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1 IntrodutionWhile reforming a health are system, e�ets of variations of health are market institu-tions are ex ante not neessarily known to poliy makers and may in�uene ators on themarket in an undesired manner. As the general intention of health are reforms is to en-hane e�ieny, redue osts and maintain or inrease quality, a ruial role is attributedto health are providers, i.e. physiians. Their provision behavior is in turn believed to bein�uened by inentives stemming from institutions like the payment system.Many theoretial health-eonomi studies have highlighted the di�erent inentives ofommonly used payment systems. The two most prominent `pure' payment systems ana-lyzed are fee-for-servie (heneforth FFS) and apitation (heneforth CAP). Under FFS,the physiian is paid for eah medial proedure or servie dispended to a patient. FFSinherits an inentive to `overserve' patients without onsidering osts (Newhouse 2002).When paid by CAP, physiians reeive a �xed payment for eah patient irrespetive of thequantity of medial servies provided. In ontrast to FFS, CAP an redue the utilizationof health servies, an lead to underprovision of medial servies and to ream-skimmingor even dumping of patients (Ma 1994).There is empirial evidene that inentives from payment systems in�uene physiians'behavior, see e.g. Jennison & Ellis (1987), Stearns et al. (1992), Krasnik et al. (1990).Huthinson et al. (1996) do not �nd di�erenes, however. Thus, these results are not learut and remain too ontraditory to draw a de�nite onlusion about the diretion of ane�et (Sott & Hall 1995, Gosden et al. 2001). In his artile on the future of health eo-nomis, Fuhs (2000) makes the point that health eonomi researh may largely bene�tfrom inorporating methods of experimental eonomis. In fat, its use in health eonomisis negligible up to now.1The purpose of our study is to ontribute to the researh agenda suggested by Fuhs(2000). We use a ontrolled laboratory experiment to improve the understanding of theinstitutional parameter `payment system' likely to in�uene physiians' behavior. Ourmain fous is on how FFS and CAP in�uene a physiian's provision of medial serviesabstrating from fators other than the payment system.In our study, experimental physiians � all being medial students � deide on the quan-tity of medial servies under the two payment systems. Patients gain a bene�t from theseservies, the patient bene�t measured in monetary terms. No real patients partiipatedin our experiment. To allow for other-regarding behavior of physiians the money orre-sponding to the bene�ts of all abstrat patients were donated to a haritable foundationaring for real patients. To the best of our knowledge our investigation is the �rst onetakling these issues by using experimental eonomi methods.Our main �nding is that physiians are in�uened by the payment system in hoosingmore medial servies when paid by FFS. Patients are overserved under FFS and under-served under CAP. Finanial inentives are not the only motivation for physiians' quantity1The only ontrolled laboratory experiment we know of that studies a health eonomi topi wasonduted by Fan et al. (1998). The authors did not inlude an inentive to are for the patient, however.2



deisions; patient bene�t is of onsiderable importane as well. Given our experimentalsetup, patients in need of a low level of medial servies are better o� under CAP, whereaspatients with a high need of medial servies gain more health bene�t when physiians arepaid by FFS.Our paper is organized as follows. Setion 2 introdues a simple theoretial model ofphysiian behavior and the model's impliations for the two payment systems are derived(Subsetion 2.1). This model is used beause it inludes omponents whih an also befound in the present experimental design. Moreover, this setion reviews the empirialliterature (Subsetion 2.2), disusses the need for a labarotory experiment and states ourresearh questions (Subsetion 2.3). Setion 3 the experimental design as well as the ex-perimental proedure are desribed. Setion 4 provides statistial analysis of subjets'behavior and ompares experimental results aross payment systems. Setion 5 onludes.2 Physiians' inentives from payment systemsThe impat of the payment system on physiians' provision behavior has been the subjetof various theoretial and empirial investigations. This setion provides a brief overviewon the main �ndings. Before reviewing the literature, we use the seminal model byEllis & MGuire (1986) as a workhorse to analyze the inentives from FFS and CAP.So far, no onsensus has been reahed on how to formally model physiian ageny(Choné & Ma 2006). The lak of onsensus might originate from the fat that the funda-mentals of the problem, e.g. motives like medial ethis, benevolene towards the patientand power, and imperfet information are very omplex. Institutions like payment sys-tem or health insurane and their omplexity overlaying phyisians' deisions add to thehallenge. A simple pro�t-maximizing approah obviously does not apture the full extentof this omplexity. Conventional modeling of the physiian-patient interation relies onpro�t maximization, however (e.g. MGuire & Pauly 1991). Frequently, a omplete infor-mation framework is added. MGuire (2000) ritially notes that even though there is noagreeable alternative to model the physiian in the onventional way, this approah is notwell-aepted in health eonomis.In the reent literature, several authors depart from modeling physiians as pure pro�tmaximizers by allowing for patient benevolene in the physiian's utility funtion, see e.g.Ellis & MGuire (1986, 1990), Chalkley & Malomson (1998), Ma (2004), Jak (2005) andChoné & Ma (2006).2.1 A basi model of physiian behaviorIn Ellis & MGuire's basi model of 1986, the physiian2 deides on the quantity of medialservies as an agent of the patient and the hospital. Following Newhouse (2002), we applytheir model to a primary are physiian. The physiian is assumed to be onerned abouther own pro�t π and patient bene�t B the latter depending on the quantity of medial2In the following, we denote the physiian as female and the patient as male.3



servies q ∈ [0, Q]. A major argument for inluding B into the physiian's utility funtionis the professional ode of medial ethis the physiian is obliged to (Hipporati Oath).3Physiian's e�ort positively entering the patient bene�t funtion is onstant.The utility of the physiian is as follows
U(π,B) = π + α ·B(q), (1)with α ∈ [0, 1]. α an be interpreted as an index for the physiian's benevolene, i.e. thedegree she ats on the patient's behalf when deiding on q. α = 0 means, the physiiandoes not at on the patient's behalf. If α = 1, the physiian equally weighs own pro�t andpatient bene�t being benevolent towards the patient. For 0 ≤ α < 1, the physiian atspartially benevolent towards the patient.The bene�t funtion is assumed to be stritly onave on the interval [0, Q], with a globaloptimum B′(q∗) = 0, B′(q) > 0 for q ∈ [0, q∗), B′(q) < 0 for q ∈ (q∗, Q] and B′′(q) < 0,see also Ellis & MGuire (1990), Ma (2004) and Choné & Ma (2006). The negative seondorder derivative an be interpreted as stemming from the following fators. Patients mayhave a delining marginal valuation of health are beause the marginal bene�t is loweras more health are is onsumed.4 Moreover, when a higher health status is gained themarginal utility of health status itself falls.The patient is assumed to be passive and fully insured aepting eah quantity of medialservies provided. Thus, the physiian's quantity deision is not restrited by a patient'sdemand for medial servies.5Physiian's pro�t is determined by the payment (R) the physiian reeives minus hisost per treatment (C(q)) yielding π = R − C(q). The ost funtion C(q) is stritlyinreasing and onvex. The e�ient quantity of medial servie (q∗∗) is hosen suh that

αB′(q) = C ′(q).The remuneration R may onsist of a apitation omponent A and a fee-for-servieomponent p · q, where p is a vetor of pries the physiian reeives aording to the vetorof servies q provided. Thus, physiian's pro�t an be written as
π = A+ p · q − C(q). (2)Plugging (2) into (1) gives

U = A+ p · q − C(q) + α ·B(q). (3)
3Following this argumentation, Arrow (1963) emphasizes the importane of professional ethis limitingpayment inentives. Also, MGuire (2000) and Newhouse (2002) onsider professional ethis a motive forphysiian behavior.4Think of the dereasing value of further X-ray examinations if the �rst one has already identi�edpneumonia.5Assuming a passive patient is ruial beause it eliminates demand-side e�ets as e.g. patients' o-payments likely to in�uene the physiian's quantity deision. Additionally, ollusion between patient andphysiian are avoided as modeled in Ma & MGuire (1997).4



Inentives from FFSIn traditional health are systems, medial are delivery is pried on a fee-for-servie basis.We abstrat from supply-side ost sharing6 but assume omplete ost reimbursement withthe fees being equal or above marginal ost, p ≥ C ′(q). The physiian's remunerationequals R = p · q and her utility is
U = p · q − C(q) + α ·B(q). (4)For the following analysis of physiian behavior we assume p > C ′(q). Simple di�erentia-tion shows that the e�ieny ondition does not hold in a fee-for-servie payment system.7Preditions on the quantity provided vary aording to the physiian's degree of benev-olene towards the patient.

• A purely pro�t-maximizing physiian (α = 0) hooses q independent of the patient'sinterest. Thus, she hooses the maximum available amount of servies qFFS
(α=0) = Q.

• For α = 1, the physiian hooses qFFS
(α=1) suh that B′(q) = C ′(q) − p. Aording tothe �rst order ondition, qFFS

(α=1) > q∗.8 Hene, even a benevolent physiian hooses aquantity of medial servies larger than optimal for the patient.
• For 0 < α < 1, the physiian gives less value to the patient's bene�t than to her ownpro�t and hooses qFFS

(0<α<1) suh that B′(q) = (C ′(q) − p)/α. Thus, this physiianprovides medial servies aording to qFFS
(α=1) < qFFS

(0<α<1) < qFFS
(α=0).Our analysis shows that regardless of the physiian's degree of benevolene, FFS leads tooversupply of medial servies in that qFFS > q∗ > q∗∗. The quantity provided is largerthan the patient's optimal and the e�ient quantity.Inentives from CAPAnother form of physiians' remuneration is a prospetive apitation payment. In a givenperiod, the physiian is paid a lump sum for eah registered patient independent of thequantity of medial servies she provides.The physiian's utility funtion under CAP is

U = A− C(q) + α ·B(q) (5)with A > C ′(q). For a given value of α, the e�ient quantity of medial servies q∗∗ issuh that the �rst-order ondition ∂U/∂q = 0 ⇔ C ′(q) = αB′(q) holds.
• The inentive inherent in a apitation payment leads the pro�t-maximizing physiian(α = 0) to inrease the di�erene between the lump-sum payment and the personal6Supply-side ost sharing means that the fees per unit of treatment the third-party payer pays to theprovider are lower than the ost per unit of treatment, p < C′(q).7If fees are set at marginal ost and C′(q) = c, physiian's pro�t equals π = (p − c) · q ≡ 0. If

∂π/∂q = 0, the physiian treats the fully insured patient aording to B′(q) = C′(q)− p = 0. Thus, in linewith Newhouse (2002), the physiian will hoose q suh that any expeted positive bene�t for the patientis provided, irrespetive of ost.8From B′(q) = C′(q) − p and p > C′(q) follows B′(q) < 0, i.e. q > q∗.5



osts per medial servie (argmaxq{A − C(q)}). The physiian sets qCAP
(α=0) = 0, i.e.no medial servie will be delivered to the patient.

• A benevolent physiian (α = 1), hooses qCAP
(α=1) suh that B′(q) = C ′(q); i.e. shehooses the e�ient quantity qCAP

(α=1) = q∗∗.
• For 0 < α < 1, the physiian deides on qCAP

(0<α<1) aording to B′(q) = C ′(q)/α.Physiians provide medial servies aording to qCAP
(α=0) < qCAP

(0<α<1) < qCAP
(α=1) = q∗∗. As

q∗ > q∗∗, all physiians underserve patients under CAP.The most important result of the above analysis is that regardless of the physiian'sdegree of benevolene towards the patient, the quantity she provides under FFS is largerthan under CAP, i.e. qFFS > qCAP .2.2 Empirial literatureIn this setion we brie�y summarize the relevant empirial literature on physiian behav-ior under di�erent payment systems, in partiular under FFS and CAP. Jennison & Ellis(1987) using data from the US �nd the same physiians to provide more visits under agenerous FFS system than under CAP. A similar result is reported by Stearns et al. (1992)who �nd a redution in hospitalizations but inreases in length of hospital stay and num-ber of ambulatory visits. They onjeture that inreases may be due to CAP payment forprimary are physiians and a redued FFS shedule for speialists leading to a greaternumber of referrals. On the ontrary, Huthinson et al. (1996) do not �nd di�erenes whenomparing hospital utilization rates in Ontario (Canada) under FFS and CAP.Krasnik et al. (1990) analyze behavior of general pratitioners in Denmark when thesystem is varied from a (pure) lump-sum payment to apitation supplemented by a fee-per-item omponent. They �nd diagnosti and urative servies to inrease and the numberof referrals to seondary are and hospitals to derease. Krasnik et al. analyzed a randomsample taken from the partiipating physiians. Their study, however, may be biased byself-seletion of pratitioners.In a randomized ontrolled study, Davidson et al. (1992) investigate behavior of o�e-based primary are physiians under a FFS-system with high and low fees and a CAP-system. Patients were hildren enrolled in the US-Mediaid program. Physiians paid byapitation were responsible for almost all ost of the hildren enrolled with them (fund-holding). The authors �nd the frequeny of primary are visits in the high FFS-group to behigher than in the apitation group. This seems to provide evidene that CAP-physiiansonstrain the quantity of medial servies in order to redue their osts. The fundholdingregulation in CAP may explain the lower referrals to seondary are as the responsibilityfor hildren's medial ost seems to outweigh the inentive to minimize ost in CAP.Iversen & Lurås (2000) analyze referral rates from primary to seondary are revealedby Norwegian general pratitioners when the payment system was hanged from a pratieallowane omponent9 omplemented by a FFS-payment to a CAP-system with a lower9A pratie allowane is a �xed sum of money Norwegian physiians are paid when ontrating withthe regional government. 6



FFS-omponent. The authors �nd referrals to be larger under CAP (with FFS-omponent)ompared to FFS (with pratie-allowane omponent). The inrease in referrals may, how-ever, not only be attributed to CAP but rather to the lower FFS-omponent.In a more reent empirial study, Dumont et al. (2007) analyze data on physiian ser-vies from the Canadian provine Quebe before and after a variation from FFS to a mixedsystem with a base wage, independent of servies provided and a redued FFS payment.Physiians ould voluntarily hoose one of the two systems. Their results suggest thatphysiians did reat to payment inentives by reduing the volume of (billable) serviesunder the mixed remuneration system. Moreover, physiians swithing to the mixed sys-tem inreased the time spent per servie and per non-linial servies suh administrativeand teahing tasks (servies that are important to insure the quality of health are but notremunerated under FFS). This suggests a quantity-quality substitution when physiiansare for patients.2.3 Researh questionsOur main researh goal is to improve the understanding on how the institutional parameter`payment system' in�uenes physiians' behavior. To this end, we make use of experimen-tal eonomis methods by running a ontrolled laboratory experiment. Why do we useexperimental eonomis to pursue our researh goals? Experimental eonomis is a validresearh method beause of a variety of advantages ompared to �eld data and question-naire studies (see Falk & Fehr 2003, Davis & Holt 1993).Experimental data is reated for sienti� purposes under ontrolled onditions. It isgathered in experimental sessions in whih human subjets make real deisions in eo-nomially relevant deision situations supplied with monetary inentives. The reason forpaying partiipants is that subjets in behavioral deision making are likely to behavedi�erently when monetary onsequenes are involved ompared to hypothetial situations(Hertwig & Ortmann 2001, Camerer 2003).Experimental onditions an be varied in a ontrolled manner. Exogenous eterisparibus variations (of the payment system) an be easily implemented, variables of in-terest (physiians' behavior) an be ontrolled. Therefore, hanges in behavior an beattributed to these modi�ations. Finally, di�erent experimenters an repeat the sameexperiment under omparable onditions in order to test for the robustness of the results.Contrary to laboratory data, �eld data are olleted from a natural environment wheremany fators in�uene the variable(s) of interest in a way that the researher usually an-not ontrol. Based on their meta-study, Gosden et al. (2001) stress that �eld studies faethe di�ulty of multiple and unobservable in�uenes on physiians' behavior.10 They tendto be ontext-spei� limiting the appliation of results to other settings or rendering a10These are among others institutional parameters, physiians' harateristis, unertainty about theimpat of medial servies provided (Arrow 1963), fear of malpratie litigation (Kessler & MClellan 1996)as well as patient harateristis like health status (see the literature on ream-skimming, e.g. Newhouse1996, Barros 2003) or type of insurane (Eisenberg 1986). Therefore, onstant patient populations duringa transition of payment systems is important for the validity of results (Huthinson et al. 1996) but anmost often not be guaranteed. 7



generalization of results di�ult. The authors also point out that several �eld studiessu�er from methodologial problems. Most importantly, in some studies more than oneomponent of the payment system are varied simultaneously making ausal inferenes dif-�ult or even impossible. Nonetheless, Gosden et al. admit some empirial evidene thatthe payment system a�ets physiian behavior.Despite the advantages of experimental eonomis, objetions like non-representativestudent subjet pools, low inentives, the small number of partiipants and the simplistienvironment should be taken seriously. Yet, areful experimentation an irumvent manyof these objetions (Falk & Fehr 2003). We are aware that our experiment is extremelysimplisti as we abstrat from fators other than the payment system. In reality, a physi-ian's deision situation is de�nitely more omplex. Yet, as the goal of the present studyis to highlight fundamental onsequenes of the payment system for physiians' behaviorwe think simpliity to be an advantage. Laboratory experimentation should be regardedas omplementary to theoretial analysis and other methods of empirial investigation. Itsontribution may help to draw a more preise piture of physiians' provision behavior.The main fous of our study is on how the pure payment systems FFS and CAP in�uenean experimental physiian's provision of medial servies. Reall that experimental physi-ians deide on the quantity of medial servies. We look at provision behavior from thephysiian's and from the patient's perspetive.Our �rst researh question is onerned with behavior in FFS. Given our experimentalparameters, do experimental physians tend to behave aording to what theory quanti-tatively predits (subsetion 2.1)? Do they hoose a quantity of medial servies qFFSlarger than the patient's optimal quantity q∗ if the pro�t-optimal quantity q̂ exeeds q∗?Taking q∗ as the benhmark for the right (best) medial treatment, we expet patients tobe overserved under FFS.Our seond researh question deals with behavior under CAP. Aording to theoretialpreditions we onjeture that physians hoose a quantity of medial servies qCAP lowerthan the patient's optimal quantity q∗. Taking q∗ again as a measure for the best medialtreatment, we assume patients to be underserved under CAP.In both payment systems, we are interested in the interplay between the mode of pay-ment and patients' health status. Do patient types bene�t from FFS and CAP in the sameway?Our third researh question is onerned with a omparison of behavior under FFS andCAP. We expet experimental physians in FFS to hoose more medial servies than sub-jets in CAP do. Suh behavior would be in line with the empirial �ndings of Krasnik et al.(1990) or Dumont et al. (2007).Our forth researh question deals with physiian's pro�t and patient bene�t. We areinterested whether besides their own pro�t, experimental physiians are for their patientsand take the patient bene�t into aount when making their quantity deisions. Given theprofessional ode of medial ethis physiians are obliged to, we expet our experimentalphysiians not to behave in a ompletely self-interested manner. Yet, also their own pro�t8



should be of onsiderable importane.Our last researh question involves analysing the tradeo�s between own pro�t and pa-tient bene�t the experimental physiians are faed with. Aording to the experimental pa-rameters, several pareto-e�ient quantity deisions exist for eah patient. Here, physiiansan neither make the patient better o� without foregoing own pro�t nor make themselvesbetter o� without induing a bene�t loss to the patient. Does behavior with regard totradeo�s vary in the two payment systems? Do subjets di�er in their hoies with regardto tradeo�? Can a lassi�ation of behavior help us to understand di�erenes in deisionmaking like e.g. in Selten et al. (1997) and Fishbaher et al. (2001).3 Experimental design and proedure3.1 Design and parametersThe fous of our study is on physiians' provision behavior under two di�erent paymentsystems. No other experimental parameter than the payment ondition is varied. We hosean experimental design allowing for a ontrolled and isolated analysis, i.e a eteris paribusvariation, and a between-subjet omparison.Subjets partiipating in our experiment are exlusively medial students likely to be-ome physiians in the future. This is important in the ontext of our experiment as eahsubjet is alloated to a physiian's role deiding on the quantity of medial servies to beprovided for given patient. We all our experimental subjets physiians aording to therole they play in our experiment. The role of patients will be explained shortly.The experiment onsists of two treatments, FFS and CAP (see Table 1). In eahTable 1: Experimental treatmentsTreat. Payment ondition Number of Number of independentsessions observationsFFS Fee-for-servie 1 20CAP Capitation 2 22treatment, physiians are remunerated for their provision of medial servies in a di�erentway. In FFS, physiians are paid by fee-for-servie, i.e. they reeive a fee for eah unit ofmedial servie provided. In CAP, physiians are paid a lump-sum payment (apitation)per patient independent of the number of medial servies they provide.In both treatments, physiians deide on the quantity of medial servies q ∈ {0, 1, . . . ,

10} for �ve given abstrat illnesses h = A,B, . . . ,E of three di�erent patient types k =

1, 2, 3. Eah ombination of patient type and illness represents a spei� patient kh =1A, 1B, 1C, . . . , 2E, 3E (see Table 2). Eah deision j = 1, . . . , 15 simultaneously deter-mines the physiian's own pro�t and the bene�t of a given patient. We will elaborate onthese experimental variables in the following.The range of servies physiians an hoose from may be interpreted as those eligiblefor a patient ontrating with a ertain health plan. We did not haraterize illnesses in9



Table 2: Order of deisionsDeision (j) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15Patient type (k) 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3Illness (h) A B C D E A B C D E A B C D EPatient (kh) 1A 1B 1C 1D 1E 2A 2B 2C 2D 2E 3A 3B 3C 3D 3Ereal terms beause this turned out not to be feasible. The patient is assumed to be passiveand fully insured aepting eah medial servie hosen by a physiian. All experimen-tal parameters exept the quantity of servies are measured in Taler, our experimentalurreny, given an exhange rate of 1 Taler = 0.05¤.Physiians' remunerationIn FFS, physiians reeive a fee for eah unit of medial servie provided. Fees di�eraross servies. Remuneration Rh(q) inreases in the quantity of medial servies hosen(Table 3).11In CAP, physiians are paid a lump-sum payment R per patient independent of theirTable 3: Physiians' remuneration R(q)Quantity (q)0 1 2 3 4 5 6 7 8 9 10FFS RA(q) 0.00 1.70 3.40 5.10 5.80‡ 10.50 11.00 12.10 13.50 14.90 16.60
RB(q) 0.00 1.00 2.40 3.50 8.00 8.40 9.40 16.00 18.00 20.00 22.50
RC(q) 0.00 1.80 3.60 5.40 7.20 9.00 10.80 12.60 14.40 16.20 18.30
RD(q) 0.00 2.00 4.00 6.00 8.00 8.20 15.00 16.90 18.90 21.30 23.60
RE(q) 0.00 1.00 2.00 6.00 6.70 7.60 11.00 12.30 18.00 20.50 23.00CAP R 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

‡ Due to a display error on subjets' sreens, physiians' remuneration RA(q) at qj = 4 wasspei�ed at 8.40 instead of 5.80. Physiian's pro�ts were displayed orretly, however. See theparagraph on physiian's pro�t below.quantity deision. R is set to 12 Taler slightly above the average maximum pro�t perpatient in FFS (11.06).Patient bene�tPatients gain a bene�t from medial servies, the patient bene�t B. In our study, thepatient bene�t is measured in monetary terms. Note that no real patients partiipatedin our experiment. Yet even with abstrat patients, we wanted to allow for a motivationof other-regarding behavior a physiian may experiene while treating a real patient. Tothis end, the bene�ts of all abstrat patients aggregated over all deisions of all physiianswere donated to a haritable foundation aring for real patients � the Christo�el Blinden-mission. This foundation is engaged in treating ophthalmi patients mainly in developingountries.11Di�erent fees for di�erent kinds of servies an be found in pratie e.g. in Germany. The GermanGOÄ (Gebührenordung für Ärzte) lists medial servies and the respetive fees.10



To gain redibility that the donation was atually transferred to the harity organiza-tion, a monitor was randomly seleted from the partiipating subjets and arried out thedonation transfer proedure in eah session like in Ekel & Grossman (1996). A opy ofthe instrutions is inluded in Appendix A.1.Patient bene�ts vary aross patient types. This re�ets the heterogenity of the patientTable 4: Patient bene�t Bk(q)Quantity (q)0 1 2 3 4 5 6 7 8 9 10
B1(q) 0.00 0.75 1.50 2.00 7.00 10.00‡ 9.50 9.00 8.50 8.00 7.50
B2(q) 0.00 1.00 1.50 10.00‡ 9.50 9.00 8.50 8.00 7.50 7.00 6.50
B3(q) 0.00 0.75 2.20 4.05 6.00 7.75 9.00 9.45‡ 8.80 6.75 3.00
‡ Patient optimal quantity q∗j providing the patient with the highest bene�t Bk(q∗j ) frommedial servies.population treated by a physiian in reality e.g. with regard to patients' states of health ordi�erent severities of illness. Table 4 shows patient bene�ts Bk(q) aording to the quan-tity of medial servies provided. A ommon harateristi of Bk(q) is a global optimum

q∗ ∈ [0, 10]. The patient's optimal quantity is q∗j = 5 for patient type 1 (j = 1, . . . , 5),
q∗j = 3 for patient type 2 (j = 6, . . . , 10) and q∗j = 7 for patient type 3 (j = 11, . . . , 15).12After having reahed the optimum, Bk(q) delines beause providing too many medialservies ontributes negatively to a patient's bene�t at the margin. As there is a uniqueoptimal q∗j for eah deision j (patient kh), overprovision or underprovision an be identi-�ed.Pysiians' pro�tFurther parameters relevant for physiians' deisions are pro�t (osts). Like real dotors,the experimental physiians have to bear osts depending on the quantity of medial ser-vies they hoose. The osts are kept onstant aross treatments and follow the onvexfuntion c(q) = 0.1 · q2 (see Table 5).13. In FFS, pro�t varies aross illnesses beauseTable 5: Physiians' osts c(q)Quantity (q)0 1 2 3 4 5 6 7 8 9 10

c(q) 0.00 0.10 0.40 0.90 1.60 2.50 3.60 4.90 6.40 8.10 10.00fees di�er for patients and ost parameters are kept onstant; in CAP, however, pro�t isonstant aross illnesses and patient types (see Table 6).For all deisions j of FFS, exept for j = 1 (patient 1A), experimental parametersimply the patient's optimal quantity of medial servies q∗j to di�er from the quantity q̂jproviding the maximal pro�t to the physiian. For j = 1, q̂j oinides with q∗j at q1 = 5.12Patient type 2 (3) an be onsidered as needing a relatively low (high) quantity of medial servies togain her health optimum whereas patient type 1's optimum is in between.13A onvex ost funtion is assumed in several theoretial papers (Ma 1994, Ma 2004, Choné & Ma 2006)as well as in Fan et al. (1998) 11



For j = 11 (patient A3), 5 = q̂j < q∗j = 7.In deisions j = 2, . . . , 15, the physiian enounters a tradeo� between patient's opti-Table 6: Physiians' pro�t π(q)Quantity (q)0 1 2 3 4 5 6 7 8 9 10FFS πA(q) 0.00 1.60 3.00 4.20 4.20 8.00‡ 7.40 7.20 7.10 6.80 6.60
πB(q) 0.00 0.90 2.00 2.60 6.40 5.90 5.80 11.10 11.60 11.90 12.50‡
πC(q) 0.00 1.70 3.20 4.50 5.60 6.50 7.20 7.70 8.00 8.10 8.30‡
πD(q) 0.00 1.90 3.60 5.10 6.40 5.50 11.40 12.00 12.50 13.20 13.60‡
πE(q) 0.00 0.90 1.60 5.10 5.10 5.10 7.40 7.40 11.60 12.40 13.00‡CAP π(q) 12.00‡ 11.90 11.60 11.10 10.40 9.50 8.40 7.10 5.60 3.90 2.00

‡ Physiians' maximum pro�t π(q̂j) aording to the pro�t-maximizing quantity of medial ser-vies q̂j.mum and own pro�t maximization. She foregoes own pro�t when inreasing the patient'sbene�t and vie versa. Physiians fae deisions where hoosing more medial serviesimplies a large inrease in patient bene�t but only a marginal derease in own pro�t likee.g. in deision j = 2 (patient 1B) in FFS. Choosing q = 5 instead of 4 provides patient 1Bwith a bene�t of 10.00 instead of 7.00 (Table 4) while the physiian's pro�t dereases from6.40 to 5.90 Taler only (Table 6). Note that a higher q does not neessarily imply a higherpro�t. In deisions j = 1, 6, 11 (patients 1A, 2A, 3A) a lower level of servies provides ahigher pro�t. In CAP, q̂j = 0 for eah deision (j = 1, . . . , 15). Higher or maximal patientbene�ts an only be ahieved by physiians' foregoing own pro�t. An illustration providesFigure 1 for patient 1E (deision j = 5).Figure 1: Patient bene�t and physiian's pro�t for patient 1E (deision j = 5)
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3.2 ProedureThe omputerized experiment was onduted in BonnEonLab, the Laboratory for Exper-imental Eonomis at the University of Bonn. We used the software z-Tree (Fishbaher2007). 42 medial students partiipated in the two treatments � 20 in FFS and 22 inCAP. Subjets made their deisions anonymously at their omputer sreens without anyommuniation. 12



Upon arrival, eah subjet randomly drew a number indiating his/her ubile wherehe/she remained seated during the whole experiment. First, the experimenter read theinstrutions aloud.14 Then, subjets were given time for larifying questions whih wereasked and answered in private. In order to hek for subjets' understanding of the ex-periment, they had to answer three test questions strutured like the atual experimentbut with di�erent parameter values. Subjets needed three di�erent quantities of medialservies to answer the questions. To avoid any priming by pre-seleted quantities the threenumbers q were randomly drawn from the interval [0, 10℄ from a box and announed bythe experimenter. The experiment was not started unless all partiipants had answered alltest questions orretly.In both treatments, eah partiipant was assigned the role of a physiian having to make15 deisions (j = 1, . . . , 15) on the quantity of medial servies. The sequene of deisions(patients) was predetermined and kept aross treatments (see Table 2). Having made theirhoies, subjets were asked to �ll in a omputerized questionnaire explaining their moti-vations and the fators having in�uened their deisions. Finally, the monitor's role wasassigned to one of the partiipants by random draw. After the experiment, subjets werepaid in private aording to their performane.Similar to the proedure in Ekel & Grossman (1996), the monitor had to verify, by asigned statement available to all partiipants, that a hek for the total amount orrespond-ing to the aggregated patient bene�ts was written and sealed in an envelope addressed tothe harity. The monitor and experimenter then walked together to the nearest mailboxand deposited the envelope.The experiment lasted for about 45 minutes. On average subjets earned 6.88¤ in FFSand 7.42¤ in CAP. In total, 273.68¤ were transferred to the Christo�el Blindenmission,6.62¤ per partiipant in FFS and 6.42¤ per partiipant in CAP.4 Results4.1 Physiians' provision behaviorIn this setion, we give a detailed analysis of physiians' behavior, both from the physiian'sand patient's perspetive. In partiular, we analyze physiian i's quantity deisions qij forFFS and CAP separately. To get a �rst glimpse of behavior in both treatments see Figure 2.The same will be done for i's deviations from the patient optimal quantity (qij − q∗j ≡ µi).Considering q∗j the benhmark for providing the ideal quantity of medial servies for apatient, eah qij > q∗j (qij < q∗j ) indiates overprovision (underprovision) yielding a lowerbene�t for the patient. Reall that q∗j = 5 for j ∈ [1, 5], q∗j = 3 for j ∈ [6, 10] and q∗j = 7for j ∈ [11, 15].4.1.1 Behavior in FFSOur �rst researh goal is onerned with behavior under FFS. Will patients on average beoverserved as theory predits given our experimental parameters? To answer this question14For detailed instrutions see Appendix A.1. 13



Figure 2: Absolute frequenies of quantity deisions per patient
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we analyze the quantity of medial servies provided for eah patient kh. In addition,we analyze the impat of the payment system on patients' health status with regard topatient types. Remember that for j = 1 (patient 1A), q̂j = q∗j , and for j = 11 (patient3A), q̂j < q∗j .Averaged over all physiians and all patients, a mean quantity of medial servies
qFFS = 6.60 (median q̃FFS = 7.00) is hosen (see Table 7). Figure 3 shows averagequantities for eah deision (patient) separately.Table 7: Quantity deisions q in FFS and CAPMean Median SD Total number(q) (q̃) of deisionsFFS 6.60 7.00 1.85 300CAP 4.40 5.00 1.64 330We �rst take a loser look at how patients are treated. To this end, we analyze thequantity of medial servies provided for eah patient kh (deision j) averaged over allphysiians (qj).Result 1. In FFS, patients are overserved ompared to their optimal treatment.SUPPORT: Figure 3 shows average quantities qj (qj =

∑20
i=1 qij/20) to be larger than q∗jfor the 13 patients with q̂j > q∗j (patients 1B, . . . , 2E, 3B, . . . , 3E). For patient 1A (j = 1),all physiians i hose qi1 = q∗1 = 5, whereas for patient 3A (j = 11), q11 < q∗11. Testing overall patients, we �nd qj to be highly signi�antly larger than the patient optimal quantity

q∗j (p = 0.0021, Wiloxon signed ranks test, two-sided).The seond result is onerned with deisions of the individual physiian. We analyzethe (averaged) quantity of medial servies eah physiian i provides for the 15 di�erentpatients.Result 2. Physiians in FFS provide quantities of medial servies larger than q∗j .SUPPORT: Table A.1 in Appendix A.2 shows physiians' mean quantity deisions (qi) and14



Figure 3: Average quantity of medial servies per deision (patient)
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the mean deviations from the patient optimal quantity q∗j , µi =
∑15

j=1(qij − q∗j )/15. For17 out of the 20 physiians, µi is positive and zero for the remainder. Thus, physiiansoverserve in FFS in that highly signi�antly more physians provide patients with medialservies on average larger than q∗j (p = 0.003, binomial test, two-sided). Even strongersupport is provided by test statistis of a two-sided Fisher-Pitman permutation test forpaired samples for individual deisions. For 16 of the 20 physiians, the null hypothesis of
qij = q∗j , ∀j ∈ [1, 15] an be rejeted. These physiians hose quantities signi�anly largerthan q∗j (see Table A.2). Thus, highly signi�antly more physians provide patients withmedial servies that are signi�antly larger than q∗j (p = 0.012, binomial test, two-sided).Figure 4: Relative frequenies of patient optimal quantity hoies
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ompute for eah patient the number of physiians hosing the patient's optimal quantity(q∗j ) and those deviating from it (¬q∗j ); see Table A.3. A graphial illustration of relativefrequenies of q∗j -hoies provides Figure 4.Result 3. Overprovision in FFS depends on patient types.SUPPORT: Exept for patient 1A (deision 1) where qij = q∗j = q̂j , all patients of type 1and 2 are overserved in that the number of physiians hoosing qij > q∗j is larger than thenumber of physiians hoosing qij ≤ q∗j (see Figure 2). This is signi�ant for 3 (4) patientsof type 1 (2) (binomial test, two-sided; see line I/FFS in Table A.4). Patients of type 3are treated in a less onsistent way. Patient 3A (3E) is underprovided (overprovided) andthe remaining patients are treated optimally by at least half of the physiians.15 Note thatonly patients of type 3 are underprovided, exept for one deision of a single physiian(qi=11,j=3).When omparing the average deviation νj for eah patient (νj =
∑20

i=1(qij − q∗j )/20),the above di�erenes appear to be orroborated. νj is not larger than 1.00 for patient type3. It varies between 1.80 and 2.90 for patient type 1 and between 1.70 and 3.60 for patienttype 2 (Table A.5).Results 1 and 2 suggest that our experimental physiians in FFS behave like we expetedthem to do. Patients are overserved in that subjets on average hoose quantities of medialservies qFFS larger than the patient's optimal quantity q∗. Physiians' hoies are heavilydependent on patient types, however (Result 3). When the di�erene between q∗j and q̂jbeomes smaller, the number of optimal hoies inreases.4.1.2 Behavior in CAPOur seond researh goal deals with behavior under CAP. We are interested in whetherexperimental physians tend to underserve patients. We proeed like in FFS by analyzingthe quantity of medial servies provided for eah patient kh. In addition, we investigatethe impat of CAP on physiians' deisions with regard to patient types. Reall that
0 = q̂j < q∗j for all deisions j (patients kh).Averaged over all physiians and all patients, a mean quantity of medial servies
qCAP = 4.40 (median q̃CAP = 5.00) is hosen (see Table 7). Figure 3 shows averagequantities for eah deision (patient) separately. We �rst investigate how patients aretreated.Result 4. In CAP, patients are underserved ompared to their optimal treatment.SUPPORT: Figure 3 shows average quantities qj to be smaller than q∗j for 11 of the 15patients. Patients 2A, 2B and 2C are overserved whereas only patient 2E is optimally15On average, 15.25 (15.40) physiians overserve patients of type 1 (2), but only 6.20 overserve those oftype 3. An average number of 9.8 physiians optimally treat patients of type 3, but only 4.5 (4.6) hoose
q∗j for patients of type 1 (2). 16



treated on average. Testing over all patients kh, we �nd qj to be signi�antly smaller than
q∗j (p=0.0105, Wiloxon signed ranks test, two-sided).As in FFS the next result is onerned with deisions of the individual physiian. Weanalyze the quantity of medial servies eah of the 22 experimental physiians providesaveraged over the 15 patients (qi).Result 5. Physiians in CAP provide quantities of medial servies below q∗j .SUPPORT: Table A.1 provides support for Result 5. µi is negative for 16 physiians.Among the remaining 6 physiians µi > 0 for i = 4, 19 and µi = 0 for i = 6, 10, 14, 21.Thus, physiians underserve in CAP in that weakly signi�antly more physiians providepatients with medial servies on average smaller than q∗j (p = 0.0525, binomial test, two-sided). Test statistis of a two-sided Fisher-Pitman permutation test for eah individualphysiian's deisions indiate a similar piture. Table A.2 shows that for 12 physiiansthe null hypothesis of qij = q∗j , ∀j ∈ [1, 15], an be rejeted at a 10 perent level. Thesephysiians hose quantities (weakly) signi�anly lower than q∗j .Next we investigate whether underprovision depends on patient types. As in FFS, we om-pute the number of physiians hosing the patient's optimal quantitiy q∗j , and we alulatethe number of physiians hoosing ¬q∗j (see Table A.3). See also Figure 4 for relative fre-quenies of q∗j .Result 6. Underprovision in CAP depends on patient types.SUPPORT: All patients of type 1 and 2 are treated in a rather benevolent manner inthat the number of physiians hosing q∗j is larger than the number of physiians hosing
¬q∗j (Figure 2). This is signi�ant for 4 patients of type 2 (binomial test two-sided; seeline I/CAP in Table A.4).16 Patients of type 3 are underserved; the number of physiianshosing qj < q∗j is larger than the number of physiians hosing q∗j .17 When omparing theaverage deviation νj over patient types, the above di�erenes appear to be supported. νjvaries between -0.14 and 0.45 for patient type 2. It �utuates between -0.73 and -0.27 forpatient type 1 and between -1.82 and -1.23 for patient type 3.Results 4 and 5 evidene that our experimental physiians in CAP behave like we onje-tured. Patients are underserved in that subjets on average hoose quantities of medialservies qCAP smaller than the patient's optimal quantity q∗. Again, physiians' hoiesare strongly in�uened by patient types (Result 6). The number of optimal hoies in-reases when the di�erene between q∗j and q̂j beomes smaller, i.e. when q∗j approaheszero. Remember that physiians maximize their pro�t by hosing zero medial servies.16On average, 14.6 (18.4) physiians treat patients of type 1 (2) optimally, 6.2 (1.4) underprovide and1.2 (2.2) overprovide.17On average, 14.2 physiians underserve patients of type 3, 0.2 overprovides and 7.6 treat their patientsoptimally.
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4.1.3 Comparison between FFS and CAPOur third researh question is onerned with omparing behavior of experimental physi-ians aross treatments.Average quantities provided in FFS are about 50 perent larger than in CAP (6.60 vs.4.40, see Table 7). Almost the same holds for the median (7.00 vs. 5.00) whereas thestandard deviation is only slightly larger in FFS (1.85 vs. 1.64). We �rst analyze the datafrom the patient's point of view. To this end, we ompare qFFS
j and qCAP

j .Result 7. Patients are provided with more medial servies in FFS than in CAP.SUPPORT: Figure 3 and Table A.5 show that eah patient on average is treated with moremedial servies in FFS than in CAP. This di�erene is highly signi�ant (p = 0.0000,Mann-Whitney U test, two-sided). Comparing individual physiians' servies per patient,the piture is only slightly di�erent. Exept for patients 1A and 3A18, physiians providepatients with highly signi�antly larger quantities in FFS than in CAP (all p ≤ 0.0010,Mann-Whitney U test, two-sided; see line II in Table A.4). Thus, a signi�antly highernumber of patients are provided with signi�antly more medial servies in FFS omparedto CAP (p = 0.007, binomial test, two-sided).The next result is onerned with deisions of the individual physiian in the two treat-ments. We ompare the quantity of medial servies eah physiian provides averaged overthe 15 di�erent patients, i.e. qFFS
i and qCAP

i .Result 8. Physiians in FFS provide larger quantities than physiians in CAP.SUPPORT: On average physiians in FFS provide servies signi�antly larger than in CAP(p = 0.000, Mann-Whitney U test, two-sided). Furthermore, µi ≥ 0 in FFS, and exeptfor physiian i = 4, µi ≤ 0 in CAP (see Table A.1).Results 7 and 8 support our onjeture on physiians' behavior aross treatments. Patientsreeive muh more medial servies in FFS than in CAP. We now analyze the impat of
q∗j on physiians' behavior aross treatments.Result 9. The patient's optimal quantity of medial servies and its values di�ering withpatient types in�uenes physiians' deisions more deisively in CAP ompared to FFS.SUPPORT: We �rst analyze physiians' hoies with regard to q∗j aross treatments. Seealso Figure 2 for absolute frequenies of q∗FFS

ij and q∗CAP
ij . We �nd that physiians inCAP hoose the patient optimal quantity of medial servies signi�antly more often thanphysiians in FFS do (p = 0.014, Mann-Whitney U test, two-sided).When studying q∗j �hoies aross treatments for eah patient kh (deision j) separately,deisions are found to depend on patient types. In CAP, all patients of type 2 get a bettertreatment in that signi�antly more physiians hose q∗j than in FFS (Fisher exat test,see line III in Table A.4). The same applies for patients of type 1 exept for deision j = 118Here, p = 0.2440 for 1A and p = 0.2339 for 3A (Mann-Whitney U test, two-sided).18



(patient 1A). In the latter ase, physiians in FFS make signi�antly more q∗j �hoies. Infat, all 20 physiians provide q∗1 = 5, whereas in CAP only 15 of the 22 physiians behaveaordingly. For patients of type 3 evidene is mixed; we �nd no signi�ant di�erenefor patients 3A, 3C, 3E (deisions j = 11, 13, 15). For patients 3B and 3D (deisions
j = 12, 14), q∗j is hosen signi�antly more often in FFS than in CAP.The ross-treatment omparison provide evidene that physiians' hoies with regard to
q∗j are highly in�uened by the payment system as well as by patient types.4.2 Pro�t and patient bene�tOur forth researh question deals with physiian's pro�t and patient bene�t. We areinterested to what extent and when experimental physiians take the patient bene�t intoaount when making their quantity deisions. We have seen already that subjets donot behave in a ompletely self-interested manner. In this subsetion, we will analyze thisphenomenon in more detail.Our previous results suggest that patient bene�t B(qij) and physiian's own pro�t π(qij)are major behavioral determinants in both treatments.19 Reall that both variables aresimultaneously determined by physiians' deisions. We also analyze patient bene�t losses.We de�ne a bene�t loss ψ(qji) to our for a patient whenever a physiian deviates fromhoosing q∗j , i.e. ψ(qji) = |B(qij) −B(q∗j )| .Table 8: Pro�t and patient bene�tMean Median SD Total numberof deisionsFFS Pro�t π(qij) 9.17 8.00 2.69 300Patient bene�t B(qij) 8.83 9.00 1.10 300CAP Pro�t π(qij) 9.79 9.50 1.52 330Patient bene�t B(qij) 8.56 9.75 2.46 330Physiians pro�tRemember that in FFS the maximum pro�t π(q̂j) is 8.00 (12.50, 8.20, 13.60, 13.00) forillness A (B, C, D, E); see Table 6. Choosing q̂j for all j would have yielded them anaverage payo� of 11.1. In CAP, the maximum pro�t is 12.00 for all illnesses. Physiiansin our experiment provided quantities of medial servies suh that they get an averagepro�t of 9.17 in FFS and 9.79 in CAP (Table 8) .Result 10. Physiians's pro�ts do not di�er aross treatments, although the variane islarger in FFS than in CAP.19This is also supported by the experimental physiians' statements in the post-experimental question-naires. Six of the 42 physiians hose qij = q∗j ∀j = 1, . . . , 15. Explaining their behavior throughoutthe experiment they stated for example �I wanted to at as a good physiian aring for their patients� or�The patient bene�t should be maximal�. 40 subjets reported the patient bene�t to have in�uened theirdeisions. 20 stated to weigh own pro�t relatively to the patient bene�t.19



SUPPORT: There is no evidene in the data that pro�ts per physiian averaged overpatients di�er in the two treatments (p = 0.332, Mann-Whitney U test, two-sided). Thevariane is signi�antly larger in FFS, however (p = 0.000, Mann-Whitney U test, two-sided). This �nding is orroborated when averaging pro�ts over illnesses. In FFS, meanpro�ts vary from 7.22 in illness C to 11.29 in illness D. In CAP, pro�ts �utuate between9.63 to 9.93 (Table 9).Table 9: Pysiians' average pro�t πh(qj) per illness in FFS and CAPIllness (h) πCAP
h πFFS

hA 7.47 9.63B 9.95 9.82C 7.22 9.82D 11.29 9.77E 9.92 9.93Patient bene�t and patient bene�t lossIn both treatments, the bene�t optimum for patients of type 3 (B3(q
∗
j )) is 9.45. B1(q

∗
j ) =

B2(q
∗
j ) = 10 (see Table 4). If physiians had always hosen the patient optimal quantity,patients would have reeived an average bene�t of 9.82.The atual data show average patient bene�t B(qij) to be slightly larger in FFS (8.83)than in CAP (8.56). Further, average patient bene�ts determined by physiian i vary be-tween 7.52 and 9.82 in FFS and between 2.73 and 9.82 in CAP (see Table A.7). The datashow no evidene that mean patient bene�ts B(qi) or the varianes di�er aross treatments(p = 0.504, Mann-Whitney U test, two-sided).Next we are onerned with di�erenes in the bene�t loss per patient aross treatments.Figure 5: Average bene�t loss per patient
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FFS CAPResult 11. Bene�t losses per patient di�er aross treatments; they depend on patient types.SUPPORT: Figure 5 ontrasts the average bene�t loss per patient aross treatments. For20



10 of the 15 patients (kh = 1A, . . . , 1D, 2A, 3A, . . . , 3E), the bene�t loss is larger in CAPompared to FFS (see also Table A.6). For the remaining patients, the bene�ts loss islarger in FFS.We �nd again that patient types matter. Test statistis of a two-sided Mann-WhitneyU test yield that bene�t losses di�er signi�antly for eah illness of patient type 2 (see rowline III of Table A.4). In partiular, losses are larger in FFS for patients 2B, 2C, 2D, 2E;the reverse holds for patient 2A. For 9 of the 10 patients of types 1 and 3, bene�t losses inCAP are larger than in FFS. The losses of patient type 1 do not di�er signi�antly exeptfor patient A1 (p = 0.009) where no losses our in FFS, and for A5 (p = 0.062). Also thelosses of patient type 3 do not di�er signi�antly, exept for patients 3B (p = 0.002) und3C (p = 0.050) (j = 12).Result 11 suggests that for patients in need of a small quantity of medial servies likepatients of type 2, on average a smaller bene�t loss results when physiians are paid byCAP. On the ontrary, patients in need of a larger quantity of medial servies, like patientsof types 1 and 3, inur a smaller loss under a FFS system.4.3 Tradeo�s between pro�t and patient bene�tOur last researh question involves analysing the tradeo�s between own pro�t and patientbene�t the experimental physiians are faed with. Aording to our parameters, sev-eral pareto-e�ient quantity deisions exist for eah patient. Here, physiians an neithermake the patient better o� without foregoing own pro�t nor make themselves better o�without induing a bene�t loss to the patient. We analyse whether behavior varies in thetwo payment systems and whether subjets di�er in their hoies with regard to tradeo�s.Figures A.1 and A.2 plot patient bene�t against physiian's pro�t, show alloations on thepareto frontier as well as the frequeny of physiian' deisions.We lassify the patient-bene�t/pro�t ombinations determined by physiians' quan-tity deisions for eah patient in order to ompare the relation between patient bene�tand physiian's pro�t. Choies of the pro�t-maximizing quantity q̂j implying the ombi-nation (B(q̂j), π(q̂j)) onstitute the �rst ategory PROMAX. The seond ategory PAT-MAX onsists of q∗j -hoies (maximizing the patient's bene�t) involving the ombination(B(q∗j ), π(q∗j )). Table A.8 shows patient-bene�t/pro�t ombinations for both ategoriesin treatments FFS and CAP. The third ategory PARETO omprises hoies entailingpatient-bene�t/pro�t ombinations loated on the pareto frontier other than q∗j - and q̂j-hoies. The remaining hoies onstitute the last ategory OTHER.We further haraterize physiian's deisions aording to the slope between (B(q̂j), π(q̂j))and (B(q∗j ), π(q∗j )) illustrating the tradeo� size for eah patient. We distinguish two ases,a �at and a steep slope. We de�ne a slope as �at if the absolute value of the slope issmaller than 1 (|slope| < 1), i.e. the patient's marginal bene�t is larger than the physi-ian's marginal pro�t loss. A slope is de�ned as steep if its absolute value is larger than1 (|slope| > 1), i.e. the physiian's marginal pro�t is larger than the patient's marginalbene�t loss. In other words, the �atter the slope the larger is the gain in additional bene�t21



for the patient and the steeper the slope, the larger is the loss in the physiian's pro�tneessary to inrease a patient's bene�t.Tradeo�s in FFSTable A.9 shows relative frequenies of physiians' hoies for all 15 patient in both treat-ments in the above ategories PROMAX, PATMAX, PARETO and OTHER. Only 4.60%of all hoies did not entail a pareto-e�ient patient-bene�t/pro�t ombination. Reallthat j = 1 (patient 1A) does not imply a tradeo� between physiian's pro�t and patientbene�t as maximum pro�t and maximum patient bene�t oinide at q∗j = 5. All subjetshose this ombination; see the parameters for patient 1A in Figure A.1.Flat slope. For 6 of the 15 patients a �at slope exists (deisions j = 3, 11, . . . , 15). Here,on average only 4.17% of the physiians belong to ategory PROMAX (see Table A.8). For4 of these 6 patients (j = 3, 12, 13, 14) no physiian hose q̂j . A mean perentage of 45.82%provide the maximum bene�t to the patient (PATMAX). Thus, a onsiderable proportionof physiians was willing to inrease the abstrat patient's bene�t provided giving upown pro�t was not sizeably large. In partiular, this holds for patients 3B, 3C, and 3D(j = 12, 13, 14) where 61.66% of physiians hose q∗j .Steep slope. Of the 8 patients (j = 2, 4, . . . , 10) with a steep slope, 24.38% of thesubjets hose q̂j (ategory PROMAX) and 21,88% belonged to ategory PATMAX. Thelargest proportion (51.88%) of experimental physiians belonged to ategory PARETO for6 of 8 patients (j = 2, 4, 5, 7, 8, 9) .Tradeo�s in CAPIn CAP, the relation between (B(q̂j), π(q̂j)) and (B(q∗j ), π(q∗j )) is somewhat more uniform.Here, only �at slopes our with absolute values of 0.25 for deisions j = 1, . . . , 5, 0.09for deisions j = 6, . . . , 10 and 0.52 for deisions j = 11, . . . , 15 (Table A.8). That is,when deiding for patients of type 3, physiians need to give up the largest amount of ownpro�t to inrease patient's bene�t. Here, only 34.55% of the physiians belong to ategoryPATMAX, yet 62.73% belong to ategory PARETO. Thus, for these patients the largestproportion of subjets belong to ategory PARETO. On the ontrary, for patients of type1 and 2 the largest proportion of physiians belong to ategory PATMAX; i.e. averagedover the �ve patients per type 66.36% and 83.64% hose q∗j respetively.The data in FFS and CAP suggest that the majority of physiians is willing to forego ownpro�t only to a ertain extent in order to inrease patients' bene�t. Furthermore, subjetsare heterogeneous in their willingnwss to trade o� own pro�t and patient bene�t.5 ConlusionOur experimental results show that the payment system does in�uene experimental physi-ians' provision behavior. In partiular, in FFS more medial servies are provided om-pared to CAP. This is in line with theoretial �ndings (see e.g. Ellis & MGuire 1986,Shneider & Mathios 2006). We also found that patients with a low need for medial ser-vies su�er a lower bene�t gain in CAP whereas patients with a high need for medial22



servies gain a higher bene�t in FFS. Our results show that the patient bene�t has ru-ially in�uened experimental physiians' deisions on the quantity of medial servies. Weonlude that we were able to indiretly inlude real patients into our experiment by do-nating the monetary patient bene�t to a welfare organization aring for real patients. Ourdesign thus eliited benevolent behavior towards the abstrat patient in our experiment.We are aware that a real physiian-patient interation annot be modeled in eah faetin a laboratory experiment. But from our results we onlude that our experimental setupis appropriate to investigate the in�uene of institutional fators on phyisians' provi-sion behavior. It may be premature to generalize the experimental results and to drawinferenes about real world phyisian behavior. Nonetheless, we think that the presentexperimental investigation marks a �rst step to use the tool of laboratory experiments, asit provides an isolated and ontrolled analysis of fators in�uening physiians' behavior.Making experiments more realisti by introduing unertainty about the impat of medialtreatments and patients' health status, demand side e�ets through patients, monitoringmehanisms, primary are physiians and speialists is an important hallenge for futureresearh.
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A AppendixA.1 Instrutions (translated from German)General InformationIn the following eonomi experiment you will make a ouple of deisions. If you follow theinstrutions arefully, you an (depending on your deisions) earn a onsiderable amountof money. Thus, it is important to read the instrutions arefully.You deide anonymously in your ubiles at your omputer sreens. During the experimentyou are not allowed to talk with other partiipants. Whenever you have a question, pleaseindiate it by raising your hand. Your question will be answered in private. If you disregardthese rules you an be expelled from the experiment without reeiving any payment.Within the experiment all amounts of money are stated in Taler. At the end of the exper-iment your earnings from the experiment will be transferred at a rate of 1 Taler = 0,05 ¤.Your deisions in the experimentDuring the entire experiment you (like all other partiipants) are in the role of a physiiandeiding on how 15 patients should be treated, i.e. you deide on the quantity of medialservies you want to provide per patient.You deide at your omputer sreens. Here, subsequently �ve di�erent illnesses � A, B, C,D and E � of three di�erent types of patients � 1, 2 and 3 � our. For eah patient youan deide between 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 medial servies to provide.Instrutions in treatment FFSYour remuneration is as follows: For eah quantity of medial servies a di�erent paymentis assigned. The payment inreases with the quantity of medial servies.Besides your payment you determine your osts while deiding on the quantity ofmedial servies. Costs inrease with inreasing quantity provided. Your profit isalulated by subtrating your osts from your payment.Further, from eah quantity of medial servies provided the patient gains a ertain bene�t,the patient benefit. That means, with your deision on the quantity of medial serviesyou determine both your own profit and the patient benefit. An illustrative exampleis given on the following sreen.
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Instrutions in treatment CAPYour remuneration is as follows: For eah quantity of medial servies you reeive thesame payment.Besides your payment you determine your osts while deiding on the quantity ofmedial servies. Costs inrease with inreasing quantity provided. Your profit isalulated by subtrating your osts from your payment. An illustrative example isgiven on the following sreen.
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You deide on the quantity of medial servies at your omputer sreen by typing in anumber between 0 and 10 into the �eld �Your Deision�.There are no real patients partiipating in this experiment; patients are rather abstrat.But the patient benefit an abstrat patient reieves through your quantity deisionswill be bene�ial for a real patient. The summed up amount of all 15 patient benefitsdetermined by your desions will be transferred to the haritably organization Christo�elBlindenmission Deutshland e.V., 64625 Bensheim in order to support an ophthalmihospital where patients with atarat are treated.Earnings in the experimentAfter your 15 deisions, your overall earnings will be alulated by summing up yourProfits and transferring them from Taler into Euro.The overall patient benefit resulting from your 15 quantity deisions will be transferredinto Euro as well and transmitted to the Christo�el Blindenmission.The transmission will be done by the experimenter and a ontrol person. The ontrol personinsribes the amount of money resulting from summing up overall patient benefits ofall subjets into a rossed hek. This hek is issued to the Christo�el Blindenmissionand will be put into an envelope addressed to this harity. The envelope will be throwninto the nearest mail box.After all subjets took their deisions, one partiipant is randomly assigned the role of theontrol person. The ontrol person reeives an additional payment of 4 ¤. By signing adoument the ontrol person states that the proedure desribed here was atually arriedout.In the following we would like to ask you to answer some questions familiarizing you withthe deisions in the experiment.After your deisison in the experiment you are asked to omplete some questions at yoursreen.
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A.2 Data and statistisTable A.1: Mean quantity (qi) and mean di�erene (µi) per physiian iFFS CAP
i qi µi qi µi1 6.40 1.40 4.20 -0.802 7.73 2.73 4.27 -0.733 5.00 0.00 4.80 -0.204 5.00 0.00 5.13 0.135 7.27 2.27 2.13 -2.876 6.40 1.40 5.00 0.007 7.13 2.13 4.07 -0.938 8.27 3.27 4.33 -0.679 6.07 1.07 4.07 -0.9310 7.67 2.67 5.00 0.0011 7.47 2.47 4.93 -0.0712 6.93 1.93 4.93 -0.0713 6.13 1.13 2.40 -2.6014 6.27 1.27 5.00 0.0015 8.53 3.53 4.00 -1.0016 6.67 1.67 4.47 -0.5317 5.00 0.00 3.40 -1.6018 5.73 0.73 4.53 -0.4719 7.00 2.00 6.00 1.0020 5.33 0.33 4.67 -0.3321 5.00 0.0022 4.47 -0.53
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Table A.2: Test statistis of a Fisher-Pitman permutation test for quantity deisions perphysiian i Treatment
i FFS CAP1 0.00195313 0.09765632 0.00512695 0.07031253 1.00000000 0.25000004 1.00000000 1.00000005 0.00012207 0.00012216 0.01562500 1.00000007 0.00122070 0.00781258 0.00085449 0.06250009 0.01171875 0.019531310 0.00195313 1.000000011 0.00512695 1.000000012 0.00390625 1.000000013 0.02343750 0.000976614 0.00781250 1.000000015 0.00085449 0.001953116 0.02539063 0.500000017 1.00000000 0.013671918 0.02734375 0.062500019 0.00341797 0.182983420 0.36914063 0.062500021 1.000000022 0.0625000
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Table A.3: Number of patient optimal hoies (q∗) and non-optimal hoies (¬q∗)Deision j (Patient kh)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1A) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)FFS q∗ 20 5 6 4 3 5 2 5 3 8 8 15 10 12 4

¬q∗ total 0 15 14 16 17 15 18 15 17 12 12 5 10 8 16underprovision 0 0 1 0 0 0 0 0 0 0 11 2 2 2 3overprovision 0 15 13 16 17 15 18 15 17 12 1 3 8 6 13CAP q∗ 15 15 15 13 15 14 18 20 20 20 9 7 8 8 6

¬q∗ total 7 7 7 9 7 8 4 2 2 2 13 15 14 14 16underprovision 5 6 7 7 6 2 1 1 2 1 13 15 13 14 16overprovision 2 1 0 2 1 6 3 1 0 1 0 0 1 0 0
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Table A.4: Test statistis of two-sided non-parametri tests per patientDeision j (Patient kh)Test; Variable(s); Sope 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1A) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)I Binomial; q∗j , ¬q∗j ;within FFS 0.0000 0.0414 0.1153 0.0118 0.0025 0.0414 0.0004 0.0414 0.0025 0.5034 0.5034 0.0414 1.0000 0.5034 0.0118Binomial; q∗j , ¬q∗j ;within CAP 0.1338 0.1338 0.1338 0.5235 0.1338 0.2863 0.0043 0.0001 0.0001 0.0001 0.5235 0.1338 0.2863 0.2863 0.0524II Mann Whitney U; qj ;aross treatments 0.2440 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0001 0.2339 0.0000 0.0002 0.0001 0.0000III Fisher exat; q∗j ;aross treatments 0.0063 0.0051 0.0000 0.0095 0.0005 0.0111 0.0000 0.0000 0.0000 0.0006 0.2461 0.0051 0.1670 0.0784 0.2457IV Mann Whitney U; B(qj);aross treatments 0.0066 0.1539 0.3047 0.4630 0.0617 0.0271 0.0000 0.0000 0.0000 0.0008 0.3972 0.0028 0.0507 0.1206 0.5991
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Table A.5: Desriptive statistis on quantity qj and di�erene νj per patientDeision j (Patient kh)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1A) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)FFS qj 5.00 7.30 6.40 6.80 7.90 4.70 6.20 5.85 6.60 6.45 6.30 7.10 7.35 7.35 7.70Median (qj) 5.00 7.00 6.50 6.80 8.00 5.00 7.00 6.00 6.00 8.00 6.00 7.00 7.00 7.00 8.00

νj 0.00 2.30 1.40 1.80 2.90 1.70 3.20 2.85 3.60 3.45 -0.70 0.10 0.35 0.35 0.70Median (νj) 0.00 2.00 1.50 1.00 3.00 2.00 4.00 3.00 3.00 5.00 -1.00 0.00 0.00 0.00 1.00SD 0.00 1.84 1.50 1.67 1.86 1.22 2.24 2.21 2.23 3.05 0.86 0.64 0.75 0.88 1.03

N 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20CAP qj 4.73 4.59 4.27 4.64 4.55 3.45 3.18 3.05 2.86 3.00 5.59 5.50 5.77 5.64 5.18Median (qj) 5.00 5.00 5.00 5.00 5.00 3.00 3.00 3.00 3.00 3.00 6.00 5.50 5.50 6.00 5.50

νj -0.27 -0.41 -0.73 -0.36 -0.45 0.45 0.18 0.05 -0.14 0.00 -1.41 -1.50 -1.23 -1.36 -1.82Median (νj) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -1.00 -1.50 -1.50 -1.00 -1.50SD 0.98 1.18 1.28 1.81 1.34 1.37 0.85 0.49 0.47 0.93 1.74 1.41 1.69 1.43 1.82

N 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
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Table A.6: Desriptive statistis on patient bene�t B(qij) and bene�t loss ψ(qij) per patientDeision j (Patient kh)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1A) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)FFS B(qij) Mean 10.00 8.85 8.85 9.10 8.55 9.15 8.40 8.58 8.20 8.28 8.92 9.21 9.04 8.90 8.47Median 10.00 9.00 9.00 9.50 8.50 9.00 8.00 8.50 8.50 7.50 9.00 9.45 9.23 9.45 8.80

ψ(qij) Mean 0.00 1.15 1.15 0.90 1.45 0.85 1.60 1.43 1.80 1.73 0.53 0.25 0.41 0.55 0.98Median 0.00 1.00 1.00 0.50 1.50 1.00 2.00 1.50 1.50 2.50 0.45 0.00 0.23 0.00 0.65SD 0.00 0.92 1.73 0.84 0.93 0.61 1.12 1.10 1.12 1.53 0.64 0.62 0.62 0.96 1.48

N 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20CAP B(qij) Mean 8.99 8.60 8.01 8.31 8.57 8.91 9.45 9.57 9.20 9.48 7.99 7.94 7.77 8.07 7.49Median 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 9.00 8.38 7.75 9.00 8.38SD 2.18 2.69 3.40 2.88 2.80 2.55 1.92 1.81 2.58 2.14 2.30 1.91 2.14 1.94 2.56

ψ(qij) Mean 1.01 1.40 1.99 1.69 1.43 1.09 0.55 0.43 0.80 0.52 1.46 1.51 1.68 1.38 1.96Median 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.45 1.08 1.70 0.45 1.08SD 2.18 2.69 3.40 2.88 2.80 2.55 1.92 1.81 2.58 2.14 2.30 1.91 2.14 1.94 2.56
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Table A.7: Desriptive statistis on patient bene�t B(qij) and pro�t π(qij) per physiian iFFS CAPPatient bene�t B(qij) Pro�t π(qij) Patient bene�t B(qij) Pro�t π(qij)
i Mean Median SD Mean Median SD Mean Median SD Mean Median SD1 9.11 9.45 0.55 8.83 8.00 1.93 8.25 9.00 2.54 10.02 9.50 1.032 8.19 8.50 1.08 10.09 11.60 2.79 8.67 9.00 1.43 10.11 9.50 0.713 9.69 10.00 0.42 6.73 5.90 2.27 9.73 10.00 0.42 9.49 9.50 1.414 9.82 10.00 0.27 6.53 5.90 2.51 9.75 10.00 0.34 9.13 9.50 1.625 8.63 8.80 0.59 10.15 11.10 2.11 2.73 1.50 2.45 11.48 11.60 0.346 9.04 9.00 0.75 9.50 11.10 2.26 9.82 10.00 0.27 10.26 10.40 0.827 8.66 8.80 0.63 10.15 11.10 1.98 8.50 9.00 1.61 11.48 11.60 0.348 7.54 7.75 1.63 10.81 12.00 2.38 9.25 10.00 1.10 9.23 9.50 1.709 9.22 9.00 0.45 8.88 8.00 2.37 8.38 7.75 1.59 10.03 9.50 0.7810 8.47 8.80 1.10 10.46 11.10 2.50 9.82 10.00 0.27 10.29 10.40 0.6411 7.68 7.50 1.90 10.24 11.10 2.76 9.79 10.00 0.33 9.23 9.50 1.7012 8.84 9.00 0.89 9.81 11.10 2.64 9.79 10.00 0.33 9.32 9.50 1.6213 9.18 9.45 0.86 8.99 8.00 2.90 4.87 2.20 3.91 11.29 11.60 0.5514 9.17 9.45 0.73 9.37 11.10 2.41 9.82 10.00 0.27 9.23 9.50 1.7015 7.52 7.50 1.10 10.93 12.40 2.48 8.25 7.75 1.32 10.33 10.40 0.6816 8.79 9.00 0.95 9.70 11.10 2.30 8.74 9.50 2.58 9.69 9.50 1.4817 9.82 10.00 0.27 6.53 5.90 2.51 6.47 6.00 3.54 10.58 10.40 0.9718 9.38 9.45 0.44 8.69 8.00 2.52 9.50 10.00 0.82 9.81 9.50 1.0319 8.51 8.50 0.88 10.11 11.10 1.79 7.23 8.50 2.90 7.84 8.40 2.9020 9.39 9.00 0.49 6.87 6.50 1.68 9.67 10.00 0.49 9.67 9.50 1.1521 9.82 10.00 0.27 9.23 9.50 1.7022 9.42 10.00 0.93 9.89 9.50 0.96
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Table A.8: Patient-bene�t/pro�t ombinations in ategories PATMAX and PROMAX for treatments FFS and CAPCategory Deision j (Patient kh)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1A) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)FFS PROMAX π(q̂j) 8.00 12.50 8.30 13.60 13.00 8.00 12.50 8.30 13.60 13.00 8.00 12.50 8.30 13.60 13.00

B(q̂j) 10.00 7.50 7.50 7.50 7.50 9.00 6.50 6.50 6.50 6.50 7.75 3.00 3.00 3.00 3.00PATMAX π(q∗j ) 8.00 5.90 6.50 5.50 5.10 4.20 2.60 4.50 5.10 5.10 7.20 11.10 7.70 12.00 7.40

B(q∗j ) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 9.45 9.45 9.45 9.45 9.45Slope 0.00 -2.64 -0.72 -3.00 -3.16 -3.80 -2.83 -1.09 -2.43 -2.26 -0.47 -0.22 -0.09 -0.25 -0.87CAP PROMAX π(q̂j) 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

B(q̂j) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00PATMAX π(q∗j ) 9.50 9.50 9.50 9.50 9.50 11.10 11.10 11.10 11.10 11.10 7.10 7.10 7.10 7.10 7.10

B(q∗j ) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 9.45 9.45 9.45 9.45 9.45Slope -0.25 -0.25 -0.25 -0.25 -0.25 -0.09 -0.09 -0.09 -0.09 -0.09 -0.52 -0.52 -0.52 -0.52 -0.52
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Table A.9: Relative frequenies of hoies sorted by ategoriesDeision j (Patient kh)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15(1A) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)FFS PROMAX 1.00‡ 0.25 0.00 0.15 0.30 0.65 0.15 0.10 0.10 0.25 0.20 0.00 0.00 0.00 0.05PATMAX 1.00‡ 0.25 0.30 0.20 0.15 0.25 0.10 0.25 0.15 0.40 0.40 0.75 0.50 0.60 0.20PARETO 0.00 0.50 0.65 0.65 0.50 0.05 0.70 0.65 0.75 0.35 0.35 0.15 0.40 0.30 0.60OTHER 0.00 0.00 0.05 0.00 0.05 0.05 0.05 0.00 0.00 0.00 0.05 0.10 0.10 0.10 0.15CAP PROMAX 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.05PATMAX 0.68 0.68 0.68 0.59 0.68 0.64 0.82 0.91 0.91 0.91 0.41 0.32 0.36 0.36 0.27PARETO 0.23 0.27 0.32 0.27 0.23 0.09 0.05 0.05 0.09 0.00 0.55 0.68 0.59 0.64 0.68OTHER 0.09 0.05 0.00 0.09 0.05 0.27 0.14 0.05 0.00 0.05 0.00 0.00 0.05 0.00 0.00

‡ Note that for the patient 1A (deision j = 1) in FFS (π(q̂j), B(q̂j)) = (π(q∗j ), B(q∗j )).
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Figure A.1: Pareto frontiers FFS
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Figure A.2: Pareto frontiers CAP
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