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1 Introduction 

The importance of finding ways to ensure high quality health care provision in a cost-effective 

and -efficient way becomes a more and more pressing issue given the challenges many 

economies currently face such as ageing populations (Marešová et al., 2015), rising costs 

caused by advancements in medical technology (Sorenson et al. 2013) and an increasing 

shortage in qualified personnel (Marć et al., 2019). To address this challenge, economic 

research analyzed a myriad of different incentive schemes aimed at increasing cost-

effectiveness and cost-efficiency including prominent examples such as pay-for-performance, 

capitated reimbursement or public reporting of health outcomes. Many of these schemes 

have found their way to real-world implementation and although they oftentimes proved 

valuable in achieving the desired objectives, they frequently gave rise to unintended changes 

in health care providers’ as well as patients’ behavior.  Hence, gaining a better understanding 

of how incentive schemes affect providers’ as well as patients’ behavior is crucial. This thesis 

aims at contributing to the existing knowledge by analyzing the effects and implications of 

different incentive schemes on health care providers’ behavior. In the following three 

chapters, non-monetary as well as monetary incentive schemes targeting in- and outpatient 

health care service provision are empirically and theoretically examined. 

Chapter 2 analyzes empirically how the introduction of a surgical suite governance document 

affects punctuality in first case of the day starts. Delays in first cases are an indicator for 

inefficiencies in operating room utilization as their occurrence is directly associated with lower 

OR utilization rates caused by delayed starts of subsequent surgeries (Does et al., 2009; Van 

Veen-Berkx et al., 2014; Dexter & Epstein, 2009; Szczesny & Ernst, 2016). Because operating 

rooms constitute a major driver in hospitals’ operating costs (Cardoen et al., 2010), clinic 

management has a strong interest in incentivizing an efficient use of this resource. This 

analysis focuses on the implementation of a surgical suite governance document, which 

explicitly specifies the starting time of the first case of the day and formulates scheduling rules. 

First case punctuality is an easily observable and measurable performance indicator, which is 

associated with only minor tracking efforts and consequently low costs. The analysis uses a 

quasi-experimental setting, which arose from the lagged implementation of an identical 

governance document in two different hospital sites belonging to the same hospital group. To 
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assess the question whether the introduction of a governance document was associated with 

significant reductions in first case delays, a difference-in-difference estimation approach has 

been implemented. Results indicate that the introduction of a surgical suite governance 

document is associated with significant reductions in first case delays. The analysis shows that 

the document’s introduction lead to an estimated decrease by roughly one third in first case 

delays. In conclusion, a surgical suite governance document seems to offer a promising tool 

to incentivize health care workers’ to use costly resources like surgery capacities more 

efficiently. 

The focus of Chapter 3 is the analysis of the effects of a reimbursement change - from fee-for-

service paid out-of-pocket (OOP-FFS) to a capitation fee per patient - on health service 

provision. This change was part of a selective contract in outpatient pediatric care introduced 

by a large German sickness fund in 2014. Over the past few years, several German sickness 

funds have implemented selective contracts in outpatient care with the objective to increase 

quality and cost-effectiveness in health care service provision. Thus, the present analysis aims 

at deriving further insights on how reimbursement affects service provision and at offering 

guidelines for future designs of selective contracts. To reflect the special features of the 

analyzed selective contract, namely that incentives change for both the pediatricians and the 

patients simultaneously, a theoretical model is set up to derive a testable hypothesis. The 

model predicts that given pediatricians are not only monetarily incentivized (but also 

sufficiently concerned about patients’ well-being) and that costs associated with screening 

provision are relatively small, reimbursement change from OOP-FFS to capitation will induce 

an increase in service provision. In the scheme at hand, participation in the selective contract 

scheme is neither mandatory for physicians nor for patients, which offers a natural experiment 

setting as we have observations for both participating and non-participating pediatricians.  

Using a generalized difference-in-difference approach, the theoretically derived hypothesis is 

tested empirically. Results indicate that the change from fee-for-service paid out-of-pocket to 

a capitation fee per patient did lead to a significant increase in provided screenings as the 

number of diagnoses more than doubles for pediatricians enrolled in the selective contract 

scheme. These findings indicate that physicians are not solely driven by monetary incentives 

and that capitation per patient offers a valuable tool to ensure cost control yet simultaneously 

ensure effective health care provision.  
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Finally, Chapter 4 examines theoretically to which extent policymakers are able to incentivize 

hospitals to increase quality provision by actively fostering the link between performance 

indicator reporting and hospitals’ reputation. Empirical findings indicate that potentials for 

further improvements in health care quality provision still exist (Howell & Zeitlin, 2017) and 

that quality provision between different hospitals varies (Tsai et al., 2013; Merchant et al., 

2012). This makes a better understand of how policymakers can affect quality incentives 

crucial. By fostering the link between outcome-based performance indicators and reputation, 

policymakers are able to affect hospital’s market share and thereby ultimately hospitals’ 

incentives for quality provision. Ways to strengthen the link are manifold, e.g. by raising 

awareness about the existence and importance of hospital performance reports or by 

improving populations’ health literacy to ensure that patients are able to decode the 

information contained in performance indicators properly.  Choosing a dynamic framework 

allows to reflect the fact, that hospitals’ reputation resembles a stock variable evolving over 

time depending on hospital managers’ quality decisions in preceding periods. The main finding 

is that a strengthened link between performance indicators’ realization and hospitals’ 

reputations does not necessarily result in stronger incentives for quality provision. In the case 

where the degree of competition is sufficiently low and the costs associated with quality 

provision are sufficiently high, an intensified link between performance indicators and 

reputation induces a decrease in quality provision. If the opposite is true, strengthening the 

link between performance indicators’ realization and hospitals’ reputations always results in 

increases incentives for quality provision. 

The thesis concludes with a short summary of key results in chapter 5. 
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2 Introducing a surgical suite governance document: Effects on first case 

punctuality in an orthopedic department1  

Abstract 

In this paper, we analyze how the implementation of a surgical suite governance document 

affects first case punctuality of elective surgeries in an orthopedic department. We exploit the 

quasi-experimental setting given by the lagged introduction of an identical surgical suite 

governance document in two different hospital sites belonging to the same hospital group. 

For our difference-in-difference estimation approach we used clinical data covering the period 

from April 2012 to March 2015 encompassing information with respect to patients’ 

characteristics (i.e. age, gender and co-morbidities), diagnoses (ICD-10 codes), procedures 

(OPS codes) and self-reported process times (e.g. incision start times). We restricted our 

analysis to cases, for which patient admission took place before the day of surgery. In doing 

so, we prevented the erroneous inclusion of emergency cases and we aimed at overcoming 

the problem that delays in same-day surgeries oftentimes are attributable to unpunctual 

arrival of patients, thereby being beyond the control of operating room (OR) staff. Applying a 

difference-in-difference estimation approach, we find that the introduction of a surgical suite 

governance document led to significant decreases in morning delays of around eight minutes 

on average. Furthermore, our findings indicate that OR staff only partially adhere to surgical 

suite governance document’s guidelines. Nevertheless, OR staff was able to improve 

punctuality also for cases not directly targeted by the OR guidelines, indicating that awareness 

about deficiencies exists among OR staff and that the latter is able to autonomously develop 

strategies to overcome those deficiencies. 

  

 
1 This chapter is based on joint work at the University of Hohenheim with Martin Richter and Tanja Wollensak, 
which is yet unpublished.  
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2.1 Introduction 

Operating rooms represent a major cost factor in hospitals  (Cardoen et al., 2010) due to high 

operating and personnel costs.2 Combined with rising cost pressure in the provision of 

inpatient health care services induced by the introduction of prospective reimbursement 

schemes in Germany in 2004 (Szczesny & Ernst., 2016), hospitals have a strong incentive to 

design OR processes efficiently (Geldner et al., 2002). To improve efficiency, hospitals and OR 

management need to agree on strategies, which define rules and performance indicators 

suitable to manage multidisciplinary teams and functional units. Contrary to other industries, 

where it is common to assess efficiency via financial performance indicators, researchers and 

hospital practitioners tend to rely on process performance indicators to evaluate OR efficiency 

(Schuster at al., 2007). 

In this context, punctuality of the first case of the day is considered as a suitable key 

performance indicator for process efficiency (Wong et al., 2010; Van Veen-Berkx et al., 2014) 

and interdisciplinary team performance (Overdyk et al., 1998; Schuster et al., 2007). Delays in 

the first case of the day impact OR utilization directly by causing delays in subsequent surgery 

starts (Does et al., 2009; Van Veen-Berkx et al., 2014; Dexter & Epstein, 2009; Szczesny & Ernst, 

2016). Empirical evidence indicates that tardiness is directly associated with real costs induced 

by OR over-utilization, where increasing labor costs arising due to compensation payments for 

overtime working hours constitute a major driver for rising costs (Dexter & Epstein, 2009). 

Furthermore, delays in the first case of the day can cause cancellation of surgeries scheduled 

later in the day (McIntosh et al., 2006, Dexter and Epstein, 2009). Another important aspect 

is that punctuality appears to have a signal effect on OR teams’ working discipline (Overdyk et 

al., 1998; Schuster et al., 2007) thereby also affecting OR efficiency indirectly. 

Both process and infrastructural factors can cause morning delays. Late arriving 

anesthesiologists and surgeons (Wright et al., 2010; Wong et al., 2010; Darwish et al., 2016); 

delays in preparation of operating room set-ups (Wong et al., 2010); and anesthesia induction 

complexity and insufficient communication between OR and ward personnel (Schuster et al., 

2013; Wong et al., 2010; Unger et al., 2009; Geldner et al., 2002) constitute processual factors. 

 
2 For patients undergoing surgical intervention, about 60% of the treatment costs are incurred in the OR (Berry 
et al. 2008). International literature estimates costs of (U.S.) $15-20 per minute of staffed OR time for OECD 
countries (Macario, 2010; Park & Dickerson, 2009). 



6 
 

Examples for infrastructural factors are long transportation distances between wards and ORs, 

the existence of bottlenecks (e.g. elevators) and the lack of pre-operating waiting area 

capacity (Szczesny & Ernst, 2016). While overcoming infrastructural factors typically requires 

substantial investments in construction (such as new buildings or faster and more spacious 

elevators), processual factors offer a less cost-intensive starting point for improvement 

measures. To raise process efficiency, e.g. by reducing delays, hospital managers can 

implement educational programs and incentive schemes fostering team-orientated behavior 

and adherence to schedules. Several studies have analyzed the effect of educational 

interventions on processual performance indicators. Scientifically accompanied field trials 

investigated the impact of staff education and training programs (Truong et al., 1996; Forse et 

al., 2011), staff education combined with the introduction of target times (Overdyk et al., 

1998), and performance reporting and financial rewards (Vitez & Macario, 1998; St. Jacques 

et al., 2004; Scalea et al., 2014). Key findings were that educational programs seem to have a 

positive impact on first case of the day starts (FCODS) (Tuong et al. 1996; Overdyk et al. 1998) 

but that sustainability of improvements requires constant repetition and refreshment of 

training content. Besides, evidence for cost-effectiveness of financial rewards are ambiguous 

as difficulties exist with regard to the calculation of real cost savings (Scalea et al., 2014). 

An alternative approach to improve process efficiency is the introduction of a surgical suite 

governance document (to which we refer as “OR charter” in the remainder of this paper), 

which explicitly specifies process guidelines by setting target times and formulating scheduling 

rules (Ernst et al., 2012; Bohnenkamp & Braun, 2017). Major advantages of OR charters are 

minor implementation costs and relatively low tracking requirements (Ernst et al., 2012). 

Evaluating staffs’ performance relies on easy observable and verifiable performance 

indicators, such as deviations from targeted starting times, and does not require tracking of 

individual behavior. Although OR charters are a widespread management tool in German 

hospitals, surprisingly few studies have analyzed the effects of OR charter implementation on 

FCODS so far. Ernst el al. (2012) conducted a survey among chief anesthesiologists to assess 

OR charter’s effectiveness in reducing tardiness of FCODS. Their results indicate that the 

adoption of an OR charter seems to be associated with a reduction in delays. The authors state 

that their analysis faces some limitations as it relies on self-reported data on delays, which 

implies the risk of possible inaccuracy or bias. Additionally, the study builds on a cross-
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sectional data set making it impossible to control for unobservable but relevant hospital 

characteristics.  

The present paper contributes to the literature by analyzing the effect of OR charter adoption 

on FCODS using data from two orthopedic surgery departments belonging to the same 

German public non-profit clinic group. This represents an area where little research has been 

conducted so far, with most of OR management literature focusing on tertiary centers. In this 

context, our contribution is twofold. First, we have a panel data structure as we use repeated 

processual data for the same two hospital sites covering an observation period of several 

years. Second, the fact that both departments introduced an identical OR charter at different 

points of time offers a quasi-experimental design. We analyze whether OR charter adoption 

affected average morning delays and test the hypothesis that introduction improved 

punctuality. Additionally, we assess whether hospitals followed the guidelines specified in the 

OR charter. To the best of our knowledge, the effects of OR charter adoption has never been 

studied before using archived data in a quasi-experiment setting. We are able to confirm the 

central findings of Ernst et al. (2012), namely that the implementation of an OR charter 

constitutes an effective tool in morning delay reduction. 

2.2 Background and hypothesis 

The provision of surgical interventions requires multiple stakeholders from different 

professions to work together, which makes the improvement of coordination and cooperation 

between team members a crucial objective for efficiency improvements (Gfrörer et al. 2005). 

An OR charter constitutes a written policy statement intended to foster interdisciplinary 

teamwork by introducing a binding set of rules (Bohnenkamp & Braun, 2017) in order to 

ensure a more efficient use of OR capacity (Hensel et al., 2005). Generally, an OR charter 

encompasses guidelines with respect to planning and scheduling rules (Geldner et al., 2002), 

rules for perioperative processes (Geldner et al., 2002) and target times for FCODS (Ernst et 

al., 2012). This OR management tool is associated with several advantages. Firstly, the OR 

charter requires minimum personal tracking efforts, because the measured performance 

indicators base on stakeholders’ jointly performance. Secondly, neither costly monetary 

incentives nor educational measures are required and finally, this tool offers a high degree of 

flexibility, as guidelines are easily adaptable to the needs and characteristics of individual 
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hospitals (Hensel et al., 2005). The latter aspect stresses the importance of an appropriate 

guideline design in order to unfold potential advantages making a diligent and self-critical 

analysis of the as-is state a prerequisite for the success of this management tool (Geldner et 

al., 2002). Additionally, it is important to ensure practicality of guidelines, as employees may 

otherwise be reluctant to adhere (Bohnenkamp & Braun, 2017). The integration of all affected 

interest groups and stakeholders is necessary to guarantee acceptance among the target 

group (Pfannstiel, 2014). To ensure legitimacy and signal the binding nature of OR guidelines 

to all stakeholders, the OR charter should be directly enacted by hospital’s management 

(Pfannstiel, 2014). Finally, guidelines have to be designed cautiously, as only little 

understanding exists so far on how an OR charter actually affects individual behavior and 

working processes. Ernst et al. (2012) hypothesize that positive effects are possibly 

attributable to peer-pressure on individuals. 

In this paper we study the impact of an OR charter introduction on first case tardiness in a 

German public hospital.  Our analysis uses data from two hospitals belonging to a public-

owned hospital group operating several hospital sites in south-west Germany. The 

observation period comprises more than four years starting from April 2012 and ending in 

June 2016. Both hospital sites introduced an identical OR charter document at two different 

points of time, where site A adopted the charter on 1 April 2014 and site B on 1 March 2015 

(see Figure 2.1). The OR charter’s key element is the specification of a target time for incision 

start at 08:15 AM. Furthermore, the document stipulates that the surgical intervention 

scheduled as first case of the day should not require peripheral pain therapy and that ward 

rounds have to be planned and executed in such a way that they do not interfere with 

punctuality of FCODS. With regard to possible sanctioning mechanisms, the OR charter states 

that if repeated violations against charter guidelines occur, the responsible head physician has 

to report to the clinic management and has to justify the reasons for those violations. 
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Figure 2.1: Scheduling of intervention 

 
In the beginning of the observation period, neither hospital site A nor site B used an OR 

charter. Then, hospital management introduced an OR charter in Site A in April 2014 and 

implemented the exact same document eleven month later in March 2015 in site B. The 

resulting lag in OR charter implementation offers a quasi-experimental setting, where site A 

experiences treatment and site B acts as the control. We estimate a difference-in-difference 

model to analyze whether OR charter introduction in site A was associated with a decrease in 

first case delays. 

2.3 Data and Methods 

2.3.1 Data and Variables 

The data set covers an observation period from April 2012 to June 2016 and encompasses 

information with respect to patients’ characteristics (i.e. age, gender and co-morbidities), 

procedures (OPS codes), diagnoses (ICD-10 codes), diagnosis-related groups (DRGs), 

information with respect to hospital stay (e.g. day of admission, day of surgery) and self-

reported OR process times (e.g. incision start times).  

As our approach seeks to exploit the quasi-experimental character of the data set, we only 

consider observations until site B introduces the OR charter in March 2015 (and no longer 

serves as control). Thus, we restrict our data set to the period between April 2012 to February 

2015.  

A shortcoming of the data set is the lack of differentiation between elective and emergency 

surgeries. Because our interest lies in the impact of OR charter introduction on plannable OR 

processes, we solely focus on elective procedures. Therefore, we had to apply a valid strategy 

timeJun 16Apr 12 Apr 14 Mar 15

Site A 
implements
OR Charter

Site B 
implements
OR Charter

No Charter in 
both sites

Charter implemented
in Site A Charter implemented

in both sites
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to identify emergency cases. We excluded surgeries taking place outside the regular operating 

hours, namely surgeries on weekends and public holidays. We also omitted all surgeries, for 

which admission took place on the day of surgery (we refer to this type of interventions as 

“same day surgeries” in the remainder of this paper) to ensure that the data set does not 

contain any emergency surgeries. Additionally, limiting our analysis to non-same day surgeries 

is sensible in this context, as OR staff has only limited impact on punctuality of same day 

surgery starts. For this type of intervention, timeliness in FCODS depends crucially on patients’ 

punctual arrival in the hospital. A study by Wong et al. (2010) aggravates this concern as their 

findings show that delays in same day surgery starts are in many cases attributable to late 

arriving patients. This implies that OR staff has only limited influence on timeliness of same 

day surgeries starts compared to elective non-same day surgeries and that the latter offer 

more starting points for improvements, like e.g. enhancements in inter-departmental 

communication and coordination of patient transports. Finally, in order to ensure that 

observed deviations are not attributable to external factors out of hospital’s staff control (e.g. 

technical malfunctions etc.), we choose an approach analogous to Schuster et al. (2013) by 

formulating a critical threshold for cases included in the data set. As the scheduled starting 

time was 8:15 AM for both hospital sites during the complete observation period, we set 

thresholds such that only cases starting after 7:50 AM and before 9:00 AM were included in 

the data set.  

In the following analysis, our outcome variable 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 measures deviations from 

scheduled starting time. To measure 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 we take the difference between the actual 

start of the first surgery of the day and the targeted start time at 8:15 AM (where we consider 

both delayed and early starts). Table 2.1 shows the average deviations for FCODS separately 

for site A and site B before and after OR charter implementation in April 2014. Before charter 

introduction, the average delay was substantially higher for site A than for site B (21.53 vs. 

13.20 minutes). The difference between sites diminishes in the post-treatment observation 

period as average delay decreases to 15.33 minutes for Site A and slightly increases to 14.09 

minutes for site B. 
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Table 2.1: Outcome variable measuring deviation from target time in first case of the day 
before and after introduction of OR charter – Grouped by hospital site 

 Before OR charter introduction (Apr 2012 – Mar 2014) 

Outcome Site A Site B 
 Obs. Mean SD Min Max  Obs. Mean SD Min Max 

Deviation 

(in minutes) 
326 21.531 9.75 -3 44  365 13.202 8.89 -5 44 

            

 After OR charter introduction (Apr 2014 – Feb 2015) 

Outcome Site A Site B 
 Obs. Mean SD Min Max  Obs. Mean SD Min Max 

Deviation  

(in minutes) 
256 15.328 9.25 -5 44  370 14.092 9.59 -10 43 

 

Figure 2.2: Distribution of deviations from targeted incision time – Grouped by hospital site 

 
 

Figure 2.2 shows the distribution of the outcome variable 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 for site A and site B 

separately. Deviations from targeted incision time seem normally distributed for both sites. 

The distributions exhibit a pattern of accumulated observations in five-minute intervals, which 

indicates the presence of a measurement error possibly provoked by rounding errors. These 

observation clusters are much more prominent for site B and smooth out in both sites over 

time (Appendix I). A possible explanation for these observation clusters might be OR 

personnel’s preference for rounding starting times instead of accurately documenting them. 
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The increase in reporting accuracy over time (Appendix I) is likely attributable to rising OR 

personnels’ awareness for documentation quality. Measurement error in the outcome 

variable poses no threat towards the validity of OLS coefficient estimates as long as no 

correlation between covariates and rounding errors exists (Wooldridge, 2013). Here, we have 

no indication to believe that systematic under- or over-reporting of delays took place as 

rounding was much more prevalent in site B. In this site, no sanctions for delays had been 

installed during the complete observation period and therefore no systematic incentives for 

rounding were present.  

Table 2.2: Summary statistics for non-same-day surgeries – Grouped by hospital site 

 Site A  Site B 

Variable Obs. Mean 
(SD) 

Min Max  Obs. Mean Min Max 

Deviation 
(in minutes)  

582 18.802 
(10.01) 

-5 44  735 13.650 
(9.25) 

-10 44 

Age65 582 0.613 
(0.49) 

0 1  735 0.722 
(0.45) 

0 1 

Female 582 0.529 
(0.50) 

0 1  735 0.604 
(0.49) 

0 1 

Obesity 582 0.199 
(0.40) 

0 1  735 0.114 
(0.32) 

0 1 

Diabetes 582 0.119 
(0.32) 

0 1  735 0.158 
(0.36) 

0 1 

Surgtime 
(in minutes) 

582 80.519 
(36.28) 

6 275  735 82.219 
(43.32) 

2 406 

pain  582 0.271 
(0.45) 

0 1  735 0.224 
(0.42) 

0 1 

Ward 582 0.174 
(0.38) 

0 1  735 0.193 
(0.40) 

0 1 

 

Table 2.2 gives an overview of variables characterizing hospitals’ patient structure separated 

by hospital sites. We included binary variables indicating patient’s gender (𝐹𝐹𝑑𝑑𝐹𝐹𝑑𝑑𝐹𝐹𝑑𝑑) and age 

(𝐴𝐴𝐴𝐴𝑑𝑑65), where the latter variable becomes zero for all patients younger than 65 years and 

one otherwise. Furthermore, we introduced variables indicating whether a patient suffers 

from diabetes (𝐷𝐷𝑑𝑑𝑑𝑑𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐷𝐷) or obesity (𝑂𝑂𝐷𝐷𝑑𝑑𝐷𝐷𝑑𝑑𝑑𝑑𝑂𝑂) as empirical evidence suggests that both 
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diabetes3 and obesity4 are associated with prolonged surgery preparation times. We used ICD-

10GM-codes (International Classification of Diseases 10th revision, German Modification) to 

identify patients suffering from diabetes and/ or obesity. Additionally, we included surgical 

time in minutes5 (Surgtime) as a proxy for surgery complexity. The reasoning is that more 

complex surgeries are associated with longer preparation times, implying that complex 

surgeries are more prone to delays. 6 Head physician’s morning ward rounds (ward) might 

pose another threat to timely FCODS, as participating surgeons might experience time 

conflicts due to prolonged ward rounds resulting in delayed arrivals in the operating room 

(Schuster at al. 2007). Furthermore, we use information on whether a patient receives a 

complex peripheral anesthesia induction as additional pain therapy (pain). This is of interest 

as research suggests that complex anesthesia procedures are also associated with delays in 

morning starts (Unger et al. 2009).  

We grouped summary statistics by hospital sites to get a better understanding of differences 

between the two sites. Table 2.2 shows that patients are on average older in site B compared 

to site A, as 72 per cent of individuals are older than 65 years in site B compared to 61 per 

cent in site A. Furthermore, site A has an almost balanced patient sex ratio (53 per cent of 

patients are female), whereas site B exhibits a higher share of female patients (60 per cent). 

The proportion of obese patients is almost twice as high for site A (0.20) compared to site B 

(0.11). In contrast, the share of patients suffering from diabetes is slightly higher for site B 

than for site A (0.16 vs. 0.12). As occurrence of diabetes correlates with older age (Hassing et 

al., 2004) this is in line with the observed age structure. With respect to average surgery time, 

we see only a minor difference between both sites (80.5 minutes in site A and 82.2 minutes in 

site B). Furthermore, we observe a slightly higher share of interventions requiring peripheral 

pain therapy in site A compared to site B (27 per cent vs. 22 per cent). For both sites, almost 

one fifth of observed first cases take place on days with ward rounds (0.17 in site A and 0.19 

in site B). 

 
3 Higher complexity of intraoperative management for patients with diabetes can lead to delays in surgery start 
(Schiff & Emanuele, 1995). 
4 Obesity is associated with prolonged surgery preparation times due to additional requirements for positioning 
and anesthesia induction (Raphael et al., 2013). 
5 Surgery time measures the time span between incision and suture. 
6 Current research indicates that applying the scheduling rule ‘shortest processing time first’ (SCF) constitutes a 
suitable tool to reduce morning delays (Marcon & Dexter, 2006). 
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2.3.2 Estimation Strategy 

We use a difference-in-difference estimation approach to assess the impact of OR charter 

introduction on morning delays. The setting at hand resembles a quasi-experiment, where the 

introduction of the OR charter in site A constitutes the treatment. A key assumption for the 

validity of the difference-in-difference approach is that in the absence of OR charter adoption, 

deviations from scheduled starting time would have developed identically over time for both 

the treatment and the control group. As this is a hypothetical situation, we cannot directly 

test whether this requirement is satisfied. Thus, we explore whether pre-treatment 

development of deviations are similar for both sites and assume that the existence of parallel 

pre-trends is a valid indicator for a parallel development of deviations in the absence of 

treatment. 

Figure 2.3: Time trends for deviations from targeted incision time from April 2012 to 
February 2015 measured in half-year time intervals (where the sixth (last) interval 
encompasses only five months due to the data structure) (n=1,317) 

 
 

Figure 2.3 depicts how average delay of non-same day surgeries develops over time. Here, the 

blue line represents average delays for site A and the red line for site B. 7 From visual 

inspection we can see, that time trends develop almost parallel for both sites in the pre-

treatment period, although the time trends differ with respect to levels with a substantially 

lower level for site B. Furthermore, Figure 2.3 shows that, between the first and the second 

 
7 See Appendix II for graphical illustration of deviations for the complete data set as well as for surgeries taking 
place on the day of admission (same day surgeries). 
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half-year interval, average deviation develops in opposite directions, with a decrease in delays 

for site A and an increase in delays for site B. However, from October 2012 (the second half-

year of observations) onwards, time trends develop parallel until treatment takes place in 

April 2014. To assess, whether the parallel trend assumption necessary for the validity of the 

difference-in-difference estimation strategy is satisfied, we conduct further tests on pre-

treatment trends (see Appendix III & IV). We introduced placebo treatments (Appendix III) and 

linear time trends reflecting general time trends in morning delays (Appendix IV) to explore 

the validity of the parallel trend assumption. Our estimation results show that we cannot 

reject the null hypothesis of parallel pre-trends. Consequently, we argue that the parallel 

trend assumption is likely to hold which indicates the internal validity of the difference-in-

difference estimation approach. Therefore, we run the following difference-in-difference 

estimation model: 

𝑂𝑂𝑖𝑖𝑖𝑖𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽1𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽2𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽3𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽4𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛𝛾𝛾 + 𝛿𝛿𝑖𝑖 +

𝑢𝑢𝑖𝑖𝑖𝑖𝑛𝑛                 (1) 

 

Here, 𝑂𝑂𝑖𝑖𝑖𝑖𝑛𝑛 measures the deviation from scheduled starting time (8.15 AM) in hospital site 𝑑𝑑 

(with 𝑑𝑑 = 𝐴𝐴,𝐵𝐵) in period 𝑑𝑑 for patient 𝑑𝑑. Dummy variable 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 indicates whether patient 𝑑𝑑 

underwent surgery in period 𝑑𝑑 in hospital site A. To indicate whether a surgery took place 

before or after OR charter introduction, we introduce the dummy variable 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛. The 

coefficient of interest is 𝛽𝛽1, which measures the difference in average delays between site A 

and site B after charter introduction took place. The binary variable 𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 indicates whether 

a head physician ward round took place or not and 𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 whether patient 𝑑𝑑 required 

peripheral pain therapy. Additionally, 𝛿𝛿𝑖𝑖 reflects time fixed effects (half-year dummies) and the 

1 × 𝑘𝑘 vector 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛 contains patient-specific information (age, gender, co-morbidities and 

surgery duration). 

Additionally, we want to explore whether hospitals improve in aspects which have been 

explicitly addressed in the OR charter. We are especially interested in whether a reduction of 

tardiness for days where head physicians’ ward rounds took place is detectable.  
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In Eq. (2), we employ a difference-in-difference-in-difference (DDD) strategy in order to assess 

whether site A improved in reducing delays on days with ward rounds compared to site B and 

estimated the following model: 

𝑂𝑂𝑖𝑖𝑖𝑖𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽1𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽2𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽3𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽4𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽5𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗

𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽6𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴 + 𝛽𝛽7𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛𝛾𝛾 + 𝛿𝛿𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖𝑛𝑛      (2) 

2.4 Results 

Table 2.3 shows the results of the generalized difference-in-difference estimation approach 

(Eq. (1)) we employed to estimate the effect of OR charter introduction on FCODS. The 

coefficient of interest is 𝛽𝛽1, which measures the average difference in deviations between 

treated site A and untreated site B before and after charter introduction. For the base model 

without covariates (1a), the estimated effect of OR introduction is small in magnitude (-0.93), 

which translates in an estimated decrease in average delays of one minute. Furthermore, the 

estimated effect of OR introduction on delays is not significant. As soon as we control for site 

A (1b), the estimated effect becomes highly significant and increases to a magnitude of -9.53, 

implying that the introduction of the OR charter is associated with a drop in average delays by 

nine and half minutes. Introducing patient characteristics and surgery time (1c) leads to a 

slight decrease in the magnitude of the estimated reduction (to 8.02 minutes). Here, the 

estimated effect of surgery duration on morning delays is highly significant and positively 

correlated with delays. Another minute of surgery time is associated with an average delay of 

0.07 minutes in morning starts. Furthermore, both obesity and diabetes are associated with 

significant delays, where obesity leads to an estimated delay of 2.06 minutes and diabetes is 

associated with a delay of 1.71 minutes. Specification (1d) includes a dummy variable for head 

physicians’ ward rounds. The estimated coefficient for head physicians’ ward rounds is 

positive and highly significant which implies that on days with ward rounds, the first case of 

the day starts on average with delays of three and a half minutes. All other coefficients remain 

similar in magnitude in comparison to specification (1c). Finally, we introduce peripheral pain 

therapy as another covariate and have the fully specified model in (1e). Our estimates suggest 

that peripheral pain therapy is associated with a delay of 5.13 minutes and that this effect is 

again highly significant. The estimated treatment effect in the fully specified model (1e) equals 

-8.23 minutes, which means that average delays decrease by roughly eight minutes for site A 
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after charter introduction has taken place. For all specifications (1b)-(1e), coefficient estimates 

for 𝛽𝛽2 are roughly the same in magnitude and highly significant. Regression results show that 

before OR charter has been introduced, FCODS started on average eight minutes later than in 

site B. The OR charter implementation was associated with a significant decline in delays and 

resulted in almost complete alignment in average delays between site A and site B.  

Table 2.3: Effect of OR charter adoption on deviations from scheduled incision time – 
Difference-in-difference estimation results 

 Dependent variable 

 Deviation from scheduled incision time 

 (1a) (1b) (1c) (1d) (1e) 
SiteA × Post -0.963 -9.532*** -8.024*** -7.973*** -8.234*** 
 (0.80) (1.04) (0.99) (0.99) (0.96) 
SiteA  8.569*** 8.081*** 8.139*** 8.000*** 
  (0.66) (0.64) (0.63) (0.60) 
Age65   0.315 0.270 0.020 
 
 

  (0.54) (0.54) (0.52) 
Female   1.169* 1.028* 0.739 
   (0.49) (0.49) (0.47) 
Obesity   2.062** 2.020** 1.630* 
   (0.71) (0.69) (0.66) 
Diabetes   1.708* 1.680* 1.891** 
   (0.74) (0.72) (0.71) 
Surgtime   0.071*** 0.072*** 0.068*** 
   (0.01) (0.01) (0.01) 
Ward    3.482*** 3.217*** 
    (0.66) (0.65) 
Pain     5.132*** 
     (0.56) 
Constant 16.200*** 12.333*** 5.417*** 4.749*** 4.555*** 
 (0.73) (0.67) (0.97) (0.96) (0.93) 
Half-year 
dummies 

  

Yes Yes Yes Yes Yes 

r2 0.021 0.133 0.234 0.252 0.300 
N 1317 1317 1317 1317 1317 

Robust standard errors are in parentheses. * p<0.05, ** p<0.01, *** p<0.001 
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To get a further understanding of how the OR charter actually has affected OR staffs’ behavior, 

we analyze, whether observed reductions in delays are attributable to improvements in 

explicitly addressed aspects. The charter at hand stipulates that cases requiring peripheral 

pain therapies should not be scheduled as first case of the day and that head physicians ward 

rounds should not compromise punctual FCODS.  

First, we assess the question whether Site A has reduced the number of surgeries requiring 

pain therapies as first case of the day after OR charter introduction. We conduct a t-test to 

compare average delays before and after the OR charter has been implemented in site A. The 

tested null hypothesis H0  is that the mean share of first cases of the day, which require 

peripheral pain therapies, does not differ between the pre- and post-treatment period. We 

test the hypothesis for both hospital sites separately. For site B, we do not expect to reject the 

null hypothesis as this site is not affected by the OR charter introduction in site A. In contrast, 

we expect to reject the null hypothesis for site A as it is explicitly stated in the OR charter.  

From Table 2.4 we see that no significant changes are detectable in the average share of 

peripheral pain therapies for both site A and site B. This indicates that site A does not follow 

the explicitly stated guideline of not scheduling cases requiring peripheral pain therapy as first 

case of the day.  

To analyze whether OR charter introduction had an effect on delays for days with ward 

rounds, we implement a difference-in-difference-in-difference (DDD) approach. This requires 

to add the following three additional interaction terms  𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛, 𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗

𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 and 𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 to our original estimation equation Eq. (1). 

Consequently, Eq. (2) describes our DDD estimation approach, where the coefficient 𝛽𝛽7 

associated with the triple interaction term 𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 is of major interest. 

The estimated coefficient �̂�𝛽6 measures the difference between differences in changes in 

average morning delays between site A and site B for days with ward rounds and days without 

ward rounds8. 

  

 
8 The DDD-estimator is equal to  �̂�𝛽7 = ��𝑌𝑌�𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 − 𝑌𝑌�𝑃𝑃𝑊𝑊𝑆𝑆,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊� − ��𝑌𝑌�𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 −

𝑌𝑌�𝑃𝑃𝑊𝑊𝑆𝑆,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊��� − ���𝑌𝑌�𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑁𝑁𝑃𝑃 𝑤𝑤𝑊𝑊𝑊𝑊𝑊𝑊 − 𝑌𝑌�𝑃𝑃𝑊𝑊𝑆𝑆,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑁𝑁𝑃𝑃 𝑤𝑤𝑊𝑊𝑊𝑊𝑊𝑊� − ��𝑌𝑌�𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑁𝑁𝑃𝑃 𝑤𝑤𝑊𝑊𝑊𝑊𝑊𝑊 − 𝑌𝑌�𝑃𝑃𝑊𝑊𝑆𝑆,𝑆𝑆𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆,𝑁𝑁𝑃𝑃 𝑤𝑤𝑊𝑊𝑊𝑊𝑊𝑊���� 



19 
 

Table 2.4:  T-test for changes in the average share of first cases of the day requiring 
peripheral pain therapies (for site A and site B respectively)  

Site A 

 Obs Mean Std. Err. Std. Dev. [95% Conf. Interval] 
       
Pre-treatment 384 0.271 0.023 0.445 0.226 0.315 
Post-treatment 198 0.273 0.032 0.4446 0.210 0.335 
Combined 582 0.271 0.018 0.445 0.235 0.308 
Diff  -0.002 0.039  -0.078 0.075 
       
diff=mean(0)-mean(1)  t=-0.0486 
H0: diff=0 degrees of freedom=580 

Ha: diff<0 Ha: diff≠ 0 Ha: diff>0 
Pr(T<t)=0.4806 Pr(|T|>|t|)=0.9613 Pr(T>t)=0.5194 

 

Site B 
 Obs Mean Std. Err. Std. Dev. [95% Conf. Interval] 
       
Pre-treatment 418 0.242 0.021 0.429 0.200 0.283 
Post-treatment 317 0.202 0.023 0.402 0.157 0.246 
Combined 735 0.224 0.015 0.418 0.194 0.255 
Diff  0.040 0.031  -0.021 0.101 
       
Diff=mean(0)-mean(1)  t=1.2783 
H0:diff=0 degrees of freedom=733 

Ha: diff<0 Ha: diff≠ 0 Ha: diff>0 
Pr(T<t)=0.8992 Pr(|T|>|t|)=0.2015 Pr(T>t)=0.1008 
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As shown in Table 2.5 the difference-in-difference-in-difference model confirms our key 

results derived from the difference-in-difference specification in Eq. (1). The estimated 

coefficient �̂�𝛽7 for the triple interaction term Ward × SiteA × Post equals -6.91, which means that 

after OR charter introduction site A exhibits an additional reduction in average delays of 

almost seven minutes on days with head physician ward rounds compared to days without 

head physician ward rounds. These results suggest that OR personnel in site A undertook 

efforts to reduce existing conflicts between ward rounds and first case punctuality and thus 

act in compliance with OR charter guidelines.  

Thus, we have two major findings with respect to the impact of OR charter implementation 

on OR staffs’ behavior. First, OR staff seems to adhere only partially to OR charter guidelines, 

as we found no evidence for a reduction in the number of first cases requiring peripheral pain 

therapy, whereas we found substantial reductions in delays for days with head physician ward 

rounds. Second, our results suggest that OR staff implements alternative measures - not 

specified in the charter - in order to reduce first case tardiness. As Table 2.5 shows, 

improvements are not only attributable to reduced delays on days with ward rounds. Instead, 

site A is able to achieve a reduction in average delays of around seven minutes on all working 

days (reflected in the estimate coefficient for the interaction term SiteA × Post). This implies 

that OR staff uses strategies other than those explicitly stated in the OR charter to fight delays. 

These findings highlight the flexibility of this management tool as it seems to foster the usage 

of knowledge already existing among OR personnel. 
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Table 2.5: Effect of OR charter adoption on deviations from scheduled incision time on days 
with head physicians’ ward rounds 

  Dependent variable 

  Deviation from scheduled incision time 

SiteA × Post  -7.130*** 

  (1.03) 
SiteA  7.233*** 

  (0.65) 
Age65  0.051 

  (0.52) 
Female  0.756 

  (0.47) 
Obesity  1.626* 

  (0.65) 
Diabetes  1.752* 

  (0.71) 
Surgtime  0.067*** 

  (0.01) 
Pain  5.152*** 

  (0.56) 
Ward  2.504* 

  (1.06) 
Ward × Post  -0.462 

  (1.85) 
Ward × SiteA  4.046* 

  (1.57) 
Ward × SiteA × Post  -6.907** 

  (2.64) 
Constant  4.866*** 

  (0.94) 
Half-year dummies  Yes 

r2  0.309 
N  1317 

Robust standard errors are in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 
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2.5 Robustness 

In this section, we assess the robustness of our results. First, we restrict our analysis on a 

subset of homogenous procedures. We do so because orthopedic procedures vary 

substantially with respect to preoperative processes (e.g. anesthesia induction, patient 

positioning). We cannot observe these preoperative processes in our data set and are 

therefore not able to control for them, although they are likely to affect FCODS. Focusing only 

on one particular subset of procedures allows to ensure homogeneity in preoperative 

processes thereby helping to circumvent potential confounders. We concentrate on hip 

related interventions9, because these procedures account for a large portion of surgical 

interventions in both sites, thereby representing the largest overlapping set. Visual inspection 

of pre-treatment deviations for hip surgeries reveals a parallel development in both sites (see 

Figure 2.4). Again, we only include non-same day surgeries and the resulting subsample 

encompasses 476 observations. 

Figure 2.4: Time trends for average deviations from targeted incision time from April 2012 
to February 2015 measured in half-year time intervals (where the sixth (last) interval 
encompasses only five months due to the data structure) (n=476) 

 

 

  

 
9 We included patients coded as DRG I 47B. Furthermore, we focused on one procedure (implantation of an endo 
prosthesis (OPS code: 5-820)) to ensure comparability in perioperative processes. 
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We estimate the following estimation equation:10 

𝑂𝑂𝑖𝑖𝑖𝑖𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽1𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽2𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽3𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛𝛾𝛾 + 𝛿𝛿𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖𝑛𝑛      (3) 

 

Table 2.6 shows the results for estimating Eq. (3) with the hip surgery subsample. The 

estimated effect of OR charter adoption is highly significant and with a reduction of roughly 

eight minutes similar in magnitude to the results derived in the main analysis encompassing 

all orthopedic non-same day surgeries. This result underlines the robustness of our results, as 

the hip surgery subsample does not suffer from unobserved confounders provoked by 

systematic differences in perioperative processes. Thus, we can conclude that unobserved 

surgery-type and process-related confounders do not seem to bias our analysis systematically. 

  

 
10 We exclude the covariate pain as our data set records no hip surgeries where a peripheral pain therapy has 
been conducted.  
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Table 2.6: Effect of OR charter adoption on deviations from scheduled incision time for hip 
surgeries subsample 

 Dependent variable 

 Deviation from scheduled incision time 

 (1a) (1b) (1c) (1d) 

     

SiteA × Post -8.787*** -8.492*** -8.573*** -7.735*** 

 (-1.58) (-1.57) (-1.55) (-1.49) 

SiteA 9.683*** 9.505*** 8.372*** 8.288*** 

 (-0.99) (-1.01) (-1.15) (-1.10) 

Age65  0.408 0.407 0.239 

  (-0.75) (-0.75) (-0.73) 

Female  -0.222 -0.069 -0.127 

  (-0.71) (-0.71) (-0.69) 

Obes  0.822 0.321 0.41 

  (-1.03) (-1.00) (-0.97) 

Diab  2.055 1.975 1.868 

  (-1.07) (-1.04) (-0.99) 

Surgtime   0.051* 0.049* 

   (-0.02) (-0.02) 

Ward    4.378*** 

    (-0.96) 

Constant 10.576*** 9.912*** 6.471*** 5.738** 

 (-0.8) (-1.02) (-1.87) (-1.85) 

Half year 

dummies 
Yes Yes Yes Yes 

r2 0.211 0.222 0.234 0.277 

N 476 476 476 476 

Robust standard errors are in parentheses. * p<0.05, ** p<0.01, *** p<0.001 
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Additionally, we want to assess whether our findings are robust with respect to the choice of 

the time window specification for first case starts. In order to minimize the impact of 

deviations provoked by factors beyond the control of OR staff (technical problems etc.), we 

only considered cases in our main analysis, which started within the time window between 

7:50 AM and 9:00 AM. To explore the robustness of our results with respect to the choice of 

the time window, we re-run the difference-in-difference estimation equation Eq. (1) with four 

more conservative (shorter) time windows. The results in Table 2.7 indicate that the estimated 

effect of OR charter introduction is robust with respect to alternative specifications as the 

estimated treatment effect remains highly significant for all considered specifications. 

However, the magnitude of the estimated coefficient for the interaction term SiteA × Post 

varies. The estimated effect is the largest for the broadest time window (≥-25 & ≤45), for which 

we have an estimated reduction in delays of around eight minutes. All other time window 

specifications are narrower and allow for smaller maximum delays. The shorter the considered 

maximum delay the smaller the estimated treatment effect. If we only consider cases with a 

maximum delay of 30 minutes, the estimated treatment effect decreases to around six 

minutes. This seems plausible as the smaller the specified threshold for considered delays 

becomes, the cases with large delays from targeted incision time are removed from the 

sample. Additionally, this finding indicates that observed improvements in delay reductions 

were not only driven by the prevention of extremely large delays but instead by improving 

overall punctuality. 
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Table 2.7: Alternative specifications for considered time windows (the grey column 
represents the time window specification used in the main analysis) 

 Dependent variable 

 Deviation from scheduled incision time 

 ≥ −5&
≤ 30 

≥ −10&
≤ 40 

≥ −25&
≤ 45 

≥ −15&
≤ 35 

≥ −15&
≤ 30 

SiteA × Post -6.335*** -8.079*** -8.234*** -7.171*** -6.271*** 
 (0.8) (0.94) (0.96) (0.87) (0.80) 
SiteA 6.447*** 7.766*** 8.000*** 7.112*** 6.442*** 
 (0.49) (0.58) (0.60) (0.54) (0.49) 
age65 0.116 0.348 0.020 0.108 0.087 
 (0.43) (0.50) (0.52) (0.46) (0.43) 
Female 0.618 0.469 0.739 0.731+ 0.660+ 
 (0.39) (0.46) (0.47) (0.42) (0.39) 
Obesity 1.238* 1.536* 1.630* 1.387* 1.247* 
 (0.55) (0.63) (0.66) (0.60) (0.55) 
Diabetes 1.565** 1.149+ 1.891** 1.536* 1.452* 
 (0.58) (0.66) (0.71) (0.64) (0.58) 
Surgtime 0.051*** 0.064*** 0.068*** 0.057*** 0.052*** 
 (0.01) (0.01) (0.01) (0.01) (0.01) 
Ward 2.162*** 2.923*** 3.217*** 2.398*** 2.178*** 
 (0.57) (0.63) (0.65) (0.61) (0.57) 
Pain 4.413*** 5.024*** 5.132*** 4.784*** 4.419*** 
 (0.47) (0.54) (0.56) (0.51) (0.47) 
Constant 5.399*** 4.842*** 4.555*** 5.221*** 5.340*** 
 (0.77) (0.91) (0.93) (0.85) (0.78) 
Half-year dummies 

  

Yes Yes Yes Yes Yes 
r2 0.277 0.289 0.300 0.279 0.278 
N 1,193 1,300 1,317 1,255 1,194 
Robust standard errors are in parentheses. * p<0.05, ** p<0.01, *** p<0.001 
 

2.6 Conclusion 

Our analysis of the OR charter introduction in an orthopedic department suggests that this 

tool is effective in reducing delays in elective non-same day surgeries. Estimation results 

indicate that OR charter introduction led to a decrease in average delays by around eight 

minutes on average. We exploited a quasi-experimental setting, where two hospitals sites 

belonging to the same hospital group introduced an identical OR charter with a time lag of 

eleven months. The validity of the estimated effect depends on the suitability of the control 
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group. Parallel pre-trends in average deviations from scheduled incision time for both sites 

indicate the suitability of our control group. Furthermore, both sites belong to the same 

hospital group implying that both hospital sites are subject to identical management 

decisions.  

Our estimation results show that ward rounds and peripheral pain therapies were associated 

with substantial delays. Interestingly, OR management has explicitly addressed these two 

aspects in the OR charter guidelines, which indicates that OR personnel and management 

were already aware of weaknesses in perioperative processes when setting up the OR charter 

document. Regarding peripheral pain therapies, our analysis indicates that OR personnel 

refrained from adopting the guideline as the number of first case surgeries requiring 

peripheral pain therapy did not significantly decline after OR charter introduction. The picture 

is different with respect to delays on days with head physician ward rounds, for which we 

observe substantial reductions in morning delays. Furthermore, we also detect significant 

reductions in FCODS delays on days where no ward rounds took place. This indicates that OR 

personnel found alternative ways – which have not been explicitly stated in the OR charter - 

to reduce delays in first cases. This supports the evidence for the effectiveness of using general 

guidelines rather instead of formulating strict specifications. Our results indicate that 

knowledge with respect to process deficiencies already exists among the affected employees 

and that OR staff is able to develop effective strategies to fight delayed surgery starts 

autonomously.  

These results underline the importance of using process knowledge existing among targeted 

employees when designing or revising guidelines. Furthermore, in a highly complex working 

environment with a limited level of standardization in working processes, it is important to 

formulate guidelines in a non-restrictive way in order to ensure that OR staff can flexibly react 

to unforeseen occurences. This also implies that OR staff needs to be integrated into the OR 

charter’s development process to ensure that valuable knowledge about deficiencies and 

working processes are taken into account and to foster acceptance among employees.  

Additionally, it would be fruitful to analyze whether combining an OR charter with other 

management tools such as quality reporting or financial incentives is a sensible option to 

realize possible synergies.  
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Finally, our analysis faces some limitations. First, we solely consider orthopedic interventions 

and therefore we cannot make any predictions regarding the effects of OR charter 

introduction in other specialties. As delays in FCODS might be different among specialties (e.g. 

due to differences in perioperative processes), the effectiveness and success of an OR charter 

document possibly varies. Using a representative sample of hospitals with various disciplines 

to gain further insights might be a promising approach. Finally, more evidence is needed on 

the complex relationship between reduced delays in FCODS and the resulting effects on costs 

in the OR and subsequent areas (Szczesny & Ernst, 2016), as determining real cost savings 

through improved FCODS is challenging (Scalea et al., 2014). 
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3 Impact of reimbursement change on physicians’ screening behavior11 

Abstract 

In this paper, we analyze the effect of a reimbursement change from fee-for-service paid out-

of-pocket to capitation per patient on health service provision behavior for a specific 

preventive service (i.e. amblyopia screening). Our approach exploits a natural experiment 

generated by the introduction of a selective contract of pediatric care in 2014. Our panel data 

from a large public German sickness fund covers routine and billing data from 2011-2017. We 

set up a theoretical model to derive testable predictions regarding physicians’ screening 

behavior. We employ a difference-in-difference approach to analyze amblyopia-screening 

behavior for both participating and non-participating pediatricians. Empirical results are in line 

with our theoretical prediction as we find a significant increase in the screening rate for 

participating pediatricians compared to non-participating ones. This indicates that capitation 

does not necessarily lead to a decrease in service provision. 

  

 
11 This chapter is based on joint work at the University of Hohenheim with Tanja Wollensak, which is yet 
unpublished. 
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3.1 Introduction 

Health economics literature has long had a strong interest in studying how over, under, and 

incorrect provision of care can be addressed by designing more intelligent reimbursement 

systems for physicians. Different reimbursement schemes for health service provision imply 

differing incentives for service provision. Prospective reimbursement such as capitation shifts 

financial risk towards the provider and thereby affects incentives for service provision and 

quality (Ellis & McGuire, 1993; Ma, 1994). In contrast, retrospective reimbursement schemes 

like fee-for-service (FFS) (paid for by health insurers) shift financial risk towards the health 

insurer (Ellis & McGuire, 1986). Overall, this literature suggests that FFS incentivizes providers 

to increase the number of services, whereas prospective payment schemes such as capitation, 

flat rates and capitated fees could potentially prevent overtreatment (Ellis & McGuire, 1986; 

Ellis & McGuire, 1993; Pauly, 1995; Henning-Schmidt et al., 2011). Generally, physicians have 

economic incentives to reduce the amount of services as reimbursement becomes 

increasingly more independent from service provision (Hennig-Schmidt & Wiesen, 2014). 

Unfortunately, this may cause the pendulum to swing in the other direction and result in an 

underprovision of health services and treatment quality (Henning-Schmidt et al., 2011). 

In Germany, FFS or FFS-based models traditionally constituted the predominant way of 

reimbursement for physicians in the outpatient sector12. With the introduction of gate-

keeping models in 200813, a shift from FFS to more prospective reimbursement models has 

taken place for several medical services. The main objectives of gate-keeping models were 

cost containment in service provision, improvements in service quality and the strengthening 

of general practitioners’ coordination function (Klora et al., 2017). During the last two 

decades, several German sickness funds expanded gate-keeping models to other medical 

specialists and introduced selective contract schemes. A large German sickness fund operating 

in South-West Germany launched a non-mandatory selective contract targeting pediatricians 

exclusively in 2014. The declared objective of the selective contract for pediatric care (SCPC) 

 
12 Compensation for outpatient services is actually quite complex. Basically, physicians do not receive payments 
for services provided directly from the statutory health insurance, but from the Associations of Statutory Health 
Insurance Physicians (Kassenärztliche Vereinigungen (KV)). The health insurance fund pays a “total 
compensation” to the KV covering all necessary medical treatments of the insured. The KV then allocates the 
funds to the physicians mainly according to FFS. 
13 § 73b SGB V (German Social Security Code V). 
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was the introduction of a more needs-oriented health care provision for children and 

adolescents. In contrast to standard care, SCPC encompasses several prospective 

reimbursement elements with a fixed baseline fee per participating patient and additional 

contact fees (e.g. for chronically ill children). The reimbursement change was designed to 

streamline administrative requirements, e.g. by reducing documentation standards for 

capitated services. For the service providers this type of capitation per patient ensures a 

baseline income thereby reducing financial risks. Additionally, by decoupling reimbursement 

from the scope of service provision, capitation may limit incentives for service over-provision.  

Another major objective of SCPC was to incentivize the provision of effective preventive 

measures. Negotiations of contractual content and terms took place bilaterally between 

representatives of the sickness fund and the representatives of resident pediatricians. Both 

parties agreed on the relevance of ophthalmological screening measures due to the 

importance of proper eyesight on early childhood development. In this context, amblyopia is 

one of the most common eye-disorders among young children (Lagrèze, 2010). Prevalence of 

amblyopia for children varies between 1% and 5% (Ganekal et al., 2013; Oscar et al., 2014; Fu 

et al., 2014; Faghihi et al., 2017; Aldebasi, 2015) with higher prevalence for adults (Faghihi et 

al., 2017). Prevalence depends on the population studied (e.g. age group, ethnicity) as well as 

the study design (e.g. definition of amblyopia14). Untreated amblyopia provokes visual 

impairments in adolescents and adults and increases the risk for visual impairment (Van 

Leeuwen et al., 2007). Research indicates that the success of amblyopia treatment crucially 

depends on early detection of risk factors because amblyopia treatment has higher success 

probabilities for younger children (Flynn et al., 1999; Flynn et al., 1998; Fronius et al. 2014; 

Williams et al., 2003; Williams et al., 2002; Elflein et al., 2015). Since no standardized system 

for ophthalmological preventive examinations for children currently exists in Germany, 

practitioners and pediatricians play a major role in detecting eye disorders in young patients 

(Elflein & Pitz, 2015).  

Under standard care, i.e. for patients not participating in SCPC, the sickness fund does not 

cover the cost for this type of screening. Hence, patients’ parents have to pay out-of-pocket 

 
14 There is no uniform definition for amblyopia (Lagrèze, 2010). This is one reason for differences of amblyopia 
prevalence across the world (Hashemi et al., 2018). 
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to receive the preventive service for their children. To increase the number of provided 

screenings, SCPC incentive design targets both pediatricians and patients simultaneously. 

With respect to pediatricians, reimbursement for screenings changes from FFS paid out-of-

pocket (abbreviated with OOP-FFS in the remainder of our paper) to capitation. More 

specifically, participating pediatricians receive a capitation fee per quarter for each visiting 

patient who is eligible for a for-free screening, regardless of whether the screening actually 

takes place or not. For participating patients, the service is no longer associated with an out-

of-pocket payment but instead the sickness fund fully covers the costs. Note that due to the 

simultaneous change in incentives, the SCPC deviates from the settings regularly studied in 

literature, in which changes affect either the health care service provider side or the patient 

side. To the best of our knowledge, we are the first to analyze such a framework in pediatric 

care. The introduction of SCPC constitutes a natural experiment. We develop a basic 

theoretical model to analyze the interplay between modified incentives for physicians and 

patients and derive predictions about physicians screening provision. In order to analyze the 

effects of the reimbursement change from OOP-FFS to capitation empirically, we compare 

amblyopia-screening provision behavior for pediatricians participating in SCPC and 

pediatricians who remain in the ordinary system of care. We do so by using a difference-in-

difference approach. Our theoretical model predicts an increase in amblyopia screening rates 

for the SCPC compared to the ordinary scheme. Empirical results are in line with our 

theoretical prediction as we find a significant increase in the screening rate for participating 

pediatricians compared to non-participating ones. 

3.2 Background 

3.2.1 The Program 

As participation in SCPC is voluntary for pediatricians and patients, SCPC and standard care do 

co-exist in routine pediatric patient care. Note that only if both the physician and the visiting 

patient participate in SCPC, treatment and reimbursement occurs under SCPC terms. If a 

participating pediatrician treats a non-enrollee, she is reimbursed via the standard care 

regime. Figure 3.1 gives a schematic overview of the reimbursement structure. 
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Figure 3.1: Classification selective scheme care and standard care 

 
Physician 

Selective Scheme Ordinary Scheme 

Patient 
Selective Scheme Selective Care Standard Care 

Ordinary Scheme Standard Care Standard Care 

 

In the German statutory health care, most sickness funds do not cover the cost for amblyopia 

screenings. If a pediatrician undertakes a screening under standard care, parents have to pay 

around 20 € out of pocket for this service. Whether a child actually receives a screening 

depends therefore on parents’ willingness-to-pay and ability-to-pay. As information 

asymmetries between provider and parents are obviously present, this willingness-to-pay 

heavily depends on physician’s persuasiveness regarding the beneficial health effects of the 

amblyopia screening. Contrary to the previous regime, the SCPC framework now specifies that 

enrolled children between their second and third year of life are eligible for a free screening, 

meaning that parents face no costs when they opt for a screening. Thus, under SCPC parents’ 

willingness-to-pay and ability-to-pay should no longer have an impact on screening demand. 

For pediatricians, reimbursement for screening provision changes from OOP-FFS paid directly 

by patients to capitation per enrolled patient. Enrolled pediatricians, who verifiably own an 

appropriate screening device, receive a lump-sum payment paid by the sickness fund if an 

enrolled child in the eligible age group visits the pediatrician’s practice. This lump-sum 

payment is billable once per quarter and does not depend on the actual provision of the 

screening. Thus, the pediatrician can receive the lump-sum-capitation fee four times a year 

per patient at maximum (given that this patient visits the pediatrician’s practice in each 

quarter). 
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 Since only children aged 2-3 years are eligible for the screening, the maximum time span of 

eligibility equals two years. It is important to note that the pediatricians’ receipt of the 

capitation fee does not depend on actual service provision15.  

To avoid confusing, we want to make clear that our analysis only remotely relates to the 

traditional FFS vs. capitation literature. Most of the former literature (often tacitly) assumes 

that both reimbursement regimes are compared under existing third party payment by health 

insurers. If a third party covers (almost) 100% of the cost, it is obvious that physicians will 

maximize the number of healthcare services provided under FFS (e.g. Pauly, 1995). If the third 

party payer then switches to prospective payment or capitation, service provision will usually 

decrease.16 Conversely, we study a setting where an OOP-FFS is replaced by a capitation 

system. The latter was included in the SCPC because the contracting parties agreed that the 

level of service provision under OOP-FFS was insufficient because of ability-to-pay and 

willingness-to-pay concerns that led to equity of access problems. 

3.2.2 Theoretical Considerations 

In order to make testable predictions on how pediatricians’ provision behavior changes under 

SCPC, we first develop a theoretical model in order to reflect the peculiarities of our studied 

set-up. Our model relies on three central assumptions. First, we assume that pediatricians do 

not only care about monetary incentives when choosing their utility-maximizing level of 

service provision, but instead also about their patients’ health benefit and well-being. The 

importance of altruistic motives in physicians’ treatment decisions is widely accepted within 

the field of health economics (Arrow, 1963; Newhouse, 1970; Godager & Wiesen, 2013; 

Hennig-Schmidt et al., 2011). Second, we assume that health services, which patients have to 

purchase as out-of-pocket payments, require pediatricians to perform a costly persuasion 

 
15 The reimbursement scheme works as follows: Any participating pediatrician owning the testing device bills the 
fee if an eligible patient (i.e. patients is between 2-3 year old and enrolled in SCPC) visits pediatrician’s practice. 
Amblyopia fee is billable once per quarter and it does not matter whether the pediatrician actually conduct the 
test or not. The latter aspect is what defines the capitation property because the physician could potentially 
pocket the fee without testing the child. This implies that a physician can invoice the fee eight times per patient 
at maximum (which is the case when an enrolled patient visits the pediatrician’s practice in each quarter during 
second and third year of life). 
16 A well-known example is the Managed Care system in the U.S. in the 90s of the previous century. HMOs and 
PPOs limited the available provider pool to patients and switched to capitation. The result was an undersupply 
of services (at least in patient perception) that led to the so-called managed care backlash (Blendon et al., 1998; 
Duijmelinck & van de Ven W., 2016). 
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effort (Wiesemann et al., 2004; Turner et al., 2009)17. We do so, because physicians have to 

explain in detail the advantages of the screening and possible threats of undetected amblyopia 

on child’s future health in order to convince parents to purchase the screening that is not 

covered by the statutory health care system. We interpret costs in terms of physician’s 

opportunity costs i.e. as forgone revenue generated by conducting other services or treating 

more patients. In the remainder of this paper, we refer to these costs as persuasion costs. 

Third, we assume that the physician faces costs when conducting the screening. These costs 

are associated with the actual service provided (e.g. interpretation of test results, diagnostics, 

writing referrals to ophthalmologists etc.). 

As a first step, we derive the number of screenings pediatricians conduct in the case that only 

the standard scheme is in place, i.e. in the case that screenings are only available as out-of-

pocket services with price 𝑝𝑝. We assume that patients’ parents18 differ with respect to their 

willingness-to-pay to conduct an amblyopia screening. patients’ parents type is denoted by 

parameter 𝜃𝜃19. We assume that 𝜃𝜃 is continuously and uniformly distributed over the interval 

 [0,1] with density function 𝐴𝐴(𝜃𝜃) = 1 and cumulative distribution function 𝐺𝐺(𝜃𝜃) = 𝜃𝜃. 

According to our assumptions, a pediatrician faces persuasion cost 𝑑𝑑(𝜃𝜃) associated with the 

effort necessary to persuade a parent with type 𝜃𝜃 to purchase a screening as an out-of-pocket 

service. Persuasion cost arise due to effort to raise awareness about amblyopia and explain 

possible consequences if amblyopia remains untreated. We assume that 𝑑𝑑(0) = 0, 𝑑𝑑′ (𝜃𝜃) >

0, 𝑑𝑑′′(𝜃𝜃) > 0 and 𝑑𝑑′′′(𝜃𝜃) < 0 over the support (0,1], which implies that persuasion cost are 

strictly increasing and convex in parent type 𝜃𝜃 and that a parent characterized by type 𝜃𝜃 = 0 

requires no persuation cost at all to purchase the screening. 

 
17 Wiesemann et al. (2004) as well as Turner et al. (2009) find that willingness-to-pay does not only depend on 
net income but instead also on patients’ health literacy. To build up patients’ health literacy, the physician has 
to educate patients about health related issues. As counseling requires time, the physician faces opportunity 
costs and a decision problem on how to allocate time.  
18 As the service provision in question targets infants, patient’s parents decide whether their child receives a 
screening. Thus, we will always refer to patients parents’ type when analyzing the decision whether to purchase 
a screening under standard care.  
19 In the theoretical framework at hand, a patient with type 𝜃𝜃 = 0 exhibits the maximum willingness-to-pay, i.e. 
the pediatrician faces no consultation costs at all in order to convince the patient to purchase the screening. An 
increasing 𝜃𝜃 represents a decreasing willingness-to-pay. Furthermore, we abstract from ability-to-pay because 
we assume in the present framework that all parents have sufficient financial resources to afford the screening. 
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 Furthermore, we assume that not only the monetary incentive 𝑝𝑝 (the amount of money the 

pediatrician receives per out-of-pocket screening) increases pediatricians’ utility, but also the 

knowledge that conducting the screening contributes to the child’s health development and 

welfare. To reflect the latter, we introduce 𝑑𝑑 > 0 which represents the utility gain provoked 

by childrens’ additional health benefit due to the screening. Additionally, the pediatrician 

faces costs of service provision, which we denote with 𝑐𝑐. We assume constant costs per 

screening that are strictly positive (i.e. 𝑐𝑐 > 0). Furthermore, we assume that pediatricians are 

not able to observe the patients’ parents’ type 𝜃𝜃 but instead only have knowledge about the 

distribution of type 𝐴𝐴(𝜃𝜃). Thus, the pediatrician sets ex-ante a utility maximizing consultation 

effort 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖(𝜃𝜃�) such that the marginal benefit from another unit of persuasion effort equals its 

costs. For all patient types’ 𝜃𝜃 < 𝜃𝜃� the pediatrician faces marginal costs of 𝑑𝑑′ (𝜃𝜃) < 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖(𝜃𝜃�). 

This implies that the physician conducts the exact amount of persuasion effort necessary to 

convince the respective parent. In contrast, for all parent types 𝜃𝜃 ≥ 𝜃𝜃� the pediatrician faces 

marginal costs of  𝑑𝑑�𝜃𝜃��. 

Thus, the pediatrician’s overall persuasion costs 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖 connected with optimal consultation 

effort level 𝜃𝜃� will be equal to:  

𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖�𝜃𝜃�� = ∫ 𝑑𝑑′(𝜃𝜃)𝑑𝑑𝜃𝜃 +𝜃𝜃�
0 ∫ 𝑑𝑑′�𝜃𝜃��𝑑𝑑𝜃𝜃1

𝜃𝜃� = 𝑑𝑑�𝜃𝜃�� + �1 − 𝜃𝜃�� ∗ 𝑑𝑑′�𝜃𝜃��          (1) 

The utility-maximizing physician will choose 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖�𝜃𝜃�� in such a way that marginal utility from 

exercising another unit of persuasion effort equals its marginal cost. According to our 

assumptions, net marginal gain (without the consideration of convincing costs) is a constant 

and equals (𝑑𝑑 + 𝑝𝑝 − 𝑐𝑐 > 0). Thus, the sum of benefit derived from patient well-being and 

out-of-pocket payment is strictly larger than the cost of conducting a screening. We consider 

this an appropriate assumption for the setting at hand, because amblyopia screenings are 

associated with minor costs to the pediatrician (Matta et al., 2008; Singman et al., 2013). 

Taking the first derivative of (1) we get marginal convincing costs equal to: 

𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖′�𝜃𝜃�� = 𝑑𝑑′�𝜃𝜃�� + (−1) ∗ 𝑑𝑑′�𝜃𝜃�� + �1 − 𝜃𝜃�� ∗ 𝑑𝑑′′�𝜃𝜃��  = �1 − 𝜃𝜃�� ∗ 𝑑𝑑′′(𝜃𝜃�)        (2) 
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The utility maximizing physician will choose 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖�𝜃𝜃�� such that marginal utility and marginal 

cost from conducting another screening becomes equal (see Figure 3.3): 

Figure 3.2: Utility maximizing effort 

 

Assuming convex effort costs 𝑑𝑑(𝜃𝜃) = 𝜃𝜃𝛾𝛾 with 1 < 𝛾𝛾 < 2, 𝑑𝑑′′(𝜃𝜃) is strictly decreasing over the 

domain (0,1] implying there is a unique interior solution satisfying (𝑑𝑑 + 𝑝𝑝 − 𝑐𝑐) = �1 − 𝜃𝜃�� ∗

𝑑𝑑′′(𝜃𝜃�). Thus, the number of conducted screenings under standard care will be equal 

to 𝐺𝐺�𝜃𝜃�� = 𝜃𝜃� with 0 < 𝜃𝜃� < 1 and 𝑑𝑑 + 𝑝𝑝 − 𝑐𝑐 > 0. 

Now, we turn to the case when SCPC is introduced and the lump-sum scheme applies for all 

physician-patient contacts where both, physician and patient, participate in SCPC. We assume 

that under the selective scheme 𝑑𝑑(𝜃𝜃) = 0 for all 𝜃𝜃 ∈ [0,1], i.e. as soon as screenings are 

covered by the statutory health insurance, physicians face no persuasion costs at all. We do 

so, because the screening is not associated with any discomfort for the screened individual, 

very quick and no negative side effects whatsoever have been reported to date (Moghaddam 

et al., 2012; Yan et al., 2015). Thus, we have two possible outcomes for the physicians’ 

optimization problem, where the outcome depends on the relation between the degree of 

physicians’ utility derived from patients’ health benefit 𝑑𝑑 and cost per screening 𝑐𝑐.20 

Physicians will conduct screenings as long as the marginal benefit from performing a screening 

 
20 If both the pediatrician and the patient are enrolled in SCPC, the price per screening 𝑝𝑝 is no longer relevant for 
pediatrician’s decision on optimal screening provision, as the pediatrician does not receive a reimbursement per 
screening but instead receives a contact-dependent fee regardless of whether screening takes place or not.   
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is larger or equal than its marginal cost, i.e. as long as 𝑑𝑑 ≥ 𝑐𝑐. In this case, all patients who opt 

into the selective scheme will receive a screening. On the contrary, if 𝑑𝑑 < 𝑐𝑐, none of the 

selective scheme patients get a screening.  

Now, we assess the change in the number of amblyopia screenings after SCPC introduction, 

i.e. in the case where we have a parallel system of standard and selective contract schemes.  

Furthermore, we have to make an assumption with respect to patients’ parents probability to 

enter SCPC depending on their type realization 𝜃𝜃. We assume that each type 𝜃𝜃 ∈ [0,1] has a 

strictly positive probability 𝑝𝑝(𝜃𝜃) > 0 of entering the selective contract scheme. We make no 

further restrictions with respect to the probability density function, thereby allowing for 

possible non-observable self-selection effects among patients’ parents, i.e. the possibility that 

patients’ parents willingness-to-pay and their respective probability for opting into the 

scheme are in some way correlated. In the following analysis, we consider the most restrictive 

case, i.e. we assume the entry probability is equal to 𝑝𝑝(𝜃𝜃) =  𝜀𝜀 for all 𝜃𝜃 𝜖𝜖 [0,1] and that 𝜀𝜀 > 0 

is arbitrarily small.  

We start with analyzing the case where 𝑑𝑑 ≥ 𝑐𝑐 holds: As pediatricians’ utility-maximizing 

condition for choosing 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖 is identical before and after the introduction of SCPC, all patients 

with type 𝜃𝜃 ≤ 𝜃𝜃� who are still in the standard scheme will receive the screening. Additionally, 

all patients who have opted into SCPC receive a screening regardless of their type 𝜃𝜃. Thus, we 

have that for the parallel scheme all patients with type 𝜃𝜃 ≤ 𝜃𝜃� receive a screening. Then, the 

expected number of screenings for types 𝜃𝜃 𝜖𝜖 (𝜃𝜃�, 1] is equal to 

∫ 𝐴𝐴(𝜃𝜃) ∗ 𝜀𝜀1
𝜃𝜃� 𝑑𝑑𝜃𝜃 = [𝜀𝜀 ∗ 𝐺𝐺(𝜃𝜃)]𝜃𝜃�

1 = 𝜀𝜀 ∗ �1 − 𝜃𝜃��           (3) 

Thus, under the parallel system 𝜃𝜃� + 𝜀𝜀 ∗ �1 − 𝜃𝜃�� patients receive a screening. This is strictly 

larger compared to the number of screenings under standard care (which is equal to 𝜃𝜃�) given 

that 0 ≤ 𝜃𝜃� < 1. Thus, we know that given not all patients have received a screening under 

standard care before SCPC introduction, i.e. 𝜃𝜃� < 1, the number of amblyopia screenings 

strictly increases after SCPC introduction. 
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In contrast, for 𝑑𝑑 < 𝑐𝑐 we will have that pediatricians do not conduct any screenings for SCPC 

patients. Again, pediatricians’ utility-maximizing condition with respect to 𝑑𝑑𝑃𝑃𝑜𝑜𝑖𝑖 does not 

change. For patients with type  𝜃𝜃 ≤ 𝜃𝜃� only those, who have not opted in the SCPC, receive the 

screening and for patients with type 𝜃𝜃 > 𝜃𝜃�, no one will receive the screening, regardless of 

whether individuals are in standard care or in SCPC.  Thus, the expected number of screenings 

is equal to   

∫ (1 − 𝜀𝜀)𝐴𝐴(𝜃𝜃)𝜃𝜃�
0 𝑑𝑑𝜃𝜃 = (1 − 𝜀𝜀)[𝐺𝐺(𝜃𝜃)]0𝜃𝜃

� = (1 − 𝜀𝜀)�𝜃𝜃� − 0� = (1 − 𝜀𝜀) ∗ 𝜃𝜃�         (4) 

This implies that under the parallel system (1 − 𝜀𝜀) ∗ 𝜃𝜃� patients receive a screening. Therefore, 

the number of screenings under the parallel scheme is strictly smaller than under standard 

care (which equals 𝜃𝜃�).  

Under the relatively weak assumption that all types have an arbitrarily small probability for 

entering the scheme, the model’s main implications are, that if pediatricians exhibit a 

relatively low degree of altruism (i.e. 𝑑𝑑 < 𝑐𝑐 ), the total number of screenings provided is 

strictly smaller under the parallel system of SCPC and standard care than under standard care 

only. In contrast, given that altruism is sufficiently large, i.e. 𝑑𝑑 ≥ 𝑐𝑐, our model predicts that 

the total number of screenings will increase after SCPC introduction. 

In the present context, we assume that 𝑑𝑑 ≥ 𝑐𝑐  is likely to hold as experimental findings suggest 

that altruism is particularly prevalent among pediatricians (Hojat et al., 2002; Li, 2018) and 

marginal cost for amblyopia screenings is relatively small (Matta et al., 2008). Thus, our model 

predicts that assuming pediatricians are sufficiently concerned about patients’ well-being and 

the costs associated with screening provision are relatively small, reimbursement change from 

OOP-FFS to capitation will induce an increase in service provision. Therefore, we test the 

following hypothesis: 

𝐻𝐻0: Physicians responded to the introduction of a lump sum payment under SCPC with an 

increase in the number of amblyopia screening tests. 
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3.3 Data and Methodology 

To test our theoretical predictions empirically, we use a comprehensive data set, which 

contains information on pediatricians’ insurance billing records, diagnoses and characteristics 

of both pediatricians and patients provided by a large public German sickness fund. The data 

set covers the period between 2011 and 2017. Our approach exploits a natural experiment 

arising from the introduction of SCPC in 2014. The program participation is voluntary for 

pediatricians and patients and since its introduction pediatricians enrolled successively over 

time. The panel structure of the data allows the implementation of a two-way fixed effects 

estimation approach, which allows controlling for time-invariant unobservable confounders 

and time effects. 

We use the group of pediatricians who abstain from entering SCPC throughout the complete 

observation period and own a screening device as control for general time-trends affecting 

screening provision. In contrast, the treatment group comprises all physicians who opt into 

the selective contract scheme during the observation period and own a screening device. SCPC 

participation is voluntary implying that pediatricians have to opt actively into the scheme. This 

means we run into a potential problem of self-selection bias as assignment to the treatment 

and the control group is not random. Consequently, complications with respect to possible 

causal interpretations of findings might arise as observed changes in screening provision might 

not be attributable to changes provoked by SCPC participation but instead due to the fact that 

propensity of participating in SCPC is possibly correlated with the pediatricians’ inclination of 

providing screenings. We will examine this concern more closely later in this section and argue 

why we believe that potential selection bias poses no substantial threat to our analysis.  

Our unique data set contains information on diagnoses (ICD-10-GM codes) and characteristics 

of both physicians and patients. The data comprises information on patients’ characteristics 

like age, nationality, place of residence (ZIP-code), regional structure, morbidity-adjusted 

payments and patient’s and parental enrollment status in SCPC. With regard to pediatricians, 

we have information on SCPC enrollment status and physician’s age. Finally, the data covers 

billing data submitted by pediatricians. For our analysis, we aggregate data on physician-level 

on a quarterly basis. The data exhibits panel structure as we have observations for the same 

physicians in several points of time. 
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In order to make meaningful comparisons between the screening behavior of pediatricians 

who enroll in SCPC and receive the capitation payment and pediatricians who remain in 

standard care, we have to assign pediatricians properly to the control or treatment group. 

Pediatricians qualify for the treatment group, if they a) charged the capitation fee at least once 

(implying they were SCPC enrollees and owned a suitable screening device) and b) had already 

owned a screening device before they entered SCPC. Requirements for assigning a pediatrician 

to the control group are a) that she remained in the ordinary scheme throughout the complete 

observation period and b) owned a suitable device before SCPC introduction in 2014. Here, 

we assume that given pediatricians invest in buying a costly screening device, they will keep it 

throughout the observation period. When assigning pediatricians to respective groups we run 

into two problems. First, pediatricians neither document screenings in the ordinary nor in 

SCPC scheme.21 As our objective is the analysis of reimbursement-induced changes on 

pediatricians’ screening rate, we have to identify an appropriate proxy for the number of 

conducted screenings. We use the number of amblyopia and amblyopia-related diagnoses 

following the simple logic that a higher number of screenings will imply a higher number of 

diagnosed cases. Furthermore, to avoid double counts we only take into account initial 

diagnoses made by a pediatrician. In the case of multiple relevant diagnoses for one child, we 

only count one as our focus lies solely on the detection of amblyopia and related risk factors. 

 
21 Under standard care, patients reimburse pediatricians directly via an out-of-pocket payment, which implies 
that screenings do not appear in pediatricians’ insurance billing records. Under selective care, pediatricians 
receive an upfront payment per patient as soon as the ownership of a screening device has been proven and are 
not required to document conducted screenings. 
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Table 3.1 enlists all diagnoses we consider in the following analyses. Here, manufacturers’ 

product information served as a basis to identify disorders, which are detectable with the 

screening device22.  

Table 3.1: Amblyopia and amblyopia-related diagnoses 

ICD-10 code Diagnosis 

H53.0 Amblyopia 

H52.3 Anisometropia (two eyes have unequal refractive power) 

H52.2 Astigmatism (refractive error in which eye does not focus 

evenly on retina) 

H52.1 Myopia (short-sightness) 

H52.0 Hyperopia (far-sightness) 

H50.4 Strabismus (microstrabismus) 

H57.0 Mydriasis (dilation of the pupil) 

Q13.2 Anisocoria (unequal size of eyes‘ pupil) 

H18.6 Keratoconus (progressive thinning of the cornea) 

H18.7 Other deformities of the cornea 

Q13.3 Congenital corneal opacity 

Q13.4 Other congenital deformities of the cornea 

Q12.0 Cataracta congenital 

 

Secondly, we have incomplete information on whether pediatricians own a suitable screening 

device. In order to provide screenings for pre-verbal children, pediatricians need a screening 

device which does not require active involvement of the child. We have to find a valid strategy 

to identify ownership status of such a device. Reliable information is only available for 

pediatricians who participate in SCPC, as proof of ownership is a prerequisite for charging the 

amblyopia screening capitation fee. Thus, we have to formulate criteria in order to identify 

non-participating pediatricians owning a screening device. As we only consider screening 

 
22 See https://plusoptix.com/vision-screener/landing-google-
eu?pk_campaign=GoogleAds_EU&gclid=Cj0KCQjwt-
6LBhDlARIsAIPRQcKM3vqE4mjbjyDP1tgIXUrzph1H_e_l_RfOAG_sEkls49DfKvtUEHYaAmKVEALw_wcB 
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devices which enable the physician to conduct screenings contactless and without child’s 

active cooperation, we filter for amblyopia or amblyopia-related diagnoses in sufficiently 

young children (≤ 3 years). Furthermore, we only include diagnoses, which require the usage 

of a screening device implying that health care providers cannot do them by just using naked 

eye diagnostics23. Our treatment group comprises 179 and the control group 156 

pediatricians. This constitutes one of the largest samples to study outpatient-care provision 

under a specific selective contract in Germany so far. 

To analyze the development of average screening rates for both treatment and control group 

over time, we take quarterly averages over diagnoses rates for both groups respectively. The 

quarterly diagnose rate is defined as the ratio between the number of relevant diagnoses and 

the total number of patients in the relevant age group (two to three years) who visited 

pediatrician’s practice in the respective quarter. Figure 3.3 shows the development of 

diagnoses rates over time. Before the introduction of SCPC in 2014, the development of 

diagnoses rates over time for treatment and control group were relatively similar trend- as 

well as level-wise. After SCPC introduction we can see that control group’s  average level of 

diagnoses rates did not change notably, but that diagnoses rates for the treatment group 

increases substantially. 

 
23 For this reason we only considered microstrabismus and not strabismus as the latter is in many cases 
noticeable with naked eye diagnostics not requiring additional diagnostic tools.  
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Figure 3.3: Trends in physicians’ quarterly average ratio between number of relevant 
diagnoses and number of patients aged two to three years over the observation period 2011-
2017 - separately presented for treatment (red) and control group (blue). 

 

3.3.1 Outcome Variable 

The outcome variable of interest is the number of quarterly diagnoses per pediatrician. We 

adjust the number of diagnoses to the number of diagnoses the pediatrician possibly could 

have done. This ensures comparability of our outcome variable among pediatricians. The 

number of possible diagnoses equals the number of patients, who are in the relevant age 

group and who visited the pediatrician in the given quarter of interest. Thus, we deal with a 

fraction as we measure the occurrence of amblyopia and amblyopia related diagnoses per 

hundred patients. Figure 3.4 shows the distribution of “fraction of diagnoses” for the complete 

data set, the treatment and control group. For all three groups, the distribution is skewed to 

the right. To account for the skewed distribution, we will use a negative-binomial fixed-effects 

model to estimate the effect of SCPC on the average number of quarterly diagnoses per 

pediatrician. Technically, to reflect that our outcome variable describes a rate, we will 

introduce the exposure variable “number patients” in our estimation equations, measuring 

the number of possible diagnoses a pediatrician can possibly make in one quarter. 
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Figure 3.4: Distribution of relevant diagnoses per physician on quarterly basis for a) 
complete sample, b) control and c) treatment group. 

 

Table 3.2 shows the average number of quarterly diagnoses per one hundred patients for the 

treatment and the control group prior and post reimbursement change. As we can see, the 

average fraction of diagnoses before introduction of SCPC (2011-2013) is almost identical for 

the treatment and the control group (0.0020 vs. 0.0024). After SCPC introduction (2014-2017), 

the number of diagnoses per one hundred patients has more than doubled for pediatricians 

in the treatment group (0.0054 vs. 0.0020). In contrast, for pediatricians in the control group, 

fraction of diagnoses stagnates (0.0024 vs. 0.0028). 
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Table 3.2: Average “fraction of diagnoses” for treatment and control group pre and post 
SCPC introduction 

 Treatment group Control group 

Variable Mean 
(SD) 

Min. Max. Mean 
(SD) 

Min. Max. 

Period Jan 2011 to Dec 2013 

Obs. 2,060   1,840   

Fraction of 

diagnoses  
0.0020 

(0.0065) 
0 0.0805 0.0024 

(0.0083) 
0 0.1111 

Period Jan 2014 to Dec 2017 

Obs. 2,784   2,233   

Fraction of 

Diagnoses  

0.0054 
(0.0119) 

0 0.1053 0.0028 

(0.0093) 

0 0.1071 

 

3.3.2 Control Variables  

As covariates we use patient characteristics like nationality, patients’ socioeconomic status 

(based on ZIP-code), regional structure24 (based on ZIP-code), morbidity-adjusted payments25, 

patient’s and parental enrollment status in SCPC. We use ZIP-codes to control for patients’ 

(i.e. patients’ parents) socioeconomic status by implementing the German Index of 

Socioeconomic Deprivation. The index varies between 3 (= high socioeconomic status) and 21 

(= low socioeconomic status)). Additionally, we add physicians’ age26 as another control 

variable. For our analysis, we aggregate data on physician-level on a quarterly basis. This 

means we average patient information over physicians, i.e. we calculate averages for the 

physicians’ respective patient bases. 

  

 
24 The variation range is between 1 (= rural area) and 6 (= urban area). 
25 Sickness funds receive additional payments for cost-intensive chronic diseases. We add this covariate, which 
measures these additional payments to control for patients’ morbidity. We do not use the Charlson Comorbidity 
Index because this measure was not designed with a focus on pediatric care and therefore offers only 
inappropriate assessment of children’ comorbidity. 
26 Measured in age groups varying from 1 (age < 35 yrs.) to 10 (age between 75 and <80 yrs.). 
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Table 3.3: Descriptive statistics complete observation period 

 Treatment group Control group 

Period Jan 2011 to Dec 2017 

Variable Mean (SD) Min. Max. Mean (SD) Min. Max. 

Obs. 4,844   4,073   

Fraction of 

diagnoses  
0.004  
(0.01) 

0 0.11 
0.003 
 (0.01) 

0 0.11 

Regional 

structure 
4.134  
(1.30) 

1.45 5.99 
4.149  
(1.35) 

1.17 6 

GISD 6.396  
(0.36) 

5.71 7.22 
6.349  
(0.38) 

5.73 7.56 

European 0.078  
(0.04) 

0 0.31 
0.080  
(0.04) 

0 0.27 

Non-

European 
0.181  
(0.08) 

0 0.51 
0.177 
 (0.07) 

0 0.41 

Participation 

parents 
0.318 
 (0.14) 

0.02 1 
0.274 
 (0.12) 

0.01 0.67 

Morbidity 384.745 
 (200.19) 

0 2,108.37 
386.641 
 (290.33) 

0 10,391.96 

Age 

pediatrician 
4.959 
 (1.41) 

1 9 
5.667 
 (1.58) 

2 10 

Fraction 

enrolled 

patients 

0.223  
(0.30) 

0 1 
0.027 
 (0.07) 

0 0.82 

 

Table 3.3 shows the descriptive statistics for our outcome variable fraction of diagnoses, which 

measures the fraction of quarterly diagnoses per physician, and relevant covariates that we 

include in our estimation model. As covariates we use information on whether physician’s 

patient-base lives on average in a more urban or rural region (Regional structure), information 

on average  socio-economic status (GISD) of patient-base, percentage of patients with 
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European (European) and non-European citizenship (Non-European) and the percentage of 

patients whose parents participate themselves in a selective contract scheme (Participation 

parents). A comparison of the descriptive statistics shows that the average fraction of 

diagnoses per one hundred patients  is higher for the treatment group compared to the 

control group (0.004 vs. 0.003). For physicians in the treatment group, the patient-bases 

exhibit on average a slightly higher fraction of parents enrolled in a selective contract scheme 

(0.318) compared to the control group (0.274). Rather straightforward, we observe a higher 

fraction of SCPC patients for pediatricians enrolled in SCPC (22.3% on average) compared to 

pediatricians not enrolled (2.7% on average). On average, pediatricians participating in SCPC 

are younger in comparison to non-participating physicians. With regard to nationality and 

socio-economic status as well as regional structure, the average patient-bases are quite similar 

for enrolled and non-enrolled pediatricians. 

3.3.3 Estimation Strategy 

In order to test our hypothesis that physicians responded to the introduction of a capitation 

fee (under SCPC) with an increase in the number of provided amblyopia screenings, we use a 

generalized difference-in-difference framework. We analyze both the extensive and intensive 

marginal effect of treatment. Eq. (5) estimates the extensive marginal effect of treatment or 

more specifically the general effect of SCPC participation on the screening rate. Here, 𝑇𝑇𝑖𝑖𝑖𝑖 is a 

binary variable and indicates whether pediatrician 𝑑𝑑 was enrolled in the SCPC scheme in 

quarter 𝑑𝑑. We employ Eq. (6) to estimate the intensive margin, which measures the effect of 

“treatment intensity” 𝑝𝑝𝑖𝑖𝑖𝑖 on the outcome variable. This means we estimate the effect of a 

one-percentage point increase in the ratio between the number of eligible SCPC enrollees and 

the total number of patients in the relevant age group (represented by 𝑝𝑝𝑖𝑖𝑖𝑖) on the screening 

rate27. The reasoning is that the higher the fraction of selective contract patients is, the more 

 
27 The assignment to treatment and control group slightly differs between both estimation approaches. 
Assignment to groups for estimating extensive margin in equation (Eq. (5)) is according to explanations in the 
text. When estimating the intensive margin, we measure treatment intensity via the fraction 
 𝑝𝑝𝑖𝑖𝑖𝑖 = 𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝑵𝑵𝒑𝒑𝒑𝒑𝒑𝒑 𝒑𝒑𝒂𝒂𝑵𝑵𝒂𝒂 𝟐𝟐−𝟑𝟑 𝒚𝒚𝑵𝑵𝒑𝒑𝑵𝑵𝒑𝒑𝒑𝒑𝒑𝒑

𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 𝒑𝒑𝒂𝒂𝒂𝒂 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝑵𝑵𝒑𝒑𝒑𝒑𝒑𝒑 𝒑𝒑𝒂𝒂𝑵𝑵𝒂𝒂 𝟐𝟐−𝟑𝟑 𝒚𝒚𝑵𝑵𝒑𝒑𝑵𝑵𝒑𝒑𝒑𝒑𝒑𝒑
. At this point we run into a problem, because we observe that SCPC 

patients also visit non-enrolled pediatricians. If this is the case, treatment and reimbursement takes place 
according to standard care terms. Although enrolled patients are contractually required to visit exclusively their 
contract SCPC pediatrician, no sanction or enforcement mechanisms are in place. Thus, we observe positive 
values 𝑝𝑝𝑖𝑖𝑖𝑖 > 0 for non-enrolled pediatricians implying that some members of the control group are erroneously 
classified as treatment group members. To overcome the problem, we only identify observations with positive 
control group status and 𝑝𝑝𝑖𝑖𝑖𝑖 = 0 as control group members.  
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affected is an enrolled pediatrician by SCPC incentives. We estimate the following estimation 

equations 

𝐹𝐹𝑑𝑑 � 𝑊𝑊𝑖𝑖𝑊𝑊𝑔𝑔𝑖𝑖𝑖𝑖
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 𝑜𝑜𝑊𝑊𝑖𝑖𝑖𝑖𝑆𝑆𝑛𝑛𝑖𝑖𝑃𝑃𝑖𝑖𝑖𝑖

� = 𝛼𝛼𝑇𝑇𝑖𝑖𝑖𝑖 + 𝛽𝛽′𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖             (5) 

𝐹𝐹𝑑𝑑 � 𝑊𝑊𝑖𝑖𝑊𝑊𝑔𝑔𝑖𝑖𝑖𝑖
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 𝑜𝑜𝑊𝑊𝑖𝑖𝑖𝑖𝑆𝑆𝑛𝑛𝑖𝑖𝑃𝑃𝑖𝑖𝑖𝑖

� = 𝛼𝛼𝑝𝑝𝑖𝑖𝑖𝑖 + 𝛽𝛽′𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖  ,                      (6) 

 

where 𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖 denotes the number of amblyopia and amblyopia-related diagnoses for 

pediatrician 𝑑𝑑 in quarter 𝑑𝑑. Exposure variable 𝑑𝑑𝑢𝑢𝐹𝐹𝐷𝐷𝑑𝑑𝑤𝑤 𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝐷𝐷𝑖𝑖𝑖𝑖 reflects the number of 

possible diagnoses for pediatrician 𝑑𝑑 in quarter 𝑑𝑑. The 1 × 𝑁𝑁 vector 𝑋𝑋𝑖𝑖𝑖𝑖 compromises all 

covariates with information about pediatrician 𝑑𝑑’s patient base and additionally pediatricians’ 

age. We also control for time fixed effects 𝛿𝛿𝑖𝑖 and time-invariant pediatrician fixed effects 𝛾𝛾𝑖𝑖. 

We employ a negative binomial fixed-effects model to derive estimates for the effect of SCPC 

on screening provision28.  

As already stated, we face the problem of a non-random assignment to the control and the 

treatment group as pediatricians self-selected into SCPC. The lack of randomization implies 

that we can only draw reliable conclusions with regard to the average treatment effect on the 

treated (ATET) and not with regard to the average treatment effect (ATE). Furthermore, self-

selection might pose a threat to ATET estimator’s unbiasedness as there might exist 

correlations between pediatricians’ characteristics associated with SCPC participation and 

screening behavior. To counteract possible threats posed by selection bias when estimating 

ATET we employ a fixed-effects estimator to control for unobservable time-invariant 

confounders (e.g. pediatricians’ baseline motivation to do screenings).29 

 
28 We use a fixed-effects negative binominal estimation model, as our outcome variable is a count with a 
distribution function skewed to the right (see Figure 3.4). To assess the possibility that the observed data exhibits 
overdispersion meaning that the outcome variable’s variance is larger than the mean, we conduct a likelihood 
ratio test. Here, we test the null hypothesis that conditional mean and conditional variance are identical. We can 
reject the null hypothesis, suggesting that our outcome variable’s distribution exhibits overdispersion. Therefore, 
we implemented the negative binominal model, which in contrast to a Poisson model accounts for 
overdispersion. 
29 FE-estimators do not compare differences in averages between individuals but instead only use within-
variation of individuals, implying that individual-specific, time-invariant confounders cancel out and cannot bias 
the estimator. 
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Although we cannot estimate ATE, several aspects suggest that ATET might be a valid predictor 

for ATE. First, pre-intervention development of the outcome variable does not only exhibit 

similar trends for the control and the treatment group, but also similarity with respect to trend 

levels. This implies that no systematic differences in pediatricians’ baseline screening behavior 

between treatment and control group is detectable (see Figure 3.3). This observation makes 

it plausible to assume that reimbursement change would have a similar effect on screening 

behavior of pediatricians in the control group. Additionally, SCPC led to a multitude of changes 

in pediatricians’ reimbursement schemes where the change in amblyopia screening 

compensation is small both in relative and absolute terms. This implies that modified 

reimbursement in amblyopia screening is likely to have played a negligible impact on 

pediatricians’ enrollment decision making it unlikely that baseline screening behavior and 

SCPC are directly associated. These considerations weaken the concern of potential self-

selection bias. Furthermore, as we only consider pediatricians who owned a screening device 

before SCPC introduction in 2014, we know that the investment decision in a screening device 

took place independently from the decision to enter SCPC and thus from amblyopia 

reimbursement and its accompanying incentives. It is highly likely that only pediatricians who 

were sufficiently convinced by the additional value of early screenings invested in a device. 

Given all these considerations, device ownership status is likely to have a stronger association 

with screening provision behavior and baseline screening motivation than SCPC enrollment 

status.  

3.4 Results 

Table 3.4 shows the estimated extensive marginal effect of SCPC participation on the average 

number of quarterly diagnoses using the fixed-effects model specification in Eq. (5). The 

extensive margin measures the average effect of SCPC participation on screening provision. 

The coefficient of our treatment variable 𝑇𝑇𝑤𝑤𝑑𝑑𝑑𝑑𝑑𝑑𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑 is significantly positive (0.862) in the 

base model (1a) and remains significant and similar in magnitude when we add further 

covariates (columns 1a-1g). 
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 For the fully specified model (1g), the estimated coefficient for 𝑇𝑇𝑤𝑤𝑑𝑑𝑑𝑑𝑑𝑑𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑 becomes 0.852. 

This means that enrolled pediatricians have on average a diagnosis rate 2.3 times higher than 

non-participating pediatricians have30. Furthermore, our estimation results indicate that 

patients’ base characteristics like urbanization, socio-economic status, parents’ enrollment 

status in selective schemes, citizenship and morbidity have no significant impact on diagnoses 

frequency. 

Table 3.5 shows the results for the intensive margin estimator in estimation equation Eq. (6). 

Here, we estimated the coefficient for 𝑝𝑝𝑖𝑖𝑖𝑖 which reflects the treatment intensity measured by 

the proportion of SCPC patients aged two and three years among all patients aged two and 

three years. For the baseline model, the coefficient estimator is positive (1.357) and highly 

significant. If we gradually add the full set of covariates, the magnitude of the estimator hardly 

changes and remains highly significant. For the fully specified model (2g) the estimator 

becomes 1.338 implying that, on average, if the fraction of eligible patients increases by 1 

percentage point, the diagnoses rate increases by 1.3 percent.  

Our results indicate that treatment intensity, which reflects the fraction of patients for whom 

pediatrician could only invoice the capitation fee without providing a screening service, 

exhibits positive correlation with pediatricians’ screening rate. This further supports our 

hypothesis that SCPC will lead to an increase in screening provision and indicates that 

monetary incentives do not constitute the primary driver for pediatricians screening behavior. 

Given the case of a solely monetarily incentivized pediatrician, a higher fraction of eligible 

patients would imply a decrease in the screening rate, as service provision is costly and 

payment of the capitation fee takes place independently from actual provision. Instead, our 

estimation results indicate the very opposite. We find that an increase in the fraction of 

eligible patients is associated with increases in screening provision. Thus, our analysis 

indicates that concerns other than monetary ones strongly affect pediatricians’ treatment 

decision. 

  

 
30 Since we have an exponential link function, the interpretation of the coefficients is not straightforward. The 
estimated coefficient for treatment is the difference in the natural logarithm of the outcome variable for 
participating physicians compared to non-participating physicians. In order to determine the incidence rate ratio, 
we take the exponential function of the coefficient. 
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Table 3.4: Effects of reimbursement reform on number of amblyopia diagnoses (extensive 
margin) 

 Dependent variable 

 
Ratio between number of relevant diagnoses and number of patients per 

quarter 

 (1a) (1b) (1c) (1d) (1e) (1f) (1g) 

Treatment 0.862*** 
(0.09) 

0.868*** 
(0.09) 

0.868*** 
(0.09) 

0.872*** 
(0.09) 

0.872*** 
(0.09) 

0.857*** 
(0.09) 

0.852*** 
(0.09) 

        Regional 
structure  0.085 

(0.09) 
0.065 
(0.11) 

0.034 
(0.12) 

0.037 
(0.12) 

0.025 
(0.12) 

0.007 
(0.12) 

        GISD   -0.126 
(0.43) 

-0.018 
(0.45) 

0.001 
(0.46) 

-0.050 
(0.46) 

-0.156 
(0.46) 

        European    2.375 
(1.58) 

2.376 
(1.58) 

2.594 
(1.59) 

2.530 
(1.59) 

        Non-
European    1.534 

(0.95) 
1.510 
(0.95) 

1.631+ 
(0.96) 

1.581 
(0.96) 

        Participation 
parents     0.165 

(0.64) 
0.214 
(0.64) 

0.171 
(0.64) 

        Morbidity      0.000 
(0.00) 

0.000 
(0.00) 

        Age 
pediatrician       0.063 

(0.06) 
        Constant. -4.094 

(0.17) 
-4.433 
(0.40) 

-3.553 
(3.03) 

-4.549 
(3.21) 

-4.714 
(3.26) 

-4.282 
(3.26) 

-3.802 
(3.24) 

        ln(number 
patients) 1 1 1 1 1 1 1 

        Quarter 
fixed effects Yes Yes Yes Yes Yes Yes Yes 

N 8,917 8,917 8,917 8,917 8,917 8,917 8,917 
Number of 
groups 335 335 335 335 335 335 335 

Observations per group 
Min 12 12 12 12 12 12 12 

Average 26.6 26.6 26.6 26.6 26.6 26.6 26.6 

Max 28 28 28 28 28 28 28 

Wald chi2 394.99 394.95 394.84 400.24 400.64 403.79 403.90 

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Standard errors are in parenthesis.    + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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Table 3.5: Effects of reimbursement reform on number of amblyopia diagnoses (intensive 
margin) 

 Dependent variable 

 
Ratio between number of relevant diagnoses and number of patients per 
quarter 

 (1a) (1b) (1c) (1d) (1e) (1f) (1g) 
Fraction of 
enrolled 
patients 

1.357*** 
(0.18) 

1.370*** 
(0.19) 

1.352*** 
(0.19) 

1.355*** 
(0.19) 

1.370*** 
(0.19) 

1.351*** 
(0.19) 

1.338*** 
(0.19) 

        Regional 
structure  0.060 

(0.10) 
0.147 
(0.13) 

0.117 
(0.13) 

0.104 
(0.13) 

0.100 
(0.13) 

0.086 
(0.13) 

        GISD   0.615 
(0.54) 

0.794 
(0.57) 

0.727 
(0.58) 

0.606 
(0.57) 

0.514 
(0.57) 

        European    1.974 
(1.79) 

1.961 
(1.79) 

2.250 
(1.80) 

2.183 
(1.81) 

        Non-
European    1.654 

(1.02) 
1.722+ 
(1.02) 

1.917+ 
(1.03) 

1.848+ 
(1.04) 

        Participation 
parents     -0.517 

(0.71) 
-0.469 
(0.70) 

-0.541 
(0.71) 

        Morbidity      -0.0004* 
(0.00) 

-0.0004* 
(0.00) 

        Age 
pediatrician       0.072 

(0.07) 
        Constant. 4.152*** 

(0.18) 
4.392*** 

(0.43) 
-8.628* 
(3.74) 

-10.090* 
(3.94) 

-9.498* 
(4.04) 

-8.606* 
(4.00) 

-8.258* 
(3.94) 

        ln(number 
patients) 1 1 1 1 1 1 1 

        Quarter fixed 
effects Yes Yes Yes Yes Yes Yes Yes 

N 7,273 7,273 7,273 7,273 7,273 7,273 7,273 

Number of 
groups 

326 326 326 326 326 326 326 

Observations per group 
Min 7 7 7 7 7 7 7 

Average 22.3 22.3 22.3 22.3 22.3 22.3 22.3 

Max 28 28 28 28 28 28 28 

Wald chi2 356.49 356.37 358.68 362.94 361.91 367.68 367.79 

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Standard errors are in parenthesis.    + p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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3.5 Robustness 

Our assessment of the validity of the parallel trend assumption relied on the visual inspection 

of the development of the average diagnoses rate – averaged over never enrolled (control 

group) and enrolled pediatricians (treatment group) respectively – in the years prior to SCPC 

introduction in 2014. In doing so, we disregard the fact that not all enrolled pediatricians 

entered SCPC simultaneously but rather entered successively. Possibly, pediatricians who 

entered SCPC immediately after introduction might exhibit a differing pre-SCPC screening 

behavior than pediatricians joining the program later or never do so. If this would be the case, 

generalizability of the main analyses results would be questionable. In order to test whether 

pre-treatment behavior varies systematically between non-, early- and late-enrollees, we 

assign the pediatricians to five different groups based on their enrollment status and date. 

Again, we have the standard control group consisting of all pediatricians who do not enroll 

during the complete observation period. Additionally, we split up the treatment group into 

four different groups based on the pediatricians’ respective year of entry. In order to test the 

hypothesis that the pre-treatment trend between those groups does not differ significantly, 

we introduce estimation equation Eq. (7): 

𝐹𝐹𝑑𝑑 � 𝑊𝑊𝑖𝑖𝑊𝑊𝑔𝑔𝑖𝑖𝑖𝑖
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 𝑜𝑜𝑊𝑊𝑖𝑖𝑖𝑖𝑆𝑆𝑛𝑛𝑖𝑖𝑃𝑃𝑖𝑖𝑖𝑖

�  = ∑ 𝜉𝜉𝑔𝑔 ∗ 𝐼𝐼(𝐸𝐸𝑑𝑑𝑤𝑤𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑌𝑌𝑑𝑑𝑑𝑑𝑤𝑤 = 𝐴𝐴𝑖𝑖)𝑔𝑔 ∗ 𝑂𝑂𝑑𝑑𝑑𝑑𝑤𝑤𝑖𝑖 + 𝛽𝛽𝑋𝑋𝑖𝑖𝑖𝑖 +  𝛾𝛾𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖   

𝑑𝑑𝑖𝑖 𝑂𝑂𝑑𝑑𝑑𝑑𝑤𝑤 < 𝐸𝐸𝑑𝑑𝑤𝑤𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑌𝑌𝑑𝑑𝑑𝑑𝑤𝑤                (7) 

Again, 𝛿𝛿𝑖𝑖 represents time fixed effects, 𝛾𝛾𝑖𝑖 represents time-invariant pediatrician fixed-effects 

and vector 𝑋𝑋𝑖𝑖𝑖𝑖 compromises all covariates with information about pediatrician 𝑑𝑑’s patient base 

as well as pediatricians’ age. Furthermore, 𝐴𝐴 = {2014, 2015, 2016, 2017} denotes the year 

of program enrollment with 𝐴𝐴𝑖𝑖 indicating program entry of pediatrician 𝑑𝑑. For example, if 

pediatrician 𝑑𝑑 enrolled in 𝐴𝐴𝑖𝑖 = 2016, the binary indicator variable 𝐼𝐼(𝐸𝐸𝑑𝑑𝑤𝑤𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑌𝑌𝑑𝑑𝑑𝑑𝑤𝑤 =

2016) becomes equal to one and for all other 𝐴𝐴 ≠ 2016 becomes equal to zero. The linear 

time trend we estimate for pediatrician 𝑑𝑑 then becomes 𝜉𝜉𝑔𝑔 ∗ 𝑂𝑂𝑑𝑑𝑑𝑑𝑤𝑤𝑖𝑖, where only years before 

2016 are taken into account as the aim is to estimate pre-enrollment trends. Our results 

shown in Table 3.6 suggest that none of the estimated linear time trend coefficients is 

significantly different from zero. Thus, we can assume that baseline pre-treatment screening 

behavior does not differ systematically between non-, early- and late-enrollees.  
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Table 3.6: Test of parallel pre-enrollment trends by time and group 

Dependent variable 
Ratio between number of relevant diagnoses 
and number of patients per quarter 
Regional structure -0.063 
 (0.24) 
GISD -0.254 
 (0.79) 
European 4.311+ 
 (2.20) 
Non-European 1.447 
 (1.36) 
Participation parents 0.669 
 (0.92) 
Morbidity 0.000 
 (0.00) 
Age pediatrician -0.043 
 (0.10) 
I(EnrollmentYear=2014)*year 0.086 
 (0.11) 
I(EnrollmentYear=2015)*year -0.167 
 (0.11) 
I(EnrollmentYear=2016)*year 0.119 
 (0.10) 
I(EnrollmentYear=2017)*year -0.052 
 (0.09) 
cons. -4.429 
 (3.63) 

ln(number patients) 1 (exposure) 

Quarter fixed effects Yes 

N 6,340 

Number of groups 304 

Observation per group  

Min 3 

Average 20.9 

Max 28 

Wald chi2(39) 92.32 

Prob > chi2 0.0000 
We use a negative binominal fixed effects 
model, standard errors are in parenthesis  
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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As described in section 2, the data set does not contain information with respect to 

pediatricians’ ownership status of amblyopia screening devices. To identify the ownership 

status, we used initial diagnoses in pre-verbal children and we included all pediatricians who 

had done an initial diagnosis before program introduction in 2014. However, using this 

approach we run into a potential problem, as we do not exactly know, when the pediatrician 

purchased the device. This implies that we possibly deal with an excess of zero diagnoses 

observations for pediatricians who purchased a device relatively late in the pre-treatment 

observation period. In this case, zero diagnoses observations in the periods in which the 

pediatrician not yet owned a screening device does not reflect a lack of screening provision 

but instead simply the lack of an adequate device. This might potentially lead to biased 

estimators. Due to the possible presence of excess zeroes, we might overestimate the 

treatment effect. Therefore, we implement a considerably more conservative approach by 

exclusively including observations for a specific pediatrician from the time point of his or her 

first amblyopia-associated initial diagnosis. 

By doing so we, we eliminate the threat of excess zeroes and thereby the potential bias of 

overestimating the treatment effect. One problem in using the restrictive data sample is that 

the pendulum might swing in the opposite direction, as we possibly remove zero diagnoses 

observations, which are not excess zeroes but instead true zeroes. As incidence of amblyopia 

is relatively low among children, the average pediatrician, who purchases a device, is likely to 

experience a few quarters with zero diagnoses until making a first diagnosis. This might 

possibly lead to the problem that in reality, we have a higher number of true zero diagnoses 

than our restrictive data set indicates. A possible implication could be the underestimation of 

the treatment effect. To estimate the extensive and intensive margin of treatment for the 

more restrictive data set, we re-run the estimation equations Eq. (5) and Eq. (6) using a fixed-

effects negative binominal estimation model. Table 3.7 shows the results for the fully specified 

models. The coefficients estimated for the extensive margin are almost identical for the 

restrictive sample (Table 3.7) and the full sample (Table 3.5) and are highly significant for both 

estimations. The same applies for the estimated coefficients for the intensive margins with 

1.5 and 1.3 for the restrictive sample and the full sample respectively (Table 3.6 and Table 

3.7). Again, both estimated coefficients are highly significant. This supports the results of our 

main analyses and lessens concerns of a possible overestimation of treatment effects. 
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Table 3.7: Effects of reimbursement reform on number of amblyopia diagnoses – restrictive 
sample 

 Dependent variable 

 
Ratio between number of relevant diagnoses and number of 

patients per quarter 
 Extensive   Intensive 
Treatment 0.821***  Fraction of enrolled 

patients 1.473*** 

 (0.09)   (0.23) 
Regional structure 0.210  Regional structure 0.235+ 
 (0.13)   (0.14) 
GISD -0.100  GISD 0.228 
 (0.52)   (0.61) 
European 3.872*  European 3.052 
 (1.66)   (1.90) 
Non-European 2.418*  Non-European 2.965** 
 (0.99)   (1.09) 
Participation parents 0.831  Participation parents -0.211 
 (0.67)   (0.74) 
Morbidity -0.000  Morbidity -0.001** 
 (0.00)   (0.00) 
Age pediatrician 0.050 

(0.07) 
 Age pediatrician 0.039 

(0.07) 
     
cons. -4.429  cons. -6.318 
 (3.63)   (4.19) 
ln(number patients) 1  ln(number 

patients) 1 

     
Quarter fixed effects Yes  Quarter fixed 

 effects Yes 

N 7,710  N 6,066 

Number of groups 335  Number of  groups 326 

Observation per group   Observation per group  

Min 3  Min 3 

Average 23.00  Average 18.60 

Max 28  Max 28 

Wald chi2 302.10  Wald chi2 285.86 

Prob > chi2 0.0000  Prob > chi2 0.0000 

We use a negative binominal fixed effects model, standard errors are in parenthesis 
+ p<0.1, * p<0.05, ** p<0.01, *** p<0.001 
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3.6 Conclusion 

We analyze how a change in medical service reimbursement leads to changes in preventive 

service provision. Here, we use the introduction of a selective contract scheme regulating 

pediatricians’ reimbursement in the German statutory health care system. In contrast to other 

study frameworks, we analyze an intervention affecting both pediatricians and patients 

simultaneously whereas the vast majority of previous studies mainly considered unilateral 

changes in physicians’ reimbursement regimes. For the reform at hand, reimbursement 

changed from OOP-FFS to capitation fees. In general, research suggests that this kind of 

compensation change considerably affects supply-side incentives and is potentially associated 

with an under-provision of healthcare services (Hennig-Schmidt et al., 2011). This would be 

unambiguously the case if monetary incentives constitute the only determinant of physicians’ 

treatment decisions. Whereas under fee-for-service each additional unit of service is 

associated with additional cost but also with additional revenue, under capitation, additional 

service provision has no impact on revenue but instead implies increasing costs for service 

provision (Pauly, 1995). In contrast, the situation we are looking at is a bit more complex, 

because not only does a change in pediatricians’ reimbursement takes place, but also patients 

do not longer have to pay an OOP to receive the screening. Consequently, patients’ 

willingness-to-pay and ability-to-pay might play a role in changes in service provision.  

We set up a theoretical model to reflect these features and to make predictions with respect 

to future service provision. Our theoretical model predicts that, under standard care, where 

screening provision depends on patients’ willingness-to-pay, a purely monetary-driven 

pediatrician would either reduce screening provision or keep provision constant. To 

incorporate experimental findings suggesting that not only monetary incentives drive 

physicians’ treatment decisions, but instead also concerns about patients’ well-being 

(Henning-Schmidt et al., 2011), we introduced a variable reflecting the utility gain from 

contributing to patient’s health by conducting the amblyopia screening. Our model predicts 

that given the pediatrician is sufficiently interested in patients’ well-being, i.e. if the marginal 

gain from another screening exceeds the additional costs associated of doing another 

screening, the total number of screenings will strictly increase.  
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Our empirical results are in line with our theoretical predictions. We find that screenings, 

measured by diagnoses per hundred patients, more than double (2.3 times higher) for 

pediatricians participating in the SCPC scheme. Additionally, our results show that average 

screening rates for physicians participating in SCPC increases with the number of enrolled 

patients. This indicates the importance of altruistic motives in physicians’ treatment decision 

and the findings are also in accordance with experimental evidence, which shows that medical 

students exhibit a significantly higher level of altruism than those of other fields of studies 

(Coulter el al., 2007). This even more applies to aspiring pediatricians compared to aspirants 

of other medical specialties (Hojat et al., 2002; Li, 2018). 

The analyzed reimbursement scheme has a simple structure and requires a low level of 

monitoring thereby offering participating pediatricians a high degree of freedom in making 

treatment decisions. Additionally, administrative effort is relatively small, as pediatricians do 

not have to document and bill screenings individually per patient. Our findings show that this 

approach led to the desired increase in screening provision. Our analysis shows that when 

policymakers design a reimbursement framework, which combines capitation fees and a 

relatively high degree of autonomy for the health service provider, several aspects have to be 

considered. As our findings suggest, under capitation the difference between marginal utility 

derived from doing the medical service in question and marginal cost of service provision has 

to be positive. This is the case, if the pediatrician is sufficiently altruistic and convinced about 

the beneficial effects of the treatment in question and marginal costs associated with the 

treatment are relatively low. Here, it is important to consider the target group as experimental 

evidence shows that specialist groups differ considerably with respect to their average degree 

of altruism (Li, 2018). Furthermore, it is important that health care providers and sickness fund 

discuss and align their objectives in order to create acceptance for the changes within both 

interest groups.  

With respect to policy implications, our results suggest that capitated schemes do not 

necessarily decrease medical service provision. As many countries experienced steadily rising 

costs in the health care service sector during the past decades, alternative approaches for 

reimbursement in healthcare have been of major interest (Iverson & Lurås, 2000; Devlin & 

Sarma, 2008; Glazier et al., 2009). In Germany, stronger regulation is oftentimes the measure 

of choice when tackling problems of under- and overprovision in health care services. As this 
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approach limits physicians’ autonomy in treatment decisions, it is prone to create resentment 

amongst service providers. Furthermore, it might entail several drawbacks, as it is associated 

with high administrative efforts and costs – for both the service provider and the statutory 

health insurers – in order to monitor adherence to regulatory guidelines. Additionally, high 

regulation can possibly compromise physicians’ flexibility to provide optimal treatments, 

which is an especially important aspect in health care service provision as needs are highly 

patient-specific. This highlights the need for cost-effective reimbursement schemes offering 

the service provider a high degree in treatment flexibility. Our research shows that capitation 

might be a valuable tool, as it is can induce increases in health care service volume, but at the 

same time offers financial planning security for both service providers and sickness funds. 

3.7 Limitations 

As the number of actual amblyopia tests performed is not documented in the sickness fund’s 

billing data, we had to use the number of documented amblyopia and amblyopia-related 

diagnoses as a proxy for the number of amblyopia screenings conducted implying possible 

inaccuracies in our analysis. Additionally, we only consider the effects of SCPC introduction on 

one specific health service and therefore, no conclusions can be drawn concerning the effects 

of SCPC introduction on other aspects of the selective contract scheme. Furthermore, we 

cannot make statements with respect to possible welfare effects associated with SCPC 

induced changes in amblyopia screening provision. As our results show an increase in the 

number of diagnoses, it might be possible to deduce that under the ordinary scheme, we see 

an underprovision of screenings. These aspects are beyond the scope of our research question 

and should be addressed in further research. 
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4 The Impact of Public Reporting and Reputational Concerns on Hospitals 

Quality Provision under Duopoly Competition31 

Abstract 

In this paper, I analyze a duopoly hospital market with fixed-prices where the health care 

service providers compete via quality. Policymakers publish outcome-based performance 

measures such as mortality, readmission and complication rates to reduce information 

asymmetry with respect to health care service quality between hospitals and patients. I 

assume that policymakers are able to influence the intensity with which public reporting of 

quality indicators affects hospitals’ reputation (e.g. by legislative means of publication 

requirements) and consequently hospitals’ respective market shares. I choose a dynamic 

framework reflecting that hospitals’ reputation resembles a stock variable, which evolves over 

time and depends on hospital managers’ quality decisions in the preceding periods. I find that 

strengthening the link between performance indicators’ realization and hospitals reputation 

does not necessarily lead to stronger incentives for higher quality provision. In the case that 

marginal costs for increasing quality provision are sufficiently high and the level of competition 

is sufficiently low, hospitals react with decreasing quality provision to an intensified link 

between performance indicators and reputation. Finally, the stronger the correlation between 

quality and performance indicators’ realization is, the lower will be the critical level of 

competition necessary to ensure that the effect of quality reporting is favorable on provided 

quality.  

  

 
31 This following chapter is a single authored manuscript by the candidate and yet unpublished. 
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4.1 Introduction and Background 

To foster quality competition between hospitals and counter varying or insufficiently low 

quality provision in the health care sector, policymakers around the world have introduced 

public quality reporting schemes with the objective to make quality of health care services 

more transparent (Sinaiko et al., 2012). The underlying hope was to reduce information 

asymmetries between health service providers and potential patients thereby enabling the 

latter to make better-informed decisions when planning upcoming elective procedures 

(Berwick et al., 2003). In theory, well-informed patients favor hospitals with better quality 

reports over those with worse reports thereby incentivizing the latter to improve their service 

quality in order to increase their market shares and ultimately their profits (Berwick et al., 

2003).Generally, several prerequisites need to be satisfied for public reporting to induce 

quality competition and consequently to have positive effects on quality provision. First, 

patients need to have access to information on health providers’ quality and additionally must 

possess the ability to decode the given information properly in order to identify the hospital 

providing the highest quality services. Furthermore, health care providers need to have 

unused capacity at their disposal32 and an incentive to provide additional treatments implying 

that marginal revenues exceed marginal costs. Assuming the latter two prerequisites satisfied, 

I will analyze whether intensifying the link between outcome-based performance indicators 

and hospitals’ reputations will increase health care service providers’ quality efforts.  

Empirical evidence indicates that public reporting of outcome-based performance indicators 

such as readmission and mortality rates affect patients’ hospital choices for elective 

procedures considerably (Varkevisser et al., 2012; Dranove, 2008; Emmert and Schlesinger, 

2017). However, research also shows that patients have problems to decode provided quality 

information properly preventing them from rationally adapting their demand behavior to 

available quality information. Gourevitch et al. (2019) conducted a randomized experiment to 

analyze the impact of additional quality information on patients’ hospital decisions. The 

authors find that although study participants were aware of differences in performance 

indicators’ realization between different health care providers, study participants were not 

 
32 This is more likely to be the case in countries which are characterized by a less regulated hospital sector (like 
the US and Germany) compared to countries with higher degrees of regulation which are typically characterized 
by excess demand and waiting lists for procedures (e.g. GB and Italy) (Brekke et al. 2010).   
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able to apply the reported information when assessing their own expected risk of experiencing 

suboptimal health outcomes as they preferred hospitals with less favorable quality reports 

over those with better quality reports33. In line with these findings, Emmert et al. (2014) and 

Sinaiko et al. (2012) find that public quality records oftentimes lack general comprehensibility 

and that patients’ level of health literacy is oftentimes not sufficient to use reported quality 

information appropriately. Additionally, Emmert and Wiener (2017) show that patients who 

integrate reports on quality indicators in their decision process are on average younger and 

better educated indicating that quality reports are likely to miss important target groups such 

as elderly and low socio-economic status patients with both groups being prone to suffer from 

poor health conditions (Emmert et al., 2014). These findings illustrate, that policymakers, who 

intend to introduce public quality reporting as a mean to reduce information asymmetries and 

foster hospital competition, have to pay close attention to information accessibility and 

comprehensibility. First, an effective implementation of public quality reporting requires 

potential patients to be aware of the reports’ existence (Emmert et al., 2014). Second, easy 

accessibility to quality information supports the usage of quality reports (Emmert et al., 2014). 

Furthermore, policymakers can raise transparency and comprehensibility by presenting 

quality indicators in a target-group-specific way (Emmert et al., 2014).  

Another important aspect of public quality reporting is the inherent incentive for risk selection 

behavior on the side of service providers. Adequate adjustments to performance indicators 

reflecting differences in characteristics of treated patients become therefore necessary, as 

otherwise service providers might have incentives to engage in risk selection resulting in 

hospitals’ avoidance of high-risk patients in order to achieve better health outcomes in 

patients and consequently higher scores in performance indicators (Schneider and Epstein, 

1996). Put differently, hospitals might avoid treatment of severely ill patients, who have a 

higher risk of mortality and/ or for experiencing complications in order to prevent negative 

effects on hospitals’ performance indicators (Dranove et al., 2003). Empirical evidence is 

ambiguous on this subject. Dranove et al. (2003) analyzed the introduction of public quality 

 
33 Gourevitch et al. (2019) analyzed whether women, who were soon to be expecting child delivery, change their 
hospital decision when confronted with information regarding hospitals’ Caesarean sections rates. The authors 
found that participating women were aware of the differences in the Caesarean section rates between hospitals, 
but that this knowledge did not lead to significantly different hospital decisions compared to the control group 
were the participating women did not receive quality reports. 
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reporting on cardiovascular procedures in New York and Pennsylvania in the early 1990s and 

found evidence that surgeons practicing in either of those two states were more likely to shun 

high-risk patients compared to surgeons working in a state without reporting requirements. 

In contrast, Chen and Meinecke (2012) and Chou et al. (2014) also analyzed the introduction 

of public quality reporting on cardiovascular procedures in Pennsylvania, but could not find 

evidence for risk selection34. Vallance et al. (2018) examined the effects of publicly reported 

health outcomes for elective colorectal cancer surgeries on hospitals’ selection behaviors and 

found no evidence for hospitals to engage in risk selection after public quality reporting 

introduction. A theoretical analysis of health care providers’ incentives for risk selection under 

public reporting schemes by Chen (2011) showed that incentives for risk selection depend on 

the distribution of patients’ illness severity. Only if providers face different distributions of 

patient types, high quality providers might have an incentive to avoid high-risk patients in 

order to signal high quality. In order to abstract from possible risk selection behavior, I will use 

a framework, which assumes completely symmetric competitors, who face identically 

distributed patient types.  

In this paper, I address the question of whether policymakers’ engagements in strengthening 

the link between quality reports and hospitals’ reputations necessarily promotes increases in 

hospitals’ quality provision. Thus, I contribute to the question whether it is desirable to 

promote both availability and comprehensibility of quality reporting schemes such as Emmert 

et al. (2014) suggest. So far, empirical evidence on the effect of public reporting on hospitals’ 

quality provisions has been ambiguous. Campanella et al. (2016) did a meta-analysis of the 

empirical evidence on the effects of quality reporting on quality provision, which comprises 

the findings of 27 studies published between 1994 and 2014. The majority of included studies 

analyzed data on cardiac surgeries conducted in US or Canadian hospitals. Empirical evidence 

is inconclusive as slightly more than half of the considered studies found a positive correlation 

between public reporting and quality provision, one study found a negative correlation and 

 
34 Contrary to Dranove et al. (2003), who compared providers’ behavior before and after the actual release of 
public reports in 1993, Chen and Meinecke (2012) studied hospitals’ behavior before and after the point of time 
when surgeons learnt that the regulator planned to publish data on medical outcomes in 1990. The approach by 
Chen and Meinecke (2012) tries to disentangle the effects of patient and provider selection as patients had no 
access to the quality information in the chosen observation period. 
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the rest found no significant effect at all.35 Another meta-analysis conducted by Prang et al. 

(2021) focusing on more recently published studies (between 2000 and 2020) came to similar 

conclusions.  

In a theoretical approach, Gravelle and Sivey (2010) analyze whether an increase in 

information precision with respect to hospitals’ service qualities induces hospitals to increase 

quality efforts. They use a fixed-price duopoly framework, where hospitals compete via quality 

for patients and allow for asymmetric cost structures in hospitals’ quality provisions. Their key 

result is that if competitors face only small differences in their respective costs for quality 

provision, the hospitals’ optimal level of provided quality strictly increases in information 

precision. For sufficiently large differences in costs for quality provision, the opposite is true 

and optimal quality decreases monotonically in information precision. In a model extension, 

Gravelle and Sivey (2009)36 also analyze the impact of transportation costs on quality provision 

using a spatial Hotelling model framework. They find that for sufficiently small transportation 

cost, quality increases monotonically in information precision. When transportation costs 

reach a critical threshold, a higher information precision does not lead to increases in quality 

provision anymore and the latter remains constant.  

Similar to Gravelle and Sivey (2009, 2010), I study the impact of the degree of quality 

information (via quality reporting) on providers’ choices of quality provision. I also assume a 

market with fixed prices and employ a spatial Hotelling model with hospitals competing via 

quality efforts for market shares. Contrary to Gravelle und Sivey (2009. 2010), who implement 

a static approach, where reputation is not explicitly modeled, I consider a dynamic framework 

where reputation is a stock variable, which evolves over time in dependence of hospital 

managers’ quality decisions in preceding periods. In the framework of Gravelle and Sivey 

patients receive a quality signal and the policy maker is assumed to determine the precision 

of this quality signal directly. In contrast, I consider a framework where patients base their 

 
35 Almost all considered studies analyzed changes in mortality rates (22 out of the 27). Twelve studies identified 
a positive effect (i.e. a decrease in mortality rates), one study found a negative effect (i.e. an increase in mortality 
rate), seven studies did not detect any significant effect at all and two studies reported mixed effects. In this 
context, mixed effects refer to the result that respective studies analyzed mortality rates of different procedures 
and found different effects on mortality rate for different procedures. Noticeably less studies (8 out of 27) 
consider health outcomes other than or additional to mortality rates to assess the effect of public reporting on 
quality improvement. Again, the results are similar with slightly more than half of the studies finding a positive 
association between public reporting and health outcomes whereas the rest identifies no significant effects. 
36 This is a working paper version of the paper by Gravelle and Sivey (2010). 
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decisions on hospitals’ reputation, where reputation is determined by observable 

performance indicators. Policymakers are assumed to be able to intensify the link between 

outcome-based performance indicators and reputation, which can be achieved via means of 

improved public access to performance indicators and enhanced target group-specific 

addressing.  

My results deviate from Gravelle and Sivey (2009, 2010) in so far, as I am showing that for 

symmetric competitors, a more intense link between outcome-based performance indicators 

and hospitals’ reputation does not necessarily lead to an increase in equilibrium quality 

provision. If hospitals’ marginal costs for quality provision and patients’ costs for traveling to 

the respective hospital are sufficiently high (i.e. if competition between hospitals is sufficiently 

low), fostering the link between outcome-based performance indicators and reputation 

results in a decrease in equilibrium quality provision. As empirical evidence on the effect of 

public quality reporting on health care providers’ quality efforts is ambiguous, this finding 

might offer additional starting points for future research. Furthermore, I find that the critical 

threshold for transportation costs - such that an intensified link between quality-reporting and 

reputation induces a decrease in quality provision - becomes strictly larger in the degree of 

correlation between quality and performance indicator realization. This stresses the 

importance of choosing suitable outcome-based performance indicators, meaning that the 

latter have to be highly correlated with quality provision in order to avoid adverse effects of 

quality reporting. Furthermore, it is important to note that in the following analysis, quality 

constitutes the choice variable over which competing hospitals maximize their expected 

profits. Policymakers are able to determine the intensity of the link between performance 

indicators and hospitals’ reputation. The present framework does not seek to make 

statements about welfare implications, as the objective is solely to get a better understanding 

of the relationship between public reporting and hospitals’ quality provision. 

4.2 Model 

Like other differential game approaches analyzing quality competition in a duopolistic hospital 

market (Brekke et al., 2010; Cellini and Lisi, 2020), I model demand for medical services via a 

spatial Hotelling model framework (Hotelling, 1929) where hospitals compete on the 

dimension of service quality. I presume that potential patients are not able to observe 
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treatment quality directly but instead are only able to assess provided quality via hospitals’ 

reputations. The latter develop in dependence of reported performance indicators. I assume 

that performance indicators are at least partially informative with respect to treatment 

quality, which is in line with empirical evidence showing that frequently used outcome-based 

performance indicators such as readmission and mortality rates are correlated with the 

quality of health care services (Shahian et al., 2012; Halfon et al., 2006). 

Two hospitals are located at the ends of a unit line 𝑆𝑆 = [0,1]. Patients are uniformly 

distributed over 𝑆𝑆 and each patient demands one unit of medical service. A patient located at 

𝑥𝑥 ∈ 𝑆𝑆 realizes utility 𝑈𝑈 when getting a treatment in hospital 𝑑𝑑 characterized by reputation 𝑤𝑤𝑖𝑖 

and located at 𝑧𝑧𝑖𝑖: 

𝑈𝑈(𝑥𝑥, 𝑧𝑧𝑖𝑖) = 𝑑𝑑 + 𝑘𝑘𝑤𝑤𝑖𝑖 − 𝜏𝜏|𝑥𝑥 − 𝑧𝑧𝑖𝑖|             (1) 

 

Here, 𝑑𝑑 denotes the gross value from medical treatment, parameter k measures patients’ 

marginal utility from another unit of reputation (perceived quality) and 𝜏𝜏 > 0 denotes 

patients’ traveling costs associated with having treatment in hospital 𝑑𝑑. The patient located at 

𝐷𝐷∗ is indifferent between hospital 𝑑𝑑 and hospital 𝑗𝑗 if:  

𝑑𝑑 + 𝑘𝑘𝑤𝑤𝑖𝑖 − 𝜏𝜏𝐷𝐷∗ = 𝑑𝑑 + 𝑘𝑘𝑤𝑤𝑗𝑗 − 𝜏𝜏(1 − 𝐷𝐷∗)             (2) 

 

Thus, demand 𝐷𝐷𝑖𝑖∗�𝑤𝑤𝑖𝑖, 𝑤𝑤𝑗𝑗� becomes  

𝐷𝐷𝑖𝑖∗�𝑤𝑤𝑖𝑖, 𝑤𝑤𝑗𝑗� = 1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖−𝑊𝑊𝑗𝑗�
2𝜏𝜏

               (3) 

 

This implies that given hospital 𝑑𝑑 has a higher reputation than hospital 𝑗𝑗, the market share of 

hospital 𝑑𝑑 is larger than one-half. The magnitude of the excess demand depends positively on 

the product of excess reputation and patients’ marginal utility for reputation. In contrast, 

patients’ costs for traveling 𝜏𝜏 affect demand negatively.    

The present framework models reputation as a stock variable implying that hospitals are not 

able to affect the realization of reputation on period 𝑑𝑑  directly, but instead only indirectly via 
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quality choice and resulting realization of the performance indicators. Reputation 

accumulation takes place continuously over time and depends on realization of reputation in 

the previous periods. I assume that two factors drive how reputation changes over time. 

Firstly, hospitals’ reputation depends on reported performance indicators and secondly 

accumulated stock of reputation depreciates over time due to patients’ tendency to forget 

about information regarding hospitals’ quality as time goes by (Hibbard et al., 2005). 

The following law of motion describes the development of reputation over time:  

𝜕𝜕𝑊𝑊(𝑖𝑖)
𝜕𝜕𝑖𝑖

≡ �̇�𝑤𝑖𝑖 = �1 −𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)�� − 𝜔𝜔𝑤𝑤𝑖𝑖             (4) 

Here, the term �1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)� ∈ [0,1] denotes hospital 𝑑𝑑’s outcome for a defined performance 

indicator.37 In this framework, I focus on performance indicators measuring unfavorable 

outcomes like mortality, readmission or complication rates. I do so, because these are 

measures widely implemented in actual reporting systems (Fischer et al., 2014; Birkmeyer and 

Dimick, 2004). As literature suggests that the aforementioned measures depend negatively on 

quality (Jha et al., 2007), I model the relationship between quality and performance indicators 

inversely proportional, i.e. increases in quality induce decreases in all of the aforementioned 

rates. For the sake of simplicity, I will only refer to mortality rate in the remainder of the paper.  

The expression �1 − 𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)�� reflects the impact of performance indicators on 

reputation, where parameter 𝜑𝜑 ∈ (0,1) measures how sensitive reputation reacts towards 

changes in the outcomes of performance indicators.38 Finally, 𝜔𝜔 reflects people’s tendency to 

forget about information regarding hospitals’ reputations over time. This is in line with 

empirical findings indicating that individuals recall information less accurately with regard to 

hospitals’ reputations after time has passed (Hibbard et al., 2005). 

These assumptions imply that the reputation rate increases by �1 − 𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)�� and 

decreases by 𝜔𝜔𝑤𝑤𝑖𝑖. The term �1 − 𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)�� is separable into two parts: The first part 

 
37 The assumption �1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)� ∈ [0,1] is associated with parameter constraints. In section 3, I will derive the 
corresponding parameter constraints, which ensure that �1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)� ∈ [0,1] is satisfied in the steady state. 
38 I define link intensity 𝜑𝜑 ∈ (0,1) on an open interval in order to rule out the unrealistic cases for which 
realization of performance indicators have no impact at all on reputation, i.e. 𝜑𝜑 = 0, or perfectly translate into 
reputation, i.e. 𝜑𝜑 = 1. 
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reflects increases in hospitals’ reputations due to general medical advancements 

(improvements in medical technologies, better-educated medical staff and scientific progress) 

and affects all hospital to the same extent. For the sake of simplicity it  is normalized to one. 

In contrast, the second part of the term given by 𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)� is hospital-specific and 

describes how the realization of a given performance indicator affects reputation. The degree 

to which the reported performance indicator influences reputation is modeled via 

parameter 𝜑𝜑. Given that performance indicators only have a very small impact on reputation, 

i.e. 𝜑𝜑 → 0, the hospital-specific reputation component becomes very small with 𝜑𝜑�1 −

𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)� → 0. Consequently, reputation changes with rate �̇�𝑤𝑖𝑖
𝜑𝜑→0
�⎯� 1 − 𝜔𝜔𝑤𝑤𝑖𝑖 and solely depends 

on the general effect of technological advancements in the health care sector. In the contrary 

case, when hospital-specific performance indicators have a maximum impact on reputation, 

i.e. 𝜑𝜑 → 1, the reputation growth rate becomes �̇�𝑤𝑖𝑖
𝜑𝜑→1
�⎯� 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑) − 𝜔𝜔𝑤𝑤𝑖𝑖, which is strictly smaller 

than �̇�𝑤𝑖𝑖 = 1 − 𝜔𝜔𝑤𝑤𝑖𝑖. This implies that for a given quality level 𝑞𝑞𝑖𝑖(𝑑𝑑), the rate with which 

reputation changes over time is monotonically decreasing in 𝜑𝜑. As many published 

performance indicators reflect adverse outcomes like mortality, readmission or complication 

rates, the reasoning is that a larger 𝜑𝜑 implies a general rise in patients’ awareness about the 

possibility of unfavorable outcomes. Thus, the higher the awareness about unfavorable 

outcomes, the stronger the impact of individuals’ assessment on the probability of 

experiencing adverse outcomes and therefore the lower hospital’s reputation. It is important 

to note, that the general awareness about unfavorable outcomes evoked by a larger 𝜑𝜑  affects 

both hospitals symmetrically and is reflected in the term  𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑)� by the minuend 𝜑𝜑. 

For a given 𝜑𝜑, 𝑤𝑤𝑖𝑖 strictly increases in 𝑞𝑞𝑖𝑖 implying that for a fixed link intensity between 

performance indicators and reputation, reputation strictly increases in the level of provided 

quality. This is straightforward, as this framework assumes unfavorable performance 

indicators to decrease monotonically in quality efforts therefore resulting in an increased 

growth rate of reputation. This reflects the assumption that hospitals are able to improve their 

reputation by raising quality provision. 
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Hospitals are assumed to maximize the present value of their respective profit and hospital 𝑑𝑑’s 

instantaneous expected profit becomes: 

𝐸𝐸(𝜋𝜋𝑖𝑖(𝑑𝑑))  = 𝑝𝑝 �1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖(𝑖𝑖)−𝑊𝑊𝑗𝑗(𝑖𝑖)�

2𝜏𝜏
 � − 𝛽𝛽

2
�1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖(𝑖𝑖)−𝑊𝑊𝑗𝑗(𝑖𝑖)�

2𝜏𝜏
 �
2

− 𝜃𝜃
2
�𝑞𝑞𝑖𝑖(𝑑𝑑)�

2
+ 𝜗𝜗𝑞𝑞𝑖𝑖(𝑑𝑑)𝑤𝑤𝑖𝑖(𝑑𝑑) − 𝐹𝐹 

                 (5) 

Here, 𝑝𝑝 denotes the payment the hospital receives per patient for a given treatment. I assume 

that hospitals are price-takers and that reimbursement takes place via a prospective 

diagnosis-related group system where reimbursement 𝑝𝑝 is determined by an average-cost 

rule.39 Hospital 𝑑𝑑 faces demand 𝐷𝐷 = 1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖(𝑖𝑖)−𝑊𝑊𝑗𝑗(𝑖𝑖)�

2𝜏𝜏
, where 𝐷𝐷 depends on hospital 𝑑𝑑’s and 

hospital 𝑗𝑗’s reputation. Costs are assumed to increase convexly in the number of treatments 

and in the level of provided quality. Additionally, hospitals face fixed costs 𝐹𝐹. In this 

framework, I assume that reputation does not only affect demand but also affects costs 

associated with providing higher quality (i.e. costs associated with recruiting skilled staff or 

raising financial means for investments in buildings and technical equipment). Literature 

indicates that reputation affects hiring costs and makes it easier to acquire investors and to 

raise funds in general (Turban and Cable, 2003; Hibbard et al., 2005; Helm, 2007). 

Consequently, hospital 𝑑𝑑 faces costs of   �𝜃𝜃
2
�𝑞𝑞𝑖𝑖(𝑑𝑑)�

2
− 𝜗𝜗𝑞𝑞𝑖𝑖(𝑑𝑑)𝑤𝑤𝑖𝑖(𝑑𝑑)� when providing quality 

level 𝑞𝑞𝑖𝑖(𝑑𝑑), implying that costs monotonically decrease in reputation. To ensure that quality 

provision is always associated with positive costs even for very high levels of reputation I 

assume that  �− 𝜃𝜃
2
𝑞𝑞𝑖𝑖2 + 𝜗𝜗𝑞𝑞𝑖𝑖𝑤𝑤𝑖𝑖� < 0 holds.40  

 

 

 

 
39 The reimbursement 𝑝𝑝 hospitals receive in period 𝑑𝑑 is determined by the average treatment costs of hospitals 
in period (𝑑𝑑 − 1). Thus, the regulator only has limited tools to affect hospitals’ quality incentives, as he is not 
able to determine prices with which hospitals are reimbursed directly. 
40 The assumption �− 𝜃𝜃

2
𝑞𝑞𝑖𝑖2 + 𝜗𝜗𝑞𝑞𝑖𝑖𝑤𝑤𝑖𝑖� < 0 is associated with parameter constraints. In section 3, I will derive the 

corresponding parameter constraints, which ensure that the aforementioned condition is satisfied in the steady 
state. 
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Then, hospital 𝑑𝑑’s maximization problem becomes 

 𝐹𝐹𝑑𝑑𝑥𝑥𝑞𝑞𝑖𝑖 ∫ 𝐸𝐸�𝜋𝜋𝑖𝑖(𝑑𝑑)�𝑑𝑑−𝜌𝜌𝑖𝑖𝑑𝑑𝑑𝑑
∞
0                (6) 

subject to  

�̇�𝑤𝑖𝑖 = �1 − 𝜑𝜑(1 − 𝛿𝛿𝑞𝑞𝑖𝑖)� − 𝜔𝜔𝑤𝑤𝑖𝑖              (7) 

�̇�𝑤𝑗𝑗 = �1 − 𝜑𝜑�1 − 𝛿𝛿𝑞𝑞𝑗𝑗�� − 𝜔𝜔𝑤𝑤𝑗𝑗              (8) 

𝑤𝑤𝑖𝑖(0) = 𝑤𝑤𝑗𝑗(0) = 𝑤𝑤(0) > 0               (9) 

 

where 𝜌𝜌 denotes the rate of hospital 𝑑𝑑’s time preference and 𝑞𝑞𝑖𝑖 is the control variable. I 

assume that all introduced parameters are strictly larger than zero.  

4.3 Open-loop equilibrium 

The open-loop equilibrium concept assumes that competitors know the initial state of the 

system, i.e. 𝑤𝑤(0) and choose their optimal strategy (i.e. each hospital choose the optimal time 

path for their control variable 𝑞𝑞) at the beginning of the game in 𝑑𝑑 = 0 and stick to this strategy 

for the remainder of the game. This equilibrium concept is either appropriate if players are 

not able to observe the development of their competitor’s stock variable over time (which is 

not realistic in this case as reputation is easily observable), or if the plan for the control 

variable requires a high degree of commitment. In health care service provision, quality often 

depends on long-term investment plans, which hospital management cannot easily revise 

during the game. Thus, I consider the open-loop equilibrium in the remainder of the paper. 

The Langrarian associated with hospital 𝑑𝑑’s maximization problem is:  

𝐿𝐿 =

∫ 𝑑𝑑−𝜌𝜌𝑖𝑖 �𝑝𝑝 �1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖(𝑖𝑖)−𝑊𝑊𝑗𝑗(𝑖𝑖)�

2𝜏𝜏
� − 𝛽𝛽

2
�1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖(𝑖𝑖)−𝑊𝑊𝑗𝑗(𝑖𝑖)�

2𝜏𝜏
�
2

− 𝜃𝜃
2
�𝑞𝑞𝑖𝑖(𝑑𝑑)�

2
+ 𝜗𝜗𝑞𝑞𝑖𝑖(𝑑𝑑)𝑤𝑤𝑖𝑖(𝑑𝑑)  �𝑑𝑑𝑑𝑑∞

0

+∫ 𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑖𝑖(𝑑𝑑) ∗ ��̇�𝑤𝑖𝑖 − 1 + 𝜑𝜑 − 𝜑𝜑𝛿𝛿𝑞𝑞𝑖𝑖(𝑑𝑑) + 𝜔𝜔𝑤𝑤𝑖𝑖(𝑑𝑑)�𝑑𝑑𝑑𝑑
∞
0

+∫ 𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑗𝑗(𝑑𝑑) ∗ ��̇�𝑤𝑗𝑗 − 1 + 𝜑𝜑 − 𝜑𝜑𝛿𝛿𝑞𝑞𝑗𝑗(𝑑𝑑) + 𝜔𝜔𝑤𝑤𝑗𝑗(𝑑𝑑)�𝑑𝑑𝑑𝑑∞
0

 

                (10) 



 

72 
 

Here, 𝜇𝜇𝑖𝑖 and 𝜇𝜇𝑗𝑗 denote the current value co-state variables associated with the two law-of-

motion equations for reputation stock for hospital 𝑑𝑑 and hospital 𝑗𝑗 respectively. The co-state 

variables can be interpreted as Lagrange multipliers belonging to the state equations (7) and 

(8). Partially integrating and re –writing yields: 

𝐿𝐿 = ∫ 𝑑𝑑−𝜌𝜌𝑖𝑖 �𝑝𝑝 �1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖−𝑊𝑊𝑗𝑗�
2𝜏𝜏

� − 𝛽𝛽
2
�1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖−𝑊𝑊𝑗𝑗�
2𝜏𝜏

�
2
− 𝜃𝜃

2
�𝑞𝑞𝑖𝑖(𝑑𝑑)�

2
+ 𝜗𝜗𝑞𝑞𝑖𝑖𝑤𝑤𝑖𝑖 �𝑑𝑑𝑑𝑑 +∞

0

∫ 𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑖𝑖(𝑑𝑑)(𝜔𝜔𝑤𝑤𝑖𝑖 − 𝜑𝜑𝛿𝛿𝑞𝑞𝑖𝑖 − 1 + 𝜑𝜑)𝑑𝑑𝑑𝑑∞
0 + [𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑖𝑖(∞)𝑤𝑤𝑖𝑖(∞) −

𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑖𝑖(0)𝑤𝑤𝑖𝑖(0)]∞0 −∫ (−𝜌𝜌𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑖𝑖(𝑑𝑑) + 𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇�̇�𝚤) 𝑤𝑤𝑖𝑖𝑑𝑑𝑑𝑑 + ∫ 𝑑𝑑−𝜌𝜌𝑖𝑖𝜇𝜇𝑗𝑗(𝑑𝑑) ∗ ��̇�𝑤𝑗𝑗 − 1 + 𝜑𝜑 −∞
0

∞
0

𝜑𝜑𝛿𝛿𝑞𝑞𝑗𝑗 + 𝜔𝜔𝑤𝑤𝑗𝑗�𝑑𝑑𝑑𝑑              (11) 

 

Then, the first-order conditions for a local maximum (𝑞𝑞𝑖𝑖∗, 𝑤𝑤𝑖𝑖∗) are:41  

𝜕𝜕𝜕𝜕
𝜕𝜕𝑞𝑞𝑖𝑖(𝑖𝑖)

= −𝜃𝜃𝑞𝑞𝑖𝑖 + 𝜗𝜗𝑤𝑤𝑖𝑖 − 𝜑𝜑𝛿𝛿𝜇𝜇𝑖𝑖(𝑑𝑑) = 0            (12) 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑊𝑊𝑖𝑖(𝑖𝑖)

= 𝑜𝑜𝑝𝑝
2𝜏𝜏
− �1

2
+ 𝑘𝑘

�𝑊𝑊𝑖𝑖−𝑊𝑊𝑗𝑗�
2𝜏𝜏

� 𝛽𝛽𝑝𝑝
2𝜏𝜏

+ 𝜗𝜗𝑞𝑞𝑖𝑖 + 𝜇𝜇𝑖𝑖(𝑑𝑑)(𝜔𝜔 + 𝜌𝜌) − �̇�𝜇𝑖𝑖(𝑑𝑑) = 0       (13) 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜇𝜇𝑖𝑖(𝑖𝑖)

= �̇�𝑤𝑖𝑖 − 1 + 𝜑𝜑 − 𝜑𝜑𝛿𝛿𝑞𝑞𝑖𝑖 + 𝜔𝜔𝑤𝑤𝑖𝑖 = 0           (14) 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜇𝜇𝑗𝑗(𝑖𝑖)

= �̇�𝑤𝑗𝑗 − 1 + 𝜑𝜑 − 𝜑𝜑𝛿𝛿𝑞𝑞𝑗𝑗 + 𝜔𝜔𝑤𝑤𝑗𝑗 = 0             (15) 

Solving (12) for 𝜇𝜇𝑖𝑖(𝑑𝑑): 

𝜇𝜇𝑖𝑖(𝑑𝑑) = − 𝜃𝜃
𝜑𝜑𝜑𝜑
𝑞𝑞𝑖𝑖 + 𝜗𝜗

𝜑𝜑𝜑𝜑
𝑤𝑤𝑖𝑖             (16) 

 

 
41 In order to satisfy the second-order condition for a local maximum (𝑞𝑞𝑖𝑖∗, 𝑤𝑤𝑖𝑖∗), the Hamiltonian 𝐻𝐻𝑖𝑖 =

𝑝𝑝 �1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖−𝑊𝑊𝑗𝑗�

2𝜏𝜏
� − 𝛽𝛽

2
�1
2

+ 𝑘𝑘
�𝑊𝑊𝑖𝑖−𝑊𝑊𝑗𝑗�

2𝜏𝜏
�
2
− 𝜃𝜃

2
𝑞𝑞𝑖𝑖2 + 𝜗𝜗𝑞𝑞𝑖𝑖𝑤𝑤𝑖𝑖  + 𝜇𝜇𝑖𝑖(𝑑𝑑)(1 − 𝜑𝜑 + 𝜑𝜑𝛿𝛿𝑞𝑞𝑖𝑖 − 𝜔𝜔𝑤𝑤𝑖𝑖) associated with the dynamic 

game, has to be concave in the control variable 𝑞𝑞𝑖𝑖  and the state variable 𝑤𝑤𝑖𝑖  implying that 𝐻𝐻𝑞𝑞𝑞𝑞 < 0 and 𝐻𝐻𝑊𝑊𝑊𝑊 < 0 
has to hold. Furthermore, the determinant of the associated Hessian matrix has to be larger than zero. Here,we 

have that  𝐻𝐻𝑞𝑞𝑞𝑞 = −𝜃𝜃 < 0 and 𝐻𝐻𝑊𝑊𝑊𝑊 = − 𝛽𝛽𝑝𝑝2

4𝜏𝜏𝜏𝜏2
< 0, implying that the Hamiltonian is concave in both the control 

and state variable. Furthermore, the determinant of the Hamiltonian’s Hessian matrix is positive whenever 𝜃𝜃𝛽𝛽 >
4𝜏𝜏2𝜗𝜗2

𝑝𝑝2
 which is satisfied for a sufficiently convex cost function.   
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Totally differentiating (16) with respect to time yields:  

𝜕𝜕𝜇𝜇
𝜕𝜕𝑖𝑖

= �̇�𝜇𝑖𝑖(𝑑𝑑) = − 𝜃𝜃
𝜑𝜑𝜑𝜑
�̇�𝑞𝑖𝑖 + 𝜗𝜗

𝜑𝜑𝜑𝜑
�̇�𝑤𝑖𝑖             (17) 

Substituting (14) into (17) yields: 

�̇�𝜇𝑖𝑖(𝑑𝑑) = − 𝜃𝜃
𝜑𝜑𝜑𝜑
�̇�𝑞𝑖𝑖 + 𝜗𝜗

𝜑𝜑𝜑𝜑
(1 − 𝜑𝜑 + 𝜑𝜑𝛿𝛿𝑞𝑞𝑖𝑖 − 𝜔𝜔𝑤𝑤𝑖𝑖)         (18) 

Finally, substitution (16) and (18) into (13) and solving for �̇�𝑞𝑖𝑖 gives:  

�̇�𝑞𝑖𝑖 = −
�𝑝𝑝𝜑𝜑𝜑𝜑�𝑜𝑜−𝛽𝛽2�−2𝜏𝜏𝜗𝜗(1−𝜑𝜑)�

2𝜏𝜏𝜃𝜃
− 𝑤𝑤 𝜗𝜗(2𝜔𝜔+𝜌𝜌)

𝜃𝜃
+ 𝑞𝑞(𝜔𝜔 + 𝜌𝜌)         (19) 

The dynamics of reputation is given by: 

�̇�𝑤𝑖𝑖 = 1 − 𝜑𝜑 + 𝜑𝜑𝛿𝛿𝑞𝑞𝑖𝑖 − 𝜔𝜔𝑤𝑤𝑖𝑖                        (20)  

Thus, (19) and (20) describe the dynamics of the system. As I assume symmetric competitors, 

implying that 𝑞𝑞𝑖𝑖 = 𝑞𝑞𝑗𝑗 and 𝑤𝑤𝑖𝑖 = 𝑤𝑤𝑗𝑗, the dynamics around the steady state can be written in 

matrix form as:  

��̇�𝑞�̇�𝑤� = �
(𝜔𝜔 + 𝜌𝜌) 
𝜑𝜑𝛿𝛿

�− 𝜗𝜗(2𝜔𝜔+𝜌𝜌)
𝜃𝜃

�
(−𝜔𝜔)

� ∗ �𝑞𝑞𝑤𝑤� + �−
�𝑝𝑝𝜑𝜑𝜑𝜑�𝑜𝑜−𝛽𝛽2�−2𝜏𝜏𝜗𝜗(1−𝜑𝜑)�

2𝜏𝜏𝜃𝜃
(1 −𝜑𝜑)

�        (21) 

 

The two-by-two matrix is the Jacobian 𝐽𝐽, which determines the dynamics of the underlying 

game. The trace of the system’s Jacobian is always positive, as 𝑑𝑑𝑤𝑤(𝐽𝐽) = 𝜌𝜌 and 𝜌𝜌 > 0 by 

assumption. Given that 𝜃𝜃 is sufficiently large, i.e.  𝜃𝜃 > 𝜑𝜑𝜑𝜑𝜗𝜗(2𝜔𝜔+𝜌𝜌)
(𝜔𝜔+𝜌𝜌)𝜔𝜔 

, the Jacobian’s determinant 

is smaller than zero (i.e. 𝑑𝑑𝑑𝑑𝑑𝑑(𝐽𝐽) < 0 ), implying that the equilibrium is stable in the saddle-

path sense. In Figure 4.1, the steepest line represents all combinations of 𝑞𝑞 and 𝑝𝑝 for 

which �̇�𝑤 = 0, i.e. for which reputation does not change and remains constant over time. The 

second steepest line gives all combinations of 𝑞𝑞 and 𝑝𝑝 for which the change rate of quality is 

equal to zero.42 The intersection of both lines indicates the steady state, where both quality 

 
42 The line representing all combinations of 𝑞𝑞 and 𝑝𝑝 for which �̇�𝑤 = 0 holds is steeper compared to the line 
representing all combinations of 𝑞𝑞 and 𝑝𝑝 for which �̇�𝑞 = 0, because in order to ensure the existence of a saddle-
path equilibrium 𝑑𝑑𝑑𝑑𝑑𝑑(𝐽𝐽) < 0 has to hold implying that 𝜃𝜃 > 𝜑𝜑𝜑𝜑𝜗𝜗(2𝜔𝜔+𝜌𝜌)

(𝜔𝜔+𝜌𝜌)𝜔𝜔 
. 
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and reputation remain constant over time. The dashed line indicates the saddle-path. For all 

combinations of 𝑞𝑞 and 𝑝𝑝 on the dashed line located to the right of the intersection, both 𝑞𝑞 and 

𝑝𝑝 are decreasing thereby converging towards the steady state on the saddle-path. The 

opposite is true for combinations of 𝑞𝑞 and 𝑝𝑝 located on the dashed line to the left of the 

equilibrium. Here, both 𝑞𝑞 and 𝑝𝑝 increase over time thus converging on the saddle-path 

towards the equilibrium.  

Figure 4.1:  Saddle path dynamics 

 

 

In steady state, both reputation and quality remain constant over time implying that �̇�𝑤 = 0 

and �̇�𝑞 = 0 has to hold. Thus, solving the matrix system for 𝑤𝑤𝑂𝑂𝜕𝜕 and 𝑞𝑞𝑂𝑂𝜕𝜕 yields: 

𝑤𝑤𝑂𝑂𝜕𝜕 = (1−𝜑𝜑)
𝜔𝜔

+ 𝜑𝜑𝜑𝜑
𝜔𝜔
𝑞𝑞𝑂𝑂𝜕𝜕             (22) 

𝑞𝑞𝑂𝑂𝜕𝜕 =
�𝜔𝜔𝑝𝑝𝜑𝜑𝜑𝜑�𝑜𝑜−𝛽𝛽2�+2𝜏𝜏𝜗𝜗(1−𝜑𝜑)(𝜔𝜔+𝜌𝜌)�

2𝜏𝜏�(𝜔𝜔+𝜌𝜌)𝜃𝜃𝜔𝜔−𝜗𝜗𝜑𝜑𝜑𝜑(2𝜔𝜔+𝜌𝜌)�
            (23) 

The steady state quality level 𝑞𝑞𝑂𝑂𝜕𝜕 > 0 is strictly larger than zero whenever the condition for 

the existence of a saddle-path equilibrium 𝜃𝜃 > 𝜑𝜑𝜑𝜑𝜗𝜗(2𝜔𝜔+𝜌𝜌)
(𝜔𝜔+𝜌𝜌)𝜔𝜔 

 is satisfied. Furthermore, 𝑞𝑞𝑂𝑂𝜕𝜕 > 0 

ensures that the performance measure at hand is strictly larger than zero, i.e. that 

(1 − 𝛿𝛿𝑞𝑞𝑂𝑂𝜕𝜕) < 1. 43 From (23) it is immediately apparent that the steady state quality strictly 

 
43 The condition (1 − 𝛿𝛿𝑞𝑞𝑂𝑂𝜕𝜕) > 0 is satisfied whenever 𝑘𝑘 <

2𝜏𝜏�(𝜔𝜔+𝜌𝜌)𝜃𝜃𝜔𝜔−𝜗𝜗𝜑𝜑�𝜑𝜑𝜔𝜔+(𝜔𝜔+𝜌𝜌)��

𝜔𝜔𝜑𝜑𝜑𝜑2�𝑜𝑜−𝛽𝛽2�
.  
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increases in 𝑘𝑘, the marginal impact of hospital’s reputation on patients’ utility. Furthermore, 

steady state quality increases in parameter 𝛿𝛿, which measures how intensely quality affects 

performance indicators. This implies that the higher the marginal impact of quality on 

realization of performance indicator is the higher becomes equilibrium quality. Also higher 

reimbursement for treatments (represented by 𝑝𝑝) and stronger cost-reducing effects of 

reputational effects on quality investments (measured by 𝜗𝜗) induce higher quality levels in 

equilibrium. Contrary, both higher marginal costs for providing treatments and improving 

quality induce lower levels of equilibrium quality. Taking the first derivative of 𝑞𝑞𝑂𝑂𝜕𝜕 with 

respect to patients’ transportation costs 𝜏𝜏 yields: 

𝜕𝜕𝑞𝑞𝑂𝑂𝑂𝑂𝑂𝑂

𝜕𝜕𝜏𝜏
=

�𝜑𝜑𝜑𝜑𝑝𝑝𝜔𝜔2�𝑜𝑜−𝛽𝛽2��

�4𝜏𝜏2�𝜑𝜑𝜑𝜑𝜗𝜗(𝜌𝜌+2𝜔𝜔)−𝜃𝜃𝜔𝜔(𝜌𝜌+𝜔𝜔)��
< 0           (24) 

This implies that equilibrium quality strictly decreases in transportation costs44, i.e. the less 

competitive the hospital market the smaller becomes equilibrium quality.  

Because I assume that reimbursement is determined via an average-cost rule implying that 

policymakers are not able to determine reimbursement directly, the aforementioned only 

have limited tools to affect hospitals’ incentives for quality provision. Thus, the link between 

reported performance indicators and hospitals’ reputation is of special interest as 

policymakers have means to influence this relation actively. Because the impact of 

parameter 𝜑𝜑, representing the link intensity, on 𝑞𝑞𝑂𝑂𝜕𝜕 is not directly apparent from (23), a 

further analysis of the first derivative of 𝑞𝑞𝑂𝑂𝜕𝜕𝑆𝑆  with respect to 𝜑𝜑 becomes necessary:  

𝜕𝜕𝑞𝑞𝑂𝑂𝑂𝑂𝑂𝑂

𝜕𝜕𝜑𝜑
=

(𝜌𝜌+𝜔𝜔)�𝜑𝜑𝜔𝜔�8𝜏𝜏𝜗𝜗2+2𝑝𝑝𝜃𝜃𝜔𝜔�𝑜𝑜−𝑏𝑏2��−4𝜏𝜏𝜗𝜗(𝜃𝜃𝜔𝜔(𝜌𝜌+𝜔𝜔)−𝜑𝜑𝜌𝜌𝜗𝜗)�

�4𝜏𝜏�𝜃𝜃𝜔𝜔(𝜌𝜌+𝜔𝜔)−𝜑𝜑𝜑𝜑𝜗𝜗(𝜌𝜌+2𝜔𝜔)�2�
⋚ 0        (25) 

 
Additionally, I assume that costs associated with quality provision are strictly positive in steady state, i.e. that the 
condition �𝜃𝜃

2
(𝑞𝑞𝑂𝑂𝜕𝜕)2 − 𝜗𝜗𝑞𝑞𝑂𝑂𝜕𝜕𝑤𝑤𝑂𝑂𝜕𝜕� > 0 has to hold, which is the case for parametrization 𝑘𝑘 >

2𝜗𝜗𝜏𝜏(1−𝜑𝜑)(𝜃𝜃(𝜔𝜔+𝜌𝜌)−2𝜗𝜗𝜑𝜑𝜑𝜑)

(𝜃𝜃𝜔𝜔−2𝜗𝜗𝜑𝜑𝜑𝜑)𝜑𝜑𝜑𝜑�𝑜𝑜−𝛽𝛽2�
 and 𝜗𝜗 < 𝜃𝜃𝜔𝜔

2𝜑𝜑𝜑𝜑
.  

Thus, in the remainder of the analysis I consider the interval  
2𝜏𝜏�(𝜔𝜔+𝜌𝜌)𝜃𝜃𝜔𝜔−𝜗𝜗𝜑𝜑�𝜑𝜑𝜔𝜔+(𝜔𝜔+𝜌𝜌)��

𝜔𝜔𝜑𝜑𝜑𝜑2�𝑜𝑜−𝛽𝛽2�
> 𝑘𝑘 >

2𝜗𝜗𝜏𝜏(1−𝜑𝜑)(𝜃𝜃(𝜔𝜔+𝜌𝜌)−2𝜗𝜗𝜑𝜑𝜑𝜑)

(𝜃𝜃𝜔𝜔−2𝜗𝜗𝜑𝜑𝜑𝜑)𝜑𝜑𝜑𝜑�𝑜𝑜−𝛽𝛽2�
, where 𝜗𝜗 < 𝜃𝜃𝜔𝜔

2𝜑𝜑𝜑𝜑
 ensures that the lower bound of the interval is strictly larger than zero. 

44 As the condition  𝜃𝜃 > 𝜑𝜑𝜑𝜑𝜗𝜗(2𝜔𝜔+𝜌𝜌)
(𝜔𝜔+𝜌𝜌)𝜔𝜔 

 has to hold to ensure the existence of a saddle-path equilibrium, the 

denominator is strictly smaller than zero. 
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Here, the direction of the relationship between 𝜑𝜑 on 𝑞𝑞𝑂𝑂𝜕𝜕 depends on the realization of 

parameters. A marginal increase in 𝜑𝜑 leads to an increase in equilibrium quality, i.e. 𝜕𝜕𝑞𝑞
𝑂𝑂𝑂𝑂𝑂𝑂

𝜕𝜕𝜑𝜑
> 0 

whenever 

𝜃𝜃 < �̅�𝜃 = 𝜗𝜗𝜑𝜑(2𝜔𝜔+𝜌𝜌)
𝜔𝜔(𝜌𝜌+𝜔𝜔)              (26) 

This implies that given marginal costs for quality provision are sufficiently small, i.e. 𝜃𝜃 < �̅�𝜃, an 

increase in the link between performance indicators and reputation will always lead to an 

increase in quality.  

In contrast, for sufficiently large 𝜃𝜃, i.e. for all 𝜃𝜃 > 𝜗𝜗𝜑𝜑(2𝜔𝜔+𝜌𝜌)
𝜔𝜔(𝜌𝜌+𝜔𝜔) , the direction of the marginal 

impact of 𝜑𝜑 on 𝑞𝑞𝑂𝑂𝜕𝜕𝑆𝑆 depends on the magnitude of transportation costs. 

 Equilibrium quality decreases in 𝜑𝜑, i.e.  𝜕𝜕𝑞𝑞
𝑂𝑂𝑂𝑂𝑂𝑂

𝜕𝜕𝜑𝜑
< 0, whenever 

𝜏𝜏 > 𝜏𝜏̅ =
𝑝𝑝𝜃𝜃𝜔𝜔�𝑜𝑜−𝑏𝑏2�

2𝜗𝜗�𝜃𝜃𝜔𝜔(𝜌𝜌+𝜔𝜔)−𝜗𝜗𝜑𝜑(2𝜔𝜔+𝜌𝜌)�
            (27) 

with 𝜏𝜏̅ > 0. This implies that for sufficiently high transportation costs (which reflects a low 

degree of competition between hospitals) a further strengthening of the link between 

reported performance indicators and reputation induces a decrease in equilibrium quality. 

The opposite is true whenever 𝜏𝜏 < 𝜏𝜏̅, because in this case, the first derivative of equilibrium 

quality with respect to 𝜑𝜑 is strictly positive. This leads to Proposition 1. 

Proposition 1:         

Given that marginal costs for quality provision are sufficiently small, intensifying the link 

between performance indicator outcomes and reputation will always have a positive effect 

on equilibrium quality. However, the effect of link intensity on quality becomes ambiguous as 

soon as marginal costs for quality provision become sufficiently large. In this case, the effect 

of link intensity on 𝑞𝑞𝑂𝑂𝜕𝜕𝑆𝑆 depends on the magnitude of transportation costs. Given that the 

latter exceed the critical threshold 𝜏𝜏̅, strengthening the aforementioned link induces a 

decrease in equilibrium quality.  

The intuition behind proposition 1 is as follows: The relationship between 𝜑𝜑 and reputation 𝑤𝑤 

is negative (as this framework assumes performance indicators measuring adverse outcomes), 
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implying that, ceteris paribus, an increase in 𝜑𝜑 leads to a decrease in 𝑤𝑤. Hospitals have an 

incentive to counter this decrease in reputation by raising quality efforts 𝑞𝑞 to improve 

reputation and achieve higher market shares. This incentive for raising quality exists as long 

as the marginal profit from providing additional treatments is positive, i.e. the difference 

between the marginal revenue from another treatment and the associated costs (consisting 

of costs for providing an additional unit of treatment and investments in quality improvement) 

is positive. For sufficiently low marginal costs for quality provision 𝜃𝜃, hospitals always have an 

incentive to offset the loss in 𝑤𝑤 provoked by an increase in 𝜑𝜑 as the marginal gain from 

increasing their market share will always exceed associated marginal costs. In the contrary 

case, if marginal costs for quality provision are relatively high, it is not necessarily true that 

hospitals have an incentive to offset the loss in reputation induced by an increasing 𝜑𝜑. In this 

case, hospitals’ response to an increasing 𝜑𝜑 depends on transportation costs 𝜏𝜏. In highly 

competitive market environments (characterized by low transportation costs 𝜏𝜏), hospitals’ 

market shares react strongly to reputation differences between competitors. In this case, the 

marginal gain from additional quality provision exceeds the associated costs and expanding 

quality efforts will be profitable. However, hospitals might have no incentives to raise quality 

in response to an increased 𝜑𝜑 if transportation costs are relatively high. In this case, reputation 

loss has only a minor impact on future hospitals’ revenues, because patients’ demand is 

relatively insensitive towards quality differences between hospitals. Therefore, marginal 

revenue generated by an increase in quality via increased reputation and future market share 

is smaller than the marginal costs of treatment and quality efforts.  

These findings imply that policymakers, who aim to increase health care quality by means of 

public reporting, have to make sure that either costs for quality efforts are sufficiently small 

or, if this is not the case, patient mobility and thereby hospital competition is sufficiently high.  

It is also interesting to note that, ceteris paribus, the critical threshold 𝜏𝜏̅ monotonically 

increases in 𝛿𝛿 which measures the marginal impact of quality on the performance indicators. 

Thus, given that  𝜃𝜃 > �̅�𝜃 is true, the larger the marginal impact of quality on performance 

indicators is, the higher becomes the largest possible level of transportation cost such that 

𝜑𝜑𝑞𝑞𝑂𝑂𝑂𝑂𝑂𝑂

𝜑𝜑𝜑𝜑
> 0 still holds.   
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Proposition 2: 

The stronger the impact of quality on performance indicators’ outcomes 𝛿𝛿, the higher 

becomes the maximum level of transportation cost 𝜏𝜏̅ such that a positive impact of 

strengthening the link between performance indicators’ outcomes and reputation still has a 

positive impact on equilibrium quality.  

Proposition 2 underlines the importance of formulating appropriate performance indicators 

when designing a public reporting system. The effect of 𝛿𝛿 on 𝑞𝑞𝑂𝑂𝜕𝜕  is twofold: As (23) shows, a 

stronger link between quality and performance indicators directly incentivizes higher 

equilibrium quality levels. An increase in 𝛿𝛿 leads to an increase in the future market share and 

thereby in the marginal gain from quality service provision. Consequently, hospitals’ optimal 

level of quality provision increases. Additionally, a larger 𝛿𝛿 leads, ceteris paribus, to an 

increase in the critical threshold for transportation cost 𝜏𝜏̅. This implies that an adverse 

(negative) effect of 𝜑𝜑 on 𝑞𝑞𝑂𝑂𝜕𝜕 starts to arise for higher costs of transportation 𝜏𝜏. The intuition 

driving this result is as follows: A higher 𝛿𝛿 is associated with a higher degree of dependence 

between quality and reputation. Thus, an increase in 𝛿𝛿 is associated with an increased 

marginal gain for a given level of quality, because quality has, ceteris paribus, a higher impact 

on reputation and therefore on future market shares. As costs associated with quality 

improvements remain unaffected from 𝛿𝛿, the level of 𝑞𝑞 increases such that marginal gain from 

implementing quality measures equals marginal costs. Therefore, policymakers have to 

ensure that implemented performance indicators exhibit a strong correlation with quality 

efforts in order to minimize unintended adverse effects on quality provision. 

Given that marginal costs associated with quality efforts are sufficiently high, equilibrium 

quality increases or decreases monotonically in 𝜑𝜑 depending on the model parameterization. 

A regulator seeking to increase health care service quality will choose the following solutions. 

In case that 𝜏𝜏 < 𝜏𝜏̅, the regulator will choose 𝜑𝜑 → 1 because equilibrium quality 𝑞𝑞𝑂𝑂𝜕𝜕𝑆𝑆 strictly 

increases in 𝜑𝜑. The opposite is true if 𝜏𝜏 > 𝜏𝜏̅, then the first derivative of equilibrium quality 

strictly decreases in 𝜑𝜑 and policymakers achieve maximum 𝑞𝑞𝑂𝑂𝜕𝜕𝑆𝑆 with implementing 𝜑𝜑 → 0. 

Therefore, it is crucial for policymakers to evaluate the degree of patient mobility and resulting 

hospital competition when deciding about the introduction of a public reporting system. 
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4.4 Conclusion 

In this framework, I analyzed how the link between performance indicators’ outcomes and 

reputation affects hospitals’ incentives for quality provision. With many countries having 

introduced quality reports in the in- and outpatient sector in the hope to foster quality 

competition, it is important to better understand how public reporting affects quality 

provision incentives. The main result of this paper is that if marginal costs for additional quality 

efforts are sufficiently low, intensifying the link between quality reports and reputation will 

always result in increased quality provision. The effect of the aforementioned link is 

ambiguous if marginal costs for additional quality efforts are sufficiently high. In this case, an 

increase in link intensity only has a positive effect if competition between hospitals is 

sufficiently high. If the opposite is the case, intensifying the link results in adverse effects on 

quality provision. 

The second central finding is that the higher the correlation between quality and performance 

measure outcomes is, the lower becomes the minimum competition level required to ensure 

that an increased link between public reporting and reputation has a positive effect on 

provided quality. This implies that a sensible choice of performance measures can minimize 

the risk of adverse effects of public reporting on quality provision provoked by a lack of 

competition.  

First, these results might explain ambiguous empirical results regarding the effect of quality 

reporting on hospitals’ quality efforts and offer guidelines for the design of future empirical 

studies. Particularly by stressing the need to control for hospitals’ costs for investments in 

quality efforts and the degree of competition intensity. 

With respect to policy implications, the costs hospitals face when investing in additional 

quality efforts are crucial. If hospitals operate within an economy where costs for quality 

provision are relatively low, adverse effects provoked by intensifying the link between 

performance indicator outcomes and reputation are unlikely to occur. This implies that 

policymakers wanting to improve health care quality by means of public reporting also have 

to ensure that costs for quality investments are relatively low (e.g. by improving health care 

workers’ education, fight possible shortages in health care workers labor supply and 

facilitating access to financial means in general). Given that investment costs are relatively 
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high, policymakers have to assess the level of competition between hospitals in order to 

evaluate whether fostering the impact of public reporting on reputation is a promising tool to 

raise health service quality.  

This finding is also of relevance in the context of political efforts to foster a higher 

specialization of hospitals. For several years, German sickness funds have been demanding a 

reduction in the number of hospitals and a stronger focus on hospital specialization (Augurzky 

et al. 2020). The underlying assumption is that for a given hospital the outcome volume 

increases the smaller the total number of hospitals becomes and that higher volumes lead to 

learning effects, which finally result in higher service quality (Augurzky et al. 2020). Again, if 

policymakers ensure that investing in additional quality efforts is associated with low costs, 

simultaneous fostering of hospital specialization and link intensity of reporting on reputation 

does not lead to adverse incentives for quality provision. However, for economies 

characterized by high costs for quality improvement efforts (e.g. countries characterized by a 

shortage in health care labor supply), the picture looks different. In this case a simultaneous 

effort to foster link intensity between public reporting and reputation and to promote hospital 

specialization might lead to adverse effects in quality provision. In this case, policymakers have 

to consider and evaluate the compatibility of public reporting  schemes and higher 

specialization of hospitals carefully, as a higher degree of specialization is associated with a 

lower number of hospitals and therefore less competition. 

It is important to note that I do not consider welfare implications in this framework. Clearly, 

creating, aggregating, evaluating and providing data on hospitals’ performances as well as 

enhancing patients’ health literacy is associated with costs. These costs are borne by hospitals, 

policymakers and other (public) institutions involved in the reporting process. Consequently, 

to get a better understanding on the desirability of public reporting from the societal welfare’s 

perspective, further research is necessary. 
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5 General Conclusion 

This thesis has analyzed the introduction of different incentives schemes implemented in the 

in- and out-patient sector aiming at improving cost-effectiveness in health care provision and 

at raising service quality. The key results of the undertaken empirical and theoretical analyses 

show how monetary and non-monetary incentives affect service providers’ behavior. 

The analysis in Chapter 2 indicates that the introduction of a surgical suite governance 

document is associated with significant reductions in first case delays. Hence, a surgical suite 

governance document seems to offer a promising way to incentivize health care workers’ 

behavior to a more effective use of costly resources like surgery capacities. As the governance 

document formulated only a very few guidelines, it shows that OR staff already is aware about 

process deficiencies and is able to autonomously find ways to overcome these. Thus, a surgical 

suite governance document constitutes an inexpensive way to overcome process deficiencies 

with a low risk to provoke OR personal resistance as being to limiting or interfering. 

Chapter 3 considers the change from OOP-FFS to capitation in the in-patient sector. This 

change affected both, the health care providers and patients simultaneously, thereby making 

predictions regarding physicians’ service provision behavior difficult. In standard economic 

theory, transitions from FFS to capitations are associated with a decline in services. A 

theoretical analysis predicts that given health care providers are sufficiently interested in 

patients’ well-being, the introduction of capitations will be associated with an increase in 

services. The empirical analysis based on routine data provided by a large German sickness 

fund, confirms this prediction. This indicates that physicians are not only incentivized by 

monetary incentives. Hence, capitations can be a valuable tool to ensure planning security in 

sickness funds’ expenses and health care providers’ revenues without jeopardizing the quality 

of health care provision. 

The analysis in Chapter 4 focuses on the impact of public reporting on quality incentives for 

hospitals. The main finding is that strengthening the link between performance indicators’ 

realization and hospitals reputation does not necessarily lead to stronger incentives for quality 

provision. For a sufficiently low level of competition and a sufficiently high level of costs 

associated with quality provision, an intensified link between performance indicators and 
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reputation can possibly induce a decrease in quality provision. This finding offers practical 

relevance as more and more countries have implemented quality reporting schemes. 

Additionally, many countries aim at higher degrees of hospitals specialization, which is 

necessarily associated with a lower intensity of competition. Thus, a simultaneous 

encouragement of hospital specialization and intensified efforts to foster the importance of 

public reporting might result in an unintended decrease in quality provision.  

In summary, these findings show that policymakers have to assess the respective situation 

and affected target group carefully when designing incentive schemes. As health care 

provision has to account for the high degree of heterogeneity in patients’ needs, incentive 

schemes have to maintain health care providers’ flexibility in treatment decisions. 

Furthermore, possible interdependencies and conflicts with other policy measures have to be 

considered carefully. 
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7 Appendix 

Appendix I:  
Figure 7.1: Distribution of deviations from targeted incision time for half-year intervals– Site 
A 

 

Figure 7.2: Distribution of deviations from targeted incision time for half-year intervals– Site 
B 
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Appendix II:  
Figure 7.3: Time trends deviation from targeted incision time from April 2012 to February 
2015 measured in half-year time intervals (where the sixth (final) interval encompasses only 
five months due to data structure) 

 

 
 
Appendix III: Placebo treatments 
 

In order to assess the validity of the common trend assumption, we add pre- and post-

intervention interaction terms between the treated hospital (site A) and half-year dummies 

to estimation equation Eq. (1). Thereby we simulate placebo treatments for site A at different 

points in time. If we cannot detect significant differences between both hospital sites in the 

pre-treatment periods, credibility of the parallel trend assumption increases. Thus, if all 

estimated coefficients for pre-treatment placebo interaction terms do not significantly 

deviate from zero, the validity of the common trend assumption becomes more likely. 

Furthermore, the coefficients for post-intervention placebo treatments are also of interest to 

gain further insights on how sustainable possible effects of OR charter introduction are. To 

create placebo treatments we introduce leads and lags of the treatment to the basic 

difference-in-difference analysis (estimation equation Eq. (1)). Then, the model we are going 

to estimate becomes: 

 

𝑂𝑂𝑖𝑖𝑖𝑖𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽2𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛿𝛿𝑖𝑖 + ∑ 𝜑𝜑𝑖𝑖𝛿𝛿𝑖𝑖𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛6
𝑖𝑖=1 + 𝛽𝛽3𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽4𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛𝛾𝛾 + 𝑢𝑢𝑖𝑖𝑖𝑖𝑛𝑛  

                             (3) 
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Here, notation corresponds to estimation equation Eq.(1), but instead of only having the actual 

treatment term 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 we introduce interaction terms between treated site and 

all half-year dummies ∑ 𝜑𝜑𝑖𝑖𝛿𝛿𝑖𝑖𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴6
𝑖𝑖=1 , where half year dummy 𝑑𝑑 = 4 (which is the last half 

year dummy before OR charter is introduced in 𝑑𝑑 = 5) serves as reference category. In Table 

7.1, we see that all estimates for the pre-treatment interaction term coefficients are 

insignificant and the coefficients for the two post-treatment periods are highly significant. 

Thus, the results support the validity of the parallel pre-trend assumption.  
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Table 7.1: Placebo effects 

  Dependent variable 

  Dependent variable: Deviation from scheduled 
incision time 

Age65  -0.006 
  (0.52) 
Female  0.763 
  (0.47) 
Obesity  1.552* 
  (0.66) 
Diabetes  1.931** 
  (0.71) 
Surgtime  0.068*** 
  (0.01) 
Ward  3.255*** 
  (0.65) 
Pain  5.082*** 
  (0.56) 

Half year dummies   Yes 

SiteA  8.041*** 
  (1.13) 
Half Year 1×Site A  2.346 
  (1.59) 
Half Year 2×Site A  -1.805 
  (1.69) 
Half Year 3×Site A  -0.653 
  (1.63) 
Half Year 5×Site A  -7.637*** 
  (1.54) 
Half Year 6×Site A  -8.909*** 
  (1.57) 
Constant  4.579*** 
  (1.03) 
N  1317 
r2  0.304 
Robust standard errors are in parentheses. * p<0.05, ** p<0.01, *** p<0.001 
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Appendix IV. Linear time-trends 
 
To assess the robustness of the parallel trend assumption further, we test for linear time trends 

by adding site-specific linear trends to estimation equation (1). The aim is to control for 

unobservable site-specific time trends driven by factors independent from actual OR charter 

introduction. The estimation equation then becomes: 

 

𝑂𝑂𝑖𝑖𝑖𝑖𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽2𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑝𝑝𝑑𝑑𝐷𝐷𝑑𝑑𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽4𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛 + 𝛽𝛽5𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑑𝑑 +

𝛿𝛿𝑖𝑖 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛𝛾𝛾 + 𝑢𝑢𝑖𝑖𝑖𝑖𝑛𝑛                    (4) 

 

Again, 𝛿𝛿𝑖𝑖 denotes half year fixed effects dummies, i.e. general shocks occurring over time 

affecting delays in site A and site B to the same extent. We added the interaction term 

𝛽𝛽5𝑆𝑆𝑑𝑑𝑑𝑑𝑑𝑑𝐴𝐴𝑖𝑖𝑖𝑖𝑛𝑛 ∗ 𝑑𝑑 to our original difference-in-difference models in Eq. (1). Here, 𝑑𝑑 measures time 

(in half-year intervals) as a continuous variable and coefficient 𝛽𝛽5 reflects the site-specific 

linear time trend. As Table 7.2 shows, the coefficient estimate indicates a decreasing linear 

time trend for deviations. We find no significant linear time trend. This finding indicates that 

for non-same day surgeries no linear time trends are detectable, supporting the validity of the 

parallel trend assumption. 

 

Our additional analyses supports the credibility of parallel pre-treatment development in the 

outcome variable, as we are able to reject the null hypothesis of systematic differences 

between both sites before treatment (placebo treatment dummies) and of linear time trends. 

This indicates validity of estimation results derived for orthopedic non-same day surgeries. 
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Table 7.2: Linear time trends 

  Dependent variable 

  Deviation from scheduled incision time 

Treatment  -6.345*** 
  (1.72) 
ge65  0.011 
  (0.52) 
Female  0.753 
  (0.47) 
Obesity  1.641* 
  (0.66) 
Diabetes  1.894** 
  (0.71) 
Surgtime  0.068*** 
  (0.01) 
Ward  3.251*** 
  (0.65) 
Pain  5.096*** 
  (0.56) 
SiteA  9.625*** 
  (1.36) 
SiteA × Half year  -0.640 
  (0.48) 
Constant  4.114*** 
  (0.99) 

Half year dummies  Yes 

r2   0.300 

N  1317 
Robust standard errors are in parentheses. * p<0.05, ** p<0.01, *** p<0.001 

p 
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