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Abstract: This study empirically analyzes how R&D expenditures affect firm value using a 

regression model for listed firms in Shandong Province, China. The dependent variable is measured 

by Tobin Q, which measures firm value, and the experimental variable among the independent 

variables is R&D expenditure. In addition, financial leverage and firm size, which have been found 

to have a significant impact on firm value in previous studies, were selected as control variables. 

The study sample consisted of 554 data points analyzed over a nine-year period from 2010 to 2018. 

Without controlling for variables that affect firm value, the correlation analysis shows that R&D 

expenditures of listed firms in Shandong Province, China have a significant positive impact on firm 

value at the 1% level. For a more precise analysis, we ran a multivariate regression analysis 

controlling for other variables that affect firm value and found that R&D expenditure has a 

significant positive impact on firm value at the 1% level. These findings suggest that managers of 

listed companies in Shandong Province, China, need to actively engage in R&D activities to increase 

firm value. Companies in Shandong Province, China, are currently experiencing very strong 

growth, and this study, which shows that R&D is the key to increasing the value of these companies, 

can help companies in Shandong formulate their business strategies. 

Keywords: cash flow; accrual; research and development expenses; enterprise value; financial 

leverage; business size 

 

1. Introduction 

The progress of science and technology and the recruitment of scientific and technological 

talents have an important impact on the development of innovation capabilities. Research and 

development activities are the basis for cultivating and developing a company's own innovation 

capabilities. In the face of increasingly fierce market competition, companies must increase the scale 

and intensity of their research and development activities to cultivate sustainable competitiveness, 

so that they can achieve long-term and sustainable development. In other words, a company's 

technological innovation promotes the input of R&D expenditures, and the input of R&D 

expenditures enhances the core competitiveness of the company. Chinese companies are also taking 

research investment seriously, with executives recognizing that R&D is critical to the future of their 

companies. In response, Chinese companies are gradually expanding their R&D efforts. In addition, 

companies are more transparent about their research and development than ever before. As a result, 

it is now possible to obtain the necessary data on issues such as how the company's R&D activities 

are being carried out, what the profit margins are, and what the economic impact is on the company. 

We chose to study companies in Shandong, China, for the following reasons. 

First, Chinese enterprises' investment in research and development has been growing rapidly, 

according to statistics, in 2018, enterprises nationwide invested a total of 19,677.9 billion yuan in 

research and development (R&D), an increase of 11.8% year-on-year. Second, the top three provinces, 

cities, and districts in China in terms of R&D spending are Guangdong, Jiangsu, and Shandong, all 

of which exceeded 150 billion yuan. Third, state-owned enterprises and private enterprises coexist in 

China. Of these, SOEs make up a very large portion of the Chinese economy. The political relationship 
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between SOEs and the Chinese government is crucial for financing investment, which is why China 

has allowed SOEs to invest more in R&D. In China, the number of listed companies in a province 

indicates the economic status of the region, and the more listed companies, the more developed the 

industrial production economy of the region. There are 211 listed companies in Shandong, which 

ranks sixth in the country. Fourth, the development of research and development activities and the 

investment of research and development expenditures will bring new products to the enterprise, 

create new industries, explore new markets, obtain more profits, and promote the improvement of 

enterprise value. Fifth, in a market environment driven by information and knowledge, a company's 

R&D expenditures have already come to promote science and technology. The drive for innovation 

and economic development simultaneously provides external investors with a yardstick for 

measuring firm value and corporate performance, so empirical research on the impact of R&D 

spending on firm value has important theoretical and practical implications. 

Many studies that have examined the relationship between R&D expenditures and firm value 

have generally found that R&D expenditures have a significant positive impact on firm value [1]. 

Based on this review of previous studies, this study is organized as follows to analyze the reasons for 

the rapid growth of R&D expenditures in Shandong Province and how R&D expenditures affect firm 

value. 

2. Materials and Methods 

Lev found that R&D investments positively affected the value of the firm by increasing future 

firm profitability [2]. Eberhart found a significant association between increased R&D spending and 

operating performance for U.S. firms [3]. Hirschey an alyzed the relationship between firm value and 

book value, accounting profit, research and development expenditures, and advertising expenditures 

[4]. 

The analysis shows that accounting profit, R&D expenses, and advertising expenses have a 

significant positive impact on firm value. Chauvin and Hirschey analyzed the relationship between 

advertising expenditures and R&D investment and firm value [5]. The dependent variable is the 

market value of the stock. The results of the analysis show that only advertising expenditures and 

R&D expenditures have a positive effect on firm value. 

Yuk, Geun-Hyo analyzed the impact of R&D investment on accounting profit and Tobin Q using 

a profit model and a valuation model for 126 firms from 1987 to 1998. The analysis shows that R&D 

investment has a positive impact on firm value in the two years following the current year [6]. Jung 

and Park analyze whether R&D investment has a significant impact on firm value. The analysis 

shows that current R&D investment is positively related to firm value, while non-current R&D 

investment is mostly non-significant [7]. Park and Yang analyze the impact of R&D investment on 

firm performance before and after an IPO (Initial Public Offering using 311 KOSPI listed firms [8]. 

Our analysis shows that pre-IPO R&D investment has a significant positive effect on post-IPO firm 

performance, average market capitalization, but only R&D investment in the year prior to IPO has a 

significant positive effect on the year of IPO. Lee and Ha examined the relationship between R&D 

expenditures and firm value using 104 firms from the KSE (Korea Stock Exchange) and 71 firms from 

the KOSDAQ (Korea Securities Dealers Automated Quotation) [9]. The analysis shows that R&D 

investment has a positive impact on firm value for both the Korea Composite Stock Price Index 

(KOSPI) and the KOSDAQ. The model that includes R&D as an asset and the model that includes 

R&D as an expense also shows a significant positive sign on firm value. Jung et al analyze how R&D 

investment affects firm value using the KOSDAQ [10]. The analysis shows that R&D investment in 

KOSDAQ firms has a positive effect on firm value. Kang analyzed the relationship between R&D 

investment and firm value. The results showed that R&D investment is significantly related to firm 

value [11]. 

R&D expenditures are known to have a positive impact on future accounting earn ings and 

market value [1]. Hirschey and Weygandt and Bublitz and Ettredge show that R&D expenditures 

ultimately have a positive effect on firm value [12,13]. Chan, Martin, and Kensinger also find a 

significant positive effect of stock price on R&D expenditure disclosure [14]. In their analysis of the 
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relationship between R&D expenditures and firm value, Kim and Seo found a significant positive 

relationship between capitalized R&D expenditures and stock returns and reported earnings in 

subsequent periods [15]. 

3. Results 

3.1. Set Hypothesis 

In this study, we review the existing studies and formulate hypotheses to analyze the impact of 

a firm's R&D expenditure on firm value. As shown in the previous study, Hirschey analyzed the 

relationship between R&D expenditures and firm value and found that accounting profit, R&D 

expenditures, and advertising expenditures have a positive and significant effect on firm value [12]. 

Studies such as Lee and Ha and Kang (2015) also found a significant relationship between R&D 

expenditures and firm value [9,11]. By investing in R&D activities, companies can infer that positive 

expectations of future cash flows and operating performance are expected, which will lead to an 

increase in firm value. This study aims to verify the asset quality of R&D expenditures by empirically 

analyzing how R&D expenditures affect the firm value of listed firms and sets the following research 

hypotheses. 

Hypothesis: R&D expenditures will have a positive impact on firm value. 

3.2. Selecting Variables 

3.2.1. Dependent Variable 

Yuk, Geun-Hyo used Tobin Q to analyze the impact of R&D investment on accounting earnings 

[6]. Therefore, in this study, we measure firm value using TQ as used in Yuk-Kun Hyo [6]. TQ is 

defined as the book value of total assets minus the book value of equity, plus the market value of 

equity, divided by the book value of total assets. 

3.2.2. Independent Variable 

In this study, we include the following independent variables that can affect firm value in the 

research model based on previous studies, such as the study by Kim, Jung-Kyo and Seo, Ji-Sung [15]. 

TRD is R&D divided by revenue. 

3.2.3. Control Variables 

In this study, we include the following control variables in our model that may affect firm value. 

First, GROWTH is expressed as an annualized revenue growth rate. Second, financial leverage (LEV) 

is the debt budget divided by total assets. Third, the natural logarithm of sales (LNAGE) is the natural 

logarithm of firm age. Fourth, the natural logarithm of sales (LNSALE) is the natural logarithm of 

sales. Fifth, LOSS is the value of whether or not a loss was incurred. Sixth, the market value of 

equity/book value of equity (MB) was calculated by di viding the market value of equity by the book 

value of equity (total equity). Seventh, OWNER is a variable that indicates the percentage of majority 

ownership (including related parties) of the analyzed company. Eighth, return on equity (ROA) is a 

variable that represents the return on total assets. Ninth, return on equity (ROE) is a variable that 

represents the return on equity. Tenth, the firm size (SIZE) variable is measured by taking the natural 

logarithm of total assets. The existing literature on firm value considers the SIZE variable for firm 

size as a control variable in the model [2]. We also include a year dummy (YEAR) and an industry 

dummy (IND) as control variables to control for differences in the year and industry characteristics 

of the sample. 
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3.3. Analytical Models 

To analyze how R&D expenditures affect firm value, we further run Ordinary Least Squares 

(OLS) and fixed effects panel regressions as alternative valuation norms because there may be a 

connection between the firm's specific impact and the variables of interest. To test our hypothesis, we 

set up the following equation (1) as in previous studies: 

 
(1)

Variable definitions: TQ： Enterprise Value, TRD : R&D expenses/sales,   GROWTH : Sales 

growth rate, LEV : Financial leverage, LNAGE : Natural logarithm of company age, LNSALE : 

Natural logarithm of sales, LOSS : Whether a loss occurred, MB : Market value of equity/ Book value 

of equity, OWNER : Majority ownership, ROA : Return on Total Assets, ROE : Return on equity, SIZE 

: Business size, YEAR : Year dummy, IND : Industry Dummy, ：Residuals. 

3.4. Sampling 

The sample for this study consists of listed companies in China's Guotai'an database from 2010 

to 2018. The data required to measure the presence of dual directorships in the firm and the other 

variables were collected using Stata 15. The study sample is a total of 1,382 firms, excluding 828 

missing firm years, resulting in a final study sample of 554 firm years. The following table [Table 1] 

shows the selection of the study sample and the results. 

Table 1. Selection of the study sample. 

Publicly traded company based in Shandong, China, 2010-2018 1,382 

Missing values (828) 

Final study sample size 554 

4. Discussion 

4.1. Results of Empirical Analysis 

The descriptive statistics of the main variables are shown in Table 2. 

Table 2. Descriptive Statistics. 

Variable N Mean Std Min Median Max 

TQ 554 2.416 1.495  0.785 1.951 10.010 

TRD 554 0.026 0.028 0.000 0.017 0.241 

GROWTH 554 0.160 0.440  -0.914  0.112  5.981 

LEV 554 0.434 0.216  0.026 0.414 1.306 

LNAGE 554 2.702 0.379  1.386 2.772 3.367 

LNSALE 554 21.343 1.291  15.715 21.161 25.017 

LOSS 554 0.104 0.306 0 0 1 

MB 554 3.313 4.527  -49.000 2.733 52.592 

OWNER 554 0.316 0.149 0.041 0.298 0.864 

ROA 554 0.040 0.060  -0.287  0.034 0.277 

ROE 554 0.086 0.574  -1.311  0.066 12.733 

SIZE 554 21.931 1.032  19.574 21.789 25.657 

Variable definitions: see expression (1). 
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As shown in [Table 2], the sample size of listed companies analyzed is 554, and the mean of total 

value (TQ) is 2.416, the minimum value is 0.785, and the maximum value is 10.01. TRD is a variable 

measured by a company's R&D expenses divided by operating revenue, and the mean is 0.026, and 

the minimum and maximum values are 0 and 0.241. The sample companies in this study spend an 

average of 2.6% on R&D as a per centage of revenue. The mean for GROWTH is 0.160, with minimum 

and maximum values of -0.914 and 5.981. The mean of financial leverage (LEV) is 0.434, with 

minimum and maximum values of 0.026 and 1.306. The mean of the natural logarithm of sales 

(LNAGE) is 2.702, with minimum and maximum values of 1.386 and 3.367. The mean of the natural 

logarithm of sales (LNSALE) is 21.343, with maximum values of 15.715 and 25.017. The mean of LOSS 

is 0.104, with minimum and maximum values of 0 and 1. MB is the market value of equity divided 

by the book value of equity (total capitalization), with a mean of 3.313 and minimum and maximum 

values of -49 and 52.5. This means that on average, the market value of equity is 3.3x for the 

companies in our sample, with a maximum of 52.5x. 

The mean of the majority shareholder (OWNER) is 0.316, with minimum and   maximum 

values of 0.041 and 0.864. You'll also notice that the average majority shareholder ownership is 31%, 

with some companies holding as much as 86%. The average return on equity (ROA) is 0.040, with 

minimum and maximum values of -0.287 and 0.277. The average return on equity (ROE) is 0.086, 

with minimum and maximum values of -1.311 and 12.733. The mean for SIZE is 21.931, with 

minimum and maximum values of 19.574 and 25.657. 

4.2. Correlation Analysis 

The correlations between the variables in the sample of 554 companies in this study are shown 

in [Table 3]. As shown in [Table 3], the correlation coefficient between TQ and TRD is 0.451, which is 

a significant positive correlation at 1% significance level. This means that as R&D expenditures 

increase, so does the company's valuation. The correlations between TQ and GROWTH, OWNER, 

ROA, and ROE are 0.202, 0.009, 0.423, and 0.330, respectively, which are significant and positive at 

the 1% significance level. In other words, the higher the R&D expenditure, operating income growth 

rate, majority shareholder ownership, return on total assets, and return on equity, the higher the 

firm's valuation. 

The results of this analysis show that accumulated R&D expenditures con tribute to firm value 

in a lagged manner, indicating that R&D expenditures play a role in enhancing the information value 

to the firm's stakeholders and can significantly explain the variation in firm value. 

Table 3. Correlation Analysis. 

Distinguish TQ TRD 
GROW

TH 
LEV 

LNAG

E 

LNSAL

E 
LOSS MB 

OWNE

R 
ROA ROE SIZE 

TQ 1.000            

TRD 0.451** 1.000           

GROWTH 0.202** 0.108 1.000          

LEV -0.469** 
-

0.466** 
-0.090* 1.000         

LNAGE -0.089 
-

0.115** 
-0.072 0.199** 1.000        

LNSALE -0.500** 
-

0.359** 
0.036 0.427** 0.213** 1.000       

LOSS -0.058 
-

0.175** 
-0.280** 0.330** 0.055 -0.085 1.000      

MB 0.906** 0.323** 0.220** -0.183** -0.007 -0.377** 0.025 1.000     

OWNER 0.009 
-

0.126** 
0.022 -0.050 -0.231** 0.077 -0.144** -0.045 1.000    

ROA 0.423** 0.352** 0.361** -0.641** -0.090 -0.044 -0.530** 0.267** 0.080 1.000   

ROE 0.330** 0.222** 0.374** -0.346** -0.008 0.118** -0.456** 0.216** 0.097 0.897** 1.000  

SIZE -0.535** 
-

0.292** 
-0.002 0.382** 0.230** 0.875** -0.052 -0.428** 0.043 -0.105 0.022 1.000 

Variable definitions: see equation (1), * significance level 5%, ** significance level 1%. 
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4.3. Regression Analysis 

The purpose of this study is to analyze the impact of R&D expenditures on firm value (TQ) of 

listed firms. [Table 4] shows the regression results of the impact of R&D expenditure on firm value. 

The analysis shows that the regression model is significant at the 1% level, with a correction of 0.679, 

which gives the model an explanatory power of 67.9%. After analyzing the impact of the variable of 

interest, R&D expenditure, on firm value, we find that R&D expenditure (TRD) has a positive impact 

on firm value (TQ) at a significance level of 1%. This means that as R&D expenditures increase, firm 

value increases, as in a correlation analysis, which is a univariate analysis. 

The correlation analysis without controlling for other variables affecting firm value shows that 

R&D expenditure has a positive effect on firm value, and the multivariate regression analysis 

controlling for other variables affecting firm value also shows that R&D expenditure has a significant 

positive effect on firm value at the 1% level, suggesting that managers of listed firms in Shandong 

Province of China need to actively engage in R&D activities to increase firm value. 

Specifically, GROWTH is positively correlated with TQ at the 5% significance level, and LOSS is 

positively correlated with TQ at the 1% significance level. In addition, market value of equity/book 

value of equity (MB), return on assets (ROA), and return on equity (ROE) are all positively correlated 

with firm value (TQ) at the 1% significance level. On the other hand, financial leverage (LEV) is 

negatively related to TQ at the 10% significance level, and the natural logarithm of total assets (SIZE) 

is negatively related to TQ at the 1% significance level. On the other hand, the natural logarithm of 

firm age (LNAGE), natural logarithm of sales (LNSALE), and majority ownership (OWNER) are all 

unrelated to firm value (TQ). 

Based on the results of these regressions, the hypothesis that R&D expenditure (TRD) of listed 

firms has a positive effect on firm value (TQ) is accepted. This provides indirect evidence that R&D 

is critical to increasing firm value in publicly traded companies with high R&D expenditures. 

Table 4. Regression results of the impact of R&D expenditure on firm value. 

TQ Coef.  Std. Err. t 

TRD 5.837  1.550 3.76**  

GROWTH 0.224  0.089 2.50*  

LEV -0.473  0.273 -1.73  

LNAGE -0.145  0.111 -1.31 

LNSALE -0.026  0.069 -0.39 

LOSS 0.740  0.157 4.71** 

MB 0.207 0.012 17.26** 

OWNER 0.004 0.002 1.71 

ROA 5.820 0.990 5.88** 

ROE 1.117  0.086 12.96** 

SIZE -0.314 0.083 -3.76** 

F 46.08 1.058 9.07** 

Industry dummy  Yes  

Year dummy  Yes  

N  554  

 

 0.694  

 

 0.679  

Variable definitions: see equation (1), * significance level 5%, ** significance level 1%. 
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5. Conclusions 

Based on a review of previous studies that show that R&D expenditures have   a positive 

impact on firm value, this study analyzes how R&D expenditures affect firm value for listed firms in 

Shandong Province, China, which have a high proportion of R&D expenditures. To this end, we 

conducted an empirical analysis on 554 sample firms listed from 2010 to 2018, and the results of the 

correlation test between R&D expenditure and firm value (TQ) showed that R&D expenditure (TRD) 

has a 1% significant positive impact on firm value (TQ). This means that as R&D expenditures 

increase, firm value increases, as in a correlation analysis, which is a univariate analysis. 

Implications of this research include. First, this study analyzes the relationship between R&D 

expenditure and firm value for the first time for listed companies in Shandong Province. We believe 

this can help analyze the effectiveness of innovation investment in listed companies in Shandong 

Province. Second, our results show that R&D expenditures have a positive relationship with firm 

value. In other words, the more a company spends on R&D, the more it positively affects firm value. 

Third, we believe that our findings can help decision-makers by providing insights into the 

relationship between R&D expenditures and firm value for listed companies in Shandong Province. 
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Abberviations 

List of abbreviatons used in the arricle (in alphabetical order). 

R&D Research and Development 

ROA Return on Total Assets 

ROE Return on equity 
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