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How does research and development
intensity influence the performance
of firms through different stages

in product life cycle?
Dan Li

Nanjing Xiaozhuang University, Nanjing, China

Abstract
Purpose – It is widely acknowledged that the ability of a firm to develop and exploit their innovative capabilities
is a critical determinant that maintains their competitive advantage. The purpose is to evaluate the research and
development (R&D) inputs and outcomes on the performance of firms in different stages.
Design/methodology/approach–Drawing on a sample of 30 firms over 8 years (2009–2016), the results from a
three-stage Bayesian stochastic frontier analysis model support were used.
Findings – Some interesting findings were discovered. First, the R&D intensity is positively associated with the
number of patents granted, which is negatively associated with the number of new drug approvals (NDAs).
Second, R&D inputs, including expenditures and human resources, are negatively related to the number of
NDAs and firm performance. Third, state-owned firms perform better and have more patents granted than
private-owned firms in China. Finally, the traditional Chinese medicine firms and non-coastal firms both gain
fewer profits, but they generate more new drugs than chemical drug firms and coastal firms in terms of policy
support.
Originality/value – It is revealed that there are no common factors among Chinese pharmaceutical firms except
for ownership, and this heterogeneous behavior indicates that there is no common factor for enhancing the
efficiency of all Chinese pharmaceutical firms.
Keywords Innovation, Bayesian stochastic frontier analysis, Performance, Efficiency
Paper type Research paper

Background
Research on evaluating firm performance has mainly focused on identifying the factors that
contribute to the success of firms. Of these factors, innovative capability is widely recognized
as a critical determinant that maintains competitive advantages (Bettis & Hitt, 1995;
Grant, 1996). Some factors have been acknowledged as prerequisites to a firm’s capability to
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transform innovative activities into performance. These factors include but are not limited to
the organizational structure, market orientation, culture and management philosophy, cross-
functional integrations, industry, and environment (Tellis, Prabhu, & Chandy, 2009; Song,
MontoyaWeiss,&Schmidt, 1997; Lukas&Ferrell, 2000; Bertrand-Cloodt,Hagedoorn,&Van
Kranenburg, 2011; Belderbos, Leten, & Suzuki, 2013). However, these factors are not
independent but influence every stage of the profit-transforming procedure. When the
procedure begins, valuable resources are input to innovative activities, including invention and
innovation, which result in creative outputs of different dimensions. The former is often tested
by patent numbers that are granted by the local government, whereas the latter is often
measured by new drug approvals (NDAs) in the pharmaceutical industry. After that, the
valuable resources flow to the market promotion, which is the last and crucial stage to generate
profits.

While extensive literature has evaluated the essential factors of the profit-generating
process, this study focuses on the value of R&D outputs in the three stages of profit-making in
the Chinese pharmaceutical industry, including invention, innovation and commercialization.
For the innovation stage, most studies that focused on developed countries tested the new
molecular entities, which mean testing the drugs that contain an active moiety that has never
been approved to use in the market. Meanwhile, developing countries (for example, China and
India) choose the “follow-up” strategy (Zhou & Zhou, 2017; Li, Chen, & Shapiro, 2010),
which means that the innovation mostly results in generic drugs. The R&D costs increased by
80% and the number of New Chemical Entities on the market decreased by 43% from 1998 to
2008 (Federsel, 2010). The tendency leads to a more crucial status of commercialization for
the Chinese pharmaceutical firms since more efforts are needed to promote the products that
already exist. This analysis first examines the relationship of different factors in the three
separate stages of the product life cycle, and finally offers a holistic evaluation. Building a
group of simultaneous models enables the research to approach to the true value of innovation
activities in China’s pharmaceutical industry. This study aims to provide a new perspective for
the efficient evaluation of innovation and market activities for pharmaceutical firms in
developing countries.

While all the firms realize the importance of the ability to develop and accumulate internal
advantages (Xu, 2015; Artz, Norman, Hatfield, & Cardinal, 2010), the complex process of a
drug’s life cycle and the spread of pharmaceutical knowledge are undervalued in the literature.
This study proposes that there will be some disturbance terms between R&D inputs and
outputs and between R&D and performance.

Methods
Research setting
The objective of this study was to better understand the efficiency of the pharmaceutical
industry in China and evaluate the real value of patents and NDAs. We conducted our research
using the listed pharmaceutical firms.

Sample and data source
We extracted firm financing data from the annual reports provided by the Shanghai Stock
Exchange (www.sse.com.cn) and the Shenzhen Stock Exchange (www.szse.cn). We adjusted
these data by deflating them using the 2009 GDP index. The data are comprised of 30 Chinese
pharmaceutical firms over a period of eight years from 2009 to 2016 (240 observations). Firms
were included whose main business was chemical medicine (21 firms) and traditional Chinese
medicine (9 firms). The ranking of the 30 firms is based on the top 100 pharmaceutical
enterprises in 2016 announced by the Ministry of industry information technology of China.
The sample period of 2009–2016 was adopted on account of the data availability.
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Statistical analysis
Stochastic frontier analysis is currently a common practice for performance evaluation
modeling. It combines multiple inputs and outputs in a performance model, and it provides an
indicator relative to the optimal performance measure that a firm can achieve (Assaf, Oh, &
Tsionas 2017). The frequentist theory (e.g. maximum likelihood) is commonly used to
estimate the SF model. However, the Bayesian approach has more flexibility in estimating SF
models, especially in more complicated and robust models, such as the dynamic or random SF
models (Tsionas & Kumbhakar, 2014). The adjusted variables were described in Table 1,
where currency units are expressed in U1,000 Renminbi and are converted by the GDP
deflator at 2009 prices. Several of the variables, including profit margin, R&D intensity, R&D
staff intensity, sales staff intensity, market input intensity and staff quality were transformed
because of the error term skewness problem.

Variables
Invention. Themeasurement that represents the inventions by a firm was the number of patents
granted to a firm each year. Patents are normally used as a measure of inventions (Chen &
Chang, 2010; Dai, Li, & Zhang 2013).

Table 1. Descriptive statistics of the measurements

Variables Description Minimum Maximum Mean
Standard
deviation

logPM Logarithm of net profit margin*,
measured by dividing net profits by
business income

�0.87 1.72 1.30 0.27

trend Trend variable 1.00 8.00 4.50 2.29
trend2 Square trend 1.00 64.00 25.50 21.13
logPT Logarithm of the number of patents

granted
0.00 2.94 1.29 0.70

logPA Logarithm of the number of new drugs
approved by China’s FDAa

0.00 1.17 0.87 0.54

logRDI Logarithm of R&Db intensity (R&D
input*/business income*)

�1.31 1.20 0.28 0.49

logRSI Logarithm of R&D staff intensity (number
of R&D staff/number of total staff)

0.42 1.70 1.08 0.23

logSSI Logarithm of sales staff intensity (number
of sales staff/number of total staff)

0.07 1.79 1.28 0.45

logMII Logarithm of market input intensity
(Market input/business income)

0.43 1.65 1.16 0.32

logSQ Logarithm of the staff quality (number of
staff that has a college degree or above/
number of total staff)

1.28 1.97 1.72 0.13

Ownership Dummy variable that is one if it is a state-
owned firm and zero otherwise

0.00 1.00 0.40 0.49

Kinds of
products

Dummy variable that is one if it is a firm
that mainly produces chemical drugs and
zero if it is a TCMc

0.00 1.00 0.70 0.46

Location Dummyvariable that is one if it is a coastal
firmd and zero otherwise

0.00 1.00 0.67 0.47

Note(s): a: China FDA: China Food and Drug Administration
b: R&D: research and development
c: TCM: traditional Chinese medicine
d: Coastal location refers to the pharmaceutical firm’s location in the coastal provinces of China, including
Liaoning, Tianjin, Hebei, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi and Hainan
*R&D input, business income and net profit in Renminbi are measured using constant prices 2009 5 100
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Innovation. Innovation outcomes are measured as the total number of NDAs for firm i each
year (DiMasi, Grabowski, & Hansen, 2016), including six subclass chemicals of NDAs and
nine d subclass ones for traditional Chinese medicine (TCM) approved by the Center for Drug
Evaluation of China.

Marketing evaluation.Marketing activities aremeasured as the profitmargin for firm i each
year (Boso, Donbesuur, Bendega, Annan, & Adeola, 2017; Vorhies & Morgan, 2005;
Katsikeas, Morgan, Leonidou, & Hult, 2016).

Performance. To identify the business performance of a firm, this study selected profit
margin as the main business performance indicator (Morgan, Slotegraaf, & Vorhies, 2009).

R&D intensity and R&D staff intensity. R&D intensity (i.e. expenditures on R&D divided
by sales) is included as a control variable because several researchers have demonstrated an
inherent relationship between R&D intensity and firm performance (King, Slotegraaf, &
Kesner, 2008; Vorhies & Morgan, 2005; Jeon, Hong, Ohm, & Yang, 2015). R&D staff
intensity is also used, which is measured by dividing the number of R&D staff by the total
number of staff.

Market input intensity and sales staff intensity. Following the previous literature, the effect
of market inputs is adopted as in the work of Situmeang and Leenders (Situmeang, Leenders,
& Wijnberg, 2017).

Staff quality. Consistentwith the previous studies (Ziyae, 2016), educational level is chosen
to measure the staff quality.

Kind of drugs mainly produced. There are many differences between chemical drugs and
TCM drugs. For example, differences exist in the active ingredient, dosage, the disease focus,
and cultural and social customs. If the firm’s main products are chemical medicines, the
dummy variable is equal to 1.

Ownership and location of the firm. Different effects of the ownership and the location have
been documented in the literature. In this study, ownership and location are the operational
characteristics of a firm.Whenmajority ownership is controlled by the state, the dummyvariable
is equal to 1. If the location of a firm is in a coastal area, the dummy variable is equal to 1.

Three-stage BSFA models
The performance evaluation method of the Bayesian stochastic frontier model was introduced
by Broeck, Koop (Broeck, Koop, Osiewalski, & Steel, 1992). The Bayesian method in the
application of SF models has been commonly adopted by researchers (Griffin & Steel, 2007).
We focus here on a simple production function framework. The stochastic frontier production
function includes two items, one for random noise and another for technical inefficiency. It can
be expressed as

Yit ¼ αþ X0itβi þ νit � μit i ¼ 1; 2; � � � ;N: t ¼ 1; 2; � � � ; T: (1)

where Yit is the output, X0it is a k 3 1 vector of inputs and other explanatory variables, βi is a
k 3 1 vector of parameters, and α is a non-random intercept. νit is a measurement error
distributed as νit ∼N(0, σ2

ν), and the technical inefficiency is distributed as μit ∼N(0, σ2
ν).

Four models are used for the estimations. To observe multiple variables for each firm,
variables and firm dummy variables are included in the following equations:

logPTit ¼ β0 þ β1trendþ β2trend
2 þ β3logRDIit þ β4logRSIit þ β5logSQit þ β6ownershipit

þ β7kindsit þ β8locationit þ νit � μit

(2)
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logPAit ¼ β0 þ β1trendþ β2trend
2 þ β3logRDIit þ β4logRSIit þ β5logSQit þ β6ownershipit

þ β7kindsit þ β8locationit þ νit � μit

(3)

logPMit ¼ β0 þ β1trendþ β2trend
2 þ β3logSSIit þ β4logMIitIþ β5logSQit þ β6ownershipit

þ β7kindsit þ β8locationit þ νit � μit

(4)

logPEit ¼ β0 þ β1trendþ β2trend
2 þ β3logRDIit þ β4logRSIit þ β5logSSIit þ β6logMIIit

þ β7logSQit þ β8ownershipit þ β9kindsit þ β10locationit þ νit � μit

(5)

We assumed a Normal distribution for the observed number of firms and set the initial value of
the efficiency score to be 0.60, according to the previous studies (Peng, Duysters, & Sadowski,
2016; Li & Hamblin, 2016). We used Markov chain Monte Carlo (MCMC) simulation with
10,000 iterations and a burn-in period of 20,000. Then Geweke’s diagnostic is used to check
MCMC convergence (Geweke, 1991) (see Figure 1).

Results
The parameter of three-stage BSFA models
Table 2 provides the average posterior technical efficiency scores provided by the parameters
of the four models. To estimate the hypotheses and further analyze efficiency, the parameters
are analyzed in terms of driving efficiency at different destinations. Since the output is
constant, a negative coefficient indicates a decrease in the technical inefficiency term μit, and
thus a negative coefficient indicates a positive impact on technical efficiency.

The R&D expenditures are positively related to the number of patents (�0.36) and
negatively related to the number of NDAs (0.34). NDAs bring the firm more profits (�0.08),
but more patents are not directly related to a firm’s performance (0.00, no significant). Among
the models, the educational level of staff is positively related to the number of NDAs (�0.13),
but not directly related to the performance (not significant), and the significant terms indicate
that R&D staff intensity is negatively related to both NDAs (0.43) and firm performance (0.2).
H3 states that the market inputs are positively related to performance, including sales
expenditures and sales staff. The hypothesis is not supported since the related parameters are
not statistically significant.

State-owned is negatively associated with patents, the NDAs, and the firm’s performance
(�0.23,�0.22, and �0.24, respectively). Chemical drug firms are superior to TCM firms on

Figure 1. Flowchart of the proposed methodology
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performance (�0.03), and TCM firms have done better with NDAs (0.28). The location is a
crucial factor for firms in China, as the coastal area is deemed to develop faster and better.
Coastal firms obtain more NDAs (�0.2) and fewer patents (0.28), but this is not significantly
related to performance.

Discussion and conclusion
We aim in this study to extend the existing literature by focusing on several important
contributions. First, in this study, the product life-cycle is decomposed into three stages
(invention, innovation and commercialization) to be analyzed at a micro level and then
analyzed as a whole. The breakdown of these three stages provides a more granular analysis of
the relationship. Second, several interesting relationships are revealed. R&D input (including
expenditures and human resources) is negatively related to the number of NDAs and firm
performance. State-owned firms have a better performance and have more patents granted
than private-owned firms in China. The TCM firms generate more new drugs than the
chemical drug firms generate. Third, Bayesian stochastic frontier analysis (BSFA) is used to
estimate the efficiency and performance of firms and is rarely used in China’s pharmaceutical
industry.

As assumed, R&D spending was positively related to patents, but not directly related to
performance. This result is in linewith thosewith a strong research basiswho presented that in-
house research capabilities are a key factor for a firm to generate new products (Jensen,
Thomson,&Yong, 2011; Bogner&Pratima, 2007). Therefore, a firm’sR&D input can be seen
as a very good predictor of its future patent output and is assumed to generate more new
products to earn profit back. However, patents are not always targeted at specific products,
especially for listed companies. If the firm’s focus is on quantity, a patent competition, or
competitors’ obstacles rather than on patents that better meet market needs (Artz et al., 2010;
Scannell&Bosley, 2016), the results found in the present paperwould show that the number of
patents is not directly related to performance. According to the patent data, we have found that
most of the patents are not radical in China’s pharmaceutical firms, which mainly consist of

Table 2. Parameter estimates of the three-stage BSFA model

Model 1
Invention

Model 2
Innovation

Model 3
Commercialization

Model 4
Performance
evaluation

Output logPT logPA lgPM lgPE
Independent
variables
Constant 2.06* (0.70) 1.89* (0.45) 1.47* (0.19) 1.49* (0.19)
Trend 0.17* (0.07) 0.00 (0.06) �0.01 (0.02) �0.00 (0.02)
Trend-sqr. �0.01 (0.01) �0.00* (0.01) 0.00 (0.00) 0.00 (0.00)
logPT 0.00 (0.01)
logPA �0.08* (0.03)
logRDI �0.36* (0.10) 0.34* (0.08) 0.00 (0.04)
logRSI 0.26 (0.17) 0.43* (0.14) 0.20* (0.07)
logSSI 0.08 (0.04) 0.04 (0.05)
logMII 0.01 (0.04) 0.11 (0.06)
logSQ �0.52 (0.36) �0.76* (0.24) �0.02 (0.12) �0.13 (0.12)
Ownership �0.23* (0.09) 0.08 (0.07) �0.22* (0.30) �0.24* (0.03)
Kind �0.06 (0.09) 0.28* (0.07) �0.05 (0.03) �0.03 (0.03)
Location 0.28* (0.10) �0.20* (0.07) 0.08* (0.02) 0.04 (0.03)
DIC �349.80 �385.10 �148.00 �223.10
Note(s): *the mean value of the parameter is significant in 95% prediction intervals. DIC refers to the deviance
information criterion
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drug preparation methods, a new technique to improve the production, or appearance design.
Thus, in China’s pharmaceutical industry, most of the patents are not creative enough to
increase profit margins and lack the combination of the firm’s unique resources.

The hypothesis was also supported and found that NDAs would be positively related to
performance. This result is consistent with previous studies (Dai et al., 2013) and suggests
that firms keep generating and introducing new products into the market in order to achieve
higher performance and enjoy brief monopoly profits from each of the new products that is
introduced into the market. In addition, new drugs as the driving force of marketing
effectively reduce competition in the industry and thus gain more sales and profits (Wang &
Lestari, 2013).

While R&D input (including expenditures and human resources) is positively related to
patents, it is negatively related to the number of NDAs. There might be some reasons. First,
the number of new drugs approved per billion US dollars spent on R&D has halved roughly
every 9 years since 1950. Thus, adding human resources and other resources to R&D have
become a tendency, thus leading to a rise in R&D spending in major companies and for the
industry overall (Scannell, Blanckley, Boldon, & Warrington, 2012). Second, complex
clinical studies for drug approvals need higher expenditures. Finally, with the increasing
R&D spending, the additional funds are likely to flow into basic research, whichmay lead to a
reduction in new products. The increasing human resources also induced inefficiency in
NDAs and firms’ performances, especially in low levels of quality. In this study, the objects
are big Pharms that have more resources and are in a better position to innovate. However,
there are some disadvantages, such as their flexibility and dynamic capabilities (Rogers,
2004). The results of R&D inputs depend on the resources they have alreadymastered, and on
how managers can mobilize and convert them into value creation activities. (Alavi &
Leidner, 2001).

An interesting finding is the positive relationship between state-owned firms and
performance. While the result seems to contradict the existing evidence that state-ownership
would bring inefficiencies,Boateng,Bi, andBrahma (2017) revealed that, inChina, ownership
concentration has a positive and significant impact on the operating performance of firms.
Other empirical evidence in emerging countries such as India (Boateng et al., 2017;
Ramaswamy, Li, & Veliyath, 2002), Singapore (Ang & Ding, 2006) and Russia (Buck,
Filatotchev, Wright, & Zhukov, 1999) have supported the positive relationship between
concentrated ownership and firm performance. Because of the Shareholding reform of state-
owned enterprises, performance-based incentive contracts were designed to align the interest
of managers with shareholders (Shen, Zhou, & Lau, 2016). Furthermore, in China, some of the
medicines’ prices are established by the government, which may induce a monopoly,
especially in big Pharms. Approximately 20% of all medicines are priced by the state, which
are mainly listed in the National Basic Medical Treatment and Insurance and Medicine
Catalog. However, they receive 80% of all market income (Zhu, 2008). Coincidental with the
above studies, this paper certifies the results in emerging countries, and broadens the
conclusions to the pharmaceutical industry.

Despite all attention paid to the role of chemical medical firms on performance, the
potential contribution of TCM firms in the Chinese pharmaceutical industry to performance
has been largely ignored. TCM firms are the second largest component of the pharmaceutical
industry in China with 15.0% of the whole industry sales income in 2016. Chemical medical
firms are the largest component with 74.4% of the industry’s sales (Ministry of Commerce of
People’s Republic of China, 2016). Due to the implementation of the strategic plan decreed by
the government for the development of TCM, the TCM firms have gained more political
resources (Li, Yu, Yang, Qi, & Ho-yingFu, 2014). Thus, the attributes of TCM for a firm may
generate more new drugs.

The result of market input evaluation in this study is consistent with the finding that firms
that exceed their profit goals have lower marketing expenses compared to firms that miss their
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goal (Bennett, Bettis, Gopalan, & Milbourn, 2017), and costs may outweigh the benefits
obtained from market spending (Malshe & Biemans, 2014).

It was also found that the staff intensity is positively related to NDAs. These results are
consistent with previous studies that high staffing enhances the creativity and demand for
innovation (Ziyae, 2016). Furthermore, researchers suggest that firms that can improve the
educational levels of employees enjoy higher level of performance (Hinkin & Bruce Tracey,
2010; Kehoe & Wright, 2013). Moreover, the improved performance that may result in higher
level staff quality.

Also interesting is the finding that the coastal location is positively related to firm’s
performance, as also shown in previous research. However, it is negatively related to the
number of NDAs. There are several policies for non-coastal areas, especially for the west of
China, including “Some opinions on strengthening the scientific and technological work in the
development of the Western China” and “The 10th five-year plan for the development of high
technology industry”. Western firms obtain more subsidies for R&D and more support in drug
registration, but they lack access to knowledge and capable people, thus still resulting in lower
profit margins.

Based on the results of the performance evaluation, it is revealed that there are no common
factors among Chinese pharmaceutical firms except for ownership, and each firm is driven by
its own situation. Some firms decrease their efficiency, while others increase it. This
heterogeneous behavior indicates that there is no common factor for enhancing the efficiency
of all Chinese pharmaceutical firms. Therefore, similar measures for changes do not exist.
Each firm should focus on their own advantages and remaining efficient, reacting quickly to
changing market demands with new products.

Limitation and future research
Three main limitations of this study also point to future research opportunities. First, the
timescale is relatively short. It is mainly a result of a narrow set of pharmaceutical firms listed
on the China Stock Market and their short period of quoting. However, the Bayes theorem
allows using less data, and the OpenBUGS (software) creates a compiled code to perform a
Markov chain Monte Carlo (MCMC) algorithm for sampling from the posterior distribution
(Griffin & Steel, 2007). Second, the sample was limited to the pharmaceutical industry in a
single country, and such conclusions only apply to China. Therefore, more fine-gained data
need to be examined in future empirical research to reach a better understanding of the
innovation activities and firm performance.

Finally, this study assumes that patents or new drug approvals owned by firms means that
firms are using them effectively. However, firms may be different when using these R&D
outputs, depending on the value and environmental opportunities. For instance, patents or new
drug approvals as indicators for performance may well be subject to the firm’s ability to
transfer knowledge to practical skills and finally to profits, and to the integration of knowledge
from different areas. In addition, recent research in China revealed that firms are faced with
different resource allocations that are determined by government based on where the firm is
located (Jin, Lei, & Yu, 2016). Therefore, more organizational and environmental factors need
to be considered in future empirical research to reach to a better understanding of the
innovation activities and firm performance.

Abbreviations
NDAs new drug approvals
R&D research and development
TCM traditional Chinese medicine
BSFA Bayesian stochastic frontier analysis
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