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Abstract 

Background Mixed payment schemes have become one of the effective measures to balance medical costs and 
quality of medical services. However, altruism as an intrinsic motivation may influence the effect of switching from a 
pure payment system to mixed payment schemes. This study aimed to quantify physicians’ altruism and analyze the 
effect of changes of payment system on physicians’ altruism and thus proposed references for the reform of payment 
system.

Methods We simulated an exogenous payment system in a controlled laboratory with five experimental groups and 
150 medical student subjects. Physicians’ altruism was measured by estimating altruistic parameter and marginal rate 
of substitution. The non-parametric test and the least square regression analysis were used to analyze the differences 
of altruistic parameters between pure payment systems and mixed payment schemes. Finally, we analyzed the effect 
of changes in payment system accompanied by changes in trade-off range on physicians’ altruism.

Results We find that the mean value of individual altruistic parameter is 0.78 and the marginal rate of substitution 
is 1.078. Their estimates at the individual level were significantly positively correlated (Spearman’s ρ = 0.715, p < 0.01). 
The shift from pure payment system to mixed payment scheme reduced the altruistic parameter. However, the 
altruistic parameter increased with the increase of the trade-off range. Physicians who were more altruistic generated 
higher patients’ health benefit. For each unit increase in altruistic parameter, the increase in patients’ health benefit 
was lower in mixed payment scheme than in the pure payment system.

Conclusion The estimates of altruistic parameters are reliable. Physicians attach a higher weight to patients’ benefit 
than to their own profit. Mixed payment schemes improve physicians’ behavior and relate to lower altruistic param-
eters; physicians only need to sacrifice less personal profits to generate the same or even higher altruistic parameter 
as under the pure payment system. The design of mixed payment schemes that make the interests of physicians 
and patients close to each other by reducing the trade-off range can provide implication for the reform of payment 
system in which the physicians’ interest and the patients’ benefit are consistent.
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Background
With the establishment of universal healthcare cover-
age, controlling the rapid rise of medical costs and guar-
anteeing the quality of medical services have become 
important challenges. The reform of the medical insur-
ance payment system is one of the effective measures 
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to balance costs and quality of medical services. Medi-
cal insurance compensation in form of pure payment 
systems as a main source of income for medical service 
providers can be divided into retrospective payment and 
prospective payment, depending on the timing of deter-
mination of the payment rate. However, there are some 
shortcomings in pure payment systems. Specifically, the 
retrospective payment is designed to compensate service 
providers for their cost and may lead to an oversupply. 
The prospective payment aims to establish a risk-sharing 
mechanism between payers and service providers, which 
may lead to an undersupply. Mixed payment schemes can 
offset some deficiencies of these two pure payment sys-
tems and get closer to a balance between cost compensa-
tion and risk sharing. Since 2016, China has proposed the 
implementation of multivariate composite medical insur-
ance payment systems and encouraged the implementa-
tion of diagnosis-related groups (DRG).

The guiding and restraining effects of the change 
in payment systems largely depend on the behavioral 
response of medical service providers. However, altru-
ism as an intrinsic motivation may influence physicians’ 
behavioral responses. Physicians’ altruism is implicit in 
statements about medical professional values [1]. It is 
the key to ensure the welfare of patients. The informa-
tion asymmetry between physicians and patients, the 
uncertainty of medical treatments and health outcomes, 
are two distinct characteristics of healthcare that make 
patients unable to judge the quality of services before 
receiving them and thus become heavily dependent on 
physicians. Meanwhile, physicians inevitably have to 
balance between their own interest and patients’ benefit 
due to the limitation of medical resources. Additionally, 
the principal–agent relationship between physicians and 
patients and the resulting moral hazard make it difficult 
to design an optimal contract to effectively govern physi-
cians’ behavior [2, 3]. Therefore, people hope that physi-
cians can pay more attention to patients’ benefit and fully 
reflect their altruism in healthcare.

Altruism is generally defined in economics as a devia-
tion from purely self-interested behavior to benefit oth-
ers at one’s own expense. In health economics, altruism 
is embedded in the physician–patient relationship and 
defined as physicians’ weight on patients’ health benefit 
in the utility function [4]. The importance of physicians’ 
altruism has been emphasized in theoretical stud-
ies, especially for the design of payment systems. Since 
Arrow [5] highlighted the importance of physicians’ 
benevolent motivation, the altruistic-physician assump-
tion has become quite common in modeling physicians’ 
behavior [2, 6–9]. Ellis and McGuire [7] modeled physi-
cians as deriving utility from both their own profit and 
patients’ benefit, which leads to important implications 

for the design of optimal payment schemes. Chalkley and 
Malcomson [6] proposed that the optimal cost-sharing 
rate depends on the extent to which the physician con-
siders the patients’ health welfare. When the physician’s 
altruism is unknown, incentive mechanisms need to be 
designed to reveal it [9]. Some theoretical studies suggest 
the importance of quantifying physician altruism for pay-
ment system and incentive mechanism design [2, 9, 10]. 
When the degree of altruism differs among physicians, 
some scholars modeled the impact of pay for perfor-
mance (P4P) on the provision of medical service and phy-
sicians’ treatments and referral decisions [10, 11]. Liu and 
Ma [12] studied the delegation of treatment plans; they 
found that the first-best of physicians with different levels 
of altruism depended on whether physicians can commit 
to treatment plans at the time of contract acceptance.

Despite the theoretical literature having highlighted 
the importance of altruism, few empirical studies have 
successfully quantified the physicians’ altruism given 
the complexities in medical decision-making and the 
resulting challenges in quantifying physicians’ profit 
and patients’ benefit using field data [4]. They are mainly 
based on the theory of revealed preference [13] and ran-
dom utility theory [14–16]. The theory of revealed prefer-
ence is based on the utility maximization, rational choice, 
and stable preference. It holds that the choices selected 
by individuals according to their preferences are neces-
sarily utility maximization, and the utility maximization 
is revealed by individuals’ choices. The main methods are 
strategic games, such as dictator game (DG) and ultima-
tum game. Brosig-Koch et  al. [17] measured physicians’ 
altruism through laboratory experiments simulating 
DG in medical decision-making scenarios; their results 
showed that altruism is heterogeneous and plays a role 
in service provision, and it can partially mitigate agency 
problems. Li [18] and Li et al. [19] used a modified DG 
to reveal individual’s altruism. They proved that altru-
ism is heterogeneous and can predict students’ expected 
specialty choice and practicing in an underserved area. 
However, the random utility theory argues that selection 
is uncertain [14], and that individuals often make differ-
ent choices when faced with the same options repeatedly 
[20–23]. Therefore, some scholars have proposed to add a 
random component to the traditional utility function [16, 
24, 25]. Godager and Wiesen [26] used a random utility 
model to estimate physicians’ altruism; they observed a 
variation in physician altruism and presented that a ‘one 
size fits all’ payment scheme cannot implement the first-
best medical service volume.

The design of a payment system depends on the situ-
ation of physicians’ altruism; thus revealing and meas-
uring physicians’ altruism is the premise and key to 
optimize the design of a payment system. Inspired by 
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Brosig-Koch et  al. [17], in this study, we designed a 
controlled laboratory experiment of a payment system 
in the form of DG in the context of medical decision-
making to induce physicians’ altruism. The payment 
system included both pure payment systems and mixed 
payment schemes, because the former with strong eco-
nomic incentive may crowd out the altruistic intrinsic 
motivation [27, 28]. Such a design allowed us to com-
pare the altruism of physicians under the change in 
payment systems. The shift from pure payment sys-
tems to mixed payment schemes has been emphasized 
in some theoretical and empirical studies [7, 29–31]. 
Through economic game theory, the study of Qing 
et  al. [32] indicated that choosing a mixed payment 
strategy according to a certain probability distribution 
can always achieve the Pareto equilibrium solution of 
resource allocation and can also be helpful to control 
excessive growth of medical expenses. Evidence from 
a natural experiment conducted by Dumont et al. [33] 
showed that mixed compensation schemes reduce 
physician service quantity and increase their average 
time spent per service relative to fee-for-service (FFS). 
Brosig-Koch et  al. [17, 34, 35] compared the effects of 
pure payment systems and mixed payment schemes on 
physicians’ behavior under controlled laboratory con-
ditions. They found overprovision in FFS and under-
provision in capitation (CAP), both of which could be 
reduced by mixed payment schemes. In mixed-FFS 
(mixed-CAP) schemes, a higher share of CAP (FFS) 
leads to further reduction in overprovision (underpro-
vision). Moreover, mixed payment schemes generally 
provide a higher benefit–remuneration ratio than the 
respective pure payment systems. Green [28] explored 
how six prominent payment systems influenced physi-
cians’ behavior in a laboratory experiment. The results 
showed that the retrospective payment systems (FFS 
and FFS with P4P) resulted in the lowest overall quality 
of services, while the prospective payment systems (sal-
ary [SAL], CAP, CAP with report card, and CAP with 
P4P) performed better.

In summary, more countries are using mixed pay-
ment schemes instead of pure payment systems to con-
tinuously optimize the quantity and quality of services 
delivered [36–38]. Several studies have discussed the 
measurement of altruism and its implications for the 
design of payment systems, and some discussed the 
effects of FFS, CAP, P4P, and the corresponding mixed 
payment schemes on physicians’ behavior, but few have 
focused on their effect on physicians’ altruism. There-
fore, we aimed to quantify physicians’ altruism and 
explore the impact of the change in payment systems 
on physicians’ altruism through a controlled laboratory 
experiment to provide a reference for the reform of the 

payment system while considering the effects of physi-
cians’ altruism.

Methods

Experimental design
Based on the model of Ellis and McGuire [7], as well as 
the experiment by Brosig-Koch et  al. [17], we designed 
a controlled laboratory experiment to explore, ceteris 
paribus, the effects of switching from a pure payment 
system to mixed payment schemes on physicians’ altru-
ism. The Eqs. (1) and (2) of physicians’ remuneration R(q) 
and profit π(q) and the Eq. (3) of patients’ health benefits 
B(q) were consistent with Brosig-Koch et al. [17]. In our 
experiment, medical students played the role of physi-
cians and chose the quantity of medical service q ∈ [0, 10] 
for nine different patients j ∈ [1, 9] with three illnesses k 
∈ [A, B, C] and three severities l ∈ [x, y, z]. If physician n 
provided q for j, R(q), π(q), and B(q) were determined as 
follows:

L is a lump-sum payment per patient; p is a fee per 
service; μ ∈ [0, 1] is the weight on the lump-sum com-
ponent. c(q) is the cost per service; c(q) = 0.1·q2 [2, 30]. 
B0 is the patient’s initial state of health; θ is the marginal 
health benefit (a certain change of health benefit induced 
by an additional unit of medical service); q* is the quan-
tity chosen that maximized B(q); B1 = B0 + 2θq*. In order 
to compare the impact of the change in payment system 
on physicians’ altruism, we used a within-subject design, 
which means subjects had to participate in two parts of 
the experiment: Part I was incentivized by non-blended 
FFS or non-blended DRG, and Part II by mixed payment 
schemes, which is a mixture of DRG and FFS in different 
proportions. The design of FFS, DRG, and a mixture of 
the two, as well as the parametric of R(q), π(q), c(q) and 
B(q) are detailed in our recently published article [39]. 
Although the stylized decision setting abstracts from the 
complexity of real-world physicians’ decision-making, it 
can isolate the trade-off between the physicians’ profit 
and the patients’ health benefit and still inherit the incen-
tives occurring in a real-world setting [26].

The experiment involved seven groups (see [39]), but 
this study only focused on the first five groups. They are 
three groups of DRG and mixed-DRG payment schemes 
(Mix-DRG-2, Mix-DRG-4 and Mix-DRG-6) and two 

(1)R(q) = µL+ (1− µ)pq

(2)π(q) = R(q)− c(q)

(3)B(q) =
B0 + θq, q ≤ q∗

B1 − θq, q ≥ q∗
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groups of FFS and mixed-FFS payment schemes (Mix-
FFS-6 and Mix-FFS-8). The weight of DRG in y was set to 
0.96, 0.84 and 0.64 in Mix-DRG-2, Mix-DRG-4 and Mix-
DRG-6 and that in x (z) was 0.97 (0.95), 0.85 (0.83) and 
0.65 (0.63). The weight of FFS in y was set to 0.6 and 0.8 
in Mix-FFS-6 and Mix-FFS-8 and that in x (z) was 0.59 
(0.61) and 0.79 (0.81). They were chosen because their 
incentive intensity has changed substantially (qˆ–the q 
chosen that maximized π(q)–is not equal in the pure pay-
ment system and mixed payment schemes).

Experimental protocol
The computerized experiment programmed with z-Tree 
[40] was conducted at the Laboratory for Experimen-
tal Economics at the Capital Medical University. Over-
all, 150 medical students were recruited through online 
posters, and they were randomly assigned to one of five 
experimental groups of 30 people each. There were 85 
undergraduates (third year and above), 65 graduate stu-
dents, and 106 female students. The average age of the 
included students was 22 years. There was no difference 
in the distribution of age, education and gender among 
different groups (p ≥ 0.11). Each group participated in 
Part I (pure payment system) and Part II (mixed payment 
schemes) in sequence. The subjects in each part decided 
the q for each of the nine patients. Each experiment was 
conducted for five rounds. The instructions for the exper-
iment were in the additional file 1 and the screen shot of 
the decision-making presented physicians’ choice menus 
was in the additional file 2.

Quantification of altruism
Physicians acting as agents of patients and hospitals to 
make decisions, weighing personal (hospital) benefits 
and patients’ health benefits, and physicians’ prefer-
ence for patients’ health benefits reflects their altruistic 
behavior. Altruism is the degree to which utility-max-
imizing physicians attach importance to B(q) in the 
trade-off between π(q) and B(q). The utility function of 
physicians is aligned with Brosig-Koch et al. [17]. Sup-
pose physician n chooses the q to maximize their per-
sonal utility:

α ∈ [0, 1], which is a measure of individual altruism; 
the larger the α, the higher the altruism; α = 0 repre-
sents a purely profit-maximizing physician; α = 1 repre-
sents a purely altruistic physician. Combined with the 
Eqs.  (1), (2), (3), and (4), α can be calculated by using 
the first derivative of the utility function equal to zero; 
Uʹ(q) = 0. For q ≤ q*, Uʹ(q) = α[θ − (1 − μ)p + 2∙0.1∙q] 
+ (1 − μ)p − 2∙0.1∙q; Uʹ(q) = 0, α = [2∙0.1∙q − (1 − μ)p] 

(4)Un(q) = (1− αn)π(q)+ αnB(q)

/ [2∙0.1∙q − (1 − μ)p + θ]; q ≥ q*, Uʹ(q) = α[− θ − 
(1 − μ)p + 2∙0.1∙q] + (1 − μ)p − 2∙0.1∙q; Uʹ(q) = 0, 
α = [2∙0.1∙q − (1 − μ)p] / [2∙0.1∙q − (1 − μ)p − θ]. Tak-
ing By under pure FFS as an example, q* = 5, μ = 0, and 
θ = 1. When physicians choose q = 8, α = [2∙0.1∙8 − 1∙2] 
/ [2∙0.1∙8 − 1∙2 − 1] = 0.285. If q = 5, α = [2∙0.1∙5 − 1∙2] 
/ [2∙0.1∙5 − 1∙2 − 1] = 0.5. In Mix-FFS-8, if q = 8, 
α = [2∙0.1∙8 − 0.8∙2] / [2∙0.1∙8 − 0.8∙2 − 1] = 0. If q = 5, 
α = [2∙0.1∙5 − 0.8∙2] / [2∙0.1∙5 − 0.8∙2 − 1] = 0.375. More 
details are shown in additional file 3. To ensure that α = 1 
when physicians select q*, we performed a standardiza-
tion, namely α divided by the αopt corresponding to the q* 
for the same patient. This allowed us to compare the dif-
ferences of individual α’s between different payment sys-
tems. We calculated the individual α’s only for subjects 
who chose two-thirds or more of the Pareto-efficient q, 
which is the medical service quantity choice in the range 
between q* and qˆ. The subjects needed to make at least 
30 (45∙2/3) Pareto-efficient decisions in Part I and Part II 
separately, and the individual α was the mean value of the 
α’s in two parts.

The above utility function based on the theory of 
revealed preference is deterministic and does not con-
tain random components. However, when choice is sto-
chastic, the revealed preference analysis often relies on 
the random utility model [41]. That is, Uni = Vni + εni = β
0 + β1X1 + … + βmXm + εni, where Vni represents the util-
ity of the deterministic component, also known as repre-
sentative utility, which can be explained by observation 
factor Xm. βm is the weight of Xm, whose statistical sig-
nificance indicates whether it will affect the utility, and 
the sign and size indicate the direction and degree of the 
influence on the utility. εni is the random component, 
which is a function of unobserved factors and individual-
level variation in tastes. The utility is a latent variable 
that is not directly observed, and therefore, the βm can-
not be estimated directly. In a probabilistic framework, 
when individual n is presented with a pair of choices, 
the probability that n chooses i over j can be written as 
Pni = Pr(Uni > Unj) = Pr(Vni + εni > Vnj + εnj) = Pr(εni—
εnj > Vnj—Vni). Assuming that εni is an independently and 
identically distributed extreme value, βm can be esti-
mated by fitting a logit model. The βm can then be used 
to estimate the marginal rate of substitution (MRS), such 
as the MRS between B(q) and π(q), which can be used to 
estimate physicians’ altruism.

Specifically, physicians’ choice of q for each patient can 
be regarded as a choice set, and the value of q ranging 
from 0 to 10 can be understood as 11 alternatives, each of 
which contains two attributes of π(q) and B(q). The util-
ity function is Unjk = β0 + β1π(q) + β2B(q) + εnjk, which is 
the utility of physician n choosing alternative j for patient 
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k. Therein, the weight on π(q) was β1, and that on B(q), 
was β2. They can be estimated by fitting a mixed logit 
model. The MRS between B(q) and π(q) is −β2/β1 , which 
can be computed by means of the program by Hole [42]. 
The degree of altruism can be judged by comparing MRS 
and 1. If MRS is greater than 1, physicians attach a higher 
weight to B(q) than to π(q); if MRS is equal to 1, physi-
cians attach an equal weight to B(q) and π(q); if MRS is 
less than 1, physicians attach a higher weight to π(q) than 
to B(q); the larger the MRS, the higher the altruism.

Statistical analyses
We explored the differences in physicians’ altruism 
through non-parametric analysis. Specifically, the Wil-
coxon signed-rank (WSR) test was used for compari-
sons within group, whereas the Mann–Whitney U 
(MWU) test and the Kruskal–Wallis H (KWH) test 
were used for comparisons between groups. Two ordi-
nary least squares (OLS) regression analyses were used 
to test for the effects of the change in payment sys-
tem on physicians’ altruism and behavior. The first was 
Yn|d| = �0 + �1Payment(DRG, FFS) + �2k + �3l + �Zn + �n  , 
where 

∣

∣d
∣

∣ = |q − q∗| is the absolute value of deviation 
in the quantity of medical service provided by physi-
cian n, Payment(DRG, FFS) is a set of dummy variables for 
DRG and FFS payment system, k and l are type of ill-
ness and severity of illness, Zn is a vector of individual 
characteristics, and εn is an error term. The second was 
Yn� = �0 + �1Payment(DRG, FFS) + �2|s| + �3k + �4l + �Zn + �n  , 
where α is the individual n’s altruistic parameter, 
|s| = |q−q ∗ | is the absolute value of trade-off range. εn 
is assumed to be normal with mean 0 and variance σ 2

ε  . 
Tobit regression was used for robustness test.

Results

Physicians’ provision behavior
Applying the comparisons within and between groups, 
we found significant differences in the behavioral 
responses of physicians to the change in payment sys-
tem. The 

∣

∣d
∣

∣ was larger in DRG than in FFS (1.30 [s.d. 
1.09] vs. 0.96 [s.d. 0.95], p < 0.001, two-sided MWU test). 

The employment of mixed payment schemes improved 
physicians’ behavior. In the mixed-DRG schemes, the 

∣

∣d
∣

∣ 
decreased to 0.62 (p < 0.001, matched-pairs WSR test); 
in the mixed-FFS schemes, the 

∣

∣d
∣

∣ decreased to 0.69 
(p < 0.001, matched-pairs WSR test). In addition to the 
improved 

∣

∣d
∣

∣ , the ratio of optimal decisions (r) and π(q) 
also increased. Specifically, from the pure DRG (FFS) to 
mixed-DRG (mixed-FFS), π(q) increased from 8.28 (7.98) 
to 9.62 (9.50); and r increased from 0.26 (0.40) to 0.53 
(0.50) (p < 0.001, matched-pairs WSR test), respectively. 
In comparisons of the increase of r of different l (x, y, z) 
between the pure payment system and mixed payment 
schemes, we found similar results to the improvement 
of quantity in our published paper [39]; namely, for x, 
y, and z, the r increased from 0.26 to 0.64 (Mix-DRG-4, 
p < 0.001, matched-pairs WSR test), 0.23 to 0.79 (Mix-
DRG-6, p < 0.001, matched-pairs WSR test), and 0.61 to 
0.78 (Mix-FFS-8, p = 0.001, matched-pairs WSR test), 
respectively. They are detailed in Table 1.

OLS regression analysis was used to infer the causal 
effects of the change in physicians’ behavior. Panel A 
and panel B in Table  2 show the results for DRG and 
FFS payment systems. In our model, the dependent vari-
able was 

∣

∣d
∣

∣ . The mixed payment schemes were treated 
as dummy variables, and the reference categories were 
pure DRG and pure FFS. We additionally controlled for k 
(A, B, C) and l (x, y, z) for A and x, which were the refer-
ence categories, as well as intern experience and gender 
to investigate the effects of patients’ characteristics and 
subjects’ characteristics. The results further supported 
that the deviation was significantly reduced under mixed 
payment schemes compared with the pure payment sys-
tem. In the mixed-DRG payment system, underprovi-
sion was reduced by about 0.4, 0.7, and 0.9 units under 
Mix-DRG-2, Mix-DRG-4, and Mix-DRG-6, respectively. 
Overprovision was reduced by about 0.2 and 0.3 units 
under Mix-FFS-8 and Mix-FFS-6. The degree of reduced 
deviation in mixed-DRG (mixed-FFS) increased with the 
decrease of the DRG (FFS) component. After controlling 
for k (A, B, C) and l (x, y, z), the improvement effect of 
mixed payment schemes remained significant. Com-
pared with A, the deviation of B and C increased in the 

Table 1 Changes in indicators of physician behavior and altruism

Conditions Pure payment systems Mixed payment schemes

|d| π(q) r α MRS |d| π(q) r α MRS

Mix-DRG-2 1.29 8.24 0.30 0.79 1.08 0.89 9.27 0.42 0.70 0.67

Mix-DRG-4 1.51 8.45 0.22 0.76 0.89 0.58 9.80 0.53 0.68 0.32

Mix-DRG-6 1.10 8.16 0.27 0.83 1.18 0.40 9.77 0.66 0.79 0.34

Mix-FFS-8 0.91 8.02 0.39 0.88 1.13 0.76 9.25 0.47 0.82 0.56

Mix-FFS-6 1.01 7.93 0.40 0.86 1.16 0.63 9.75 0.53 0.68 1.05
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FFS payment system. Using x as the reference category, 
with the increase of severity, underprovision (oversup-
ply) in DRG (FFS) payment system increased (decreased). 
Postgraduates with internship experience had less 
deviation from the quantity of service compared with 
undergraduates, but it was not statistically significant 
under FFS payment systems. Compared with male stu-
dents, the deviation of quantity among female students 
decreased (increased) under DRG (FFS) payment sys-
tems. The purely selfish behavior is reflected in that the 
subjects always choose the quantity that maximizes per-
sonal profit, that is, they choose 0 (10) under a pure DRG 
(FFS); 2, 4, and 6 (8, 6) under Mix-DRG-2, Mix-DRG-4, 
and Mix-DRG-6 (Mix-FFS-8, Mix-FFS-6); and the cor-
responding estimated coefficient of mixed payment 
schemes was − 2, − 4, and − 6, (− 2, − 4). Our estimated 
coefficients in DRG (FFS) payment system were not con-
sistent with − 2, − 4, and − 6, (− 2, − 4), so the purely self-
ish behavior and income effect were not obvious. Tobit 
regression was used to conduct robustness tests and 
yielded similar results (see additional file 3).

Physician altruism
We calculated individual altruism in the pure payment 
system and mixed payment scheme. 95.3% (143/150) of 
the subjects chose two-thirds or more Pareto-efficient 
quantity of medical service, and they attached a positive 
weight to B(q). The scatter plot in the left panel of Fig. 1 

depicts the individual α’s in the pure payment system 
(horizontal axis) and mixed payment scheme (vertical 
axis). The linear fitting line is below the 45-degree line, 
indicating that the α under the mixed payment scheme 
is lower than that under the pure payment system. The 
changes of α in Table 1 also show that the α decrease in 
general when switching from the pure payment system 
to mixed payment scheme; the mean value of α in the 
pure payment system and mixed payment scheme are 
0.82 (s.d. 0.15) and 0.74 (s.d. 0.24), respectively. However, 
there was a significant positive correlation between the α 
of the two parts (Spearman’s ρ = 0.742, p < 0.01). We took 
the mean value of α of the two parts as the individual’s 
altruism. Overall, the average α of the 143 included sub-
jects was 0.78 (s.d. 0.18). The cumulative frequency dis-
tribution graph of α shown in the right panel of Fig.  1 
illustrates that there was substantial heterogeneity in α. 
The α was larger than 0.5 for about 90% of the subjects; 
50% of the subjects had an α above 0.8, and 30% had α 
larger than 0.9.

We further tested the robustness of the α by estimat-
ing the MRS between B(q) and π(q) based on the study of 
Godager and Wiesen [26]. The MRS is estimated by fit-
ting a mixed logit model. First, the KWH test was used to 
analyze the differences between groups of each subject’s 
five rounds of decisions, and the results showed that only 
five subjects had differences between groups (p < 0.05). 
For them, pairwise comparison was further conducted 

Table 2 OLS regression of |d|

Robust standard errors are in parentheses
*** p < 0.01
** p < 0.05
* p < 0.1

Variable A.DRG B.FFS

1 2 3 4 5 6

Mix-DRG-2  − 0.412*** (0.065)  − 0.412*** (0.062)  − 0.392*** (0.062)

Mix-DRG-4  − 0.717*** (0.054)  − 0.717*** (0.052)  − 0.749*** (0.053)

Mix-DRG-6  − 0.897*** (0.051)  − 0.897*** (0.053)  − 0.885*** (0.052)

Mix-FFS-8  − 0.207*** (0.068)  − 0.207** (0.062)  − 0.192*** (0.062)

Mix-FFS-6  − 0.333*** (0.063)  − 0.333*** (0.060)  − 0.348*** (0.061)

B 0.041 (0.055) 0.041 (0.054) 0.199*** (0.061) 0.199*** (0.061)

C  − 0.078 (0.054)  − 0.078 (0.053) 0.180*** (0.060) 0.180*** (0.060)

y (intermediate) 0.129*** (0.044) 0.129*** (0.043)  − 0.434*** (0.069)  − 0.434*** (0.069)

z (severe) 0.370*** (0.058) 0.370*** (0.057)  − 0.759*** (0.066)  − 0.759*** (0.066)

Intern experience  − 0.240*** (0.044)  − 0.085 (0.052)

Female  − 0.220*** (0.053) 0.172*** (0.054)

Constant 1.300*** (0.038) 1.146*** (0.048) 1.399*** (0.063) 0.963*** (0.041) 1.234*** (0.068) 1.142*** (0.075)

Observations 1620 1620 1620 1080 1080 1080

N 90 90 90 60 60 60

R2 0.139 0.166 0.194 0.025 0.153 0.160
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between groups. After excluding the round with differ-
ences from most other rounds, one round was randomly 
selected from the remaining rounds. For others, one 
round was randomly selected from the five rounds of 
decisions. The estimated results showed that the change 
of MRS is consistent with the decrease of α from the pure 
payment system to mixed payment scheme (Table 1). The 
MRS under the pure payment system and mixed pay-
ment scheme are 1.078 and 0.532, respectively. In order 
to compare with Godager and Wiesen [26], we took the 

MRS under the pure payment system as the overall MRS. 
The details of MRS appear in Table  3. The estimated 
coefficients showed that B(q) had a greater impact on 
physicians’ decision-making. The MRS was larger than 
1, indicating that physicians attached a higher weight to 
B(q) than to π(q). The estimation of MRS at the individual 
level showed that the estimated coefficients of π(q) for 13 
subjects tended to 0, and therefore the MRS could not be 
estimated. Among the remaining subjects, there was sub-
stantial heterogeneity in MRS, with 61 subjects having 
MRS greater than 1, accounting for about 44.5% (61/137). 
There was a significant positive correlation between MRS 
and α (Spearman’s ρ = 0.715, p < 0.01).

Based on the robust test of the α and their changes, the 
regression analysis is used to infer the changes of the α. 
We specified the independent and control variables in 
Table 2 and the trade-off range variable in the regression 
model (see Table  4). In the DRG payment system, with 
pure DRG as the reference category, α decreased in Mix-
DRG-2 and Mix-DRG-4. When the trade-off range was 
controlled, the increase of the trade-off range was con-
ducive to the increase of α, and the decreasing effect of 
the above two mixed payment systems was no longer sig-
nificant, whereas α increased in Mix-DRG-6. The k (A, B, 
C) and l (x, y, z) were further controlled. Taking x as the 
reference category, y and z increased, and the decreasing 
effect of Mix-DRG-2 and the increasing effect of Mix-
DRG-6 and the trade-off range were still significant. In 

Fig. 1 The left panel shows a scatter plot of α for subjects in the pure payment system and mixed payment schemes. The right panel shows a 
cumulative frequency distribution graph of α 

Table 3 Estimation results from mixed logit model

SE standard error, SD standard deviation, CI confidence interval, MRS marginal 
rate of substitution. The 95% CI of MRS was estimated by Krinsky Robb 
(parametric bootstrap)

***p < 0.001

Variable β (SE) SD (SE) MRS (95% CI)

π(q) 1.026*** (0.070) 0.467*** (0.049)

B(q) 1.106*** (0.060) 0.513*** (0.056) 1.078 (0.956, 1.223)

N 150

Observations 14,850

Log likelihood  − 1984.5721

LR chi-square 406.65

Prob > chi-square  < 0.0001

Akaike criterion 3977.144

Schwarz criterion 4007.567
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the FFS payment system, taking pure FFS as the reference 
category, α decreased in Mix-FFS-8 and Mix-FFS-6, and 
this decreasing effect in Mix-FFS-6 was significant under 
all control conditions. Postgraduates with intern experi-
ence had higher α than undergraduates. Female students 
showed higher (lower) α under DRG (FFS) payment sys-
tems compared with male students. Tobit regression was 
further used to conduct robustness tests and yielded sim-
ilar results (see additional file 3).

The regression analysis of α showed that α was 
increased with the increase of the trade-off range in 
DRG payment systems. To further explain this effect, the 
cumulative frequency distribution graph of α under dif-
ferent relative trade-off ranges (s = q^ - q*) was plotted 
(see Fig. 2). As shown in the figure, a larger |s| was, it was 
more conducive to the decrease of the proportion of phy-
sicians who fall below a certain level of α, which led to the 
improvement of the overall level of α. Under the same |s| , 
+s was more effective than −s . The effect was more pro-
nounced for low α’s but less obvious for high α’s because 
different points tended to overlap at high α.

Physician altruism and patient health benefit
Considering the inconsistent direction of the improve-
ment of physician behavior and the reduction of α after 
the transition from pure payment system to mixed pay-
ment scheme, we further analyzed the relationship 
between α and the behavioral indicators mentioned 
above. Taking r as an example, from the pure payment 
system to mixed payment scheme, the correlation coef-
ficient with α increased from 0.839 to 0.925 (Spearman’s 
ρ, p < 0.01). The relationship between α and π(q) and B(q) 
is presented in a scatter plot (see Fig. 3). Of note, α had 
a significant negative correlation with π(q) (Spearman’s 
ρ =  − 0.777, p < 0.01) and a significant positive correla-
tion with B(q) (Spearman’s ρ = 0.913, p < 0.01). Our previ-
ous study also showed an increase in B(q) when switching 
from the pure payment system to mixed payment scheme 
[39]. We further explored the relationship between α and 
B(q) in different payment systems. The scatter plot in 
Fig. 4 shows the differences more clearly. The horizontal 
axis of the Fig. 4 is α; the vertical axis is B(q); and differ-
ent linear fitting lines represent different payment sys-
tems. According to the slope of different fitting lines is 

Table 4 OLS regression of α 

Robust standard errors are in parentheses
*** p < 0.01
** p < 0.05
* p < 0.1

Variable A. DRG B. FFS

1 2 3 4 5 6 7 8

Mix-DRG-2  − 0.094*** 
(0.020)

 − 0.018 
(0.018)

 − 0.039* 
(0.022)

 − 0.046** 
(0.022)

Mix-DRG-4  − 0.117*** 
(0.022)

0.011 (0.025)  − 0.024 
(0.033)

 − 0.015 (0.033)

Mix-DRG-6  − 0.001 (0.019) 0.127*** (0.023) 0.091*** (0.025) 0.089*** (0.025)

Mix-FFS-8  − 0.050*** 
(0.016)

 − 0.043** 
(0.018)

 − 0.070 (0.057)  − 0.079 (0.056)

Mix-FFS-6  − 0.184*** 
(0.025)

 − 0.173*** 
(0.029)

 − 0.217** 
(0.098)

 − 0.204** 
(0.096)

|s| 0.038*** (0.004) 0.028*** (0.007) 0.028*** (0.007) 0.003 (0.005)  − 0.010 (0.028)  − 0.009 (0.027)

B  − 0.002 
(0.016)

 − 0.002 (0.015)  − 0.027 (0.019)  − 0.027 (0.018)

C 0.007 (0.015) 0.007 (0.015)  − 0.023 (0.019)  − 0.023 (0.018)

y 0.052*** (0.018) 0.052*** (0.017)  − 0.045 (0.056)  − 0.044 (0.055)

z 0.054** (0.027) 0.054** (0.026)  − 0.048 (0.107)  − 0.046 (0.105)

Intern experi-
ence

0.081*** (0.012) 0.072*** (0.016)

Female 0.053*** (0.014)  − 0.086*** 
(0.017)

Constant 0.794*** (0.007) 0.602*** (0.022) 0.619*** (0.030) 0.547*** (0.032) 0.870*** (0.007) 0.853*** (0.026) 0.967*** (0.191) 0.998*** (0.189)

Observations 1584 1584 1584 1584 984 984 984 984

N 88 88 88 88 55 55 55 55

R2 0.036 0.080 0.086 0.122 0.088 0.088 0.092 0.123
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greater than zero, B(q) increases with the increase of α. 
In terms of the magnitude of the slope, the pure payment 
system was the largest, and the mixed payment scheme 
was relatively small. This implies that the same degree of 
change in α resulted in a smaller increase in B(q) in the 

mixed payment scheme than in the pure payment system. 
However, physicians with the same α generated more 
B(q) in the mixed payment scheme than in the pure pay-
ment system. If physicians generated equal B(q) in the 

Fig. 2 Cumulative frequency distribution graph of α under different trade-off ranges

Fig. 3 Scatter plot of the relationship between α and π(q) and B(q)
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mixed and pure payment system, then the α in the former 
was lower than that in the latter.

Discussion
In this paper, we used a controlled laboratory experiment 
and a medical framework to explore the effects of exog-
enously changed payment system on physicians’ behavior 
and altruism. Based on the OLS regressions, we further 
implemented Tobit regressions to conduct robustness 
tests and yielded similar results (see additional file 3). In 
addition, the random effects model in our previous study 
also yielded similar results [39]. Therefore, we believe 
that causality is relatively reliable even if selection bias of 
subjects exists based on these analyses. Our results are 
consistent with previous experimental studies that mixed 
payment schemes reduce the underprovision in DRG 
payment system and the overprovision in FFS payment 
system [17, 43], and increase the ratio of optimal deci-
sions, physicians’ profit, and patients’ benefit [39].

The two methods we used to quantify altruism can be 
complementary. Specifically, the α of 0.78 (s.d., 0.18) in 
our study was close to that of 0.75 (s.d., 0.26) in Brosig-
Koch et al. [17]. The MRS of 1.078 was lower than 1.84 
in Godager and Wiesen [26], mainly because qˆ = 4 for 
k = 1 patient in their study was close to q* = 5 under 
pure FFS payment system, while qˆ = 10 for all types of 
patients in our study. This resulted in a reduced trade-off 
between q* and qˆ for physicians and a potential increase 
in MRS. The proportion of subjects with MRS greater 

than 1 (44.5%) was close to that of 44% in Godager and 
Wiesen [26]. In addition, there was a significant positive 
correlation between MRS and α. However, the estimate 
of MRS was easily limited by the estimated coefficient 
of π(q). When subjects always choose q*, the estimated 
coefficient of π(q) tends to 0 and the MRS cannot be esti-
mated. The advantage is that the degree of altruism can 
be well distinguished. In contrast, α is calculable, except 
when out of the Pareto efficiency decision range. The dis-
advantage is that the degree of altruism is not defined. 
The two can be complementary, that is, when neither can 
be estimated, the other can be used to reflect the degree 
of altruism.

Intra-group comparison and regression analysis found 
that the α and MRS were lower under the mixed payment 
scheme than under the pure payment system, mainly 
because the design of the former was supposed to induce 
physician to provide quantity of medical service closer to 
q* by reducing the trade-off between qˆ and q*. However, 
the decrease of the trade-off range increased the propor-
tion of physicians with lower α, which led to the decrease 
of the overall level of α. Taking the example of physi-
cian making decisions for Ay under pure DRG and Mix-
DRG-4. Assuming that a physician with a lower (higher) 
α chooses to provide q = 1 (4) in pure DRG, the α is 0.33 
(0.89). When in Mix-DRG-4, the same physician maybe 
chooses q = 4 (5), and then the α is 0 (1). In this case, 
except for the overall α, the deviation of medical service 
quantity, B(q) and π(q) are improved. More generally, 

Fig. 4 Scatter plot of the relationship between α and B(q) in the FFS and DRG payment systems
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when physicians choose the same quantity of medical 
service under the pure payment system and mixed pay-
ment scheme, the α is higher in the former than in the 
latter. Taking Az as an example, if a physician chooses 
q = 5 under both pure DRG and Mix-DRG-4, then the 
α is 0.86 and 0.44 in the former and the latter, respec-
tively. Similar finding is referred to as a devaluation of the 
weight on altruism in the study of Brosig-Koch et al. [44].

Whether in general or under different payment sys-
tems, B(q) increases with the increase of α. However, the 
increase in B(q) for each additional unit of α was smaller 
under the mixed payment scheme than under the pure 
payment system. Under the smaller trade-off range in 
the mixed payment scheme, the loss of the same unit 
of π(q) means a larger α. In other words, if the α is the 
same under the pure payment system and mixed pay-
ment scheme, it implies that physicians lose more units 
of π(q) under the former, and thereby increase more units 
of B(q). In the case of Az in pure DRG and Mix-DRG-4, 
when the α increases from 0 to 0.76, physicians need to 
lose 4 units of π(q) in the former and 2 units in the latter, 
respectively. That is an increase of 4 units and 2 units of 
B(q). At the same α, the B(q) under the mixed payment 
scheme is still higher than that under the pure payment 
system because the qˆ under the former is closer to the q*. 
Taking the above situation as an example, the q* = 7, and 
the qˆ = 0 and qˆ = 4 under pure DRG and Mix-DRG-4, 
respectively. When the α is 0.76, physicians generate 4 
units of B(q) in the former and 6 units in the latter.

The robustness test of the MRS on the α showed that 
the estimation of altruism is reliable. Previous stud-
ies have suggested that physicians can be paid based on 
altruism [26, 45]. Several theoretical studies argue that 
physicians who are more altruistic should be paid on 
CAP [9, 46], regardless of the severity of illness. Bar-
ham and Milliken [47] have shown that altruistic physi-
cians who treat primarily frail patients should be paid on 
FFS, whereas nonaltruistic physicians who treat healthy 
patients should be paid on CAP. Several experimental 
studies have shown that physicians’ altruistic behav-
ior is affected by the severity of illness or medical needs 
[17, 48]. Liu and Ma [12] showed that a type of physi-
cian could be revealed by selecting an item from the full 
cost-share-transfer menu, and a more altruistic physician 
should receive a larger lump-sum transfer ex ante.

Our study revealed that physicians’ altruism is influ-
enced by the trade-off range. A larger and a positive 
trade-off range are conducive to decreased proportion 
of physicians who fall below a certain level of altruism. 
Therefore, a payment system with a positive larger trade-
off range can be designed for physicians with a lower 
degree of altruism to enhance the overall level of altru-
ism and ensure B(q). However, physicians with a higher 

degree of altruism are less affected by the trade-off range, 
we can design a payment system with a smaller trade-off 
range to maintain their higher level of altruism without 
causing π(q) to decrease too much due to the expansion 
of the trade-off range.

In view of the above theoretical inspirations of the 
design of payment system and the improved physi-
cian behavior and reduced altruistic parameters under 
the mixed payment schemes, we have reason to believe 
that payment systems that align physician interests with 
patient benefits will help increase both while maintaining 
physician altruism. Therefore, if appropriate economic 
and non-economic incentives are given to physicians’ 
pro-patient behaviors under the existing payment sys-
tems, it will help to realize the unity of the interests of 
physicians and patients, and thus contribute to the reali-
zation of patient-centered value medicine.

Conclusion
Our study proves that the mixed payment schemes 
improve physicians’ behavior and relate to lower altru-
istic parameter. The decrease of altruistic parameter can 
be explained by the decrease of trade-off range and the 
devaluation of the weight on altruism under the mixed 
payment schemes. In future studies, we intend to real-
ize the alignment of interests between physicians and 
patients by designing the same service quantity for maxi-
mizing physicians’ profit and patients’ benefit, and sim-
ulate economic and non-economic incentives through 
pay-for-performance and public report on the behavior 
of physicians in providing the optimal service quantity 
for patients. On this basis, laboratory intervention exper-
iments were conducted to test the effect of the above 
design on physicians’ behavior and altruism, so as to pro-
vide reference for the reform of payment systems.

Limitations
On the basis of reliable measurement of physician altru-
ism, this study reveals the change of altruism when 
switching from the pure payment system to mixed pay-
ment scheme and analyzes the reasons for the change. 
However, there are also some limitations in our study. 
First, we did not specify the criteria for the accuracy of 
the revealed types of altruistic physicians; second, we did 
not define the optimal range of trade-off for physicians 
with different levels of altruism; and finally, whether this 
range is stable enough or will be affected by the severity 
of illness was not explored. In addition, our study was 
based on a narrow set of parameters; thus, applying the 
experimental results to the design of real-world physi-
cians’ payment systems is limited.
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