information that is about a
discrepancy between the
performance levels of a
feedback recipient and a
comparator.

A comparator with a 25,43
performance level that is

explicitly expected.

Information about performance 35
that can guide future action.

A person, team, or organization 25
to whom a feedback
intervention is directed.

Motivating performance 25
information that is about a
change from a positive
comparison to a negative
comparison.

Performance information that
holds motivational potential.

An ability to motivate.

Information about measures, 25,26
levels, time intervals,
comparators, and a feedback

recipient.

Feedback that is prioritized
according to its motivational
potential for a specific
recipient.

Motivating performance 25
information that is about a
change in performance.

Sets of measures may be developed that link processes and out-
comes for better assessment of healthcare. For example, linked mea-
sures for prevention of postoperative nausea may include a process
measure addressing appropriate prescribing of anti-nausea medica-
tion, and a clinical outcome measure of observed post-operative nau-

sea and vomiting.

4.2 | Recipients

When performance is measured, it must be attributed to some
person or group by whom the information is intended to be
received. The primary recipient of performance information is not
necessarily the person who has provided health care directly.
Performance information may be intended to be received by indi-
viduals or teams at all levels of health systems, from individual clini-
cal team members to healthcare administrators. In some cases,
recipients are specified at larger levels of scale, such as a learning
community whose performance is measured as a whole, relative to

other learning communities.

43 | Comparators

Comparators are the goals or standards that a feedback recipient
compares their performance t0.*> A key type of comparator is an
explicit target that represents a desirable future state, such as a goal or
standard. Explicit targets may be set by the feedback recipient as part
of a learning goal, or by others, such as a quality improvement consor-
tium. Another key type of comparator is a benchmark that represents
a summary statistic for a population's performance, such as an average
or a top-performer percentile. Benchmarks are social comparators,
derived from a population's performance to make a comparison. The
terms benchmark and goal as comparators are sometimes used inter-
changeably, likely because feedback recipients may set goals based on

the performance levels of benchmarks.

44 | Performance levels

When performance is measured, data are produced that can be called
performance levels. Performance levels are commonly represented as
ratio-scale values, such as counts and percentages. These perfor-
mance levels are attributable to individuals and teams or may be
attributed to a summary statistic for a population, such as the peer
average or the achievable benchmark of care.** Measurement pro-
cesses produce a performance level that is attributed to a recipient,
and commonly to benchmark comparators. For explicit target compar-
ators, a performance level may be chosen without a measurement
process, for example when a healthcare professional or team sets an
improvement goal based on their experience, without referencing
others' performance.

Depending on the purpose of performance measurement, perfor-
mance levels may be expressed in non-ratio scale values, for instance
by ordinal scale values (eg, “high” or “low” or red/green without a
numerical level) or using interval scale values, such as grades that have
an underlying percentage value which is not made explicit. Perfor-
mance levels are commonly displayed in dashboards using multiple
representations and scale types, including visualizations that comple-
ment numerical and text-based representations. For example, bar

charts use the length of a bar, which is a ratio-scale attribute, to
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FIGURE 2 Precision feedback message types and examples.
graphically represent performance levels such as counts or depending on their motivational orientation, organizational context, and
percentages.*’ information needs.
4.5 | Time intervals 51 | Comparisons

Performance information may be about a single time interval (eg, FY
2023), or for multiple time intervals in series. Adding the dimension of
time to performance information enables recipients to perceive rates
of change to establish expectations for future performance. In health-
care organizations, time intervals included in performance information
commonly range from monthly to annually. Visual displays that con-
tain multiple time intervals, or time-series displays, have the potential
to show trends in performance data.

5 | MOTIVATING PERFORMANCE
INFORMATION

Not all performance information is motivating, but feedback interven-
tion theories suggest that motivation is a foundational mechanism for
feedback.2%3%46%8 However, there are multiple types of motivation
from feedback, and potential adverse consequences that include de-
motivating the recipient.2° The foundational elements of performance
information (measures, recipients, comparators, performance levels, and
time intervals) can be used to understand the motivational potential of
performance information. Motivating performance information includes
comparisons, trends, achievement, and loss, each of which have poten-
tial to be motivating or demotivating. Feedback recipients may also

have diverse preferences for motivating performance information,

A performance comparison is a discrepancy between two perfor-
mance levels within a single time interval.2> Comparisons are typically
made between the levels of a feedback recipient and a comparator.
Feedback theories recognize that when a comparison is negative
(ie, the recipient's performance level is worse than that of a compara-
tor), the recipient may be motivated to increase effort to eliminate the
discrepancy that is revealed by the comparison.>*%“® Conversely,
when a recipient's performance is better than a comparator, they
may be motivated to sustain performance (ie, maintain a positive
comparison). The size of a performance comparison relates to its moti-
vational potential, such that larger comparisons may have greater
motivational potential than smaller comparisons, in cases where the
delivery of this information changes the awareness of the recipient.
When the recipient's performance equals that of a comparator, it can

be considered as a comparison having a size equal to zero.

5.2 | Trends

A trend is information about a change in performance.?> Trends can
show performance improving or worsening (ie, positive or negative
trends), and this rate of change, also called performance velocity,33 is
commonly visualized as the slope of a trend line across time intervals.

Feedback recipients use trends to establish expectations for future



LANDIS-LEWIS ET AL.

sl L earning Health Systems

Hello Alex,

You reached the top performer benchmark this month for the
measure PUL-01: Protective Tidal volume. 10mL/Kg PBW. -

Performance information
Measures: 1
Recipient; 1
You

100%

80%

Precision
feedback
enhanced —
email

content

60%

40%

20%

0%

Comparators: 2

- 90% Goal (dashed line)

- Top Performer Benchmark
Time intervals: 12 months
Performance levels: 36

97%

(29/30)

90% 91%
(26129)  (29/32)

Recipient’s motivating
performance information
Comparisons: 2
- 90% Goal (dashed line)
- 1 Positive gap

Sep Oct
‘21 ‘21

-

Nov Dec

‘21 ‘21 22 22 ‘22

how it is calculated is available here.

your quality dashboard.

Jan Feb Mar Apr

22

I Top Performer Benchmark

More information about the rationale for the measure PUL-01 and

Below is your MPOG quality performance report. For a case-by-case
breakdown of any measures’ result, click on the link at left to visit

May Jun
‘22 ‘22

Jul Aug

- Top Performer Benchmark
‘22 ‘22

- 1 Positive gap
Trends: 1
- 1 Improving trend
Achievements: 1
- 1 Top performer benchmark
reached this month
Losses: 0

- === 90% Goal

Performance information

8/1/2022 to 8/31/2022

Your Performance vs All Other Attendings

Measures: 6
Recipient: 1
- You

NMB-01: Train of Four

Comparators: 2

1
You, 100% (9/9)|

Taken

All Other Attendings, 96% (2303 / 2389) [
T

- 90% Goal (line across bars)

- All Other Attendings

Standard,

NMB-02: Reversal

Time intervals: 1 month

1
You, 100% 19/91]

Administered

Performance levels: 18

one-size-

All Other Attendings, 99% (2367 / 2390) ]
T

fits-most

You,07% (297) | Recipient’s motivating

PUL-01: Tidal Volume
Under 10 mUkg

email

All Other Attendings, 97% (2278 / 2349) l
T

performance information

content You,0% (0/1)

TRAN-01: Transfusion

Comparisons: 12
- 90% Goal (line across bars)

Management Vigilance

All Other Attendings, 89% (72 / 81) |

- 5 positive gaps

- 1 negative gap

TRAN-02 Post Transfusion

- All Other Attendings

1
You, 100% (1/1) |

Monitoring

- 5 positive gaps

All Other Attendings, 97% (90 / 93) ]
T

- 1 negative gap

Trends: 0

L
You, 100% (17 /17) |

BP-01: Low MAP
Prevention

Al Other Attendings, 99% (7010 /7062) |
T

Achievements: 0

Losses: 0

FIGURE 3

performance that can be motivating or demotivating, depending on
the recipient's motivational orientation and contextual factors.2%464?
The slope of a trend line relates to its motivational potential, such that
a greater slope indicates a greater performance velocity, whether pos-

itive or negative.

5.3 | Achievement
Achievement, as represented in performance information, can be
understood as a change from a negative performance comparison to a

positive one.?’> For example, when a recipient's performance was

Example precision-feedback enhanced email to an anesthesia provider.

worse than a top-performer benchmark at a previous time interval
(ie, generating a negative comparison), and has improved to equal or
exceed the top-performer benchmark at the current time interval
(ie, generating a positive comparison), the recipient can be understood
to have achieved the benchmark. As defined, achievement necessi-
tates the existence of a positive trend, with a previous negative com-
parison and a current positive comparison. The motivational potential
of achievement may depend on several factors, including the prior
negative comparison sizes, the slope of the current positive trend, and
prior achievement recency, if any, for a given performance measure.
Achievement can be especially motivating in the context of learning

and skill development, where performance improvement is desired.
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54 | Loss

Loss is the inverse of achievement, represented by performance
changes from a positive to a negative comparison,?> which also neces-
sitates a negative trend. The motivational potential of loss, when
delivered as performance information, depends on the size of prior
positive comparisons and the slope of the current negative trend, as
well as prior loss recency. Loss can be especially motivating when
safety and avoidance of problems are prioritized,***’ and where per-

formance sustainment is desired, rather than improvement.

6 | SURPRISINGNESS

Surprisingness of feedback refers to the magnitude of characteristics
that contribute to surprise, through the delivery of unexpected perfor-
mance information. Feedback can be understood from the perspective
of the recipient as something that has value in changing awareness
and expectations.?’ For example, a feedback message with the same
information, delivered in two consecutive time intervals provides little
information to the recipient, and may be considered a waste of time
to receive, thus such a message has little motivational potential. This
perspective of feedback is consistent with information theory and
communication models.>® Variables related to surprisingness are com-
parison size, trend line slope, achievement and loss recency, and mes-

sage recency.

6.1 | Comparison size

The size of a comparison is a ratio-scale value about the distance
between the performance levels of a feedback recipient and a compara-
tor. For example, if a recipient's performance level is 80% and the level
of a top-performer benchmark is 92%, the comparison size is —12%
(80%-92% = —12%). Comparison size influences the surprisingness of
motivating information because larger sizes may be more motivating,
while smaller sizes may be less motivating. It is possible that as perfor-
mance improves, smaller comparison sizes could increase motivation as
a function of the recipient's reinforced self-efficacy and increased
expectancy of goal attainment.*® This type of motivation may be akin
to receiving a motivational boost when nearing the finish line of an
endurance race. The moderating influence of comparison size may differ
based on the type of motivation that a recipient experiences and the
sign of the performance level.*8>1 For example, the influence of com-
parison sizes on motivation may vary less for positive feedback than
they do for negative feedback, although to our knowledge, this has not
been tested in clinical audit and feedback.

6.2 | Trend line slope

The slope of a trend line indicates a rate of change in performance

level. As this rate increases, whether worsening or improving, the

Learning Health Systems &S

surprisingness of the information may increase. The absence of a
trend indicates that a performance level has remained constant.
Providing this information to a feedback recipient is unlikely to be
motivating because it is less likely to change their awareness of how
their clinical behaviors are reflected in their performance measure-
ments. However, it is entirely possible that constant performance
levels can provide motivational influences, such as in the case of activity

streaks.>?

6.3 | Achievement and loss recency

Recency is the duration between repeated performance events, such
as recurring achievements or losses. Healthcare professionals may
habituate to the repeated delivery of performance showing achieve-
ments or losses, reducing its motivational influence, but there is a lack
of evidence about habituation to clinical audit and feedback. Perhaps
the initial achievement of a goal is the most motivating in a learning
environment. The same could be said for a loss, such as when perfor-
mance falls below some standard for the first time. As the duration
between the last occurrence and a new occurrence increases, the

motivational influence of the event may also increase.

6.4 | Message recency

Similar to achievement and loss recency, sending the same message
repeatedly to a feedback recipient may reduce its motivational poten-
tial as healthcare professionals habituate to a specific message, but
we lack evidence about these processes. The recency of messages
and their performance measures previously delivered can be moni-
tored to avoid producing low-value feedback. However, in some
cases, continuity of feedback may be desirable, such as during contin-
ued improvement towards a goal as a feedback recipient goes through

a learning curve.

7 | MOTIVATION FROM FEEDBACK

7.1 | Motivational potential
We anticipate that the concept of motivational potential is needed to
enable precision feedback that can improve the effectiveness of feed-
back interventions. We define motivational potential as the ability to
motivate. Many factors may contribute to the motivational potential
of feedback interventions, including characteristics of the recipient,
the decision or behavior that feedback is about, and their setting.
Feedback interventions have potential to demotivate recipients,
resulting in unintended consequences, such as goal abandonment and
reduced self-efficacy.?%33>2 Regulatory Fit Theory describes mecha-
nisms through which feedback can demotivate, such as when recipi-
ents who are oriented towards growth and improvement receive

repeated negative feedback, which can lead to discouragement and
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eventual task or goal abandonment.?%22334¢ Moreover, when perfor-
mance is stable, performance feedback may not be motivating
because it does not provide much new information, especially when
performance is high and prior feedback has made recipients aware of
their continued high performance.

Beyond avoiding feedback that lacks motivational potential, to
our knowledge, clinical quality dashboards do not adequately leverage
the motivational potential of positive feedback, which can motivate
recipients to increase their effort to improve.?? Motivating informa-
tion that results in positive feedback includes information about
improving trends and positive comparisons, which may be related to
the approach or achievement of goals or benchmarks.

We understand motivational potential as an important attribute
of performance feedback messages that can be used to guide the pri-
oritization of precision feedback messages. Factors affecting motiva-
tional potential include the motivating information that a feedback
message contains and the corresponding surprisingness of these ele-
ments (Figure 1).

7.2 | Precision feedback messages

Precision feedback messages are statements in natural language about
motivating performance information. Feedback can be visualized in
charts or displayed in a table that do not contain motivational mes-
sages, but using these messages may facilitate the interpretation of
visualizations or may concisely describe performance when no visuali-
zation is needed. For example, the message “You are not a top per-
former” was used to motivate providers to reduce unnecessary
prescribing of antibiotics in concise emails without a chart and with
minimal information about performance.’* Motivational messages
frame performance information in ways that may affect motivational
potential. For example, a negative performance comparison between
the recipient and a comparator can be framed as an opportunity to

improve, or as a risk for poor outcomes.

7.3 | Precision feedback preferences
The motivational potential of feedback messages has a relationship
with the recipients' preferences for motivating performance informa-
tion. Preference for this information refers to the relative value of
characteristics of motivating information that a recipient holds when
alternatives are available. For example, ranking of individual peers as
comparators may be desirable in some clinical specialties, and may be
strongly dispreferred in others. Within a population, preferences for
the visual display of motivating information may vary based on the
purpose of the visualization,>® graph literacy and numeracy,”® and
ease of cognitive processing of charts.>”

Preferences can be elicited for a population using various
discrete-choice experiment methods, including best-worst scaling, con-
joint analysis, or other discrete choice experiment approaches.’®%?

Cluster and subgroup analyses can be used to identify common

Predominant approach:
“One size fits most”

Precision approach:
“One size fits a preference cluster”
One size ¢ A \ A \ One size

fits all fits 1
Few preference clusters Many preference clusters

FIGURE 4 A one-size-fits-n spectrum.

preference groups in a population, and to develop profiles for feedback
recipients within a region, profession, or organization. Challenges for
preference elicitation include achieving sample size sufficiency as well
as uncertainty about preference stability and completeness.

In any population, there is a “one-size-fits n” spectrum, such that
“one size” fits a number of individuals ranging from the population
total to a single individual (Figure 4).°2 Recognizing feedback prefer-
ence clusters may help to inform the use of feedback messages to sat-
isfy greater numbers of preferences in a diverse population. A
recipient's preferences for positive feedback may be in tension with
an organizational aim of improving low performance. To some extent,
framing may be used to align feedback about low performance with
an individuals' motivational orientation.’* For example, it may be fea-
sible to use a preferred framing about progress towards goals when
current performance is below a desired level, but gradually improving.
Nevertheless, we anticipate that it will be necessary to balance appre-
ciation messages that recognize accomplishments with coaching mes-
sages that focus on areas for improvement, even when negative
feedback is generally dispreferred by recipients. It may be feasible to
identify an optimal ratio of positive to negative feedback for individ-

uals, or for a population.®®

8 | DISCUSSION

We have proposed a model of precision feedback that recognizes moti-
vating information and the motivational potential of feedback as being
central to improving the value of feedback interventions to healthcare
professionals and teams. Based on theories of motivation applied to
feedback or developed for feedback interventions, this model incorpo-
rates elements of performance information, recipient preferences, and
surprisingness variables for motivating information, all of which may be
essential for improving the motivational potential of feedback.

Precision feedback builds upon several theories and relates closely
to Clinical Performance Feedback Intervention Theory (CP-FIT), a lead-
ing theory for implementation research in audit and feedback.1 In rela-
tion to CP-FIT, precision feedback can be understood to instantiate and
extend the set of feedback variables for the purpose of increasing the
successful completion of feedback cycles on the part of individuals and
teams. For example, using a precision feedback approach, high-priority
feedback messages may be more likely to be interacted with, perceived,
accepted, and used to form intentions to improve or sustain perfor-
mance. Motivating information and motivational potential could be
tested as theoretical constructs that can inform the prioritization of

feedback messages, to contribute to future development of CP-FIT.
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The proposed model is developed primarily from behavior change
theories®* related to feedback and is aligned with work to develop a
cumulative science of behavior change interventions.®>®” The pro-
posed model may contribute to further modeling of behavior change
techniques related to the use of feedback, and to build on the findings
of related studies.®®*? This model relates to frameworks for behavior
change theory, such as COM-B,”° focusing on capability and motiva-
tion as the primary types of theoretical mechanisms through which
feedback influences behavior.?’

The proposed model of precision feedback may guide research
about precision feedback messages that are both easier to cognitively
process and more motivating to the recipient. Precision feedback sys-
tems may enable the provision of more effective feedback via the fol-
lowing mechanisms: (1) enabling feedback interventions to be
prioritized and adapted for healthcare professionals' diverse needs
and preferences, (2) enabling healthcare organizations to learn about
the effectiveness of feedback through a new infrastructure and data
sources about the value of feedback, and (3) enabling implementation
researchers to study the influence of feedback information elements
in the context of learning health systems.

As an untested model, the limitations for this work are not yet
well-defined. However, we anticipate that as health informatics and
learning health system researchers from a single institution, there are
many additional perspectives and contexts that could inform the fur-
ther development and refinement of the model. We have high confi-
dence in the relevance of these foundational constructs, but we
anticipate that this model is not complete and that additional con-
structs may be essential. Nevertheless, our model was refined through
substantial work from diverse team members and informed by our
related work.2>2¢ Furthermore, this model has been refined through
the development of a precision feedback system that has been
designed to prioritize feedback messages using these constructs at
national scale for anesthesia providers.®?

To advance the research that this model enables, we recognize a
need for future studies to develop measures of motivational potential
and engagement with precision feedback messages. An implication of
this model is that studies of feedback are needed to better understand
moderating relationships between preferences and motivating infor-
mation. Another area of research may be to assess influences of sur-
prisingness variables on the effectiveness of feedback through
retrospective analyses of performance data from feedback interven-
tions. Finally, an implication of our model for future research is that
surprisingness data could be collected in future trials of feedback
interventions at large scale.

We plan to evaluate this model in a randomized controlled trial of
a precision feedback system that enhances feedback emails to anes-
thesia providers.®? As defined, we anticipate that precision feedback
may be applied broadly to feedback about clinical performance, and
potentially other health-related contexts.
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