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Abstract

[Purpose/Significance] Scientific and technological innovation constitutes a crit-
ical strategic pillar of the modern economic system. Following the reform and
opening-up, a series of science and technology policies have been formulated
and implemented to foster technological advancement and economic growth in
China. However, the funding effects of these policies and their temporal evolu-
tion throughout the implementation history have garnered widespread scholarly
attention. [Method/Process] This study conducts an empirical analysis of the
National Science Fund for Distinguished Young Scholars (Earth Science Pro-
gram), which has been implemented for two decades. To mitigate endogene-
ity concerns arising from sample selection bias, the Difference-in-Differences
(DID) model is employed to evaluate the impact of the Distinguished Young
Scholars Fund on scientists’ research paper productivity. An “Environment-
Motivation-Behavior” model is proposed to interpret the empirical findings.
[Results/Conclusion] The empirical results demonstrate that during 1994-2008,
the funding effect of the Distinguished Young Scholars Fund was statistically
significant for 12 years, representing 80% of the period. Compared with sci-
entists who did not receive the award, recipients could publish an additional
0.412-3.234 papers per year. After data conversion, when compared with other
contemporaneous scientists, recipients could publish an additional 0.426-3.277
papers annually. The 2002 Distinguished Young Scholars Fund exhibited the
largest funding effect, whereas the 2007 and 2008 funds showed no significant
impact. This methodology can be utilized to construct control groups for eval-
uating the funding effects of science and technology policies, thereby achieving
causal effect inference.
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Abstract

[Purpose/Significance] Scientific and technological innovation serves as a cru-
cial strategic pillar for modern economic systems. Following China’s reform
and opening-up, a series of science and technology policies were introduced and
implemented to promote scientific development and economic growth. How-
ever, the funding effects of these policies and how these effects have evolved
over the historical implementation cycle have attracted widespread attention.
[Method/Process| This study conducts an empirical analysis of the National
Science Fund for Distinguished Young Scholars (hereafter referred to as the “Dis-
tinguished Young Scientist Fund” or “Jie Qing Fund”) in earth science, which
has been implemented for 20 years. To address endogeneity issues caused by sam-
ple selection bias, we employ the Difference-in-Differences (DID) model to evalu-
ate the impact of the Distinguished Young Scientist Fund on scientists’ research
paper output efficiency. We propose an “Environment-Motivation-Behavior”
model to interpret the research findings. [Result/Conclusion] Empirical re-
sults indicate that between 1994 and 2008, the Distinguished Young Scientist
Fund demonstrated significant funding effects in 12 years, accounting for 80%
of the period. Compared with scientists who did not receive the fund, recipi-
ents published 0.412-3.234 additional papers per year. After data conversion,
compared with other scientists in the same period as the funded scientists, recip-
ients published 0.426-3.277 additional papers per year. The strongest funding
effect occurred in 2002, while the effects in 2007 and 2008 were not statistically
significant. This methodology demonstrates that constructing control groups
enables causal inference in science and technology policy evaluation.

Classification Number: C93-03
Keywords: data science, DID model, National Science Fund for Distinguished
Young Scholars, science and technology policy evaluation

Globally, science and technology have increasingly become the primary force
driving economic and social development, with innovation-driven growth rep-
resenting the prevailing trend, leading countries worldwide to continuously in-
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crease their scientific and technological investments. According to statistics
from the National Bureau of Statistics and the Chinese Academy of Science and
Technology for Development [1-2], China’s total R&D expenditure grew from
55.13 billion yuan in 1998 to 1,416.99 billion yuan in 2015. With the exception
of 1998, 2014, and 2015 when growth rates were single-digit (8.2%, 9.9%, and
8.9% respectively), all other years experienced double-digit growth, peaking at
27.7% in 2004. Figure 1 [Figure 1: see original paper] shows that China’s R&D
expenditure as a percentage of GDP increased from less than 1% in 1998 to
1.84% in 2011, while per capita expenditure rose from 73,000 yuan per person
in 1998 to 377,000 yuan per person in 2015.

In terms of research output, analysis of paper counts in the Clarivate Analyt-
ics database [3] reveals that China’s paper production has grown continuously
among the world’s six major paper-producing countries. Figure 2 [Figure 2: see
original paper] illustrates the annual distribution of paper counts and citation
frequency ratios relative to the United States for major countries worldwide
(1991-2011). Over the past two decades, China’s paper output increased from
just over 6,000 in 1990 to more than 120,000 in 2011. As shown in Figure 2-a,
China surpassed the United Kingdom in 2004, and Germany and Japan in 2005
in terms of paper quantity. However, Figure 2-b indicates that when China ex-
ceeded these countries in paper counts during 2004-2005, its citation frequency
remained far lower. Overall, China’s average citations per paper increased from
approximately 26% of the U.S. level before 1995 to about 50% after 2006.

Despite the continuous growth in total R&D expenditure, China’s basic research
funding has remained at approximately 5% for years, significantly lower than
major countries worldwide (China: 4.7% (2013), United States: 16.5% (2013),
France: 24.4% (2011), Japan: 12.3% (2011), South Korea: 18.1% (2011), Rus-
sia: 16.5% (2012)) [4]. This phenomenon has attracted attention from top
international journals such as Nature and Science [5-8]. Domestic scholars in-
cluding Zhang Xian’en, Tang Ting, and Peng Kefeng [9-11] have also examined
this issue from various perspectives, while Wang Lizheng, Yang Aihua, and
Cheng Yao [12-14] argue that basic research investment remains insufficient.
Yao Changle and Gao Changlin [15] compared China’s scientific investment
with that of developed countries across different periods, concluding that basic
research investment should be strengthened.

In summary, alongside China’s rising scientific and technological development
level, two major dilemmas coexist: first, the simultaneous existence of insuf-
ficient scientific investment (particularly in basic research) and B& about re-
search funding efficiency; second, the coexistence of continuously increasing
S&T funding and & about research output. The former primarily comes from
the scientific community and public policy scholars, pointing to issues of scien-
tific funding effectiveness, while the latter originates from the general public.
The only solution to these dilemmas is to evaluate China’s science and technol-
ogy policies, particularly long-standing funding programs, over extended periods
to provide micro-level data support for policy formulation.
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2 Literature Review

Research on research project evaluation can be categorized into three levels
according to evaluation objects: (1) micro-level, referring primarily to individ-
ual researchers, research groups, and specific projects; (2) meso-level, referring
mainly to research institutions such as institutes, universities, and companies,
as well as research programs and disciplinary fields; and (3) macro-level, re-
ferring primarily to nations (including regions and departments), regional and
international organizations. This study focuses on scientists funded by specific
research projects, defined as the micro-level.

In international micro-level research, J.M. Benavente [16] used regression discon-
tinuity design to evaluate Chile’s FONDECYT fund, finding that it significantly
promoted funded researchers’ paper output compared to the control group. A.
Arora [17] examined the relationship between NSF funding and researchers’ pa-
per output, discovering that NSF funding had a more pronounced effect on
early-career economists, with each additional $10,000 in funding increasing out-
put by 12 papers. D. Popp [18] analyzed R&D investment data from 15 OECD
countries and WOS output data from 1991-2011, finding that each $1 million
in public R&D investment generated 1-2 papers for the investing country. P.
Azoulay [19] studied the impact of NIH funding on patent output, finding that
NIH funding more effectively promoted private patent production, with each
$10 million increase in funding generating 2.3 additional patents.

Domestic research has focused almost exclusively on NSFC projects, using eval-
uation indicators including international papers, domestic papers, and question-
naire surveys. Shi Xiaomin [20] found that Distinguished Young Scientist Fund
project papers had higher citation frequencies 3-4 years after publication than
key projects. Hu Ping [21] discovered uneven and differential funding outcomes
for the Distinguished Young Scientist Fund. Zhou Ping [22] found that NSFC
projects held an absolute leading position in Chinese paper publication.

These studies share several characteristics: (1) international research primarily
employs econometric models for horizontal comparison across different research
projects, without longitudinal comparison before and after project implementa-
tion; (2) domestic research uses statistical methods and bibliometric analysis
of publication counts and citations to evaluate research output quantity and
quality, failing to assess science and technology policies from a “causal effect”
perspective; (3) no studies have evaluated funding programs over extended time
series from an implementation cycle perspective. Therefore, this study addresses
three questions: (1) What is the funding effect of science and technology funding
programs on scientists’ research paper output efficiency? (2) How do funding
effects change throughout the historical implementation cycle of science and
technology funding programs, and what are the possible reasons? (3) Which
years show the best funding effects during the implementation cycle, and what
are the possible reasons? Using the 20-year anniversary of the Distinguished
Young Scientist Fund in earth science as a case study, this research attempts to
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answer these questions through theoretical modeling based on existing qualita-
tive research, followed by empirical analysis using the DID model.

3 “Environment-Motivation-Behavior” Model
3.1 Research Object

With support from the Earth Science Division of NSFC, this study examines the
National Science Fund for Distinguished Young Scholars in Earth Science (here-
after “Earth Science Distinguished Young Scientist Fund” or “Distinguished
Young Scientist Fund”). Established in 1994, the Distinguished Young Scien-
tist Fund represents China’s first high-intensity youth talent cultivation fund,
supporting young scientists who have achieved outstanding results in basic re-
search to independently choose research directions and conduct innovative re-
search, thereby cultivating excellent academic leaders at the forefront of global
science and technology [23]. By 2013, the fund had operated for 20 years, sup-
porting 3,004 individuals with total funding of 4.41 billion yuan across eight
disciplinary fields. Among them, the Earth Science Distinguished Young Sci-
entist Fund (hereafter “Distinguished Young Scientist Fund”) supported 311
individuals, accounting for 10.35% of total recipients. This study groups Distin-
guished Young Scientist Fund recipients by funding year, resulting in 20 groups
denoted as i (e.g., i=1 for scientists funded in 1994, and so on). The analysis
involves both the historical timeline of the Distinguished Young Scientist Fund
implementation and the output timeline of funded scientists. Since scientists
received funding in different years, the output timeline was preprocessed by set-
ting the funding year as time point 0, incrementing by 1 for each subsequent
year, and decrementing by 1 for each preceding year.

3.2 “Environment-Motivation-Behavior” Analytical Framework

3.2.1 Review of Qualitative Research on the Distinguished Young Sci-
entist Fund This study analyzed six existing qualitative research papers on
Distinguished Young Scientist Fund recipients, chronologically labeled as Lit-
erature 1-Literature 6 [24-29], with details presented in Table 1 . Literature
1 [24] reviewed the early implementation of the Distinguished Young Scientist
Fund and detailed nine requirements that recipients had for the research en-
vironment. Literature 2 [25] found that recipients generally categorized key
factors influencing their innovative achievements as: external environment (re-
search environment, social environment, living environment), significant others
(mentors, leaders, family, academic peers, friends, academic authorities), and
personal factors (research ideas and individual capabilities). Literature 3 [26]
identified problems in the current research environment based on scientists’
statements: (1) emphasis on engineering applications over basic research; (2)
overly broad evaluation criteria requiring not only research papers but also engi-
neering projects and teaching tasks; (3) management incentives using “one-size-
fits-all” evaluation schemes focusing on paper quantity rather than quality; (4)
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insufficient supporting research funding; (5) inadequate cultivation of young tal-
ent, hindering the formation of cohesive research teams. Literature 4 [27] found
that the research environment affected Distinguished Young Scientist Fund re-
cipients’ work through physical, social, and membership factors. Literature 5
[28] analyzed recipients’ curricula vitae and research output to examine growth
characteristics of management division recipients. Literature 6 [29] used biblio-
metric methods to study recipients’ research output and interpreted findings in
relation to the research environment.

3.2.2 “Environment-Motivation-Behavior” Analytical Framework
Based on the above analysis, research on the effectiveness of the Distinguished
Young Scientist Fund can be summarized into three aspects: scientists’
research motivation (motivation), the research environment (environment), and
scientists’ research behavior (behavior). This study proposes the “Environment-
Motivation-Behavior” theoretical framework (Figure 3 [Figure 3: see original
paper]). The framework comprises three elements: motivation, environment,
and behavior. Specifically, scientists’ research behavior is determined by
their research motivation, which is constrained and influenced by internal
and external factors collectively categorized as the research environment.
The environment can be divided into internal and external components. The
Distinguished Young Scientist Fund is treated as an external incentive within
this framework, belonging to external environmental factors. Scientists in
different environments perceive the Distinguished Young Scientist Fund as
different incentives, leading to changes in their internal research environment,
which in turn alters their research motivation and ultimately affects their
research behavior.

The research environment refers to the social environment in which researchers
operate, including economic development level, local education level, science
and technology policies, and cultural atmosphere. To clearly explain relevant
assumptions, the research environment most directly and closely related to Dis-
tinguished Young Scientist Fund recipients is summarized into four aspects:
S&T policy incentives, research evaluation mechanisms, administrative leader-
ship mechanisms, and salary and benefits. S&T policy incentives primarily refer
to the Distinguished Young Scientist Fund policy itself. In subsequent empir-
ical research, scientists are divided into treatment and control groups, where
the treatment group receives Distinguished Young Scientist Fund support. This
funding constitutes an external incentive factor that changes scientists’ external
research environment, thereby affecting their research motivation and ultimately
manifesting as changes in research behavior.

Research motivation refers to scientists’ purposes for conducting research. Based
on existing literature, scientists’ research motivation is categorized into two
types: scientific motivation and career motivation. Scientific motivation refers
to research driven by curiosity to solve scientific problems, while career motiva-
tion refers to treating research as a means of livelihood to obtain living security,
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career advancement, and social status. Theoretically, from Maslow’s hierarchy
of needs perspective, career motivation represents lower-level needs (salary, ben-
efits, healthcare, housing, children’s education, institutional matching funds)
compared to scientific motivation (social status, self-actualization). According
to Herzberg’s two-factor theory, motivation factors related to work itself gener-
ate job satisfaction, while hygiene factors related to work environment prevent
dissatisfaction. Scientific and career motivations are not independent but both
constrained by the research environment, such as evaluation mechanisms and
administrative leadership. Lower-level career motivation constrains scientific
motivation; only when basic needs are met can scientists pursue higher-level
scientific motivation under scientific motivation drive.

Research behavior refers to the choices scientists make during research. This
study categorizes scientists’ ultimate research behavior as publishing papers
or other output forms. Specifically, scientists face decisions about whether
to pursue paper publication, other research activities, or non-research activi-
ties. Alternative behaviors include engineering applications, technology trans-
fer, patent applications, social services, or teaching focus, each yielding different
benefits. Publishing papers satisfies scientists’ curiosity, gains peer recognition,
and achieves self-actualization.

The relationship between environment, motivation, and behavior assumes that
research motivation determines research behavior. Within their existing re-
search environment, scientists receiving Distinguished Young Scientist Fund
support experience changed external environments, which different scientists
perceive differently based on their original environments, ultimately leading to
different research behaviors. Since the analyzed scientists span 1994-2013—a
period of rapid economic and S&T development in China—scientists funded
in different years faced substantially different research environments. Conse-
quently, they perceived the Distinguished Young Scientist Fund differently, af-
fecting their motivation and behavior variably. Therefore, empirical analysis of
each year’s funding effectiveness may show that some years support the hypoth-
esis while others do not, with subsequent sections analyzing each year’s specific
circumstances.

3.4 Theoretical Hypotheses

Based on the “Environment-Motivation-Behavior” framework, we propose: (1)
Hypothesis H -a: The Distinguished Young Scientist Fund significantly improves
the research paper output efficiency of group ¢ recipients; (2) Hypothesis H -
b: The Distinguished Young Scientist Fund does not significantly improve the
research paper output efficiency of group ¢ recipients. Notably, because the
analyzed scientists span 1994-2013—a period of rapid Chinese economic and
S&T development following 16 years of reform and opening-up—scientists from
different years faced vastly different research environments. For instance, 1994
recipients experienced dramatically different environments than 2008 recipients,
leading to different perceptions of the fund’s incentive, varied impacts on moti-
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vation, and ultimately different research behaviors. Therefore, annual empirical
analysis of funding effectiveness may yield results supporting the hypothesis for
some years but not others, with subsequent sections providing detailed analysis
for each year.

4 Research Data and Empirical Scheme
4.1 Conceptual Definition

G.A. Crespi [30] discussed scientific research outputs, establishing models to
analyze inputs and outputs. Research findings indicate that scientific research
produces multiple outputs broadly categorized into three types: (1) new knowl-
edge; (2) high-quality human resources; (3) new technologies and other knowl-
edge with socioeconomic impact. This study focuses on the first output type.
For scientists engaged in basic research, primary output consists of scientific
papers, which serve as important carriers of research F&. When examining the
growth of Distinguished Young Scientist Fund recipients, this study selects sci-
entists’ research paper output as the metric for measuring research paper output
efficiency. Drawing on existing methods for measuring funding effects [31], we
define the number of SCI and SSCI papers published annually by Distinguished
Young Scientist Fund recipients (denoted as Pubs) as the research paper output
efficiency indicator. We select SCI and SSCI journals indexed in Clarivate’s
Web of Science as the output source for Distinguished Young Scientist Fund
recipients.

4.2 Data Preparation

After one and a half years of retrieval, verification, screening, and organization,
we constructed the following databases:

Database 1 contains basic information and output data for all 311 Distin-
guished Young Scientist Fund recipients in the Earth Science Division from
1994-2013. With support from the Earth Science Division of NSFC, we re-
viewed 47 project proposals from 1994-1998 and 240 final reports from 1994-2010
(2011-2013 recipients had not yet completed their projects). Four individuals
were excluded due to withdrawn funding, death during funding period, death
one year after funding ended, or terminated funding, leaving 307 subjects for
analysis. Through content analysis of proposals and final reports and review of
recipients’ institutional homepages, we constructed a basic database including
birth date, education, and work experience.

Database 2 contains output data for Distinguished Young Scientist Fund re-
cipients. H.F. Moed [32] reviewed bibliometric methods for evaluating Chinese
research, recommending the use of the international Web of Science database
[33] while excluding domestic journals. This study adopts Moed’s approach.
Among the secondary disciplines in geography, human geography research ap-
pears primarily in SSCI, while other recipients’ outputs are mainly in SCIL.
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Using “name + institution” search criteria, we retrieved paper data from the
Web of Science Core Collection [34] through May 31, 2015. Retrieved records
were further screened using discipline, institutional department, and co-author
information. After multiple rounds of verification, the final output database
comprised 31,098 papers.

4.3 Empirical Scheme

4.3.1 Selection Bias The fundamental question of interest is the causal ef-
fect of the Distinguished Young Scientist Fund—in other words, whether funded
scientists would have achieved the same outcomes without funding. If recipient
selection were randomized, we could directly compare outcomes between funded
and unfunded scientists. However, selection is based on “choosing the best
among the best,” creating selection bias that amplifies treatment effects. Selec-
tion bias refers to the discrepancy between what we truly need to study and what
we can actually measure, known as the “First Question” in economics. Current
methods to address selection bias include randomized experiments, instrumen-
tal variables, difference-in-differences, regression discontinuity, matching, and
synthetic control methods. Since Distinguished Young Scientist Fund selection
is not lottery-based, randomized experiments are infeasible. While instrumen-
tal variables and regression discontinuity have strong theoretical foundations,
suitable instruments require extensive data and trial-and-error, and regression
discontinuity requires final report scores meeting strict discontinuity conditions
that are difficult to satisfy. Matching and synthetic control methods require lists
of unsuccessful applicants who never reapply—unavailable since top scientists
can apply annually until age 45. Therefore, this study uses the difference-in-
differences method to evaluate funding effectiveness.

4.3.2 Control Group Construction Since unsuccessful applicants in the
same year cannot serve as a control group, this study uses the same physical
individuals at different time points as controls. Using 1994 recipients as an
example: funding ran from January 1995-December 1997 (3 years), ending in
January 1998. Therefore, pre-1998 recipients were unfunded during 1995-1997,
allowing us to use scientists funded in 1998 and later as the control group for
1994 recipients. This logic extends to other years, yielding the treatment and
control group divisions shown in Table 2 . In Table 2, 4, j, and t represent
the ¢th DID model, the jth scientist, and year t, respectively. For the 1994
fund (DID_{1}): (1) i=1, denoted as DID_{1}; (2) in DID_ {1}, D_{1} =1
if scientist j belongs to the 1994 group, otherwise D_ {1} =0; (3) since 1994
funding covered 1995-1997, T {1} =1 if scientist j in DID_ {1} is in year ¢
during 1995-1997, otherwise T {1} =0. Other years follow similarly.

4.3.3 Regression Model This study uses regression analysis to estimate DID
estimators:
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Yije = Boi + B1:Dij + BoiTijy + B3 Dij - Tije + Z Bij - Xije +mij +ug + 5 (1)

In equation (1), ¢, j, and ¢ represent the jth scientist in the ith DID model
(DID ) in year ¢. The dependent variable Y represents the total number of
SCI and SSCI papers published by scientist j in year ¢ in the ith DID model
(denoted as Pubs ). D is a treatment group dummy variable (D =1 for treat-
ment group, 0 otherwise). T is a time dummy variable (T =1 during funding
period, 0 otherwise). The interaction term D +T represents the DID esti-
mator and is the core variable of interest, with coefficient {3} measuring
the funding effect—the average change in the dependent variable for funded
versus unfunded scientists. X represents covariates characterizing scientist
attributes,  denotes unobservable individual effects, u denotes unobservable
time effects, and is the random error term. Notably: (1) funding amount,
being policy-determined, cannot be included as a control variable [35] to avoid
sample selection bias; (2) R&D conditions (research teams, environment) that
vary across both time and individuals are incorporated into unobservable indi-
vidual and time effects. Detailed variable definitions appear in Table 3 .

In practice, we control for individual effects using dummy variables for all scien-
tists in each treatment-control combination and for time effects using dummy
variables for each output year. Since the number of dummy variables differs
across DID models, and given that our dependent variable is research paper
output efficiency, the model expands to:

Pubs;;y =Bo; + B1;D;j + BoiTije + B3 Dij - Ty + BaiAge,ju
+ ByMale;; + By Divy; + Byl Doct;; + By Docttype;;

+ By Worktype,; + B,;Workcity,; + individual effects + time effects + ¢
(2)

ijt

5 Empirical Results
5.1 DID Model Group Discussion Rules

Since 2009-2013 recipients had not completed their projects when the database
was constructed, analysis covers 1994-2008 (15 years), yielding 15 DID models
(DID_ {1}, DID_ {2}, .., DID_{15}) (Figure 4 [Figure 4: see original paper]).
Each annual analysis includes nine steps: (1) empirical model, (2) variable defi-
nitions, (3) theoretical hypotheses, (4) overall descriptive statistics, (5) control
variable descriptive statistics, (6) dependent variable mean descriptive statis-
tics, (7) funding effect empirical results, (8) hypothesis verification, and (9)
parallel trend verification. With 15 models requiring 135 steps and involving
up to 20 tables, detailed discussion of all models would be excessively lengthy.
Therefore, we present detailed analysis of DID_ {8} as a representative example,
summarizing the funding effect coefficients {3} from other models.
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5.2 DID_ {8} Empirical Analysis and Results

5.2.1 Average Funding Effect of DID_ {8} (1) DID_ {8} Empirical
Model and Variable Definitions. Based on equation (1), the DID_ {8}
regression model is:

Ysjt = Bos +B1sDsj+ BagTyji + Bss D Ty ji + Z B+ Xgji +1s;+ug, +egje (3)

DID_ {8} analyzes the 2001 Distinguished Young Scientist Fund funding effect
(i=8). Variable definitions follow equation (1) with ¢ replaced by 8, and D_ {8}

and T {8} wvalues follow Table 3. Coefficient {38} represents the 2001 fund-
ing effect. Based on the “Environment-Motivation-Behavior” framework, we
propose: (1) Hypothesis H{8}-a: The 2001 Distinguished Young Scientist Fund
improves scientists’ research paper output efficiency; (2) Hypothesis H_{8}-b:
The 2001 Distinguished Young Scientist Fund does not improve scientists’ re-
search paper output efficiency.

(2) DID_ {8} Descriptive Analysis. Before regression analysis, we examine
overall characteristics. Table 4 shows treatment group scientists were born
between 1956-1969, while control group scientists were born between 1962-1978.
Notably, the youngest control group scientist was 23 years old in 2001 (denoted
scientist a), potentially a recent graduate with zero paper output during 2002-
2005. The DID modeling program automatically handles such cases by treating
zero-output observations as 0 and effectively excluding unqualified scientists like
a—a consistent approach across all DID models.

Table 5 analyzes six aspects of the treatment and control groups: (1) Gender:
87.5% male in the treatment group versus 94.8% in the control group; (2) Inter-
national doctoral education: 56.2% of treatment group held foreign PhDs versus
83% of controls; (3) Primary discipline: Scientists were divided into six earth sci-
ence sub-disciplines, with proportions ranging 6%-30% in both groups, covering
all six sub-disciplines; (4) Doctoral institution type: Treatment group PhDs con-
centrated in the Chinese Academy of Sciences (CAS) and foreign institutions,
with none from ordinary universities, while control group PhDs concentrated in
CAS, 985 universities, and foreign institutions; (5) Host institution type: All
treatment group scientists were affiliated with CAS or 985 universities, while
controls were primarily in CAS and 985 universities with fewer in 211 or or-
dinary institutions; (6) Host institution location: Both groups concentrated in
Beijing, with Nanjing and Guangzhou as other major locations.

(3) DID__ {8} Empirical Results and Discussion. Table 6 presents re-
gression results. Models 1-4 vary in controlling for individual and time effects.
Results show the 2001 Distinguished Young Scientist Fund had a highly signif-
icant and robust effect on paper output efficiency, with recipients publishing
0.934 more papers annually than the control group—equivalent to 1.14 times
the contemporaneous mean of 0.822 papers per scientist. Hypothesis H_{8}-a
is supported.
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5.2.2 DID_ {8} Parallel Trend Test The DID method addresses endo-
geneity from time-invariant factors, eliminating unobserved confounding effects
to identify causal parameters [35]. The primary requirement is the parallel
trend assumption [36]. Table 7 shows DID_ {8} parallel trend test results, with
time series normalized such that O represents the 2001 funding year, 1 repre-
sents 2002 (post-funding year 1), -1 represents 2000 (pre-funding year 1), etc.
Model 1 satisfies the parallel trend assumption, with non-significant differences
between treatment and control groups before 2001 and highly significant differ-
ences thereafter.

5.3 Summary of DID_ {1}-DID_ {15} Empirical Analysis Results

Table 8 summarizes the 15 models’ funding effects on research paper output
efficiency (1994-2008). Column 5 shows each year’s funding effect relative to
the mean research output. Notably, each annual DID model analyzed four
specifications: controlling for neither individual nor time effects, controlling only
individual effects, controlling only time effects, and controlling both. Results
showed identical _ {3} values and significance across all four specifications
for each dimension, with only slight standard error differences. Therefore, we
report coefficients from the full specification (controlling both effects) for all
dimensions.

6 Summary and Discussion

To address endogeneity from sample selection bias, this study evaluated the im-
pact of the 20-year Distinguished Young Scientist Fund Earth Science program
on scientists’ research paper output efficiency using the DID model. Empirical
findings demonstrate:

(1) The Distinguished Young Scientist Fund showed significant effects in 80%
of years. From the “Environment-Motivation-Behavior” perspective, the
fund serves as an incentive factor that changes recipients’ research environ-
ment, affects their motivation, and ultimately determines research behav-
ior choices. On one hand, funded scientists gain more adequate research
support, can independently choose research fields, and have stronger mo-
tivation to conduct research, leading them to choose paper publication to
satisfy curiosity and gain peer recognition. The significant positive effects
in most years indicate the fund serves as a positive incentive. On the other
hand, receiving the fund itself represents significant peer recognition and
honor that could potentially create a negative incentive if scientists con-
sider themselves “accomplished” and reduce effort. However, only three
years showed non-significant effects, with all others showing significant
positive effects.

(2) Compared with similar international funding programs, the Distinguished
Young Scientist Fund demonstrates more significant and larger effects on
research paper output efficiency. Table 8 shows that funded scientists
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published 0.412-3.234 additional papers annually (2.06-16.17 papers over 5
years) compared to controls, and 0.426-3.277 additional papers compared
to same-period scientists. B. Jacob [37] found that NIH ROl funding
increased paper output by only 1.2 papers over 5 years, indicating the
Distinguished Young Scientist Fund’s effect substantially exceeds that of
NIH funding.

(3) Temporally, the strongest funding effect occurred in 2002 (3.234 additional
papers annually), while the weakest was in 1995 (0.412 additional papers).
The non-significant effects in 2007-2008 may reflect China’s substantial
R&D investment increase during 2006-2009, providing alternative funding
sources and academic resources that reduced the Distinguished Young
Scientist Fund’s marginal effect.

(4) This study provides a new method for science and technology policy eval-
uation. By constructing control groups and using econometric models for
causal inference, it advances bibliometric research from simple measure-
ment to “causal effect inference,” enabling assessment of counterfactual
scenarios.

Three areas require further research: (1) Analysis of 2009-2013 funding effects
once projects are completed; (2) Expansion to other NSFC divisions to gener-
alize findings beyond earth science; (3) Examination of top-tier journal output,
citation impact, heterogeneity across recipient types, and cost-effectiveness anal-
ysis.
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Abstract: [Purpose/significance] Science and technology innovation is an im-
portant strategic support for modern economic systems. After the reform and
opening-up, in order to promote China’s economic development, a series of sci-
ence and technology policies were introduced and implemented to promote the
development of science and technology. However, the funding effects of these
science and technology policies and the changes in funding effects during the
historical cycle of science and technology policy implementation have caused
widespread concern. [Method/process] This paper conducted an empirical re-
search of the National Science Fund for Distinguished Young Scholars Earth
Science Project that has been in operation for 20 years (Jie Qing fund) as an ex-
ample. In order to overcome the endogeneity problem caused by sample selection
bias, the study used DID model to assess the effect of fund for distinguished
young on the research papers output efficiency of scientists, and put forward
the “environment-motivation-behavior” model to explain the research result.
[Result/conclusion] The empirical results show that between 1994 to 2008, the
significant funding effect of Jie Qing fund reached 12 years, with a significant
proportion 80%. Scientists who have received Jie Qing fund (Jie Qing Scien-
tists) were able to published more 0.412 to 3.234 papers per year than those
who have not received Jie Qing fund. After data conversion, compared with
other scientists who in the same period (Same period Scientists) of Jie Qing
Scientists, Jie Qing scientists can published more 0.426-3.277 papers per year.
The largest funded effect of Jie Qing fund was in 2002, but the funding effect
was not significant in 2007 and 2008. When evaluating the effect of science and
technology policy support, the control group can be constructed by this method
in this paper to achieve the research purpose of causal effect inference.

chinarxiv.org/items/chinaxiv-202308.00557 Machine Translation


https://chinarxiv.org/items/chinaxiv-202308.00557

ChinaRxiv [$X]
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