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Bernhard Roth, and Daniel Wiesen

Background. Inappropriate prescribing of antibiotics, which is common in pediatric care, is a key driver of antimicro-
bial resistance. To mitigate the development of resistance, antibiotic stewardship programs often suggest the inclusion
of feedback targeted at individual providers. Empirically, however, it is not well understood how feedback affects
individual physicians’ antibiotic prescribing decisions. Also, the question of how physicians’ characteristics, such as
clinical experience, relate to antibiotic prescribing decisions and to responses to feedback is largely unexplored.
Objective. To analyze the causal effect of descriptive expert feedback (and individual characteristics) on physicians’
antibiotic prescribing decisions in pediatrics. Design. We employed a randomized, controlled framed field experiment,
in which German pediatricians (n=73) decided on the length of first-line antibiotic treatment for routine pediatric
cases. In the intervention group (n=39), pediatricians received descriptive feedback in form of an expert benchmark,
which allowed them to compare their own prescribing decisions with expert recommendations. The recommendations
were elicited in a survey of pediatric department directors (n=20), who stated the length of antibiotic therapies they
would choose for the routine cases. Pediatricians’ characteristics were elicited in a comprehensive questionnaire.
Results. Providing pediatricians with expert feedback significantly reduced the length of antibiotic therapies by 10%
on average. Also, the deviation of pediatricians’ decisions from experts’ recommendations significantly decreased.
Antibiotic therapy decisions were significantly related to pediatricians’ clinical experience, risk attitudes, and person-
ality traits. The effect of feedback was significantly associated with physicians’ experience. Conclusion. Our results
indicate that descriptive expert feedback can be an effective means to guide pediatricians, especially those who are
inexperienced, toward more appropriate antibiotic prescribing. Therefore, it seems to be suitable for inclusion in anti-
biotic stewardship programs.
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Inappropriate use of antibiotics is widespread and contri-
butes to rapidly increasing antimicrobial resistance
(AMR),1,2 which has become a serious global public
health problem.3,4 Besides the choice of the antibiotic
agent, the dosage, and the correct initiation, the length of
therapy is relevant for an appropriate antibiotic treat-
ment.5,6 Excessive use of antibiotics and unnecessarily long
treatment courses have a significant impact on the devel-
opment of AMR.1,7 In pediatrics, inappropriate antibiotic

prescribing is a particular concern due to antibiotic-related
adverse outcomes, such as organ toxicity.8–10 The need for
effective measures to support physicians practicing in
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pediatric and neonatal settings is therefore an urgent
issue.11 Antibiotic stewardship programs pick up on this
and often suggest the inclusion of feedback mechanisms
targeted at antibiotic prescribing practices of individual
providers.1,12,13

Empirically, however, it is not well understood how
feedback causally affects individual physicians’ antibiotic
prescribing and whether their characteristics, such as clin-
ical experience, relate to their responses to feedback.
Some studies using cross-sectional data report that feed-
back can be effective in achieving more appropriate anti-
biotic prescribing.14–16 Nevertheless, cross-sectional data
may suffer from multiple confounding effects (e.g., lack
of control, self-selection, or simultaneous policy interven-
tions and institutional changes), making causal inferences
difficult.17,18 Furthermore, evidence from randomized
controlled experiments on the effectiveness of feedback
in medical practice is rather mixed.19 Systematic evidence
relating to antibiotic prescribing is scarce.13 A recent ran-
domized controlled trial (RCT) in the United Kingdom
reported that providing social norm feedback affects gen-
eral practitioners’ antibiotic prescribing behavior.20

Similarly, an RCT in the United States found that peer
comparison among primary care practitioners decreases
overall antibiotic prescribing rates at the practice level.21

However, the causal effect of feedback on antibiotic pre-
scribing at the level of individual physicians remains
barely understood.

The main objective of our study was to analyze
the causal effect of expert feedback, a descriptive norm,
on antibiotics prescribing in pediatrics. We conside-
red physicians’ individual prescribing decisions in a ran-
domized, controlled, framed field experiment with 73

pediatricians.a In our experiment, which followed a
mixed factorial design, pediatricians decided on the
length of antibiotic therapies for hypothetical routine
cases of pediatric infectious diseases. In the intervention
group, we first announced that feedback would be given
and then provided expert feedback. Pediatricians received
an aggregate expert recommendation (expert benchmark)
on the appropriate length of therapies to which they
could compare their own (aggregated) decisions. The
control group did not receive any feedback. The expert
recommendations were elicited in a survey of directors of
pediatric departments in Germany (n=20).

Our study relates to recent social-norm feedback inter-
ventions in health care.20,21 In our feedback mechanism,
we employed an expert benchmark as a descriptive norm
to guide pediatricians toward appropriate antibiotic pre-
scribing. Our aim was to avoid potential adverse effects
of comparisons with peers, such as an unintended change
in the behavior of those performing better than the aver-
age toward the peers’ average (the so-called ‘‘boomerang-
effect’’).25–27 The psychological literature on social norms
provides evidence that descriptive normative information
is an effective tool for changing behavior and for reduc-
ing undesired conduct.28,29 We thus hypothesized that
giving pediatricians expert feedback, which conveys a
descriptive norm for antibiotic prescribing, would affect
decisions on the length of antibiotic therapies and
increase the appropriateness of prescribing.

We focused on the length of antibiotic therapy as it is
critical for outcomes in children and for the development
of antibiotic resistance.5,6 Despite its importance, the
length of antibiotic therapy has been neglected in studies
on feedback interventions aimed at improving antibiotic
prescribing. Existing studies rather focus on the choice
of antibiotic agents or whether antibiotic therapies are
initiated or not.16,20,21 We thus complement this litera-
ture by providing evidence on the causal effect of feed-
back on the length of antibiotic therapies.

Furthermore, we investigated whether and how pedia-
tricians’ individual characteristics, including sex, clinical
experience, risk attitudes, and personality traits, relate to
antibiotic therapy decisions. We thus contribute to a recent
stream of literature linking physicians’ characteristics to
medical treatment decisions. Current evidence suggests

aAccording to Harrison and List’s widely used taxonomy of
behavioral experiments, which ranges from laboratory experi-
ments to natural field experiments, a framed field experiment is
a structured experiment with subjects making decisions in their

natural environment with the familiar context of the task,
stakes, or information set.22–24
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that medical service provision is related to physicians’ risk
attitudes30–35 and experience.36,37 Furthermore, the sex of
physicians is associated with treatment36 and prescribing
decisions38 and with patient outcomes.39,40 Personality
traits are also important to explain decisions and behavior
in various contexts.41,42 A few recent studies aim to link
personality traits to the behavior of health care provi-
ders.43,44 While these characteristics seem to be relevant in
explaining the behavior of physicians, their association
with antibiotic prescribing decisions remains inconclu-
sive.45,46 With respect to antibiotic prescribing, only the
role of experience has been studied to a somewhat larger
extent. Evidence from primary care settings suggests a pos-
itive association between physicians’ years of experience
and their willingness to prescribe antibiotics.47–49

To contribute to a better understanding of how provi-
der characteristics affect antibiotic prescribing, we
related pediatricians’ decisions on the length of antibiotic
therapies to their sex, clinical experience, risk attitudes,
and personality traits. In a comprehensive postexperi-
mental questionnaire, we elicited the pediatricians’
demographics, personality traits (using the Big Five
inventory50,51), and social and risk preferences.52–54 We
linked information on the pediatricians’ characteristics
to their decisions made in the experiment and controlled
for the potential impact of characteristics in our regres-
sion analyses.

We further analyzed how responses to expert feedback
are related to clinical experience. Drawing on the theory of
knowledge55,56 and theories of learning and routines,57–59

which imply that humans develop knowledge, specific cap-
abilities, and routines mainly through repetition and experi-
ential hands-on learning, we hypothesized that physicians
with more experience would be less prone to adapt their

decisions after receiving expert feedback but would rather
tend to follow their own routines (built, for example,
through hands-on experience with patients). We assumed
that less experienced physicians would rely more on exter-
nal input and hence be more likely to adapt their decisions.

In sum, our study addressed the main research ques-
tion of how expert feedback causally affects individual
pediatricians’ decisions on (i) the length of antibiotic
therapies and (ii) the appropriateness of antibiotic ther-
apy decisions. We also investigated (iii) how pediatri-
cians’ individual characteristics relate to antibiotic
prescribing decisions and (iv) how pediatricians’ clinical
experience relates to responses to expert feedback.

Methods

The Experiment: Design

Our framed field experiment comprised three stages. In
each stage, pediatricians decided on the length of first-
line antibiotic therapies for 40 routine pediatric cases,
which were shown on the subjects’ computer screens in
randomized order. For each case, the pediatricians
decided on the length of antibiotic therapy by entering
an integer between 0 and 28 in an open field below the
respective case description. In total, each pediatrician
made 120 decisions in the three stages of the experiment.
For completing the task, participants received a lump-
sum payment of e50.

Pediatricians were randomly allocated to either an
intervention or a control group. In the intervention
group, we introduced feedback in form of an expert
benchmark at the within-subject level (see Figure 1). In
the first stage, no feedback was provided. In the second

Figure 1 Stages of the experiment. In each stage of the experiment, subjects decided on the length of antibiotic therapy for 40
routine cases, which were shown in randomized order. The first stage was the same in the intervention and control groups. At the
beginning of the second stage, the intervention group was told that feedback would be given. After the second stage, feedback
was shown such that subjects could compare the average of their chosen length of antibiotic therapies with the expert
benchmark. The third stage was analogous to the second stage. In the control group, the decision situations in the second and
third stages were identical to those in the first stage, and no feedback was announced or given.
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stage, we announced that feedback would be provided at
the end of the stage. After the second stage, feedback
was shown (graphically as bar charts and numerically)
such that subjects could compare their average length of
antibiotic therapies for the 40 cases with the expert
benchmark; for a sample screen, see Figure A.1 in Online
Appendix A.1. The third stage was analogous to the sec-
ond stage. This design allowed us to disentangle the
effect of announcing feedback (comparing decisions from
the first and second stages) and the effect of providing
feedback (comparing decisions from the second and third
stages). In the control group, feedback was neither
announced nor provided in any stage. For the instruc-
tions of the experiment, see Online Appendix A.2.

Medical Cases and Expert Benchmark

The 40 cases covered a broad range of typical infectious
diseases in pediatrics, namely, i) neonatal infections, ii)
infections of the central nervous system, iii) bone and joint
infections, iv) upper respiratory tract infections, v) lower
respiratory tract infections, and vi) urinary tract infections;
Online Appendix A.3.1 provides the case descriptions. The
case scenarios had been developed by the clinicians in the
research team (three pediatricians with different subspecia-
lizations) based on their clinical experience, clinical case
reports, and textbooks. Afterward, the cases were validated
by five pediatricians of the Department of Pediatrics at the
University Hospital Cologne, who did not participate in
the experiment. The aim was to ensure i) clarity and com-
prehensibility of the cases, ii) their relevance in clinical
practice, iii) their plausibility, and iv) correctness and com-
pleteness of the given information; for more details, see
Online Appendix A.3.2.

For all cases, the study participants decided on the
length of first-line antibiotic therapy, which could be
between 0 and 28 days. Besides the length of therapy, the
class of antibiotics and the dosage play a role for treat-
ment outcomes.60 We asked the pediatricians to consider
the standard antibiotic agent and the standard dosage
for each case when deciding on the length of therapies.
We designed the cases such that a standard antibiotic
agent and a standard dosage were available for all cases
for which antibiotic treatment was indicated; see Online
Appendix A.3.2 for details. We did not specify the agent
to be used, as we intended to leave the decision on
whether any antibiotics should be prescribed to the dis-
cretion of the pediatrician. With the option to choose 0
days of antibiotic therapy, the task includes the decision
on whether to initiate antibiotic therapy or not.

By using an expert benchmark as a norm for antibio-
tic prescribing, we contribute to the literature on the use

of benchmarks in health care.61 The expert benchmark is
a descriptive norm because it provides information on
the decisions of others for purposes of comparison.28,29

We chose experts to define a normative benchmark that
reflects personal expertise, national medical guidelines,
and local standards in pediatric departments. To form
the benchmark, we surveyed directors of German pedia-
tric departments (referred to as ‘‘experts’’) on their rec-
ommended length of antibiotic therapies for the 40 cases
we used in the experiment. In total, 50 randomly chosen
directors were contacted by formal letter, in which we
asked them about their willingness to participate in a
survey; 20 directors participated in our online survey
between September and October 2014. As the expert
benchmark, we chose the length of therapy averaged
over all cases and experts, which was 6.42 days (SD,
4.94; 95% confidence interval [CI], 4.26 to 8.59).

To qualify the experts’ decisions and to assess their
suitability for a normative benchmark, we compared them
with published recommendations on the length of antibio-
tic therapies. In particular, we considered recommenda-
tions published by the German Society for Pediatric
Infectious Diseases for comparison.62 While we observed
some variation, the experts’ decisions imply a high com-
pliance with the recommendations; see Online Appendix
A.4 for details. Besides the fact that the experts’ recom-
mendations were close to guidelines, we chose the aggre-
gated expert benchmark as a means of feedback: i) to
maintain the pediatricians’ discretion in choosing the cases
for which, if at all, they would change their initially cho-
sen length of therapy; ii) to mimic a simple feedback
mechanism that could potentially be implemented in a
real clinical setting, as providing feedback on a case-by-
case basis seems prohibitively challenging; and iii) to pro-
vide pediatricians in the experiment with a simple direc-
tional reference that could guide their own decisions.

Providing pediatricians with an expert benchmark that
allows comparing one’s own decisions with an expert rec-
ommendation is distinct from feedback applying peer
comparisons (e.g., relative performance compared to
peers). The latter may have unintended effects such as
the previously mentioned ‘‘boomerang effect’’;25,26 see
Linder27 on the importance of the design of feedback
mechanisms and Meeker et al.,21 who used a similar
approach by allowing for comparisons with top perfor-
mers instead of average-performing peers in their feed-
back intervention.

We employed a benchmark based on the opinion of
experts instead of guideline recommendations, because
physicians’ negative attitudes toward medical guidelines
have been identified as one of the main reasons for low
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guideline compliance in clinical practice.63 Major con-
cerns include the flexibility and applicability of guide-
lines in general and, in particular, antibiotic treatment
recommendations for real cases.63,64 Qualitative research
has shown that other clinicians’ opinions are the main
source of knowledge about antibiotic prescribing in clini-
cal practice. The opinions of other medical professionals
have a greater impact on antibiotic prescribing decisions
and are perceived as more effective in modifying pre-
scribing patterns than guideline recommendations.65

Based on these findings, we assumed expert-based feed-
back, reflecting the opinions of German pediatric depart-
ment directors, to have a potentially greater effect than
guideline-based feedback.

Sample and Procedure

The computerized experiment was conducted with
mobile tablet computers of the Cologne Laboratory for
Economic Research (CLER). The experiment was pro-
grammed in z-Tree.66 Experimental sessions took place
at the Department of Pediatrics at the University
Hospital Cologne (October and December 2014), the
Children’s Hospital of the City of Cologne (June 2015),
and during the annual conference for pediatricians (Päd-
Ass 2015) in Cologne (March 2015). The experiments
were conducted in hospital seminar rooms, which we
equipped with tablet computers and cubicles to ensure
anonymous decision making; for an illustration, see
Figure A.2 in Online Appendix A.5.

Sample size calculations showed that at least 32 sub-
jects in each experimental group were necessary to detect
a difference of 0.5 days between the 2 groups, considering
changes from stage 2 to stage 3 in both groups (between-
subject comparison), using a two-tailed Mann-Whitney
U test, and assuming a power of 80% and a 5% signifi-
cance level. Prestudy sample size calculations were con-
ducted using G*Power67; for more details, see Online
Appendix A.6.

Overall, 73 pediatricians participated in our experi-
ment; directors of pediatric departments were excluded.
Pediatricians were recruited via e-mail and posters, which
provided general information about the experiment and
the scheduled sessions. Pediatricians were allowed to reg-
ister only for one of the sessions publicized through an
online poll. In total, 8 sessions were conducted. In ses-
sions at the Department of Pediatrics at the University
Hospital Cologne and the Päd-Ass conference 2015, 22
and 6 subjects participated in the intervention and 14 and
20 in the control groups, respectively. At the Children’s
Hospital of the City of Cologne, 11 subjects participated
in the intervention group.

Using a simple coin toss, it was randomly determined
whether intervention (feedback) or control treatment
would be employed in a particular session. Pediatricians,
uninformed about the content of the experiment prior to
participation, were therefore allocated randomly to one
of the two experimental groups. The baseline characteris-
tics of the participants were well balanced between the
two groups; see Table 1.

We employed a double-blind procedure. The person
who conducted the experiment and managed the data
was not involved in the recruiting of subjects. For each
session, an external research assistant, employed by the
Department of Personnel Economics of the University
of Cologne, facilitated subject recruitment, registration,
and remuneration. Upon their arrival, pediatricians
drew a number that indicated their cubicle and com-
puter. Decisions on the computer screens were made
anonymously; the experimenter was only able to link
the randomly assigned computer number to the respec-
tive subject’s data. Payment was handed out in sealed
envelopes.

The experimental sessions lasted for about 1 hour.
Before the experiment started, written informed consent
was obtained from all subjects, and they received written
instructions describing the general structure, the decision
situation, and the task of the experiment. Prior to each
stage of the experiment, subjects received stage-specific
instructions. They were given sufficient time to read the
instructions, and any upcoming questions were answered
in private at the cubicles. After completing the experi-
ment and before receiving their payment, subjects were
asked to answer some questions on their demographics
and practical experience. Furthermore, we elicited sub-
jects’ personality traits using the short 10-item Big Five
questionnaire50,51 and their economic preferences, includ-
ing risk attitudes, using validated survey questions52–54;
for the full questionnaire, see Online Appendix A.7. One
month after the study had been concluded, debriefings

Table 1 Baseline Characteristics of the Study Population

Intervention
Group

(n=39)

Control
Group

(n=34)

Sex, n (%)
Male 11 (28) 6 (18)
Female 28 (72) 28 (82)

Share of consultants, n (%) 15 (39) 12 (35)
Experience (years worked in
hospital), mean (SD) 5.37 (4.66) 5.05 (5.98)
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with participating pediatricians and heads of pediatric
clinics took place.68

Statistical Analyses

To determine the effect of expert feedback on the length
of antibiotic therapies and on the appropriateness of the
length of therapies, we employed nonparametric statisti-
cal analyses. At the within-subject level, we compared
the length of therapies and the absolute deviation from
the expert recommendations between the three stages in
both experimental groups. We assessed the impact of
merely announcing feedback (differences between the
first and second stages) and of actually providing feed-
back (differences between the second and third stages),
using 2-sided Fisher-Pitman permutation tests for paired
replicates. For between-subject comparisons, we used 2-
sided Fisher-Pitman permutation tests for independent
samples. We also employed Mann-Whitney U and
Wilcoxon signed-rank tests for between-subject and
within-subject comparisons, respectively.

To account for heterogeneity in the experimental data,
we ran a series of multilevel mixed-effects panel regres-
sion models. For details on the model specification, see
Online Appendix B.

To analyze the association between pediatricians’
individual characteristics and their antibiotic therapy
decisions, we employed multilevel mixed-effects mod-
els. For this analysis, we only considered the decisions
from the first stage of the experiment when the instruc-
tions were the same for subjects in the control and in
the intervention group. The statistics software STATA
14.1 (StataCorp, College Station, TX) was used for all
analyses.

Role of the Funding Source

The funding source had no role in the study design or
implementation.

Results

The Effect of Feedback on Antibiotic Prescribing

First, we analyzed the effect of feedback on pediatricians’
decisions at a within-subject level in both groups. In the
intervention group, the average length of antibiotic ther-
apy was 7.98 days (95% CI, 7.42 to 8.53, n=1,560) in
the first stage. After the announcement of feedback (in
the second stage), the average number of days fell slightly
to 7.83 (95% CI, 7.31 to 8.35; n=1,560), which was not
statistically significant (P=0.153, Fisher-Pitman

permutation test for paired replicates). In the third stage,
when pediatricians had compared their average length of
antibiotic therapies (from the second stage) with the
expert benchmark, the mean length of antibiotic thera-
pies fell to 7.23 days (95% CI, 6.93 to 7.53; n=1,560).
Providing pediatricians with the expert benchmark sig-
nificantly reduced the length of antibiotic therapies
(P=0.000, Fisher-Pitman permutation test for paired
replicates). For an illustration of how the decisions in the
intervention group changed between the stages, see
Figure 2. Changes between the stages in the control
group were not significant (both P�0.180, Fisher-Pitman
permutation tests for paired replicates).

We then compared the pediatricians’ decisions in both
experimental groups. Table 2 shows differences in the
length of antibiotic therapies between the second and
first stages and between the third and second stages for
pediatricians in both groups. In the intervention group,
the pediatricians’ mean change in the number of days of
antibiotic treatment after announcement of feedback
was –0.15 days (SD, 0.63; 95% CI, –0.34 to 0.06). The
mean change in the number of days was –0.06 (SD, 0.25;
95% CI, –0.28 to 0.16) for pediatricians in the control
group; this change did not differ significantly from the
change in the intervention group (P=0.577, Fisher-
Pitman permutation test for independent samples). After
feedback had been provided to pediatricians in the inter-
vention group, the number of days of antibiotic treat-
ment changed, on average, by –0.60 (SD, 0.97; 95% CI,
–0.91 to –0.29). For pediatricians in the control group,
the average change in the number of days in stage 3 was
–0.06 (SD, 0.25; 95% CI, –0.15 to 0.03). The change in
the intervention group was significantly larger than in
the control group (P=0.000, Fisher-Pitman permutation
test for independent samples).

A study sample of 73, with 39 subjects in the interven-
tion group and 34 subjects in the control group, gave the
experiment a statistical power of 82% to detect an aver-
age effect of feedback in size of a reduction by 0.54 days
(difference in changes from stage 2 to stage 3 between
both groups) assuming a 2-tailed Mann-Whitney U test
at a 5% significance level with an SD of 0.97 in the inter-
vention group and an SD of 0.25 in the control group. A
power analysis of the effect we defined as relevant a
priori (a difference of 0.5 days between the groups)
yielded an achieved power of 85% for a 2-tailed Mann-
Whitney U test with a 5% significance level. For more
details on the power analyses, see Online Appendix A.6.

To assess the effect of feedback on the appropriateness
of therapy decisions, we analyzed the pediatricians’ abso-
lute deviation from the experts’ recommended length of
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therapies; see Table 2. In stage 1, the pediatricians’
absolute deviation from the experts’ recommendations
was not significantly different between the intervention
and the control groups (P=0.301, Fisher-Pitman

permutation test for independent samples). In the inter-
vention group, the difference between the pediatricians
and the expert recommendations was weakly significantly
affected by the announcement of feedback (P=0.085,

Figure 2 The effect of feedback on the length of antibiotic therapies. This figure plots individual pediatricians’ antibiotic therapy
decisions (averaged over the 40 cases) for the 3 stages of the experiment in the intervention group. In each stage, 39 subjects
decided on the length of antibiotic therapies for 40 routine medical cases, presented in random order on the subjects’ computer
screens. No feedback was given in the first stage; feedback was announced at the beginning of the second and third stages and
shown after the second and third stages.

Table 2 Differences in Days of Antibiotic Therapy and Absolute Deviations from the Expert Recommendations

Experimental Group

P-ValueFeedback (Intervention, n=39) No Feedback (Control, n=34)

A. Average changes in days of therapy
d2– d1 –0.15 (0.63) –0.06 (0.63) 0.577
d3– d2 –0.60 (0.97) –0.06 (0.25) 0.000

B. Average changes in absolute deviation from the expert recommendations
D2–D1 –0.15 (0.56) –0.09 (0.45) 0.587
D3–D2 –0.33 (0.73) 0.00 (0.27) 0.004

Notes. This table shows average changes in days of antibiotic therapy and in absolute deviation from the expert recommendations for subjects in

both experimental groups. Standard deviations are in parentheses. Note that dt denotes days and Dt the average absolute deviation per subject from

the expert recommendation B for cases i = 1, 2, . . ., 40 and subjects j = 1, 2, . . ., J with J 2 34, 39f g in stage t 2 1, 2, 3f g of the experiment. More

formally, Dt =
1

J

1

40

XJ

j= 1

X40

i= 1

dj ijt � Bij with Bi =
1

20

X20

k = 1

dik for experts k = 1, 2, . . ., 20. P-values for differences between the groups are shown for

2-sided Fisher-Pitman permutation tests for independent samples. Wilcoxon-Mann-Whitney U tests yielded very similar P-values.
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Fisher-Pitman permutation test for paired replicates).
After providing feedback, the deviation from the experts
significantly decreased in the intervention group
(P=0.001, Fisher-Pitman permutation test for paired
replicates). In the control group, we observed no signifi-
cant differences between the stages (both P�0.278,
Fisher-Pitman test for paired replicates). Announcing
feedback did not lead to more appropriate therapy deci-
sions, as changes in deviation from stage 1 to stage 2 were
not significantly different in the intervention and the con-
trol group (P=0.587, Fisher-Pitman permutation test for
independent samples). From stage 2 to stage 3, the reduc-
tion in deviation was significantly greater in the inter-
vention group than in the control group (P=0.004,
Fisher-Pitman permutation test for independent sam-
ples). Wilcoxon signed-rank tests and Wilcoxon-Mann-
Whitney U tests yielded very similar results.

Further, we used multilevel mixed-effects panel regres-
sions to investigate the effect of feedback on antibiotic
therapy decisions. For regression results, see Table 3.
The effect of providing feedback is indicated by the inter-
action term ‘‘Third stage 3 Feedback’’. The effect of
announcing feedback is indicated by the interaction term
‘‘Second stage 3 Feedback’’. The dependent variables
are ‘‘days of antibiotic therapies’’ and ‘‘deviation from
the expert recommendations’’, measured as the absolute
difference between the pediatricians’ decisions and the
experts’ recommended length of therapies.

The estimates of the regression models support the
results of our nonparametric analyses. The provision of
feedback in the intervention group led to a highly signifi-
cant reduction in length of antibiotic therapies and abso-
lute deviation from the recommendations, while the
announcement had no statistically significant effect.
These findings are robust when adding individual-specific
controls, including sex, experience, personality traits, and
economic preferences; for length of therapies, see Model
3; for absolute deviation from the expert recommenda-
tions, see Model 6 in Table 3. All models include session-
, subject-, and case-specific random effects and account
for potential within-group correlation. We conducted
several analyses to check the robustness of our main
results; see Online Appendix C.

Pediatricians’ Characteristics and Antibiotic
Prescribing

To analyze how pediatricians’ characteristics relate to
their antibiotic therapy decisions, we considered deci-
sions made in the first stage of the experiment and
merged data from the control and the intervention

groups. The average length of antibiotic therapy for the
40 cases chosen in the first stage was of 7.53 days (95%
CI, 7.32 to 7.73; n=2,920).

Table 4 shows estimation results from multilevel
mixed-effects regression models. The pediatricians’ expe-
rience was highly significantly associated with the length
of antibiotic therapies. The longer pediatricians had prac-
ticed in a hospital, the shorter was the length of therapies
and the smaller was the absolute deviation from the
expert recommendations. Furthermore, the length of
therapies significantly declined with the pediatricians’
increasing willingness to take risks,52–54 while the devia-
tion from the expert recommendations was not signifi-
cantly related to pediatricians’ risk attitudes. Concerning
personality traits,50,51 we found that more conscientious
pediatricians chose shorter therapies and, by doing so,
deviated less from the experts. Other personality traits
were not significantly associated with the pediatricians’
decisions. In the regressions, we controlled for pediatri-
cians’ economic preferences, which comprised validated
measures for trust, reciprocity, and altruism, and time
preferences.52–54

Association Between Feedback and
Pediatricians’ Experience

Results from our regressions showed a consistent associa-
tion between pediatricians’ antibiotic prescribing deci-
sions and experience: more experienced physicians chose
shorter therapies and deviated less from the experts’ rec-
ommendations. Using multilevel mixed-effects panel
regression models, we tested whether the effect of feed-
back was specific to pediatricians’ experience; see Table 5
for regression results. The positive coefficient of the inter-
action between the effect of feedback and experience sug-
gests that pediatricians with less experience responded
more strongly to feedback. More specifically, the less
experienced the pediatricians were, the larger the effect of
feedback was on the length of therapies and the appro-
priateness of antibiotic therapies. The effect of feedback
decreased in the pediatricians’ experience, suggesting that
feedback does not mitigate the positive impact of experi-
ence on antibiotic prescribing decisions.

Discussion

We introduced a framed field experiment with pediatri-
cians to analyze the causal effect of expert feedback on
antibiotic prescribing in a tertiary pediatric care setting.
Pediatricians decided on the length of antibiotic treatment
for a series of routine pediatric cases. We found that
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providing pediatricians with simple directional expert feed-
back significantly reduced the length of antibiotic therapies
by, on average, 10%. The absolute deviation of the pedia-
tricians’ decisions from length of therapies recommended
by experts decreased significantly. The experimental data
thus suggest that the expert benchmark ‘‘nudged’’ pediatri-
cians toward a more appropriate use of antibiotics.69

The combination of experimental and survey data
allowed us to relate pediatricians’ decisions on the length
of antibiotic therapies and their responses to feedback to
their individual characteristics. We found that pediatri-
cians who were more experienced and more conscien-
tious chose shorter therapies and deviated significantly
less from appropriate therapy durations. Previous studies
in primary care settings, suggesting that more experi-
enced physicians prescribe antibiotics more often,47–49

neither considered the length, nor did they assess the

appropriateness of antibiotic therapies. While subjects in
our experiment responded to feedback in a heteroge-
neous way, the main effect of feedback was robust
toward the pediatricians’ characteristics. When consid-
ering the interaction between the effect of feedback and
experience, we found that feedback was most effective
for physicians with little experience. These findings
suggest that descriptive expert feedback can nudge
pediatricians toward more appropriate antibiotic pre-
scribing and compensates to some extent for a lack of
experience.

The expert benchmark shown to pediatricians trans-
mitted a descriptive normative message,29 which was
directed at pediatricians’ self-image concerns.70–72

Capitalizing on the human capacity to reflexive think-
ing,73 this implies that expert feedback might have trig-
gered pediatricians’ self-directed concerns and may refer

Table 4 Regressions on the Association of Antibiotic Therapy Decisions with Pediatricians’ Characteristics

Length of Antibiotic Therapies
(in Days)

Absolute Deviation from the
Expert Recommendations (in days)

Model 1 Model 2

Fixed effects

Female (= 1 if female) 0.856 (0.528) 0.394 (0.399)
Experience (years in hospital) –0.110*** (0.039) –0.076*** (0.030)
Willingness to take risks –0.291*** (0.098) –0.102 (0.074)
Extraversion 0.082 (0.169) 0.152 (0.128)
Agreeableness 0.154 (0.246) –0.035 (0.185)
Conscientiousness –0.581** (0.252) –0.538*** (0.190)
Neuroticism 0.159 (0.161) 0.136 (0.122)
Openness 0.205 (0.167) 0.165 (0.126)
Constant 8.912*** (2.001) 4.358*** (1.497)

Random effects

Session level
Var(Constant) 0.846 (0.583) 0.265 (0.217)

Subject level
Var(Constant) 1.255 (0.408) 0.952 (0.235)

Case level
Var(Constant) 25.651 (77.382) 6.750 (54.123)

Var(Residual) 3.342 (77.380) 0.998 (54.123)

Number of observations 2920 2920
Number of subjects 73 73
Number of sessions 8 8

Notes. This table shows parameter estimates from multilevel mixed-effects REML regressions, considering the first stage of the experiment. The

dependent variables are ‘‘length of antibiotic therapies’’ and ‘‘absolute deviation from the expert recommendations’’, both measured in days.

Standard errors are shown in parentheses. ‘‘Willingness to take risks’’ was measured on a Likert scale ranging from 0 (fully risk averse) to 10

(fully risk seeking).52–54 Besides the Big Five personality traits,50,51 which are displayed in the table, we controlled for ‘‘economic preferences’’,

which comprise validated measures for trust, reciprocity, and altruism, as well as risk and time preferences,52–54 in both models. Both models

include session-, subject-, and case-specific random effects.

*P \ 0.1, **P \ 0.05, ***P \ 0.01.
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to the awareness of congruence between the expert
benchmark and their own antibiotic therapy decisions.
In contrast to self-image concerns, social-image concerns
appear when people are observed by others and when
their behavior is judged against a standard or a
norm.70–72 As the pediatricians took their decisions in
anonymity and no information on identity or treatment
patterns was shared among participants in the experi-
ment, it seems more likely that changes in decisions were
due to self-image concerns than to social-image concerns.
Related experimental studies investigating the effect of

social norm feedback and peer comparison rather focus
on physicians’ social-image concerns.20,21,74 We add to
this recent stream of the literature by providing evidence
on the effect of descriptive expert feedback, which
addresses physicians’ self-image concerns in the absence
of peer comparisons at an individual decision maker
level. Furthermore, while prior research has mainly
focused on whether and which antibiotics are pre-
scribed,16,20,21 we investigate the effect of a simple feed-
back mechanism on physicians’ decisions regarding the
length of antibiotic therapies.

Table 5 Multilevel Mixed-Effects Panel Regression Models on the Association between Individual Characteristics
and Responses to Feedback

Length of Antibiotic Therapies
(in Days)

Absolute Deviation from the
Expert Recommendations (in Days)

Characteristic Model 1 Model 2

Fixed effects

Feedback (= 1 if intervention) 0.801 (0.567) 0.205 (0.376)
Second stage (= 1 if second stage) –0.063 (0.107) –0.086 (0.088)
Third stage (= 1 if third stage) –0.112 (0.148) –0.085 (0.114)
Effect of announcement (Second stage 3 Feedback) –0.082 (0.147) –0.068 (0.120)
Effect of feedback (Third stage 3 Feedback) –0.879*** (0.222) –0.548*** (0.168)
Experience (years in hospital) –0.109*** (0.034) –0.074*** (0.019)
Experience 3 Effect of feedback 0.049*** (0.018) 0.030** (0.013)
Female (= 1 if female) 0.499 (0.422) 0.022 (0.213)
Willingness to take risks –0.208*** (0.078) 0.003 (0.039)
Constant 7.558*** (1.590) 4.566*** (0.825)

Random effects

Session level
Var(Constant) 0.307 (0.278) 0.120*** (0.098)

Subject level
Var(Stage 2) 0.226*** (0.066) 0.153*** (0.044)
Var(Stage 3) 0.583** (0.126) 0.332*** (0.074)
Var(Constant) 1.577 (0.482) 1.068 (0.234)
Cov(Stage 2, Stage 3) 0.233*** (0.075) 0.144*** (0.047)
Cov(Stage 2, Constant) –0.239* (0.136) –0.283*** (0.083)
Cov(Stage 3, Constant) –0.778*** (0.214) –0.577*** (0.121)

Case level
Var(Constant) 24.108*** (0.669) 4.732*** (0.145)

Var(Residual) 3.322*** (0.062) 2.192*** (0.041)

Number of observations 8760 8760
Number of subjects 73 73
Number of sessions 8 8

Notes. This table shows parameter estimates from multilevel mixed-effects REML regressions. The interaction ‘‘Third stage 3 Feedback’’

indicates the effect of showing feedback to subjects. The interaction ‘‘Experience 3 Effect of feedback’’ indicates the association between the

subjects’ experience (number of years worked in hospital) and the effect of feedback. Standard errors are shown in parentheses. In both models,

we controlled for the Big Five personality traits50,51 and for ‘‘economic preferences’’, which comprise validated measures for trust, reciprocity,

and altruism, as well as time and risk preferences.52–54 Both models include session-, subject-, and case-specific random effects.

*P \ 0.1, **P \ 0.05, ***P \ 0.01.
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Limitations and Future Research

We now discuss potential limitations of our study and
avenues for future research. First, one might argue that
the experimental design is somewhat simplistic to be
reflective of a real clinical setting. It is true that we eli-
cited hypothetical treatment decisions and that our
experimental frame is parsimonious, used a set of
hypothetical cases, and did not allow physicians to
acquire additional information to assess the cases fur-
ther. More specifically, one might argue that we were
unable to consider pediatricians’ responses to influencing
factors, which are relevant in real-world clinical settings
but might go beyond the constructed case descriptions
(e.g., parental expectations47 or risk and efficacy percep-
tions75). Second, different interpretations of the same
case information may have affected individual physi-
cians’ judgments of the cases and their treatment deci-
sions.76,77 While we kept the information constant for all
subjects, our study design and analyses did not focus on
the process by which the therapy decisions were made
(e.g., what heuristics had been used). Third, in real clini-
cal practice, physicians may ask colleagues, search for
information in guidelines, or order additional lab tests
before making a treatment decision. The purpose of our
experiment was to isolate the effect of feedback for a
given, comparable set of information for each case. Not
giving them the option to acquire additional information
ensured that all pediatricians based their decisions on
exactly the same information, allowing us to draw causal
inferences on the effect of feedback. We made a real
ceteris paribus variation of feedback, controlled the deci-
sion environment, and avoided confounding factors that
potentially affect pediatricians’ decisions.

Another concern might relate to the aggregated nature
of our feedback mechanism. We employed an aggregated
benchmark instead of case-by-case recommendations. By
doing so, our experimental design allowed us to examine
whether a ‘‘simple’’ feedback intervention raised aware-
ness for appropriate use of antibiotics while maintaining
the discretion for the pediatrician to decide on antibiotic
prescribing for each medical case. After provision of
feedback, we observed an overall change in the length of
therapies toward what is more appropriate. One might
argue that our aggregated results could conceal negative
changes in therapy length for individual cases. Analyses
on a case level, however, showed rather the opposite: for
the vast majority of the cases, both the length of thera-
pies and the absolute deviation from the expert recom-
mendations decreased. Changes in the opposite direction
for the remaining cases were not statistically significant;
see Online Appendix C for details. Our results hence

suggest that comparison of own their prescribing deci-
sions with an expert benchmark raises pediatricians’
awareness for judicious use of antibiotics but maintains
their individual and case-specific discretion when decid-
ing whether and for which cases to adjust their treatment
decisions.

An appealing feature of our parsimonious design is
that it lends itself to further research. For example,
future research could consider whether our findings can
be translated to real clinical practice and to medical
areas beyond pediatrics. Our findings also call for further
studies investigating how long-lasting an effect of
descriptive expert feedback on physicians’ antibiotic pre-
scribing decisions is and how the effect can be main-
tained. Another interesting question would be whether
and, if so, how antibiotic prescribing decisions are
affected by decision support tools that provide physi-
cians with case-specific therapy recommendations and
consider case-specific ranges of appropriate therapy
durations. Relatedly, future studies could investigate the
differential effect of expert and guideline-based feedback.
Another potential avenue for future research would be
to address social-image rather than self-image concerns.

Conclusion

Our experimental results suggest that descriptive expert
feedback affects individual pediatricians’ antibiotic pre-
scribing decisions. Using a novel methodology and tak-
ing interindividual differences into account, we have
shown that expert feedback, which conveys a normative
message on antibiotic prescribing, can be an effective
means in guiding pediatricians toward a more appropri-
ate use of antibiotics. Most important, our results sug-
gest that it is especially useful if targeted at physicians
with low levels of experience. Our findings are also of
practical importance as they provide an argument for the
inclusion of individual feedback addressing the physi-
cians’ self-image in antibiotic stewardship programs.
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