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Abstract

The study examines lagged economic effects of research and development (R&D) investment on the market value of manufacturing firms 
listed on the Shanghai Stock Exchange or the Shenzhen Stock Exchange in China. This study applies panel data analysis methods to 
address the following issues: 1) There might be an adjustment lag in the impact of R&D investment on corporate market value, and 
2) Unobserved firm effects must be taken into account. The balanced panel data includes a total of 1,462 observations with 34 cross-sections 
of manufacturing firms listed on Chinese stock markets and with 27 time-specific quarterly periods from 2007 to 2017. The results indicate 
that the R&D investment of Chinese manufacturing firms tends to yield favorable market value of the firm with some adjustments to time. 
The results show that R&D investment exhibits a strong positive impact on their market value of manufacturing firms in Chinese stock 
markets. Moreover, R&D investment has a positive time-lag effect on the market value of the firm. Interestingly, the R&D investment of 
Chinese manufacturing firms generate a relatively constant positive effect on their market value, supporting the notion that the corresponding 
returns of R&D investment for such firms yield lagged but added market values.
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1. Introduction

In today’s competitive business landscape, firms must 
seek opportunities both internally and externally. Whether 
a resource, a process, or a technology is concerned, a firm 
must remain agile enough to adapt to the trajectory of ever-
changing market needs. Nadarajah and Kadir (2014) claim 
that it can be more beneficial for firms to use operational 
process change or change management to gain a sustainable 
competitive advantage. They explained that capabilities 
could be created through the use of technology, people, 
processes, or available assets. Chen and Chen (2013) focus 
on resource synergy, which occurs when a firm continues 

to utilize and invest in its resources to create a competitive 
advantage. This enables the firm to accumulate further 
financial and valuable resources. In this manner technological 
innovation allows firms to develop new products, create a 
competitive advantage, and ultimately succeed in the ever-
changing market. In a similar vein, technological innovation 
i.e. research and development (R&D) is considered as a very 
important part of dynamic capabilities.

To maintain a leading and competitive position, there is 
a growing tendency for firms to adopt newer and disruptive 
technologies so thus the firm promotes technological 
innovation. Besides the internal demand, the external 
environment such as new policy encouragement and 
competitive pressure could also be considered as a major 
motivation for technological innovation. The tendency of 
technological innovation is based on the strategic decision 
about the extent to which technological innovation affects 
the firm production process and operational efficiency 
and, thus, results in bottom-line benefits in the short-term 
and also leads to sustainable performance in the market. In 
this regard, top management likely decides on a strategic 
balance between short-term and long-term benefits for their 
technological innovation. 
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Other than the strategy alignment, costs are also another 
main concern in R&D investment. With the expectation from 
shareholders to gain the highest return with the least risk and 
loss, corporations unlikely want to generate negative cash 
flows from their investment. Therefore, their investment 
in R&D should yield some expected bottom-line benefits. 
In many cases, the limitation in the alignment of costs and 
benefits is the time frame, where the costs are immediate but 
the benefits are not often realized quickly.

This study aims to provide plausible answers to the 
question: “What is the time lag of R&D investment on 
the market value of manufacturing firms in Chinese stock 
markets?” People often see a delay between an economics 
action and a consequence, known as a time lag. An impact 
of time lags is that the economic effect of decisions may be 
more difficult to quantify because it takes a period of time 
to actually occur. Both financial performance indicators (i.e. 
accounting-based and market-based measurements) and 
R&D investment may influence the value of the company in 
the market. An issue standing in the way of the effectiveness 
of each of R&D investment is the time lag that occurs from 
the R&D investment to the actual economic returns of it. It 
is assumed that R&D investment normally takes a certain 
amount of time to have an economic effect on the market 
value of the firm. 

2. Literature Review and Hypothesis

Technological innovation through R&D investment 
in manufacturing firms is important to the organizational 
innovation and to develop dynamic capabilities for a long-
term success of a firm (Gentry & Shen, 2013). In this way R&D 
investment plays an important role in creating competitive 
advantages and exploring growth opportunities. Berry and 
Taggart (1998) highlight the importance of a strong strategic 
plan when taking a decision on R&D investment. Sakakibara 
(1997) assesses the spillover effects of R&D investment in 
relation to skill sharing and cost sharing. The skill-sharing 
motive increases R&D investment of a firm because it 
provides the management with an additional opportunity 
for possible participation in cooperative R&D (Hanel & St-
Pierre, 2002). In this way, technological innovation can affect 
a firm’s operational competence. Cooper and Kleinschmidt 
(2007) support technological innovation proficiency that a 
successful company must have a good strategy for R&D. 
Technological innovation through R&D investment can 
positively spin out new products or process innovation.

Hanel and St-Pierre (2002) find a positive correlation 
between technological innovation and firm performance in 
particular with the stock price of a firm. Some studies also 
report that those firms that invest a large portion of their 
revenues in technological innovation tend to yield higher 
levels of bottom-line benefits than those firms that invest 

smaller portion in R&D (e.g., Artz, Norman, Hatfield, & 
Cardinal, 2010; Yeh, Chu, Sher, & Chiu, 2010). Zhao and 
Zou (2002) also claim that the level of R&D investment is 
positively correlated with firm growth rates. Nobelius (2004) 
finds that companies that succeed in commercializing new 
technology have higher market shares while technological 
innovation can result in a high level of uncertainty and poor 
rates of return (Hill & Jones, 2012). 

Mudambi and Swift (2013) and Kor (2006) claim that 
top management directly affects decision-making on the 
levels of technological innovation and R&D investment. 
Managers likely cut the level of R&D investment when they 
are under pressure to meet profitability forecasts (Gentry & 
Shen, 2013). According to Cuervo-Cazurra and Un (2010), 
when a firm has sufficient internal resources, but lacks 
external resources the firm is likely to increase the level of 
R&D investment. Arora, Belenzon and Rios (2014) claim 
that centralized firms can reduce the internal traction costs 
associated with technological innovation and invest more in 
R&D than decentralized firms (Argyres & Silverman, 2004). 
Chen and Chen (2013) claim that small firms have more 
difficulty in competing successfully with larger firms due to 
their limited resources, capabilities, legitimacy and social ties. 
Ceccagnoli (2009) claims that the ownership of specialized 
assets i.e. patents increases the level of R&D investment. 
Furthermore, technology and market uncertainty (Oriani 
& Sobrero, 2008), greater access to external knowledge 
(Macher & Boerner, 2012) and dynamic capabilities (Helfat, 
2012) affect the level of R&D investment. 

Sakakibara (2002) finds evidence that industry 
characteristics affect the contribution ratio of a firm in 
technological innovation and so the level of R&D investment 
significantly varies across industries. Much literature reports 
that high-tech firms invest more in technological innovation 
and place a higher value on R&D for product innovation 
(e.g., Grinstein & Goldman, 2006; Short, Ketchen, Palmer, 
& Hult, 2007). Nunes, Serrasqueiro and Leitão (2012) report 
that R&D investment stimulates the growth of high-tech 
small and medium sized enterprises (SMEs) at higher levels, 
while R&D investment restricts the growth of non-high-tech 
SMEs regardless of the level of R&D investment using a 
sample of SMEs in manufacturing industries. It is said that 
high-tech industries put more resources into technological 
innovation while low-tech industries put more effort into 
marketing efforts (Chan & Fang, 2006). Robertson and Patel 
(2007) claim that non-high-tech firms are major consumers 
of high-tech products and therefore can benefit from 
technological innovation in the market. However, high levels 
of capital expenditure and sales in the high-tech industry are 
more likely to be dependent on the country-specific context 
and the macroeconomic forces of the nation’s economic 
structure (Neelankavil & Alaganar, 2003). Firms that have 
strategic plans for technological innovation utilize strategic 
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resources funded by local governments more effectively 
and have higher success rates than an average success rate 
(Wilbon, 2002). In sum, the organizational characteristics 
and industry characteristics affect firms’ decisions on the 
level of R&D investment and accordingly result in different 
market performance.

A study reports that companies can maximize their value-
added products to customers and provide a competitive 
advantage in the marketplace by selecting appropriate 
technological innovation (Hill & Jones, 2012). According 
to Ortega (2010), technological innovation has substantial 
positive effects on both the competitive strategies and the 
economic performance of a firm. A considerable amount 
of literature has sought to explain spillover effects of 
technological innovation on firm performance (Cincera, 
2005). However, the empirical evidence from these studies 
is still mixed. Note that as investing in R&D increases sales 
can rise up but the better performance of profitability ratios 
is not guaranteed. For example, Coad and Rao (2010) claim 
that firms appear to increase their total R&D expenditure 
following growth in sales (Morbey & Reithner, 1990) and 
employment (Di Cintio, Ghosh, & Grassi, 2017). Bardhan, 
Krishnan and Lin (2013) claim that the interaction effect of 
R&D investment and technological innovation on Tobin’s Q 
is positive and significant after controlling for other firm-
specific effects. As such it is difficult to measure accurately 
the spillover effects of technological innovation on firm 
performance. Increased uncertainty and the time lag involved 
in realizing the profitability from technological innovation 
make it more difficult to measure the spillover effects of 
technological innovation on firm performance (Cameron, 
Proudman, & Redding, 2005; Mahlich & Roediger-Schluga, 
2006). 

However, it is noteworthy that the bias of positive 
relationship between R&D investment and their return 
appears to be particularly strong in the part of the literature 
due to controlling of unobserved firm fixed effects (Møen 
& Thorsen, 2017). Loch and Tapper (2002) claim that how 
a high level of uncertainty of R&D project assumptions and 
long lag time makes a simple model inadequate. A study 
reports that a lag period exists before commercialization of 
new technology while technology transfer has a more rapid 
effect on product innovation (Cameron et al., 2005). The 
common issues of risk and reward cause managers to make 
simple positive decisions instead of decisions favoring high-
potential, high-risk and long-term projects. In fact, strategies 
must identify the trade-offs and priorities among conflicting 
goals. According to Yeh et al. (2010), there is a level 
exceeding that technological innovation does not always 
guarantee proportional performance and rewards. Branstetter 
and Chen (2006) claim that Taiwanese manufacturing firms 
have a preference for buying technology as opposed to 
developing internal R&D investment. 

Lee and Choi (2015) claim that the time-lag effect 
of R&D investment with regard to Tobin’s Q tends to be 
occasionally positive for Korean pharmaceutical companies 
on their market value. Rouvinen (2002) claims that R&D 
investment causes an increase in productivity, however, 
productivity responds to changes in the level of R&D 
investment with a considerable lag. Kafouros and Wang 
(2008) claim that the effect of R&D investment is statistically 
significant and relatively high in manufacturing industries, 
thereby suggesting that the effect of R&D investment tends 
to last long. The results, however, vary across organizations 
depending on both firm size and the technological 
opportunities that the company faces (Capasso, Treibich, & 
Verspagen, 2015; Wang, Zhao, & Zhang, 2016; Xu & Sim, 
2018). Donelson and Resutek (2012) claim that the excess 
returns of R&D firms are part of the larger value/growth 
anomaly, while future earnings are positively associated with 
current R&D, errors in earnings expectations by investors 
are not always related to the R&D intensity of the firm.

This study aims to investigate the lagged economic effect 
of R&D investment on the market value of the firm. The 
negative relationship implicates the thinking of neoclassical 
economist, according to which large R&D investment 
has a competitive disadvantage due to the incurred costs 
that could have been avoided by the firm. Thus, it results 
in the reduction of their profits. The argument for positive 
relationship is that the actual costs of R&D are covered by 
the benefits. Based on the statement above, the study has 
generated the following hypotheses for further verification.

H1: There might be an adjustment lag in the impact of 
R&D investment on the market value of the firm. 

H2: Income (earnings) is positively related to the market 
value of the firm.

H3: Risk ratio is negatively related to the market value 
of the firm.

3. Research Methods

3.1. Data and Descriptive Statistics

The sample data includes a total of 34 manufacturing 
firms listed on the Shanghai Stock Exchange or the Shenzhen 
Stock Exchange over a 11-year period, 2007-2017. The 
balanced panel data includes a total of 1,462 observations 
with 34 cross sections of manufacturing firms listed on 
Chinese stock markets and with 27 time-specific periods 
from 1st quarter of March 2007 to 4th quarter of December 
2017. R&D intensity is used here as a proxy for the level 
of R&D investment and technological innovation of a firm. 
R&D intensity refers to the ratio of the book value of R&D 
expenditure to the total sales. Table 1 gives descriptive 
statistics for some important variables used in the study.
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3.2. Correlation Analysis

Table 2 presents the correlations between the explanatory 
variables and the market value of the firm. Although the 
variance inflation factor is not presented here due to the table 
space limit, this study finds that the problem of multicollinearity 
does not appear to exist. Table 2 indicates that R&D intensity 
has no correlation with the market value (p > 0.05), but positive 
correlation with income growth of the firm (p < 0.01). 

3.3. Unit Root Tests

The literature suggests that panel-based unit root tests 
have higher power than unit root tests based on individual 

time series (Im, Pesaran, & Shin, 2003; Levin, Lin and Chu, 
2002; Maddala & Wu, 1999). For the purpose of testing 
of unit root, there are two natural assumptions about the 
autoregressive coefficient, γi First, one can assume that the 
persistence parameters are common across cross-sections, so 
that γi = γ for all cross-sections 𝑖. The Levin et al. (2002) 
unit root test employs this assumption and thus assumes that 
there is a common unit root process as the null hypothesis 
(alternative: there is no unit root) so that the autoregressive 
coefficient is identical across cross-sections. Alternatively, 
one can allow γi to vary freely across cross-sections. This 
study also employs two panel based unit root tests: Fisher-
type augmented Dickey-Fuller test (Im et al., 2003) and 
Fisher-type Phillips-Perron test (Maddala & Wu, 1999) to 

Table 1: Descriptive Statistics per Quarter between 2007-2017

Market value R&D intensity Income Debt ratio
Mean 6.26E+09 0.015 2.39E+08 1.769
Median 4.61E+09 0.012 2.52E+08 1.890
Maximum 25.20E+09 0.037 5.39E+08 2.226
Minimum 2.26E+09 0.002 35297003 0.842
Std. Dev. 5.20E+09 0.010 1.13E+08 0.345
Observations 1462 1462 1462 1462
Cross sections 34 34 34 34

Table 2: Results of Correlation between Key Variables 

Market value R&D intensity Income
R&D intensity 0.032 [1.228]
Income 0.272 [10.823]*** 0.726 [40.437]***
Debt -0.425 [-17.986]*** -0.409 [-17.174]*** -0.064 [-2.458]**

Correlation is significant at the 0.05 level (**, p < 0.05 and ***, p < 0.01)
Values in square brackets [ ] are t-statistics. 

Table 3: Results of Panel Unit Root Tests

Time series Market value R&D intensity Income Debt

Test methods Level
1st difference

Level
1st difference

Level
1st difference

Level
1st difference

Levin et al. -8.966***
-44.188***

-24.518***
-32.465***

-39.590***
-42.225***

-8.751***
-28.831***

Im et al. -9.453***
-39.753***

-27.228***
-39.019***

-39.986***
-45.391***

-5.615***
-25.439***

Fisher-ADF 209.204***
1097.371***

728.593***
1077.710***

1111.550***
1234.690***

127.725***
668.840***

Fisher-PP 424.358***
1473.100***

931.284***
626.303***

1101.050***
687.878***

228.753***
1002.260***

Probability values for rejection of the null hypothesis of a unit root are employed at the 0.05 level (***, p < 0.01).
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test stationarity of the time series data. The probabilities for 
the two Fisher-type unit root tests were computed using an 
asymptotic chi-square distribution. All other tests assume 
asymptotic normality.

Table 3 displays the numeric values of the panel-based 
unit root tests for each time series. The panel unit root tests 
were conducted with the selection of individual effects that 
wish to include individual fixed effects, with the Newey-
West automatic bandwidth selection and Bartlett kernel 
estimation method, and with the selection of maximum lags 
of 2. At the level, all of the null hypothesis can be rejected 
at the 0.01 significance level. This indicates all of the time 
series are stationary at the level in which there is no unit root. 

4. Results

There are several types of panel data analytic models, 
including fixed effects and random effects models. The 

presence of cross-section and period specific effects may 
be handled using fixed or random effects methods. The 
fixed effects portions of specifications are handled using 
orthogonal projections. In the simple one-way fixed effects 
specification and the balanced two-way fixed effects 
specification, these projections employ the same approach 
of removing cross-section or period specific means from 
the dependent variable and exogenous regressors, and then 
performing the specified regression using the demeaned data. 
Alternatively, the random effects specifications assume that 
the corresponding effects are a realization of independent 
random variables with mean zero and finite variance. Most 
importantly, the random effects specification assumes that 
the effect is uncorrelated with the idiosyncratic residual 
(Baltagi, 2005). 

The Hausman test is used to determine which of the two 
methods should be employed. It tests whether the unique 
errors are correlated with the regressors; the null hypothesis 

Table 4: Results of Panel Regression Analysis

Cross section Fixed Effects Random Effects
Estimation method Pooled Least Squares Pooled EGLS

(cross-section random effects)
R&D intensity 1.431 [37.151]*** 1.431 [37.149]***
R&D intensity(t-1) 0.778 [22.204]*** 0.772 [22.161]***
R&D intensity(t-2) 0.448 [12.839]*** 0.446 [12.788]***
R&D intensity(t-3) 0.418 [12.153]*** 0.416 [12.087]***
Income 0.193 [96.664]*** 0.193 [96.727]***
Debt -0.040 [-5.702]*** -0.038 [-5.472]***
Constant 16.635 16.632

R-squared 0.885 0.195
Adjusted R-squared 0.885 0.195
F-statistic 9130.462*** 2959.413***
Durbin-Watson statistic 1.170 1.168
Included observations 1360 after adjustments 1215 after adjustments
Included cross sections 34 34
Total pool observations 46240 46240
Effects test specification Redundant cross section fixed effects (d.f. = 33)

F-statistic = 4963.829***
Cross section random effects

Rho = 0.760
Redundant cross section fixed effects (d.f. = 33)

Chi-square statistic = 70014.666***
Idiosyncratic random effects

Rho = 0.240
Hausman test Cross section random effects Chi-square statistic 

= 43.120*** (d.f. = 6)
Regression model: Market value = R&D + R&D(t-1) + R&D(t-2) + R&D(t-3) + Income + Debt 
The numeric values in [ ] are t-statistics. 
Probabilities for rejection of the null hypothesis are employed at the 0.05 significance level (***, p < 0.01). 
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is that they are not. Probabilities are computed using the chi-
squared distribution. If the procedure of the statistical test 
shows the null hypothesis is not rejected, the random effects 
method is chosen. The result of the Hausman test indicates 
that the fixed effects model is more robust for the case of the 
regression specifications with the current balanced panel data 
(cross section random chi-square statistic = 43.120, p-value 
< 0.01). Table 4 reports the results of the panel regression 
analysis. In Table 4, the numeric values in the cells are 
coefficients of regressors, which indicate short-run elasticity 
of the endogenous variable for the dependent variable. 

In testing hypothesis 1 that there are lagged effects of 
R&D investment on the market value of the firm, Table 4 
indicates that the hypothesis is supported at the 0.01 level. 
The results suggest that a one percent rise in R&D investment 
increases the market value by 1.43 percent for the concurrent 
time period, and afterwards gradually decreases its impact, 
but still increases by 0.77 percent with a one-period time 
lag(-1), by 0.44 percent with a two-period time lag(-2), and 
by 0.41 percent with a three-period time lag(-3).

In testing hypothesis 2 that income (earnings) is related 
to the market value of the firm, Table 4 indicates that the 
hypothesis is supported at the 0.01 level. The results suggest 
that a one percent rise in income increases the market value 
by 0.19 percent.

In testing hypothesis 3 that risk ratio is related to the 
market value of the firm, Table 4 indicates that the hypothesis 
is supported at the 0.01 level. The result suggests that a one 
percent rise in risk ratio decreases the market value by 0.04 
percent.

5. Discussion and Recommendations

The findings of the study suggest that the R&D 
investment of Chinese manufacturing firms tends to yield 
favorable market value of the firm with some adjustments 
to time. An interesting finding of this study is that Chinese 
manufacturing firms seem to allocate significantly little 
resources for R&D investment (average R&D intensity 
was 0.02, with standard deviation of 0.01). A plausible 
explanation is that as expenditure on R&D increases sales 
increase but there is no guarantee of income gains as such. 
The findings suggest that Chinese manufacturing firms may 
want to allocate little resources to R&D and technological 
innovation for the short-term profitability purpose; however, 
it is desirable for them to allocate more resources to R&D 
and technological innovation for their future market value 
and their long-term business sustainability. 

This study provides important implications for our 
understanding of the complex lags effects of R&D input 
on output as well as policy-makers for designing and 
implementing R&D and innovation strategies. The findings 
of the study provide some insights that R&D investment 

and technological innovation maybe result in unfavorable 
firm financial performance in the short-term but eventually 
contributes to build up better innovation capabilities and 
competitive advantages in the long-term. Companies 
who are planning ahead and want to maintain sustainable 
growth may want to avoid unprofitable returns. Note that 
sustainable growth and increased income of the firm are 
largely dependent on R&D investment and technological 
innovation capabilities. Managing the sustainable growth 
is important so that companies may want to avoid adding 
pressure on financial resources and stretching their financial 
leverage in the short-term. However, the findings suggest that 
firms should allocate more resources on R&D investment 
and technological innovation for the long-term continued 
success, expecting that their R&D investment enables the 
firm to forecast positive future equity and favorable firm 
performance in the market. 

From the findings of this study it is clear that the strong 
R&D investment and technological innovation is a crucial 
catalyst to develop dynamic capabilities, which can create 
and maintain competitive advantages for the firm in the 
market. The ability to obtain a competitive advantage lies 
within companies’ unique attributes, which dictate how they 
will identify and respond to opportunities. When companies 
pay attention to R&D investment and technological 
innovation positively, they will be more adept in responding 
to situations and seizing opportunities. These R&D 
investment and technological innovation capabilities can 
lead companies to realize greater market value and establish 
a greater connection with their customers and investors 
eventually. In conclusion, the firms that develop successfully 
such technological innovation capabilities through R&D 
investment allow them to move more nimbly in today’s 
dynamic business environments. As such the odds are better 
that they will continue sustainable growth in the market. 

6. Conclusions

The results of the study indicate that the R&D investment 
of Chinese manufacturing firms tends to yield favorable 
market value of the firm with some adjustments to time. 
The results show that R&D investment exhibits a strong 
positive impact on their market value of the firm in Chinese 
stock markets. Moreover, R&D investment has a positive 
time-lag effect on the market value of the firm. In addition, 
R&D strategic investments of Chinese manufacturing firms 
generate a relatively constant positive effect on their market 
value, supporting the notion that the corresponding returns of 
R&D investment for such firms yield lagged but constantly 
positive market value.

One of limitations of the study is that the results can 
be biased due to the selection issue of samples from a 
single country, which means that the country-specific 
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characteristics can be a part of the bias. Further tests using a 
comparable number of samples with more longitudinal data 
and comparing multiple economies may produce different 
results.
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