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Motivation

 Antibiotic resistance is a growing public health threat (WHO 2014; Nathan & Cars 2014, NEJM).

 European Commission: 
23,000 deaths per year caused by antibiotic resistance in Europe. 
Annual costs of 1.5 billion euros for the EU (European Commission, 2017).

 Inappropriate use of antibiotics is a main trigger of antibiotic resistance 
(e.g., Laxminarayan 2013, 2016, Lancet).

 Relevant for appropriate antibiotic treatment: 

 the correct initiation, 

 the choice of the antibiotic agent, 

 the dosage, and

 the length of therapy. 
(Haider et al., 2007; Lassi et al., 2017)
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High relevance in pediatrics 

 Inappropriate use of antibiotics is a particular concern in pediatrics. 
Antibiotic treatment often unnecessary or too long (Hersh et al. 2011, Pediatrics;  Linder et al. 
2005, JAMA).

 Excessively long treatment courses…

 …have a significant impact on the development of antibiotic resistances (e.g., 
Spellberg 2016, JAMA).

 …can lead to short- and long-term antibiotic-related adverse outcomes in children 
(e.g., Schulman et al. 2015, Pediatrics).
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Feedback and antibiotics provision

 Health policy: Antibiotic stewardship programs suggest the inclusion of audit and 
feedback targeted at antibiotic prescribing rates of individual providers (e.g., Laxminarayan
2013, Lancet).

 Empirically, it is not well understood how feedback affects individual physicians’ 
antibiotics provision.

 First framed field experiment studying the causal effect of feedback on individual
physicians’ antibiotic prescribing behavior. 

 Length of antibiotic therapy has been mostly neglected so far. 

 Our approach: Expert feedback

 Expert benchmark against which subjects in our experiment can compare own 
decisions. 

 Descriptive norm for antibiotic prescribing (“descriptive normative message”, Schultz 
et al. 2007, Psychol. Sci).

 Expert benchmark reflects what is “appropriate”. 

 Comparison with experts instead of peers to avoid “boomerang effect” (Linder 2016, 
NaturePCRM). 
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Physicians’ characteristics and antibiotics provision

 Empirical evidence suggests that individual characteristics affect the behavior of health 
care providers

 Gender (e.g., Franks et al. 2000, JGenIntMed)

 Clinical experience (e.g., Hulscher et al. 2010, Lancet)

 Risk attitudes (e.g., Michel-Lepage et al. 2013, BMJ; Grol et al. 1990, BrJGenPract)

 Personality traits (e.g., Donato et al. 2017, AER) 

 Association between antibiotic therapy patterns and individual characteristics of 
pediatricians is largely unexplored.

 We link decisions from the experiment with pediatricians’ characteristics.
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Research questions

1. How do pediatricians’ individual characteristics relate to antibiotics provision?

Main questions:  

2. How does feedback affect individual pediatricians’ decisions on the length of     
antibiotics therapy?

3. How does feedback affect the appropriateness of antibiotic therapy decisions?

4. How do pediatricians’ individual characteristics affect their responses to feedback? 
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Study design: Overview

1. Development medical cases: 40 pediatric routine cases and validation with 
pediatricians from the University Hospital Cologne (N=5).

2. Survey among directors (N=20) of German pediatric departments to gather the 
“expert benchmark” about the 40 routine cases.

3. Framed field experiment with pediatricians working in clinical practice (N=73) with 
intervention (“feedback”) group and control group succeeded by a post-experimental 
questionnaire.
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1. Medical cases

 40 clinical case scenarios, several categories of pediatric infectious diseases:

Neonatal infections, infections of the CNS, bone and joint infections, upper/ lower 
respiratory tract infections, urinary tract infections.

 An example:

 Expert opinion: Mean 5.00 days (s.d. 3.83)

 Recommendation German Society for Pediatric Infectious Diseases: 5 days.

Five-year-old girl with difficulty in swallowing, red tonsils, and swelling of the 
cervical lymph nodes without fever. Positive streptococcus A rapid test.

7



2. Expert survey

 Out of a randomly selected sample of 50 directors of German pediatric departments, 20 
directors (“experts”) participated in an online survey.

 Experts decided on the length of antibiotic therapy for the 40 medical cases (choice 
range 0 to 28 days). 

 “Expert benchmark”: 6.4 days of antibiotics therapy on average for all cases.
(95% CI: 4.26 to 8.59)

 Comparison of decisions with recommendations published by the German Society for 
Pediatric Infectious Diseases. 

 Recommended length +/- 1 day is considered compliant (Labenne et al. 2007, Pediatr
Infect Dis J). 

 Compliance rate: 80% (Fisher Pitman permutation test for paired replicates). 

 Expert opinion can be regarded a suitable benchmark for appropriate length of 
antibiotic therapy.
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3. The experiment: General design

 Three-stage experiment:

 Pediatricians decided on the length of antibiotic therapies for the 40 cases in each stage 
of the experiment.

 Post-experimental questionnaire: 
Socio-demographics, Big 5 personality traits (Rammstedt and John, 2007), social and risk 
preferences (Falk et al., 2016, 2018).
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3. The experiment: Procedure

 Experiments with the mobile lab of the Cologne Laboratory for Economics Research 
(CLER) at the University Hospital Cologne, Children’s Hospital Cologne, and during an 
annual conference for pediatricians in Cologne (Päd-Ass congress).

 Computerized experiment (z-tree).

 Sessions lasted for about 1 hour.

 Pediatricians’ payment: Fixed wage of 50 EUR plus a lunch box.

 Debriefing some weeks later and discussion about potential ways to transfer results 
from the experiment to practice. 
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Results: Characteristics and antibiotic therapy decisions

 Analysis of all subjects’ decisions in 
Stage 1 only

OLS regressions

Dependent variable:
Length of antibiotic 
therapies (in days)

Absolute deviation from the 
expert recommendations 

(in days)
Gender (=1 if female) 0.919** (0.397) 0.362 (0.289)
Experience -0.118*** (0.031) -0.083*** (0.023)

Willingness to take risks -0.307*** (0.087) -0.089* (0.053)
Extraversion 0.081 (0.165) 0.145 (0.119)
Agreeableness 0.137 (0.186) -0.0600 (0.143)

Conscientiousness -0.633*** (0.200) -0.577*** (0.130)

Neuroticism 0.180 (0.129) 0.166 (0.109)
Openness 0.186 (0.135) 0.126 (0.086)

Constant 3.504*** (1.256) 3.839*** (0.891)
Observations 2,920 2,920
Subjects 73 73

R2 0.609 0.246
Controls for economic preferences as well as for  session- and case-specific 
effects. Standard errors, clustered at the subject level, are in parentheses.
*** p<0.01, ** p<0.05, * p<0.1
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The effect of feedback: Within-subject analysis (1)
 Length of antibiotics therapy (in days), intervention group (N=39):

 Announcement of feedback has no significant effect (p=0.154, Fisher-Pitman 
permutation test for paired replicates). 

 Expert feedback highly significantly affects the length of antibiotic therapy (p=0.001).

 Length of therapy is reduced by about ten percent on average (about one day).

 No significant changes in the control group (p>0.180).
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The effect of feedback: Within-subject analysis (2)
 Absolute deviation from the expert recommendations (in days), intervention group 

(N=39):

 Announcement of feedback has only a weakly significant effect (p=0.085, Fisher-Pitman 
permutation test for paired replicates). 

 Expert feedback highly significantly affects the absolute deviation from the experts 
(p=0.001).

 Absolute deviation is reduced by about 15 percent on average (about 0.5 days)

 No significant changes in the control group (p>0.432).

 Therapy durations more “appropriate” through feedback.
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Length and deviation from recommendations: 
Between-subject analysis

 Comparison treatment and control groups: 

Experimental treatment Intervention vs. 
Control Feedback No Feedback

(Intervention) (Control) p-value

A. Change 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. Change in absolute deviation from the expert recommendations

Δ2 - Δ1 -0.15 (0.56) -0.09 (0.45) 0.587

Δ3 - Δ2 -0.33 (0.73) 0.00 (0.27) 0.004
Standard deviations in parentheses. p-values are for two-sided Fisher Pitman 
permutation test for independent samples. Mann-Whitney-U test yields very similar 
results. 
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Regression analyses

 Multilevel mixed effects panel regression model
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The effect of feedback and the moderating effect of characteristics
Dependent variable Length of antibiotic therapy (in days)
Model (1) (2) (3) (4) (5)

Second stage (= 1 if second stage) -0.063 (0.107) -0.063 (0.107) -0.063 (0.107) -0.063 (0.107) -0.063 (0.107)

Third stage (= 1 if third stage) -0.112 (0.150) -0.112 (0.150) -0.112 (0.148) -0.112 (0.150) -0.112 (0.149)

Announcement effect 
(Second stage × Feedback)

-0.082 (0.147) -0.082 (0.147) -0.082 (0.147) -0.082 (0.147) -0.082 (0.147)

Feedback effect 
(Third stage × Feedback)

-0.633*** (0.205) -0.633*** (0.205) -0.879*** (0.222) -0.602** (0.300) -0.822*** (0.303)

Gender (=1 if female) 0.581 (0.439) 0.499 (0.422) 0.584 (0.440) 0.505 (0.424)

Experience -0.077** (0.032) -0.109*** (0.034) -0.077** (0.033) -0.109*** (0.034)

Willingness to take risks -0.213*** (0.081) -0.208*** (0.078) -0.209** (0.086) -0.201** (0.084)

Extraversion 0.062 (0.141) 0.090 (0.135) 0.062 (0.141) 0.090 (0.136)
Agreeableness -0.085 (0.203) -0.057 (0.195) -0.084 (0.203) -0.057 (0.196)

Conscientiousness -0.309 (0.209) -0.277 (0.201) -0.310 (0.209) -0.278 (0.202)

Neuroticism -0.093 (0.134) -0.096 (0.129) -0.090 (0.134) -0.091 (0.129)

Openness 0.150 (0.139) 0.134 (0.133) 0.150 (0.139) 0.134 (0.134)

Experience x Feedback 0.049*** (0.018) 0.049*** (0.018)

Willingness to take risks x Feedback -0.006 (0.045) -0.012 (0.044)

Constant 7.035*** (0.311) 7.660*** (1.648) 7.558*** (1.590) 7.642*** (1.663) 7.515*** (1.609)

Observations 8,760 8,760 8,760 8,760 8,760

Number of groups 8 8 8 8 8

Multilevel mixed-effects panel regression. In all models, we included dummies for treatment group and for each period and we controlled 
for economic preferences. Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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Constant 7.035*** (0.311) 7.660*** (1.648) 7.558*** (1.590) 7.642*** (1.663) 7.515*** (1.609)

Observations 8,760 8,760 8,760 8,760 8,760

Number of groups 8 8 8 8 8

Multilevel mixed-effects panel regression. In all models, we included dummies for treatment group and for each period and we controlled 
for economic preferences. Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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The effect of feedback and the moderating effect of characteristics
Dependent variable Absolute deviation from the expert recommendations (in days)
Model (1) (2) (3) (4) (5)

Second stage (= 1 if second stage) -0.086 (0.088) -0.086 (0.088) -0.086 (0.088) -0.086 (0.088) -0.086 (0.088)

Third stage (= 1 if third stage) -0.089 (0.115) -0.089 (0.115) -0.089 (0.114) -0.089 (0.116) -0.089 (0.114)

Announcement effect 
(Second stage × Feedback)

-0.068 (0.120) -0.068 (0.120) -0.068 (0.120) -0.068 (0.120) -0.068 (0.120)

Feedback effect 
(Third stage × Feedback)

-0.393** (0.158) -0.393** (0.158) -0.542*** (0.168) -1.009** (0.437) -1.330*** (0.441)

Gender (=1 if female) 0.082 (0.217) 0.032 (0.212) 0.078 (0.216) 0.024 (0.211)

Experience -0.049*** (0.0160) -0.072*** (0.019) -0.052*** (0.016) -0.078*** (0.019)

Willingness to take risks 0.000 (0.040) 0.002 (0.039) -0.009 (0.040) -0.010 (0.0395)

Extraversion 0.076 (0.069) 0.093 (0.068) 0.069 (0.069) 0.084 (0.068)

Agreeableness -0.045 (0.100) -0.029 (0.099) -0.082 (0.103) -0.074 (0.101)

Conscientiousness -0.279*** (0.103) -0.271*** (0.101) -0.354*** (0.112) -0.365*** (0.110)

Neuroticism -0.028 (0.066) -0.021 (0.065) -0.033 (0.066) -0.026 (0.064)

Openness -0.003 (0.069) -0.014 (0.067) 0.023 (0.070) 0.0167 (0.068)

Experience x Feedback 0.0296** (0.013) 0.033*** (0.013)

Conscientiousness x Feedback 0.132 (0.088) 0.165 (0.086)

Constant 2.752*** (0.215) 4.528*** (0.834) 4.551*** (0.820) 4.981*** (0.883) 5.131*** (0.871)

Observations 8,760 8,760 8,760 8,760 8,760

Number of groups 8 8 8 8 8

Multilevel mixed-effects panel regression. In all models, we included dummies for treatment group and for each period and we controlled 
for economic preferences. Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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The effect of feedback: Robustness checks

 Change between the stages: Detailed analyses on case-level 

 Decrease or no change in length of therapy for 93% of the cases. 

 Decrease or no change in absolute deviation from the experts in 88% of the cases. 

 Changes in the opposite (“undesired”) direction were not significant (Wilcoxon-Matched-Pairs 
signed rank test, p>0.23). 

 Differentiation of the cases with regards to the variance in the experts’ decisions

 Two categories of cases: “Easy to evaluate”, “hard to evaluate”. 
Complexity to evaluate a case does not moderate the feedback effect (interaction is not 
statistically significant). 

 Different econometric approaches
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Concluding remarks

 First controlled framed field experiment to analyze the effect of expert feedback on the 
length of antibiotics therapy in pediatrics.

 Gender, clinical experience, risk attitudes, and conscientiousness affect pediatricians’ 
decisions on length of antibiotic therapies.

 Feedback significantly reduces the length of antibiotics provision and the deviation from 
what experts would suggest.

 Expert feedback is especially effective for unexperienced physicians.

 Simple feedback can be an effective means to guide pediatricians towards a more 
appropriate use of antibiotics.
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Thank you

eilermann@wiso.uni-koeln.de
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Backup – Results: Characteristics and antibiotic therapy decisions

 Analysis of all subjects’ decisions in 
Stage 1

 Results qualitatively very similar to 
those of OLS regressions

Multilevel mixed-effects linear regression

Dependent variable:
Length of antibiotic 
therapies (in days)

Absolute deviation from 
the expert 

recommendations 
(in days)

Gender (=1 if female) 0.862* (0.447) 0.392 (0.339)
Experience -0.111*** (0.033) -0.077*** (0.025)

Willingness to take risks
-

0.292***
(0.083) -0.101 (0.063)

Extraversion 0.080 (0.143) 0.152 (0.109)
Agreeableness 0.150 (0.208) -0.037 (0.157)

Conscientiousness
-

0.588***
(0.214) -0.541*** (0.162)

Neuroticism 0.161 (0.136) 0.139 (0.104)
Openness 0.203 (0.142) 0.162 (0.107)

Constant 8.959*** (1.701) 4.381*** (1.274)
Observations 2,920 2,920
Subjects 73 73

Number of groups 8 8
Standard errors in parentheses, controls for social and economic preferences.
*** p<0.01, ** p<0.05, * p<0.1



Backup – Multilevel mixed-effects regression: Groups



Backup: OLS – Length of therapy
Dependent variable Length of antibiotic therapy (in days)
Model (1) (2) (3) (4) (5) (6)
Feedback (= 1 if intervention) -0.526 (0.660) -0.526 (0.659) -0.553 (0.648) -0.525 (0.653) -0.482 (0.636) -0.502 (0.606)
Second stage (= 1 if second stage) -0.063 (0.107) -0.063 (0.107) -0.0632 (0.107) -0.063 (0.107) -0.063 (0.107) -0.063 (0.107)
Third stage (= 1 if third stage) -0.112 (0.108) -0.112 (0.108) -0.112 (0.108) -0.112 (0.108) -0.112 (0.108) -0.112 (0.108)

Announcement effect 
(Second stage × Feedback)

-0.082 (0.147) -0.082 (0.147) -0.082 (0.147) -0.0823 (0.147) -0.082 (0.147) -0.082 (0.147)

Feedback effect 
(Third stage × Feedback)

-0.633*** (0.198) -0.601* (0.338) -1.022*** (0.252) -0.980*** (0.333) -2.601*** (0.921) -4.082*** (1.078)

Gender (=1 if female) 0.728** (0.364) 0.738* (0.383) 0.695* (0.352) 0.720* (0.363) 0.724** (0.362) 0.751** (0.373)
Experience -0.114*** (0.029) -0.114*** (0.029) -0.130*** (0.029) -0.115*** (0.029) -0.117*** -0.029 -0.136*** (0.029)
Willingness to take risks -0.251*** (0.081) -0.251*** (0.081) -0.250*** (0.080) -0.264*** (0.083) -0.258*** -0.081 -0.278*** -0.084
Extraversion 0.066 (0.136) 0.066 (0.136) 0.077 (0.135) 0.0641 (0.135) 0.058 (0.136) 0.0675 (0.133)
Agreeableness -0.013 (0.175) -0.012 (0.174) -0.003 (0.173) -0.0119 (0.174) -0.045 (0.168) -0.041 (0.163)
Conscientiousness -0.522*** (0.188) -0.523*** (0.187) -0.515*** (0.185) -0.525*** (0.186) -0.582*** (0.198) -0.605*** (0.192)
Neuroticism 0.066 (0.113) 0.067 (0.113) 0.071 (0.111) 0.0625 (0.114) 0.059 (0.113) 0.061 (0.110)
Openness 0.172 (0.117) 0.172 (0.117) 0.164 (0.117) 0.173 (0.117) 0.191 (0.118) 0.193 (0.118)

Gender x Feedback -0.044 (0.379) -0.348 (0.317)
Experience x Feedback 0.077** (0.031) 0.089*** (0.025)
Willingness to take risks x 
Feedback

0.072 (0.065) 0.095 (0.060)

Conscientiousness x Feedback 0.423** (0.190) 0.600*** (0.200)

Constant 3.068** (1.218) 3.058** (1.237) 3.091** (1.206) 3.161** (1.238) 3.456*** (1.236) 3.693*** (1.248)
Observations 8,760 8,760 8,760 8,760 8,760 8,760

Subjects 73 73 73 73 73 73

R2 0.612 0.612 0.613 0.613 0.613 0.614

OLS regressions. Case dummies, session dummies were included in all models and we controlled for economic preferences. Standard errors, clustered at the 
subject level, are in parentheses; *** p<0.01, ** p<0.05, * p<0.1



Backup: OLS – Deviation from experts
Dependent variable Absolute deviation from the expert recommendations (in days)

Model (1) (2) (3) (4) (5)

Feedback (= 1 if intervention) -0.816** (0.370) -0.829** (0.364) -0.816** (0.369) -0.791** (0.360) -0.800** (0.349)

Second stage (= 1 if second stage) -0.086 (0.077) -0.086 (0.077) -0.086 (0.077) -0.086 (0.077) -0.086 (0.077)

Third stage (= 1 if third stage) -0.089 (0.068) -0.089 (0.068) -0.089 (0.068) -0.089 (0.068) -0.089 (0.068)

Announcement effect 
(Second stage × Feedback)

-0.068 (0.118) -0.068 (0.118) -0.068 (0.118) -0.068 (0.118) -0.068 (0.118)

Feedback effect 
(Third stage × Feedback)

-0.393** (0.151) -0.580*** (0.189) -0.450** (0.195) -1.534*** (0.529) -2.116*** (0.597)

Gender (=1 if female) 0.230 (0.222) 0.214 (0.221) 0.229 (0.223) 0.228 (0.222) 0.206 (0.220)

Experience -0.076*** (0.018) -0.083*** (0.018) -0.076*** (0.018) -0.077*** (0.018) -0.086*** (0.018)

Willingness to take risks -0.045 (0.041) -0.045 (0.040) -0.047 (0.042) -0.049 (0.041) -0.058 (0.042)

Extraversion 0.109 (0.088) 0.110 (0.089) 0.108 (0.089) 0.104 (0.088) 0.110 (0.087)

Agreeableness -0.0570 (0.106) -0.054 (0.106) -0.0569 (0.106) -0.075 (0.103) -0.073 (0.102)

Conscientiousness -0.479*** (0.101) -0.481*** (0.101) -0.480*** (0.101) -0.514*** (0.105) -0.530*** (0.104)

Neuroticism 0.112 (0.084) 0.114 (0.084) 0.111 (0.084) 0.108 (0.083) 0.111 (0.082)

Openness 0.066 (0.070) 0.067 (0.070) 0.0665 (0.070) 0.077 (0.069) 0.080 (0.070)

Experience x Feedback 0.037** (0.017) 0.044*** (0.015)
Willingness to take risks x Feedback 0.012 (0.040) 0.014 (0.035)

Conscientiousness x Feedback 0.245** (0.104) 0.307*** (0.108)

Constant 3.587*** (0.719) 3.538*** (0.736) 3.602*** (0.728) 3.812*** (0.746) 3.900*** (0.744)

Observations 8,760 8,760 8,760 8,760 8,760

Subjects 73 73 73 73 73

R2 0.239 0.240 0.239 0.240 0.241

OLS regressions. Case dummies, session dummies were included in all models and we controlled for economic preferences. Standard errors, clustered at the 
subject level, are in parentheses; 
*** p<0.01, ** p<0.05, * p<0.1
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