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Abstract: 
This paper examines the impact of research and development (R&D) on the profitability and 

sales of mining firms in China and the United States (US) and the moderating effect of firm 

age using Coarsened Exact Matching (CEM). For the combined panel of 168 major US and 

Chinese mining firms, the results suggest that R&D activities play a significant role in 

increasing sales and generating profits for both US and Chinese mining firms. On average, a 

firm engaging in R&D activities earns 4% to 11% higher sales and generates 4% to 13% 

more profits than firms that do not engage in R&D activities. However, for relatively younger 

Chinese mining firms we find that R&D is negatively related to profit and sales. We offer the 

explanation that given the average age of Chinese mining firms is much lower than US 

mining firms, Chinese mining firms suffer from the liability of newness. Consistent with this 

explanation, we find that, in the mining industry, firm age moderates the relationship between 

R&D activities and financial performance. In general, a comparatively mature R&D active 

firm earns 4.4% more profit and generates 7.2% more sales than a younger non-innovative 

firm. We find that the turning point at which R&D activities switch from making a negative, 

to positive, contribution to profit and sales is 37 years and 22 years, respectively.   
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 2 

 

1. Introduction 

Considerable attention has been devoted to analyzing the impact of Research and 

Development (R&D) activities on firm performance. There are at least two major strands of 

literature. One examines the effect of investment in R&D on firm productivity and sales 

(Cohen & Levinthal, 1989; Coe & Helpman, 1995; Guellec & van Pottelsberghe, 2001; Hall 

et al., 2010; Salim & Islam, 2010). The other examines the relationship between R&D and 

future firm profitability (Grabowski & Mueller, 1988; Hirschey, 1982; Roberts & Hauptman, 

1987; Branch, 1974; Schoeffler, 1977; Morbey & Reither, 1990). The results from both sets 

of studies are inconclusive. As Fortune and Shelton (2014, p.35) put it: “The effect of R&D 

investment on firm profitability is the most tenuous; while the effect of R&D investment on 

sales growth and market performance demonstrates the most consistency”.  

We examine the relationship between investment in R&D and firm performance for 

Chinese and US mining firms and consider the moderating role of the firm’s age on this 

relationship. We also identify the age of a firm at which investment in R&D begins to have a 

positive effect on firm performance. A study of the mining sector is timely because the 

mining super cycle has created unprecedented opportunities for mining companies to invest 

in R&D. A number of commentators have called on mining companies to take advantage of 

this opportunity and invest more in R&D to build competitive advantage and create 

opportunities for further profit growth. For example, Bryant (2011, p.1) writes: 

“…those wanting to capture the full value of [the mining super cycle] will need to 

realize important transformations in their business systems: rapid and accurate 

characterization of ore bodies, faster development of mines and speed of extraction, 

improved recovery rates and mine planning as well as increased use of automation 

and remote operations. So despite mining companies producing record profits there 

remains substantial value, from current operations, that is not being captured”. 

  There is, however, surprisingly little empirical evidence on the effect of R&D 

investment on financial performance in the mining sector.
1
  We focus on investment in R&D 

in mining companies in the US and China because, in a sense, these countries represent the 

old and the new. Since the beginning of market reforms in China in the late 1970s, its 

                                                           
1
 An exception is Sun & Anwar (2015) who studied the relationship between R&D activities and performance of  

Chinese coal companies. These authors found that investment in R&D had a significant positive impact on firm 

productivity and sales, but did not find any linkage between R&D and profitability. 
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economic growth has traditionally been on the back of labor-intensive manufacturing. Now, 

companies are substituting higher value-added goods for labor-intensive goods as China 

seeks to move up the value-added ladder.  For example, between 2005 and 2014, Chinese 

companies increased their spending on R&D by a factor of 15 and the number of Chinese 

companies listed on the PwC Strategy& Global Innovation 1000 increased from eight to 115 

over the same period (Casey, 2014). The growth in investment in R&D in the mining sector 

in recent times in China reflects this broader trend.  While the US was the market leader in 

investment in R&D in the mining industry throughout the second half of the last century, 

China has started to sharply increase investment in R&D since the beginning of this century 

and aspires to overtake the US in this sector over the next few years.  

 We contribute to the literature in the following ways. First, given that existing studies 

on the relationship between R&D and firm performance are inconclusive, further research on 

this topic is needed, particularly for sectors in which investment in R&D is important but 

there is little existing evidence. This is one of very few studies examining the impact of R&D 

on a firm’s financial performance in the mining industry and the first study to examine the 

R&D-firm performance nexus between Chinese and US mining firms. Second, there is little 

evidence on the mechanism through which R&D affects firm performance or how the 

relationship between R&D and firm performance changes over time. This is the first study to 

examine the moderating role of age in the relationship between R&D and profits while 

allowing for the fact that R&D is likely endogenous. Third, this is the first study to identify 

the age of the firm at which investment in R&D begins to have a positive impact on financial 

performance.
2
 To account for the potential endogeneity of R&D we examine the R&D-firm 

performance nexus in Chinese and US mining firms employing Coarsened Exact Matching 

(CEM) (see eg. Iacus et al., 2008, 2011). Conditioning on observed variables that induce 

endogeneity between R&D and firm performance helps to minimize the risk of endogeneity.
3
  

2. R&D activities in the US and Chinese mining industry 

The US and China are competing with each other in investment in R&D across a number of 

sectors. While the US has long been the market leader in R&D investment, China’s State 

                                                           
2
 Fortune and Shelton (2014) and Wohrl et al. (2014) examine the moderating role of firm age on the 

relationship between R&D and firm performance in samples of chemical firms and technology-based growth 

firms respectively. However, neither study addresses the endogeneity of investment in R&D. Moreover, neither 

study identifies the age at which investment in R&D generates positive financial returns.   
3
 Sun and Anwar (2015) also use CEM to minimize the risk of endogeneity in their study of the R&D-firm 

performance relationship in Chinese coal mining firms. We differ from them in that they only focus on Chinese 

coal mining firms and do not examine the moderating role of firm age. 
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Council released a major policy document in 2006 to guide the country’s science and 

technology development in the coming decades. The development goal is to make China an 

innovation-oriented society by the year 2020 and a world-leading innovator in the longer 

term (State Council, 2006). Whereas US R&D expenditure has been steady over the last two 

decades, Chinese R&D share in GDP has been increasing since the turn of the century (see 

Figure 1). According to OECD Main Economic Indicator data for 2013, China has the second 

largest R&D expenditure after the US. China also had the largest R&D research team with a 

total of about 2.9 million full time equivalent researchers in 2011, which was double the 

figure for the US (Boeing et al., 2015). In terms of R&D intensity, China invested 1.98% of 

GDP in R&D in 2012, which still lagged behind the US, but, for the first time, was larger 

than the European Union, as a whole, which invested 1.96% (van Noorden, 2014). In March 

2015, China announced that its R&D intensity had exceeded 2% (Pennay, 2015).   

 [Figure 1 should be around here] 

China derives most of its energy from coal and petroleum resources, although natural 

gas, nuclear power and renewable sources (particularly hydropower) account for non-trivial, 

and growing, percentages of the energy mix. Most of China’s mining companies are in coal 

mining. Coal currently supplies approximately 65 percent of China’s energy needs, and while 

its overall contribution to China’s energy mix is projected to fall, coal demand will still 

increase significantly in absolute terms (US Department of Energy, 2005, p.8).  

China’s national energy strategy currently focuses primarily on increasing efficiency, 

reducing reliance on foreign oil and reducing pollution emissions. With these objectives as 

the backdrop, the China National Coal Association advises the National Development and 

Reform Commission (NDRC) on adoption of clean coal technologies. In this regard, since the 

1990s, billions of dollars in foreign technology purchases have helped China to seed 

indigenous R&D programs (Karplus, 2007; Steinfeld, 1998). Most commentators are of the 

view that domestic technology lags behind the international frontier by at least 10-15 years 

with respect to mining efficiency, safety and environmental protection standards (Nolan, 

2001). Some of the large Chinese mining companies, such as the Shenhua Group and the 

Yankuang Coal Mining Group, have been very active in purchasing foreign technology and 

adapting it to local conditions. Coal preparation technologies, such as washing, that reduce 

sulfur content in emissions are also widely applied in China. The technology is often 

manufactured domestically, and although perceived to be inferior to imported technologies, 

homegrown versions can often be 8-10 times cheaper and are, therefore, often preferred 
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(Karplus, 2007). Plant design decisions are usually made by design research institutes in 

collaboration with local partners, such as universities or other research institutes, and these 

connections often facilitate the adoption of locally developed R&D in line with government 

standards (UK Department of Trade and Industry, 2002, p.3). The importance of R&D in this 

sector is reflected in the fact that, in 2010, ‘Coal Mining and Washing’ ranked among the top 

10 industrial sectors in terms of expenditure on R&D in China (see Table 1). 

[Table 1 should be around here] 

   

Investment in R&D activities in the energy sector in the US increased following the 

OPEC oil crisis in 1973. The oil crisis sparked a fundamental reassessment of the nation’s 

vulnerability to imported energy and also forced a reassessment of the role that energy R&D 

could play in helping secure the US against such uncertainty. Accordingly, federal investment 

in energy R&D more than doubled in real terms between 1973 and 1976 and nearly doubled 

again between 1976 and 1980 (Dooley, 2008). Federal investment in energy R&D rose from 

$2.45 billion in 1974 to $1.41 billion in 1979 (in constant, inflation adjusted 2005 US$).  

Over the next two decades, investment in energy R&D in the US fell. From 1981-

1998, federal energy R&D expenditure fell by more than 50% in real terms. Federal support 

for energy R&D fell from $6.64 billion in 1981 to $3.15 billion in 1988 (Fehner and Hall, 

1994). The US extensively invested in clean coal technology during 1989-1995. Yergin 

(1995) estimates that between 1988 and 1995, the US Department of Energy spent slightly 

more than $3 billion (in 2005 US$) on developing clean coal technology. While new 

programs have commenced since the mid-1990s, they have explicitly focused on developing 

technologies needed to address climate change such as Carbon Sequestration (Dooley, 2008). 

Overall, since the beginning of the twenty first century, R&D investment in the energy 

industry in the US has been primarily devoted to inventing environmentally friendly mining 

technologies, such as clean coal. This trend is reflected in the data regarding the distribution 

of federal R&D expenditure since 1950 as shown in Figure 2. 

[Figure 2 should be around here] 

3. Hypotheses development 

Our conceptual framework for examining the relationship between R&D and firm financial 

performance is based on Pakes and Griliches’s (1984) simplified path analysis diagram. This 

is illustrated in Figure 3. This framework relates investment in R&D (R&D) and a random 

disturbance (w) to unobservable net additions to knowledge capital (ΔK) and indicators of 
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firm performance (Z), denoted by profit and sales. We modify Pakes and Griliches’s (1984) 

simplified path analysis diagram to include firm age as a moderator of R&D’s impact on 

knowledge creation. In addition, firm performance is assumed to be influenced by other 

observable variables (X), such as firm age and size, firm’s financial strength and 

unobservable effects like ɛ. Hence, R&D moderated by the number of years for which the 

firm has been in operation affects firm performance, in addition to observable firm 

characteristics (X) and unobservable factors (ɛ) that also impact on firm performance.  

[Figure 3 should be around here] 

R&D activities in a firm can be expected to improve productivity and sales by either 

introducing new goods or services, improving the quality of existing products or initiating 

new and improved production processes (Griliches, 1979). Hall et al. (2010) point out that 

previous studies using firm level data linking business R&D with productivity usually find 

output elasticity of own R&D to be between 1% and 25%, with a concentration at around 8%. 

The effect of R&D on profits is not as clear-cut because investment in R&D increases both a 

firm’s sales and costs simultaneously. Grabowski & Muller (1988) and Branch (1974) find 

that firms with high R&D intensity have higher future growth opportunities and profitability 

than those with lower R&D. The literature, however, is not conclusive. There are several 

studies that have found R&D to have no effect on firm profits (see eg. Kandybin & Kihn, 

2004; Morbey & Reither, 1990; Von Braun, 1996). Schoeffler (1977) argues that high R&D 

expenditure is negatively correlated with profits if the market is growing rapidly and that 

innovation only leads to higher profits if the firm is in a strong position within the industry to 

begin with. To sum up, while the positive impact of R&D investment on sales is relatively 

well established in the literature, there is considerable debate over the relationship between 

R&D investment and firm profitability. R&D can have a negative impact on profit in 

circumstances in which the cost of R&D investment is too large to be covered by the pre-

R&D profit of the firm. Our first two hypotheses in the context of mining companies are: 

H1: Mining companies that invest in R&D are more profitable than those that do not invest in 

R&D. 

H2: Mining companies that invest in R&D have higher sales than those that do not invest in 

R&D. 

The conceptual basis for treating firm age as a moderator variable in the relationship 

between R&D investment and firm financial performance is the notion of liability of newness 
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(Stinchcombe, 1965).
4
 The liability of newness posits that newer firms are disadvantaged vis-

à-vis older firms because newer firms lack experience, lack external ties and lack legitimacy. 

There is much empirical support for the liability of newness, even when studies control for 

firm size (see the studies reviewed in Fortune & Shelton, 2014). 

Liability of newness as a concept carries several predictions for the moderating role of 

age on the effect of R&D on firm performance. First, it suggests that external actors, such as 

creditors, customers and suppliers, may be reluctant to interact with newer firms, making it 

more difficult for newer firms to acquire resources and hinder efforts to develop new 

products. Hence, investment in R&D will not as readily translate into better financial 

performance as may occur in older firms that have more established links to the external 

environment and greater legitimacy in the eyes of the external actors with whom they 

interact. In particular, older firms are likely to have stronger ties to research institutions, such 

as universities, which are helpful in the commercialization of R&D (Lynn et al., 1996). 

Second, older firms have more experience with R&D activity. The return on investment in 

R&D in older firms is likely to be higher because it has benefited from experimentation, 

repetition and learning by doing that assist older firms to refine their productive activities and 

build firm-specific human capital (Teece et al., 1997). Third, staff in newer firms are less 

likely to have the experience and expertise to exploit complex technologies, which is likely to 

impede the financial return on R&D in the firm’s early years (Zahra et al., 2005). These 

arguments together suggest the following hypotheses concerning firm age as a moderator: 

 

H3: Firm’s age moderates the relationship between R&D investment and firm profits, such 

that the relationship between R&D investment and profits is stronger in older firms 

H4: Firm’s age moderates the relationship between R&D investment and firm sales such that 

the relationship between R&D investment and sales is stronger in older firms. 

4. Empirical specification, methodology and data  

4.1. Empirical specification and method 

We consider two major indicators to identify mining firm performance: gross profit and net 

sales. While the focus is on the role of R&D spending on firm performance, both firm and 

country specific variables are used as control variables. Firm specific variables include 
                                                           
4
 See also Fortune and Shelton (2014) who also use the liability of newness concept to hypothesize why age 

moderates the relationship between R&D and firm performance in the context of the chemical sector. The 

arguments presented here draw on those presented in Fortune and Shelton (2014).  
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number of employees as a proxy for firm size, working capital, which is a proxy for a firm’s 

financial capabilities and years of operation as a proxy for firm age. Real GDP is used as a 

proxy for the economy from which the firm originates (i.e. USA or China). We estimate four 

sets of regression equations. The first two equations are used to test the first two hypotheses 

that R&D influences mining firm’s financial performance: 

𝑃𝑟𝑜𝑓𝑖𝑡𝑖𝑡 = 𝛼0 + 𝛼1𝑓𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛼2𝑓𝑖𝑛𝑎𝑛𝑐𝑒𝑖𝑡 + 𝛼3𝑎𝑔𝑒𝑖𝑡 + 𝛼4𝑅&𝐷𝑖𝑡 + 𝛼5𝑒𝑐𝑜𝑛𝑜𝑚𝑦𝑖𝑡 + 𝜀𝑖𝑡 

(1) 

𝑆𝑎𝑙𝑒𝑠𝑖𝑡 = 𝛽0 + 𝛽1𝑓𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛽2𝑓𝑖𝑛𝑎𝑛𝑐𝑒𝑖𝑡 + 𝛽3𝑎𝑔𝑒𝑖𝑡 + 𝛽4𝑅&𝐷𝑖𝑡 + 𝛽5𝑒𝑐𝑜𝑛𝑜𝑚𝑦𝑖𝑡 + 𝜀𝑖𝑡

            (2) 

The third and fourth hypotheses that firm’s age moderates the relationship between R&D and 

profit and sales are tested through interacting firm age and R&D as follows: 

 𝑃𝑟𝑜𝑓𝑖𝑡𝑖𝑡 = 𝛾0 + 𝛾1𝑓𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛾2𝑓𝑖𝑛𝑎𝑛𝑐𝑒𝑖𝑡 + 𝛾3𝑎𝑔𝑒𝑖𝑡 + 𝛾4𝑅&𝐷𝑖𝑡 + 𝛾5𝑎𝑔𝑒 ∗ 𝑅&𝐷𝑖𝑡 +

𝛾6𝑒𝑐𝑜𝑛𝑜𝑚𝑦𝑖𝑡 + 𝜀𝑖𝑡          (3) 

𝑆𝑎𝑙𝑒𝑠𝑖𝑡 = 𝛾0 + 𝛾1𝑓𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛾2𝑓𝑖𝑛𝑎𝑛𝑐𝑒𝑖𝑡 + 𝛾3𝑎𝑔𝑒𝑖𝑡 + 𝛾4𝑅&𝐷𝑖𝑡 + 𝛾5𝑎𝑔𝑒 ∗ 𝑅&𝐷𝑖𝑡 +

𝛾6𝑒𝑐𝑜𝑛𝑜𝑚𝑦𝑖𝑡 + 𝜀𝑖𝑡          (4)  

where, profit, sales, firm size, finance and age are represented by firm’s gross profit, net 

sales, number of employees, working capital and years of operation, respectively. R&D is a 

dummy variable for research and development, taking a value of one if a firm performs R&D 

activities as reported in their financial statements and zero otherwise. Economic conditions 

are represented by real GDP in the country of origin of the firm. 

In each of the four equations, R&D is potentially endogenous. To address this issue, 

we adopt CEM (Iacus et al., 2011). The basic idea of CEM is to coarsen each variable by 

recoding so that substantively indistinguishable values are grouped and assigned the same 

numerical value (groups may be the same size or different sizes depending on the substance 

of the problem). Then, the ‘‘exact matching’’ algorithm is applied to the coarsened data to 

determine the matches and to prune unmatched units. Finally, the coarsened data are 

discarded and the original (uncoarsened) values of the matched data are retained. To be more 

precise, after coarsening, the CEM algorithm creates a set of strata, let’s assume 𝑠 ∈ 𝑆, each 

with the same coarsened values of X. Units in the strata that contain at least one treated and 

one control unit are retained; units in the remaining strata are removed from this sample. T
s
 

denotes the treated units in stratum s and by 𝑚𝑇
𝑠 =≠ 𝑇𝑠 the number of treated units in the 
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stratum. This is also the case for the control units; that is, C
s 
and 𝑚𝐶

𝑠 =≠ 𝐶𝑠. The number of 

matched units are, respectively, for treated and controls, 𝑚𝑇 = 𝑈𝑠∈𝑆𝑚𝑇
𝑠  and 𝑚𝐶 = 𝑈𝑠∈𝑆𝑚𝐶

𝑠 . 

To each matched unit i in stratum s, CEM assigns the following weights: 

𝑤𝑖 = {

1, 𝑖 ∈ 𝑇𝑠

𝑚𝑐

𝑚𝑇

𝑚𝑇
𝑠

𝑚𝐶
𝑠 ,

𝑖 ∈ 𝐶𝑠 

Unmatched units receive weight wi = 0. 

Hence, CEM assigns to matching the task of eliminating all imbalances (i.e., 

differences between the treated and control groups) beyond some chosen level defined by the 

coarsening. Imbalances eradicated by CEM include all multivariate nonlinearities, 

interactions, moments, quantiles, co-moments and other distributional differences beyond the 

chosen level of coarsening. Like exact matching, CEM produces variable-sized strata. If not 

enough data are available, one can produce one-to-one matching by randomly selecting the 

desired number of treated and control units from those within each stratum or apply an 

existing method within strata. Once an appropriate comparison group has been created, we 

can use regression analysis to estimate the treatment effect (Abadie & Imbens, 2011). Since 

we want to investigate the impact of the R&D status of the firms, the coarsening is carried out 

on the control variables that are included in equations (1) to (4). 

4.2 Data 

The empirical analysis presented in this paper is based on firm level data obtained from an 

enterprise survey from the OneSource database (also known as Avention, OneSource). The 

sample includes 168 major US and Chinese mining firms, generating annual sales of at least 

50,000 USD covering the period 2009 to 2013. The summary statistics are presented in Table 

2. From the summary statistics it can be observed that the average age of US firms are much 

higher than that of their Chinese counterparts. While the maximum age of a US petroleum 

and gas extraction firm is 131 years, the oldest Chinese coal firm is 29. Whereas in the US, 

major R&D investment is undertaken by oil and gas companies, in China R&D investment is 

mainly undertaken by coal companies. While Chinese firms employ more people, US 

companies have greater financial strength as represented by working capital.  

[Table 2 should be around here] 
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5. Results 

5.1 Findings with respect to H1 and H2 

We first estimate equations (1) and (2) using CEM for the full panel, which consists of 168 

US and Chinese mining firms. The results are presented in Table 3. The overall imbalance is 

given by the multivariate ℒ1 distance statistic, introduced in Iacus et al. (2008) as a 

comprehensive measure of global imbalance. Perfect global balance (up to coarsening) is 

indicated by ℒ1=0, and larger values represent greater imbalance between groups. The 

maximum value of ℒ1 is 1, which signals complete separation between groups. 

In the left panel of Table 3, we start with our base line model, in which firm size, 

financial strength, company age, R&D and GDP are treated as exogenous variables while 

endogenous variables are gross profit and net sales. This model is run for the full panel, 

consisting of all US and Chinese mining companies. The overall multivariate ℒ1 distance 

statistic for this baseline model is 0.55. This value of 0.55 is a baseline reference for 

unmatched data. Once a matching solution is obtained, the new matching ℒ1 is compared 

with the baseline ℒ1 to gauge the increase in balance resulting from the matching solution 

from that difference. Hence, we proceed to employ ordinary least squares (OLS), which 

reveals R&D has a significant positive effect on profits and sales.  Firms that invest in R&D 

are, on average, 10.79% more profitable and generate 12.76% more sales than those that do 

not undertake R&D. This result indicates that, in the long run, R&D plays a bigger role than 

either firm size or firm financing in contributing to firm performance. To get a feeling for the 

relative magnitudes, profit and sales elasticity with respect to firm size and financial strength 

are 0.0014 and 0.0037 (size), 0.6632 and 1.1444 (financial strength), respectively.  

 

[Table 3 should be around here] 

 

Since GDP is found to be a significant factor influencing firm performance, we 

included a country dummy. If the firm originated in the US then the dummy takes a value of 

one and zero otherwise. The country dummy is found to be insignificant. R&D, firm size and 

firm’s financial strength continue to be the main factors responsible for firm sales and 

profitability. The magnitude on the R&D coefficient is similar and continues to be much 

larger than firm size and financial strength. Income of the economy becomes insignificant 

once the country effect is added to the specification. Having a ℒ1 statistic of 0.51 represents a 

reasonable match as the imbalance is now lower than the baseline imbalance of 0.55.  
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We next focus on the roles of firm specific characteristics like size, age and financial 

strength on profits and sales in mining firms. The results with regards to US and Chinese 

mining firms are presented in Table 4. The ℒ1 statistic is even lower at 0.39 and 0.43, 

indicating an even better match for US and Chinese mining firms, respectively. The results 

are similar to the full panel results. R&D, financial strength and firm size all play a 

significant role in generating sales and profit in US mining firms. US companies that invest in 

R&D have 4.34% more profit and 4.97% more sales. Our results are consistent with Apergis 

and Sorros (2014), who find that the elasticity of R&D for 39 US fossil fuel firms is around 

0.36 with respect to return on assets. Studying the US energy sector from 2000 to 2012 they 

also find that for renewables, the elasticity of R&D is much higher at 0.74. This result 

indicates that larger energy firms undertake higher R&D spending. 

[Table 4 should be around here] 

 

 

For Chinese mining firms, although firm size is significant and positively correlated 

with both sales and profit, R&D has no significant effect on profit and has a  large negative 

and significant effect on sales (-72.42%). Von Braun (1997) and Kandybin & Kihn (2004) 

also find that R&D expenditure has an insignificant effect on firm performance, while 

Schoeffler (1977) finds R&D to be negatively correlated with profit. Schoeffler (1977) 

suggests that this inverse relation may exist in two situations: one, when the market is 

growing very fast and two, in the case that those firms have not already established a strong 

position in the market and/or in their sector. Roberts and Hauptman (1987) argue that 

attempts at technological innovation have a negative effect on the economic performance of 

new and underfinanced firms in the biomedical and pharmaceutical industry. They suggest 

that for investment in R&D to have a positive effect on firm performance what is needed is 

long-term substantial, and sustainable, investment in innovation activities.  

 

Our results for US and Chinese mining companies can be explained in similar terms. 

Given that the global energy industry is growing very fast, Schoeffler’s (1977) argument that 

benefits arising from investment in R&D will only accrue to established firms in the industry 

is also valid in this context. As Chinese mining companies are relatively new and have only 

more recently started investing in R&D, compared to US firms, our results suggest that 

investment in R&D Chinese firms may be hindered by the liability of newness.       

Since the relationship between R&D and firm performance is found to differ between 

US and Chinese mining firms, we further explore this issue by comparing US petroleum and 
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gas extraction firms and Chinese coal mining firms. We take these two separate industries 

from each country as they are the dominant firms in the composition of mining companies 

and mining R&D investment in their respective economies. The US petroleum and gas 

extraction and the Chinese coal industry’s results are presented in Table 5. 

 [Table 5 should be around here] 

 

Results related to the US petroleum and gas extraction industry are pretty much 

consistent with the full panel as well as the US panel in that R&D, firm size and firm’s 

financial strength are all key factors contributing positively to profits and sales in mining 

firms. However, for the Chinese coal industry R&D has a negative effect on firm 

performance. Furthermore, R&D plays a bigger role in explaining financial performance than 

the other two variables. The results confirm that while there is a strong positive association 

between firm size and sales, R&D expenditure is negatively related to both sales and profit in 

Chinese coal firms. Another interesting finding is that the coefficient on age is also negative 

and significant, indicating that relatively younger Chinese coal mining firms are doing better 

than their older counterparts in terms of generating both profit and sales. This may be due to 

the fact that these relatively newer firms are adopting more advanced and efficient 

technologies in their overall production and business operations. 

To sum up, the hypothesis that R&D is positively related to profit and sales in mining 

firms is confirmed by our tests from combined US-Chinese, US mining and US petroleum 

and gas extraction industry samples. However, in Chinese mining firms, especially coal 

mining firms, investment in R&D is negatively correlated with financial performance. In 

addition, the age of the firm is negatively related to firm performance. Hence, these 

contrasting results from US and Chinese mining firms led us to consider the role of not only 

R&D expenditure, but also the moderating role of the age of the firm.  

5.2 Findings with respect to H3 and H4 

We test the proposition that as it takes longer for a firm to capture the positive externalities 

from R&D activities, consistent long-term investment in R&D by mature firms is the key to 

realizing the benefits of R&D expenditure. We start by testing this hypothesis with regards to 

the full panel. The results for the combined US-Chinese mining industries with, and without, 

a country dummy are reported in Table 6.  ℒ1 statistics are lower than the baseline case for 

firms in both countries, indicating a better match. The results suggest that firm size, financial 

strength, R&D and the interaction term between firm age and R&D are significant 
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determinants of both profit and sales. While company age is insignificant in all specifications, 

the country’s income level is significant only without the country dummy. 

[Table 6 should be around here] 

 

For the full panel, R&D, firm size, age and the interaction terms are positively 

correlated with both profit and sales in mining firms. Those comparatively older firms who 

are actively investing in R&D are 4.42% more profitable and achieve 7.17% more sales than 

their younger industry counterparts that are not investing in R&D. These magnitudes are 

similar to our previous estimates without having an interaction term in the specification. As 

the interaction term is significant H3 and H4 cannot be rejected at the one per cent 

significance level for the full panel. We also include country specific dummy variables. The 

results are pretty much similar to our full panel findings without controlling for a country 

effect; firm size, financial strength, R&D and the interaction term are all significant and 

positive. The country dummy, as well as income variables, continue to be insignificant.  

The results for US and Chinese mining companies separately with the interaction term 

are provided in Table 7. ℒ1 distances of 0.47 and 032 also represent good matching tasks 

being performed for these two models, respectively. With respect to US mining firms, the 

coefficient on size and R&D is positive as expected. The interaction is significant for both 

profit and sales equations. A mature firm with R&D expenditure is 1.82% more profitable 

and likely to generate 7.33% more sales than a younger non-innovative firm in the US. 

Therefore, for the full panel as well as for the US mining firms’ panel, hypotheses three and 

four are largely supported. Now we turn to looking at this dynamic in the Chinese context.  

[Table 7 should be around here] 

 

The Chinese mining firm results are pretty much consistent with our earlier results 

regarding hypotheses one and two. While firm size and financial strength are found to be 

positively significant, age is negatively significant with respect to both sales and profit. We 

check the robustness of our results  by implementing equation 3 and 4 with US petroleum and 

gas extraction firms’ data and Chinese coal mining industry data, respectively. As before, we 

compare the petroleum and gas industry of the US with the coal industry of China because 

they are the major players in the mining industries of these two countries. Accordingly we 

assume that most of the R&D investment in fossil fuels is made within these two industries. 

The results are reported in Table 8. For the US, firm size and R&D have the two largest 

effects on mining firm profit and sales. Age moderates the linkage between R&D and firm 

performance as reflected by the significance of the interaction term.  
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[Table 8 should be around here] 

 

With respect to Chinese coal firms, the results are similar to our earlier findings that 

firm size plays a significant positive role, while age and R&D impact profit and sales 

negatively. It is worth noting here that unlike US firms, in China age is found to be 

significant and it’s negative. The results suggest that in the case of Chinese mining firms, 

younger firms are doing better. If we add up the R&D and interaction term results together, 

the results lead to the conclusion that, since mining is a capital intensive industry, at the 

initial stages of R&D investment, expenditure on R&D takes a huge toll on profit and sales. 

While in the US, a mature R&D active firm earns 1.76% more profit and generates 7.27% 

more sales, a Chinese mature and innovative firm is 6.99% more profitable and earns 16.22% 

more sales than a comparatively younger R&D inactive mining firm.   

To summarise our results with regards to hypotheses three and four, we conclude that 

firm age moderates the linkages between R&D and firm performance and that R&D has a 

stronger effect on financial performance in older firms consistent with the liability of 

newness. Older firms have better organizational capabilities than newer firms because they 

have had more time to learn through experimentation and repetition. As such, older firms are 

better placed to translate investment in R&D into improved financial performance. The 

findings are consistent with the evolutionary economics literature on organizational routines 

(see Fortune & Shelton, 2014). Investment in R&D represents a class of organizational 

routine (Winter, 1990). The evolutionary economics literature suggests that older firms are 

better placed to generate, and store, firm knowledge within organizational routines because 

they have had more time to develop organizational capabilities (Nelson & Winter, 1982). 

 Given the difference in average firm age between Chinese and US mining companies, 

these results explain why investment in R&D has a positive effect on financial performance 

in US mining firms, but not Chinese mining firms. On average, Chinese firms are more likely 

to suffer from the liability of newness. Within the context of that perspective, given their 

average younger age, Chinese firms are less likely to have linkages into their external 

environment; less likely to have legitimacy in the eyes of external actors and less likely to 

have the human capital needed to exploit complex technologies compared with their US 

counterparts (Stinchcombe, 1965). The results for the moderating role of age are consistent 

with the fact that mining is a capital-intensive industry operating in an uncertain external 

environment.  In such circumstances, it takes time for investment in R&D, particularly basic 

research, to show a positive financial return (Teece et al., 1997).   
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5.3 Identifying the threshold 

Following Hansen (1999), we identify the age of a firm at which expenditure on R&D starts 

to have a positive effect on financial performance. In particular, we estimate the following 

equation with respect to all firms in both countries that are involved in R&D activities: 

yit = μi + β1
/
xitI(qit ≤ γ) + β2

/
xitI(qit > 𝛾) + εit        (5) 

where I(.) is the indicator function, yit is the dependent variable (profit or sales in our study), 

xit is a vector of independent variables (firm size and working capital in our case) and the 

threshold variable qit is a scalar (age in our study). The observations are divided into two 

‘regimes’, depending on whether the threshold variable age (qit) is smaller or larger than 

threshold γ. The threshold estimate along with LM test statistic are reported in Table 9. Both 

the LM statistics are significant, indicating one threshold for each of the cases. The results 

indicate that it takes almost 37 years before expenditure on R&D by mining companies has a 

positive effect on profits. The corresponding time span for R&D expenditure to have a 

positive effect on sales is 22 years. It makes sense that it would take longer for expenditure 

on R&D to have a positive effect on profits because for profits to be positive sales have to be 

higher to compensate for costs. Estimates of pre-and-post threshold regressions are presented 

in Table 10. During regime one, the coefficients on R&D with respect to profit and sales are -

12.3409 and -60.4552, respectively, while in the second regime, the coefficients on R&D 

with respect to profit and sales are -12.0501 and 28.2793, respectively. 

[Tables 9 & 10 should be around here] 

 

6. Conclusions 

This paper has examined the impact of R&D on the financial performance of US and Chinese 

petroleum and gas extraction, and coal mining firms by applying CEM to a panel of firms 

over the period 2009-2013. In addition to identifying the impact of R&D on firm 

performance, we have examined the moderating role of firm age and the threshold at which 

investment in R&D switches from having a negative to a positive effect on firm performance. 

The results for the US firms show that R&D increases both sales and profit between 

4-7% and 4-4.5%, respectively. However, R&D has a large negative effect on the profit and 

sales of Chinese firms. The latter result suggests that consistent investment in innovation is a 

necessary prerequisite for R&D to have a positive impact on a firm’s profit and sales. 
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Therefore, we further tested whether the different results for the two countries is due to 

differences in the age of the mining firms in China and the US. We found that in the 

combined US and Chinese mining panel a comparatively mature R&D active firm earns 

4.42% more profit and generates 7.18% more sales than a younger non-innovative firm. The 

significance of the R&D and age interaction term indicates that age does moderate the impact 

of R&D in mining firms. Hence, as suggested by the R&D literature, innovation takes time to 

make a real impact. We find that the threshold for investment in R&D to have a positive 

effect on profit is 37 years and the threshold for R&D to have a positive effect on sales is 22 

years. Overall, our estimates show that for the US, R&D has a stronger positive impact than 

each of the control variables, while for China, since investment in R&D is comparatively a 

new phenomenon, R&D expenditure is yet to make a real positive impact.  
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Figures and Tables 

Figure 1: National R&D Expenditures as a Percentage of GDP by Country: 1981 to 2013 

  

Source: OECD Main Economic Indicators 

  

0

0.5

1

1.5

2

2.5

3

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

United States China



 21 

Figure 2: Allocation of Federal R&D Expenditure in the US, 1950–2010 

 

 

Source: The Nuclear Energy Institute (2011) 
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Figure 3: The Empirical Relationship between R&D Investment and Firm Performance  
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Table 1: Top 10 Industrial Sectors for China’s R&D spending in 2010 

__________________________________________________________________ 
Industrial    Spending Spending/ Spending/ 

sectors     shares (%) Profits (%) Revenue (%) 

 

Computers and communication    17.1  27.95  1.42 

Transport equipment   14.5  14.45  1.31 

Electrical equipment   10.6  19.83  1.59 

Ferrous metals    10.0  24.00  0.88 

Chemicals       6.2  13.84  1.02 

General purpose machinery    5.9  18.24  1.59 

Special purpose machinery    5.8  22.23  2.04 

Pharmaceuticals     3.1  14.06  1.82 

Non-ferrous metals     3.0  12.36  0.68 

Coal mining and washing     2.7    4.06  0.63 

 

Sub-sector average     17.10  1.30 

Overall average     11.75  0.93  

_________________________________________________________________ 
 

Notes: The statistics refer to large and medium enterprises only. The “average” is the un-weighted mean of 

relevant groups. 

Source: National Bureau of Statistics and the Ministry of Science and Technology. (2011). 
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Table 2: Summary Statistics of Firms  

Industry/Variable Obs. Mean Std. Dev. Min Max 

      

Full Panel (168 Firms)     

Gross Profit 840 29.2406 122.176 -3.813398 1267.24 

Net Sales 840 101.5244 513.7668 0.0576 4670.29 

No. of Employees 840 17960.97 129663.1 3 1730000 

Working Capital 840 1.585562 26.31298 -295.3035 208.498 

Years of Operation 840 17.89881 21.1374 1 131 

R&D 840 0.3940476    

      

US Panel (140 Firms)     

Gross Profit 720 24.88165 120.3498 -3.813398 1267.24 

Net Sales 720 66.19859 394.8798 0.0576 4670.29 

No. of Employees 720 3060.764 10516.5 3 83600 

Working Capital 720 2.506148 19.36013 -117.9202 208.498 

Years of Operation 720 18.91667 22.55869 1 131 

R&D 720 0.3208333    

      

Chinese Panel (24 firms)     

Gross Profit 120 55.39467 130.0913 0.16 597.84 

Net Sales 120 313.4793 930.601 0.23 4217.1 

No. of Employees 120 107362.2 329338.8 268 1730000 

Working Capital 120 -3.93775 50.80332 -295.3 131.1 

Years of Operation 120 11.79167 5.605963 1 29 

R&D 120 0.8333333    

      

US Petroleum and Gas Exploration Panel (127 firms)   

Gross Profit 635 27.6638 127.8944 -3.813398 1267.24 

Net Sales 635 72.7606 420.0175 0.6725 4670.29 

No. of Employees 635 3076.076 11137.98 3 83600 

Working Capital 635 2.118411 20.10201 -117.9202 208.498 

Years of Operation 635 19.08661 22.46554 1 131 

R&D 635 0.3464567    

      

Chinese Coal Panel (15 Firms)     

Gross Profit 75 16.9909 28.88196 0.23 138.89 

Net Sales 75 50.5624 77.52646 0.49 415.51 

No. of Employees 75 36144.59 25284.04 268 91487 

Working Capital 75 4.775867 14.50937 -15.26 64.55 

Years of Operation 75 12.26667 5.556426 1 29 

R&D 75 0.8666667    
Note: R&D is a dummy variable and its mean is the percentage of observations that takes a value of 1. 

Source: Avention, OneSource, 2009-2013. 
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Table 3: Results for Combined Chinese and US Mining Industries 

 Without Country Dummy With Country Dummy 

 Gross Profit Net Sales Gross Profit Net Sales 

Regressors Coefficient S. E. Coefficient S. E. Coefficient S. E. Coefficient S. E. 

Firm Size 0.0014*** 0.00 0.0037*** 0.00 0.0014*** 0.00 0.0037*** 0.00 

Financial 

Strength 

0.6632*** 0.13 1.1444*** 0.23 0.0001*** 0.13 1.1759*** 0.23 

Age 0.0851 0.08 0.0889 0.15 0.0842 0.08 0.0857 0.15 

R&D 10.799*** 3.09 12.7648** 5.69 10.9104*** 3.09 12.92344** 5.69 

Economy 3.54e-12*** 0.00 7.38e-12 0.00 4.62e-12 0.00 1.14e-11* 0.00 

Country     -9.3778 0.00 -38.1889 62.21 

         

No. of Obs. 810  810  810  810  

F-stat 56.39  100.97  47.40  33.27  

Adjusted 

R
2
 

0.2550  0.3819  0.2560  0.2849  

Matching Summary:        

 0 1 Multivariate ℒ1 
distance: 

0 1 Multivariate ℒ1 
distance: 

All 509 331 0.5511  509 331 0.51368  

Matched 501 309   501 309   

Unmatched 8 22   8 22   
Note: ***, **, and * denote significance at 1, 5, and 10 percent levels, respectively. S. E. stands for standard error. 
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Table 4: Results for Individual US and Chinese Mining Industries 

 US China 

 Gross 

Profit 

 Net Sales  Gross 

Profit 

 Net Sales  

Regressors Coefficient S. E. Coefficient S. E. Coefficient S. E. Coefficient S. E. 

Firm Size 0.0069*** 0.0002 0.0108*** 0.0002 0.0009*** 0.0001 0.0054*** 0.0003 

Financial 

Strength 

0.2597** 0.1142 0.1308 0.1267 1.1655** 0.1619 -1.0327 0.6865 

Age 0.0398 0.0265 0.0481 0.0294 0.2652 0.6292 0.4502 2.6664 

R&D 4.3412*** 1.2234 4.9707*** 1.3575 -14.0907 9.8072 -72.424* 41.5589 

         

No. of Obs. 668  668  111  111  

F-stat 134.65  364.46  29.97  68.14  

Adjusted R
2
 0.4449  0.6855  0.5130  0.4910  

Matching Summary:        

        

 0 1 Multivariate ℒ1 

distance: 

0 1 Multivariate ℒ1 

distance: 

All 489 231 0.3931  20 100 0.4268  

Matched 477 191   15 96   

Unmatched 12 40   5 4   
Note: ***, **, and * denote significance at 1, 5, and 10 percent levels, respectively. 
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Table 5: Results for US Petroleum and Natural Gas Extraction and Chinese Coal Mining Industries 

 US Petroleum and Natural Gas Extraction 

Industries 

 Chinese Coal Mining Industries 

 Gross 

Profit 

 Net Sales  Gross Profit Net Sales 

Regressors Coefficient S. E. Coefficient S. E. Coefficient S. E. Coefficient S. E. 

Firm Size 0.0076*** 0.0002 0 .0124*** 0.0002 0.0005*** 0.0001 0.0017*** 0.0002 

Financial 

Strength 

1.1751** 0.1027 1.0441*** 0.1256 0.0723 0.2525 0.1748 0.6929 

Age 0.0209 0.0208 0.0346 0.0255 -1.0445** 0.4186 -2.1203*** 1.1488 

R&D 3.6526*** 0.9522 4.7158*** 1.1641 -36.6167*** 6.1726 -100.419*** 16.9371 

         

No. of Obs. 589  589  69  69  

F-stat 307.70  551.54  20.71  24.02  

Adjusted 

R
2
 

0.6760  0.7893  0.5370  0.5752  

Matching Summary:        

 0 1 Multivariate ℒ1 

distance: 

0 1 Multivariate ℒ1 

distance: 

All 415 202 0.3878  10 65 0.4833  

Matched 408 181   9 60   

Unmatched 7 39   1 5   
Note: ***, **, and * denote significance at 1, 5, and 10 percent levels, respectively. 
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Table 6: Results for Combined Chinese and US Mining Industries with Interaction Term 

 Without country dummy With country dummy 

 Gross 

Profit 

 Net Sales  Gross 

Profit 

 Net Sales  

Regressors Coefficient S. E. Coefficient S. E. Coefficient S. E. Coefficient S. E. 

Firm Size 0.0012*** 0.0001 0.0033*** 0.0002 0.0012*** 0.0001 0.0034*** 0.0003 

Financial 

Strength 

1.2810*** 0.1312 1.8841*** 0.2557 1.2722*** 0.1311 1.8687*** 0.2557 

Age -0.0310 0.5542 -0.0436 1.0801 -0.1176 0.5591 0.2148 1.0901 

R&D 22.1085*** 8.4255 40.4510** 16.4205 22.1044*** 8.4209 40.3911** 16.4187 
Age X R&D  4.4247*** 0.8661 7.1858*** 1.6879 4.4225*** 0.86536 7.1765*** 1.6873 

Economy 0.0000*** 0.000 0.0000*** 0.000 -0.000 0.000 -0.000 0.000 

Country     60.6547 42.9283 98.7424 83.7003 

         

No. of 

Obs. 

584  584  584  584  

F-stat 47.22  48.78  40.82  42.05  

Adjusted 

R
2
 

0.3223  0.3297  0.3234  0.3302  

Matching Summary:        

 0 1 Multivariate ℒ1 

distance: 

0 1 Multivariate ℒ1 

distance: 

All 509 331 0.49413  509 331 0.4413  

Matched 370 214   370 214   

Unmatched 139 117   139 117   
Note: ***, **, and * denote significance at 1, 5, and 10 percent levels, respectively. 
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Table 7: Results for the Individual US and Chinese Mining Industries with Interaction Term 

  US    China   

 Gross 

Profit 

 Net Sales  Gross 

Profit 

 Net Sales  

Regressors Coefficient S. E. Coefficient S. E. Coefficient S. E. Coefficient S. E. 

Firm Size 0.0083*** 0.0002 0.0280*** 0.0009 0.0003*** 0.0000 0.0019*** 0.0001 

Financial 

Strength 

-0.1971 0.1275 -3.3016*** 0.4066 0.4770*** 0.1047 9.6837*** 0.6655 

Age 0.0677 0.1409 -0.0305 0.4494 -4.5521** 2.1323 -27.4068** 13.5465 

R&D 37.3789*** 6.4896 17.0917** 2.6957 -49.0946* 28.3523 -216.9314 180.118 
Age X R&D  1.8242*** 0.2210 7.3289*** 0.7050 3.95341* 2.3798 22.8267 15.1189 

         

No. of Obs. 720  720  120  120  

F-stat 435.27  469.12  121.08  159.63  

Adjusted R
2
 0.7512  0.7650  0.8346  0.8695  

Matching Summary:        

 0 1 Multivariate ℒ1 

distance: 

0 1 Multivariate ℒ1 

distance: 

All 489 231 0.4706  20 100 0.3200  

Matched 489 231   20 100   

Unmatched 0 0   0 0   
Note: ***, **, and * denote significance at 1, 5, and 10 percent levels, respectively. 
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Table 8: Results for the US Petroleum and Gas Extraction and Chinese Coal Mining Industries with 

Interaction Term 

 US Petroleum and Gas Industries Chinese Coal Mining Industry 

 Gross 

Profit 

 Net Sales  Gross Profit  Net Sales  

Regressor

s 

Coefficient S. E. Coefficient S. E. Coefficient S. E. Coefficient S. E. 

Firm Size 0.0083*** 0.0002 0.0280*** 0.0009 0.0003*** 0.0002 0.0011*** 0.0001 

Financial 

Strength 

-0.1403 0.1373 3.2801*** 0.4398 -0.07951 0.1100 -0.4358 0.3433 

Age 0.1092 0.1707 0.0450 0.5468 -7.8422*** 0.8336 -18.0072*** 2.6012 

R&D 40.1073*** 7.1659 18.6628** 2.9603 -135.257*** 11.3674 -322.6343*** 35.471 
Age X R&D  1.7614*** 0.2486 7.2721*** 0.7967 6.9917**** 0.8088 16.2283*** 2.5240 

         

No. of 

Obs. 

635  635  75  75  

F-stat 396.21  469.12  83.23  58.00  

Adjusted 

R
2
 

0.7571  0.7650  0.8475  0.7939  

Matching Summary:        

 0 1 Multivariate ℒ1 

distance: 

0 1 Multivariate ℒ1 

distance: 
All 415 220 0.4500  10 65 0.3846  
Matched 415 220   10 65   
Unmatched 0 0   0 0   

Note: ***, **, and * denote significance at 1, 5, and 10 percent levels, respectively. 
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Table 9: Tests for Threshold Effects and Threshold Estimation 

Dependent 

variable 

Threshold 

Estimate (γ) 

LM statistics for 

no threshold 

p-value Joint R-Squared Heteroskedasticity Test  

(p-value) 

Gross Profit 37 21.4369 0.0005 0.9453 3.9742e-19 

Sales 22 30.9276 0.0000 0.9466 4.1659e-36 

Note: Test of null of no threshold against alternative of threshold are reported here with 0.15 percentage  

trimming and number of bootstrap replications is  2000. 
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Table 10: Regression Estimates from Threshold Models  

Regressors Gross Profit Net Sales 

 Coefficient Standard Error Coefficient Standard Error 

 Regime1: q<=37 Regime 1 q<=22 

Firm Size 0.0181 0.0014 0.0698 0.0044 

Financial 

Strength 

-0.8586 0.24549 -6.6001 0.8814 

R&D -12.3409 4.0548 -60.4552 11.7501 

R
2
 0.7626  0.8885  

 Regime 2: q>37 Regime 2: q>22 

Firm Size 0.00059 0.0001 0.0055 0.0006 

Financial 

Strength 

0.6669 0.2717 -3.311 1.0545 

R&D 12.0501 1.6603 28.2793 4.92981 

R
2
 0.7343  0.9466  

Note: 0.95 confidence regions for parameters are not reported here. To be furnished upon 

request. 

 

 




