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Abstract

Research-oriented hospitals are responsible for medical services tasks, medical educa-
tion, and scientific research, playing an important role in medical research and application.
The research efficiency of a clinical specialty is influenced by factors such as the character-
istics of the specialty, the organizational atmosphere, and the clinical director’s leadership.
The present study aimed to describe the research efficiency of clinical specialties, explore
the factors influencing it, and clarify the argument of co-evolution theory regarding the col-
laborative development of medical services, education, and research. Logistic regression
and multiple linear regression were adopted to estimate the correlation between influenc-
ing factors and scientific research efficiency. Hospital H, which is representative of
research hospitals in China, was taken as an example. Taking three efficiency values—
comprehensive technical efficiency (CTE), pure technical efficiency (PTE), and scale effi-
ciency (SE)—as dependent variables, the independent variables affecting research pro-
ductivity were statistically analyzed. This study also examined the scientific research
efficiency of 41 specialties between 2013 and 2017, and found that the independent vari-
ables affected CTE, PTE, and SE to various degrees. Collaborative innovation in medical
education and research must be based on clinical research; how to balance medical and
teaching quality, and research efficiency requires further discussion. While young people
play a major role on the research team because of their creativity and initiatives, which
improve CTE and PTE, high-level researchers with better research and leadership abilities
lead to the rational allocation and effective utilization of resources, thus improving SE. In
2013-2017, discipline construction focused on scale expansion, resulting in the decline of
SE in China. Therefore, this study suggests further improvements for the efficiency of clini-
cal specialties in research hospitals.
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Introduction

Many countries have placed scientific and technological innovations at the core of health and
wellness. Increasing investment in medical research has improved health care. The United
States has invested more than one-third of total funding in nondefense fields for National
Institutes of Health (NIH) research. In the past 10 years, the average annual funding for NIH
reached 30 billion dollars and has shown an increasing yearly trend [1]. The United Kingdom
plans to invest 15 billion pounds in the research and development of diseases such as cancer
within 10 years [2]. Johns Hopkins Hospital (JHH) and Massachusetts General Hospital
(MGH) are representative of research-oriented hospitals.

In China, research hospitals began to be built in 2003 [3]; after 17 years, approximately 100
research hospitals were constructed. Given the rapid growth of research hospitals and invest-
ments in medical research, how research hospitals’ investigations can be scientifically and
rationally evaluated, how research quality and efficiency can be improved, and how the appli-
cation and transformation of medical research results can be maximized, have become urgent
problems in medical and health institutions [4].

Scientific research is a unique creative activity [5], and its influencing factors involve the
entire process of scientific research activities [6]. Scientific research efficiency is affected by the
external environment and internal factors. In the past, Gu et al. identified the major factors
that impact doctoral graduates’ research efficiency (DRP) in China, such as academic status,
academic experience, and energy distribution [7]. Edgar et al. identified factors associated with
superior research efficiency and demonstrated that autonomy and egalitarianism, along with a
strong cultural ethos supporting achievement and individualism, are characteristics of high-
functioning departments [8]. Sung et al. identified research manpower and expenses as the
critical factors of research hospitals [9]. Hospital specialty, as a subsystem of the hospital sys-
tem, is also affected by many factors [10]; however, relatively few studies have focused on
aspects that influence the research efficiency of hospital specialties.

At present, research on the influencing factors of scientific research efficiency is mainly
conducted through questionnaire surveys [11, 12]. In recent years, some studies have begun to
use a correlation model to analyze the impact factors on research efficiency. For instance,
Wang et al. constructed a multiple regression model to study the factors affecting the scientific
research efficiency of 63 universities [13]. Yang applied the decision-making trial and evalua-
tion laboratory (DEMATEL) method to analyze the influence of each factor on the efficiency
evaluation of collaborative innovation research in universities. Therefore, it will be more
objective to select multiple regression models to explore the influencing factors and more con-
ducive for the improvement of scientific research efficiency.

Different influencing factors affect different objects’ research efficiency; scientific research
is a long-term continuous process that is affected by multiple factors. According to Bland, and
Center et al., three factors affect scientific research productivity: individual, organizational,
and leadership factors [6]. Individual factors include such elements as age, title, status, and
researchers’ educational background [14, 15]. Considering that a hospital is a trinity of medical
services, education, and research, research activities are affected by medical services and teach-
ing; therefore, organizational factors include medical and teaching quality [16]. The clinical
specialty director determines the research direction, resource allocation, and organizational
atmosphere of the specialty [17-19]. The leadership factor, therefore, includes clinical director
leadership [20].

This study used China’s research-oriented Hospital H as an example. The study first aims
to describe the research efficiency of clinical specialties; second, it aims to investigate the

PLOS ONE | https://doi.org/10.1371/journal.pone.0250577  April 28, 2021 2/11


https://apps.webofknowledge.com/OutboundService.do?SID=6DJoKvfvHU3xxucPkUr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=864935
https://doi.org/10.1371/journal.pone.0250577

PLOS ONE

Predictors of the research performance of clinical specialties

characteristics of these factors, and third, it aims to explore the factors influencing research
efficiency in hospitals.

Materials and methods
Data collection

Hospital H is representative of research hospitals in China and has been ranked first among
Chinese hospitals in terms of science and technology influence for seven consecutive years.
Hospital H comprises 41 clinical specialties, including nonsurgical specialties (internal medi-
cine diagnosis and treatment specialties), surgical specialties (surgical diagnosis and treatment
specialties), and medical technology specialties (testing platform specialties).

The data were obtained from Hospital H’s scientific research data management system, and
the extraction time was from 2013 to 2017. We analyzed the value of each specialty’s scientific
research input and output, and built a Super-Epsilon-Based Measure (EBM) model based on
the decision-making method to evaluate Hospital H’s scientific research efficiency [21]. The
Charnes, Cooper, and Rhodes (CCR) radial model and the Banker, Charnes, and Cooper
(BCC) non-radial model were used to decompose efficiency into comprehensive technical effi-
ciency (CTE), pure technical efficiency (PTE), and scale efficiency (SE). The values for the 41
clinical specialties were calculated using MaxDea8 software.

Variable definitions

Based on the three-dimensional factors affecting productivity, and considering the availability
and representativeness of the data, we selected eight possible influencing factors: (1) medical
quality: comprehensive scores of the annual assessment of specialties’ medical effectiveness
(indicators include the rate of four-level operation, the complications rate, the unplanned pre-
hospitalization rate, and the amount of new clinical technology, etc.), medical efficiency (indi-
cators include the degree of increase in per capita medical expenses, the four-level operation
ratio, the medical consumables ratio, the average number of hospitalization days, etc.), medical
safety and infection (indicators include the number of medical disputes, the adverse events
reporting rate, the rate of nosocomial infection outbreaks, etc.), and nursing quality (indicators
include workload, post-graduation education, etc.) [22, 23]; (2) teaching quality: comprehen-
sive scores of the annual assessment of specialties’ teaching quality based on teaching achieve-
ment, undergraduate education, graduate education, and resident training [24]; (3) discipline
construction: the comprehensive reputation ranking of specialties in the annual assessments
[25]; (4) specialty operation: the comprehensive scores of the annual assessment of specialty
operations and adverse events [26]; (5) proportion of senior professional titles: the ratio of the
number of staff with senior professional titles to all staff [27]; (6) proportion of doctors of med-
icine (MDs) or doctors of philosophy (PhDs): the ratio of the number of MDs or PhDs to all
staff [28, 29]; (7) director leadership: a public opinion survey of the clinical director [30, 31];
and (8) age ratio: the ratio of under 40 years to over 40 years, according to the application age
requirements of the National Natural Science Foundation of China (NSFC) [32].

Influencing factor model construction

We used multiple linear regression models to explore the impact of relevant factors on scien-
tific research efficiency. Given that the maximum estimated value of the EBM is 1, it does not
meet the condition which states that the value of the dependent variable in the classical linear
regression needs to obey the normal distribution. Too many 1s lead to an unstable parameter
estimation and a low-test efficiency. In this study, there were 41 decision making units

PLOS ONE | https://doi.org/10.1371/journal.pone.0250577  April 28, 2021 3/11


https://doi.org/10.1371/journal.pone.0250577

PLOS ONE

Predictors of the research performance of clinical specialties

(DMUs) from 2013 to 2017, with a total of 205 observation efficiency values. The observation
values of CTE, PTE, and SE that were equal to 1 were 34, 68, and 34, respectively, and the cut-
off value was more than 15%. To improve the model’s efficiency, the efficiency value estimated
by the Super-EBM model with a window width of 3 was used as the dependent variable. The
value of PTE represents the scientific research level and management ability, while the SE
value represents resource allocation and utilization [33]. The specialties’ CTE, PTE, and SE
were used as dependent variables to clarify the influencing factors’ effects on efficiency. The
factors were used as independent variables, and the classical general linear regression was used
for parameter estimation.

Owing to the large number of independent variables and a certain degree of multicollinear-
ity, parameter estimation is bound to be unstable. This study adopted a two-way stepwise
regression, and the variables were selected according to the Akaike information criterion
(AIC) minimum principle. The variables included in the model are shown in Table 5. The sta-
tistical software used was R-4.0.2, and the inspection level was 0.05.

Statistical analysis

IBM1 SPSS1 Statistics software (Armonk, New York, USA) was used to analyze the data, and
the participants’ general characteristics were determined by descriptive statistics. Correlations
between variables were examined using bivariate correlation. Multiple linear regression analy-
sis was performed to study the variables that can significantly influence specialties’ research
efficiency.

Results
Descriptive statistics of the Super-EBM results

The mean CTE, PTE, and SE values of all specialties in 2013-2017 were less than 1, and little
difference was detected in the annual mean. According to the specialties’ CTE values, CTE > 1
was effective, indicating that the scientific research input had produced a good output—about
19.51%, 12.20%, 17.07%, 14.63%, and 19.51% in 2013, 2014, 2015, 2016, and 2017, respectively
(Table 1).

Table 2 presented a mean CTE of 0.72, with the minimum and maximum being 0.24 and
3.30, respectively. The mean PTE was 0.82, with the minimum and maximum being 0.27 and

Table 1. Descriptive statistics of the specialties’ annual efficiency in 2013-2017.

Options (n = 41)
Mean of CTE
Mean of PTE
Mean of SE

Effective specialties n(%)

https://doi.org/10.1371/journal.pone.0250577.t001

2013 2014 2015 2016 2017
0.74 0.71 0.76 0.72 0.69
0.77 0.76 0.92 0.90 0.77
0.95 0.94 0.88 0.85 0.91
8(19.51) 5(12.20) 7(17.07) 6(14.63) 8(19.51)

Table 2. Overall description of the annual average efficiency of the Super-EBM (n = 41).

Options Mean Min Max
CTE 0.72 0.24 3.30
PTE 0.82 0.27 3.63

SE 0.91 0.29 1.18

https://doi.org/10.1371/journal.pone.0250577.t1002
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Table 3. Grade distribution of comprehensive technical efficiency.

CTE classification Frequency Percentage
First level 19 46.34%
Second level 6 14.63%
Third level 11 26.83%
Fourth level 5 12.20%

https://doi.org/10.1371/journal.pone.0250577.t1003

3.63, respectively. The mean SE was 0.91, with the minimum and maximum being 0.29 and
1.18, respectively.

Next, we conducted a hierarchical analysis of the average annual CTE values of the 41 spe-
cialties, positioning CTE > 1 as the first level, indicating that the efficiency was effective. Effi-
ciency values in the range of 0.8-1 were positioned as the second level, suggesting that the
efficiency was close to effective; those in the range of 0.6-0.8 were positioned as the third level,
meaning that the efficiency was lower. Finally, efficiency values below 0.6 were positioned as
the fourth level, indicating that the efficiency was particularly low. Table 3 shows that most of
the specialties were effective or close to effective. The specialties that were inefficient and far
from the effective frontier were in the minority.

Descriptive statistics of influencing factors

We collected a total of eight factors that may affect the efficiency of scientific research. We
found that the distribution of age ratios in various specialties was relatively balanced, the aver-
age proportion of MDs or PhDs in each specialty was 0.45, with the minimum and maximum
being 0.03 and 0.90, respectively. Polarization was more obvious. The average proportion of
senior professional titles in each department was 0.34. The quantitative scores of the other five
indicators are listed in Table 4.

Relationships between the major variables. The linear correlations between the variables
are shown in Table 5. Among them, director leadership showed a significant positive correla-
tion with specialty operations (r = 0.369, p < 0.05). Teaching quality showed a positive correla-
tion with discipline construction (r = 0.419, p < 0.01), specialty operations (r = 0.444,

p < 0.01), and director leadership (r = 0.497, p < 0.01). The proportion of MDs or PhDs and
proportion of senior professional titles, and age ratio and proportion of senior professional

Table 4. Characteristics of the influencing factors (n = 41).

Variable M:+SD/Frequency (%) Min Max

Age Ratio (AR)*

AR1(0-0.8) 15(36.6%) - -

AR2(0.8-1.2) 17(41.5%) . .

AR3(>1.2) 9(21.9%) - -
Proportion of MDs or PHDs 0.45+0.17 0.03 0.90
Proportion of Senior Professional Titles 0.34+0.1 0.12 0.59
Medical Quality 47.56+2.24 43.05 52.14
Teaching Quality 84.98+3.1 78.14 91.87
Discipline Construction 5.54+0.34 4.50 5.93
Specialist Operations 4.55+0.24 4.04 4.96
Director Leadership 88.19+4.68 75.00 99.09

*AR: Ratio of under 40 years to over 40 years.

https://doi.org/10.1371/journal.pone.0250577.1004
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Table 5. Correlations coefficient matrix between variables.

medical discipline specialist director teaching proportion of MDs | proportion of senior age
quality construction operations leadership quality or PhDs professional titles ratio
medical quality 1 0.068 -0.065 -0.017 -0.065 0.017 0.126 -0.171
discipline construction 1 0.174 0.631 0.419** 0.227 -0.023 -0.205
specialist operations 1 0.369" 0.444"* -0.214 -0.066 -0.224
director leadership 1 0.497** -0.006 -0.178 -0.206
teaching quality 1 0.199 0.022 -0.004
proportion of MDs or 1 0.408* 0.167
PhDs
proportion of senior 1 0.33*
professional titles
age ratio 1
*p <0.05
**p < 0.01.

https://doi.org/10.1371/journal.pone.0250577.1005

titles had a statistically obvious linear correlation, and the correlation coefficients were all
greater than 0.3 (p < 0.05).

Multiple linear regression analysis of influencing factors

In this study, a two-way stepwise regression was conducted to select variables based on the
AIC minimum principle. For different dependent variables, the independent variables
included in the model are listed in Table 6.

We used the least squares method to estimate the parameters of the three models separately;
the standardized parameter estimation results are listed in Table 7. When CTE was used as the
dependent variable, age ratio 3 significantly improved CTE compared to the other age ratio.
Teaching quality had a positive effect on CTE, while medical quality had a negative effect.
Under the premise that the influencing factors were statistically significant, the standardized
effect size was age ratio 3 > teaching quality > medical quality. When PTE was used as the
dependent variable, the effects of age ratio, teaching quality and medical quality were consis-
tent with the CTE model, discipline construction had a positive effect, and the standardized
effect size was age ratio 3 > discipline construction = medical quality > teaching quality. In
the model with SE as the dependent variable, all influencing factors were statistically signifi-
cant, with discipline construction exerting a negative effect; the standardized effect size was
proportion of senior professional titles > teaching quality = discipline construction > propor-
tion of MDs or PhDs > director leadership.

In this regression model, the three models’ adjusted R* values were 0.27, 0.21, and 0.35,
revealing that the 27%, 21%, and 35% variance in efficiency, respectively, could be explained
by the seven aforementioned variables. Compared with the zero model, the p values were all

Table 6. Variables included in the model.

Dependent Independent variables

variable

CTE age ratio, teaching quality, medical quality, discipline construction

PTE age ratio, teaching quality, medical quality, discipline construction

SE teaching quality, discipline construction, proportion of senior professional titles, proportion of

MDs or PhDs, director leadership
https://doi.org/10.1371/journal.pone.0250577.t1006
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Table 7. Multiple linear regression estimation results.

Independent variables CTE PTE SE
R*=0.27"** R®=0.21""* R*=0.35""*

age ratio “

age ratio 1 (0-0.8) - - -

age ratio 2 (0.8-1.2) 0.034 0.029 -
age ratio 3 (>1.2) 0.075*** 0.074** -
teaching quality 0.062** 0.056* 0.018*
medical quality -0.053* -0.071* -
discipline construction 0.045 0.071* -0.018*
proportion of senior professional titles - - 0.021**
proportion of MDs or PhDs - - 0.017*
director leadership - - 0.013*

% Ratio of under 40 years to over 40 years.
*: P<0.05;

**: P<0.01,

***: P<0.001.

-: The independent variable was not included in the model.

https://doi.org/10.1371/journal.pone.0250577.1007

less than 0.001. The three models’ residual graphs had no obvious change rules. Except for
individual extreme values, they were close to white noise, indicating that the establishment of
this model and the results are reasonable.

Discussion
Efficiency and specialties

The present study found that the mean CTE values (the proportion of research effective spe-
cialties) were 0.74 (19.51%), 0.71 (12.20%), 0.76 (17.07%), 0.72 (14.63%), and 0.69 (19.51%) for
2013, 2014, 2015, 2016, and 2017, respectively. A five-year comparison could imply that each
year, the proportion of research effective specialties was in a stable fluctuation of around 15%.
In total, 19 specialties were effective, and the proportion of research effective specialties was
46.34% in 2013-2017. Scientific research is a continuous, long-term process. The annual pro-
portion of research effective specialties was relatively small, but after five years of accumula-
tion, the output of research results increased significantly, and the overall efficiency saw a
substantial increase. The proportion of research effective specialties increased to 46.34%.
Regarding research specialty efficiency at Peking University People’s Hospital, Ling found that
effectiveness had reached 38.90% in 2010-2015 [34]. Hospital H is a research-oriented hospital
that was ranked first in scientific research among Chinese hospitals, of which 15 specialties
were in the top five, and 24 specialties were in the top ten. Both, Hospital H and Peking Uni-
versity People’s Hospital are famous research hospitals in China, and demonstrate that approx-
imately 40% of specialties account for the overall effectiveness for five years of input.
According to Guironnet, in terms of the research efficiency of 165 American universities with
a hierarchical data envelopment analysis (DEA) model, 38 units were efficient in 2012, equiva-
lent to 23% [35], which exceeded that of medical schools in China. This shows that developed
countries have more advantages in terms of short-term input and output. Therefore, special-
ties’ research efficiency should be brought to hospital managers’ attention, especially with
regard to short-term efficiency. Further studies should explore strategies and measures to
improve research efficiency.
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Collaborative innovation

The results of the multiple linear regression model demonstrated that research efficiency and
teaching quality are positively correlated. For instance, graduate students, as the main driving
force on a research team, received training from and conducted research with the team, and
their research productivity was apparently influenced by teaching quality.

The synergy theory on medical service and research collaboration assumes that research
results will improve the quality of medical services [36]. However, due to the competition
between clinical service and scientific research for resources, including people and time, it is
difficult for clinicians to balance clinical work and medical research, as they are expected to be
effective at curing patients while focusing on research. In 2013-2017, domestic medical
research in China attached importance to basic research, and clinical research was relatively
weak. In addition, the clinical application of basic research results generally took a long time.
Although there is considerable research output based on basic research, it cannot directly lead
to an outstanding quality of medical services. In conclusion, medical quality had a negative
effect on medical research efficiency in China during 2013-2017. Our study suggests that med-
ical research should focus on solving clinical problems; therefore, the collaborative innovation
of medical services, medical education, and medical research must be based on clinical
research. Questions on how to balance medical and teaching quality, and research efficiency
require further discussion.

Efficiency and human resources

Taking the 40 years as the limit [37], an age ratio of greater than 1.2 can significantly improve
the efficiency of scientific research. This shows that young people’s role in research teams is
more important because their creativity drives technological innovation, thus resulting in
improved PTE and CTE. The proportion of senior professional titles has the greatest positive
effect on SE, and the allocation and utilization of resources is mainly based on researchers with
senior professional titles; therefore, the higher the proportion, the more the available resources.
The proportion of staff with doctoral degrees or senior professional titles is a symbol of aca-
demic qualifications [38, 39], and a high proportion indicates a high-level research ability; in
addition, the use of resources is more effective, positively affecting SE. Similarly, the clinical
director’s leadership is reflected in their ability to organize and mobilize [40, 41]. Reasonable,
effective resource allocation will help improve SE. Discipline construction has a positive effect
on PTE, as it promotes the introduction of advanced technology and innovation in manage-
ment mechanisms. The better the discipline construction, the higher the PTE. However, disci-
pline construction has a negative effect on SE. During 2013-2017 in China, in order to
enhance the academic reputation, discipline construction of the specialties focused on scale
construction, which resulted in an improved academic reputation; however, it ignored effi-
cient resource utilization.

Limitations

A limitation of our study is the incompleteness of the factors. Research is a long-term, com-
plex, productive activity and is affected by many factors. Based on the theory of scientific
research productivity, we screened eight indicators that might affect specialties’ research effi-
ciency in hospitals and also considered the feasibility of indicator data acquisition.

According to the models’ adjusted R* (0.27, 0.21, 0.35), the selected variables in the three
models had a certain degree of explanatory strength for the changes in efficiency; the strength
was relatively small, however, suggesting that the specialties’ efficiency values maybe were also
determined by other factors such as physician-nurse ratio, number of beds, medical research
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time ratio, teaching, and research motivation. We will continue to explore other influencing
factors and improve the influencing factor system to better reveal the influencing mechanism
and effectiveness.

Conclusion

The five-year effectiveness ratio of research hospitals’ specialties is approximately 50% in
China. In terms of research efficiency, more than half of the specialties were ineffective, indi-
cating input redundancy. The annual scientific research efficiency in developed countries is
significantly higher than that of China, owing to the advantages of technology and other mech-
anisms. Regarding the abovementioned factors, the results demonstrated the co-evolution of
teaching and research. Collaborative innovation in medical quality and research must be based
on clinical research. Methods for balancing medical and teaching quality, and research effi-
ciency require further discussion. While young people are creative with strong initiatives,
high-level researchers have better scientific research abilities; better leadership abilities lead to
rational allocation and effective utilization of resources, which would result in improvements
in efficiency. Discipline construction should not focus on the construction of scale in the next
tew years. The study’s findings provide ideas for further improving the research efficiency of
clinical specialties in research-oriented hospitals.
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