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Abstract

:

Service and product innovation have been emphasized as being essential to the success of ICT firms in numerous studies. Being ongoing processes, R&D activities make it challenging to forecast the benefits to a business. Does the company obtain immediate returns on its research and development expenditures? How long will their effectiveness remain? During the development of a strategy, business managers must take all these factors into account. A major objective of this paper is to determine the relationship between a company’s R&D investment and its business performance. We collected data from 1262 small- and medium-sized enterprises in the ICT service industry in China between 2011 and 2020. The R&D investment was selected as the independent variable, while its financial performance (ROA, ROE, liquidity ratio, debt asset ratio, and interest cover ratio) and market value (Tobins’ Q) were selected as the dependent variables. Multiple linear regressions were used to determine whether there was a correlation between these variables. Firstly, R&D investment improve current profitability and there is a one-period lag in these benefits. Second, R&D is negatively correlated with short-term debt-paying ability, but positively correlated with a long-term view, and these effects will last for one period. Lastly, R&D investment has a negative impact on the current market value, but the R&D investment within the two lagged periods still has a positive impact. This study addresses a significant gap in empirical research. Recommendations for companies to consider when making R&D decisions are also included in the paper.
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1. Introduction


Due to the COVID-19 pandemic that has affected the entire world since 2020, businesses across industries have been adversely affected in financial performance, mainly traditional manufacturing. Nevertheless, it is undeniable that specific industries have also gained unprecedented opportunities in this crisis. During COVID-19, many brick-and-mortar business activities were suspended and shifted to online activities, such as online offices, online education, and online stores [1,2]. As a result, the market’s demand for digital products and services has reached a new high [3]. Most businesses and social life have moved into the online realm, leading to a boom in the ICT industry [4,5]. Even today, when COVID-19 is over, changes in market demands and customer consumption habits still require enterprises to innovate continuously.



According to the recently released Science and Engineering Indicators by the National Science Foundation (NSF), global R&D performance is concentrated in several countries. The US is the best performer (27%), followed by China (22%), closely followed by Japan (7%), Germany (6%), and South Korea (4%). The US is ranked first in R&D expenditure, from a report by OECD in 2021, with USD 612.7 billion spent in 2019. Conversely, China has held the second position since it overtook the EU-27 in 2015, with USD 514.8 billion in 2019. For national R&D intensity, the US peaked at 3% for the first time, and China rose from 2.1% to 2.2%. By contrast, Israel and Korea reached their highest R&D intensities with 4.9% and 4.6%. However, the EU-27 is usually smaller at 2.1%. In most OECD nations, R&D intensity has grown from a national standpoint. Consequently, nations are investing more and more in R&D operations. As a result, government R&D funding support will encourage companies to conduct internal R&D activities [6,7]. More R&D activities will finally lead to business success [8,9,10,11]. Firstly, severe competition in the market compels businesses to produce value-added goods, processes, and services to consistently fulfill the market’s changing requirements [12,13,14,15] and accomplish the objective of sustainable corporate development. Secondly, R&D expenditures can provide a more visual representation of the innovation activities within a company, thus attracting more investors [16] and enhancing the market expectations of the company.



The sectors where R&D investment is rapidly booming differ from region to region. The automotive sector leads the way in the EU, while ICT and biotechnology-based health industries dominate the US. China is mainly developing in the software and ICT sectors. As a result, the new ICT industry in China is gradually displacing the Chinese SME as the dominating sector. The Chinese government also strongly supports the development of the ICT industry. In terms of funds, the government provides financial subsidies for new enterprises; in terms of the treatment of R&D personnel, it optimizes the guarantee of talent services and focuses on the cultivation of professional talents; it also provides support in terms of infrastructure. Because most of the business in the ICT industry relies on the network, it has optimized and upgraded the network speed, coverage, and quality. It is easy to see how much China attaches importance to developing the ICT industry. Therefore, this research takes SMEs in the Chinese ICT industry as the analysis object.



The degree to which R&D investment influences corporate growth differs by industry. Generally, R&D expenditures and their impact on growth are related to the technology intensity of the firm. If a company relies heavily on technology, the more technology-intensive it is, the more capital it needs to invest in R&D activities, which increases its impact [17]. Therefore, it is meaningful to conduct empirical research on the ICT industry. The purpose of this study is to find out if the R&D expenditure of firms is linked to their current and future performance within Chinese SMEs from the ICT service industry. It must be determined whether R&D expenditures have delayed effects on businesses and the duration of these effects. Considering the difficulty of data collection and the limitations of corporate confidentiality policies, this study relied on data disclosed in annual reports.



This paper contains the following parts: Section 2 provides an overview of the study background, previous literature, and the development of hypotheses. Section 3 includes the sources of data collection, all variables used in the regression analysis, and the test models. Section 4 contains the results of the analysis. In Section 5, the conclusion is reached. The theoretical and practical contributions, the limitations of the study, and recommendations for future research are also discussed.




2. Background and Research Hypotheses


2.1. Conceptual Framework


The research was conducted based on examining prior research to assess the relationship between business R&D spending and its performance. Figure 1 shows the conceptual framework of the paper. As shown in Figure 1, R&D expenditure was chosen as the independent variable, and indicators related to business performance were selected as the dependent variable to evaluate R&D expenditures and business performance over various periods. In determining whether a company’s R&D expenditures contribute to its recent performance, how long the benefits of R&D investment will last will also be tested. For competitive analysis, the financial and market performance of enterprises are examined.




2.2. Literature Review and Hypotheses


R&D Investment and Business Performance


According to Apergis and Sorros [18], R&D expenditures and corporate success are directly related. Also, for the empirical analysis of American companies, Pourkairmi et al. [19] found that R&D investment positively impact business performance. He proposed that one dollar of R&D spending increases the company’s revenue by 22%. In the research on the European Union’s enterprises, the positive impact of R&D investment on corporate performance is also significant [20,21,22,23,24]. Kılıç [25] also found a significant positive correlation between them in a study of IT companies in Istanbul. Similar conclusions were also obtained in the study of Vietnam [26,27] and Korea [28].



The contrary viewpoint, however, cannot be ignored or disregarded. In 2021, Groza, Zmich, and Rajabi [29] argued that in businesses with a poor level of creative ability, innovation can harm the company’s sales growth. When Vithessonthi and Racela [30] examined non-financial businesses, they found a negative correlation between R&D spending and business performance. A negative relationship was also found in a study of Turkish firms [31]. Busru and Shanmugasundaram [32] reported similar findings in a survey of Indian companies. Turning to China, studies of small and micro-enterprises in Taiwan also found that business investment in research and development negatively impacts business performance [33,34]. This phenomenon is widespread in Chinese manufacturing [35,36,37].



To better measure the financial business performance, this study chooses to conduct research mainly on the profitability and debt-paying ability of enterprises. First, to test the relationship between R&D investment and profitability, Hypothesis 1 is proposed.



H1. 

R&D investment can affect profitability positively.





Next, to measure the relationship between R&D investment and debt-paying ability from short-term and long-term perspectives, Hypothesis 2 and Hypothesis 3 are proposed as following:



H2. 

R&D investment can affect short-term debt-paying ability positively.





H3. 

R&D investment can affect long-term debt-paying ability positively.







2.3. R&D Investment and Market Value


Several scholars believe that R&D elasticity contributes significantly to the added value of the market [38]. Research conducted by Bae and Kim [39] shows that by analyzing firms in the United States, Germany, and Japan, they can conclude that R&D spending leads to a significant increase in market value. In addition, Davcik et al. [40] analyzed US IT companies and found that R&D investment led to success in the market. When researching ICT companies in the United States, Pourkarimi et al. [19] also concluded that R&D investment increased the company’s market share. The same conclusion is also drawn based on the studies on Chinese firms by Xu and Sim [40] and Leung and Sharma [16]. They pointed out that R&D investment can increase an organization’s market value, thereby improving its profitability in the long run.



However, the voices of naysayers deserve serious consideration. Asthana and Zhang [41] found that the present value of firms is negatively affected by their analysis of non-financial institutions. In addition, some scholars believe that a company’s R&D investment has nothing to do with its market value. Lin, Lee, and Hung [42] surveyed 258 technology companies in the United States and found the opposite result. Their study found no evidence to support the claim that increased spending on R&D activities increases market value.



Thus, H4 is proposed to test the relationship between enterprise R&D investment and enterprise market value.



H4. 

R&D investment can affect market value positively.






2.4. The Lagged Effect of R&D Investment


In addition to discussing the current benefits that companies can gain from R&D activities, some scholars have also suggested that the company’s investment in R&D can bring continuous revenue and growth in the future, which will benefit the market value and financial performance. Several global empirical studies have confirmed this statement, including China [16,34,36,37,43,44,45], Taiwan, China [33,43,46,47], EU [8,31], USA [19,31,42,48,49], Japan [44], Korea [28,36,50], Slovenia [51], Turkey [52,53], Bangladesh [54], and India [32].



How long will it last? As previous studies have pointed out, the lag time for R&D investment is largely region dependent. According to Amir et al. [48], the lag time for US R&D spending is between three and seven years. In contrast, data for other regions were relatively stable. The lagged time for Japanese firms is one year [44], the shortest in the world. In addition, China, Taiwan, South Korea, and European countries usually last two to three years. Of course, lag times also vary by industry.



Previously, scholars have concentrated their efforts on empirical studies of the industrial sector. However, given the rapid development of network technology, research in ICT enterprises is urgent. So, to make up for the lack of research in this area, this study will focus on SMEs in China’s ICT industry. To test whether there is a lagging effect on enterprise investment, Hypothesis 5 is put forward.



H5. 

R&D investment have a delayed effect both on financial performance and market value.







3. Research Design


3.1. Data Collection


According to OECD (Organization for Economic Cooperation and Development), the ICT (Information and Communication Technology) industry is defined as a collection of manufacturing and service industries that use electronic technology to acquire, disseminate, and demonstrate data information, including ICT manufacturing and ICT services. This paper researches SMEs related to China’s ICT service industry. Their main business activities focus on telecommunications and other information transmission, software, and technology services. The samples of this empirical study all come from the New Third Board (NEEQ). This research used ten-year panel data from 2011 to 2020. After excluding any missing or incomplete data samples, 1262 firms were collected.




3.2. Study Variables


3.2.1. Independent Variables


A review of the relevant literature reveals two common approaches to calculating R&D costs for the independent variable. One is R&D intensity. Experts generally agree that R&D intensity is usually calculated by comparing the total investment in R&D with the total revenue of the firm [32,55,56,57]. The other is R&D expenditures, or their logarithms immediately applied to research [30,32,44,46,53]. This study uses the logarithm of R&D expenditure as the dependent variable. Compared with R&D intensity, it is more intuitive and more straightforward.




3.2.2. Dependent Variables


Firstly, this research divides business financial performance into two parts: profitability and debt-paying ability:




	(1)

	
Based on the summary of previous studies, return on asset (ROA) and return on equity (ROE) are chosen as dependent variables to represent the firm’s profitability. In the previous literature, ROA and ROE are the two most widely used indicators representing the profitability of enterprises [18,21,30,51,58,59,60]. ROA and ROE can make horizontal comparisons between different lines and enterprises. Compared with other indicators, such as return on investment (ROI), they can be used to evaluate the overall financial performance rather than the performance of a specific project.




	(2)

	
The dependent variables are liquidity, debt asset ratio, and interest rate coverage ratio. This research evaluates enterprises’ debt-paying ability from two perspectives: short-term strength and long-term. First, the liquidity ratio determines a company’s ability to pay its short-term obligations. This metric helps determine whether a company can use its current assets to pay its current liabilities. Therefore, the liquidity ratio is selected as an independent variable to measure the short-term solvency of the enterprise [33,51,59,61]. Second, the debt asset ratio reflects the creditor’s risk of providing credit funds to the enterprise and the ability to operate with debt. It is generally positively correlated with the long-term debt-paying ability of the enterprise. Therefore, from the perspective of asset size, the debt asset ratio is selected to represent the long-term debt repayment ability of the enterprise [51,59,60]. Last, the interest coverage ratio also can reflect the ability of debt paying [52]. It refers to the ratio of the profit before interest and taxes that can be used to pay interest to the interest expense payable in the current period during the loan repayment period of the project. It is widely used to measure whether the pre-tax profit generated by the enterprise can pay the current interest. Therefore, when analyzing long-term debt-paying ability from the profitability perspective, the interest coverage ratio is chosen as the dependent indicator.









Second, the market value of a company can be determined with the help of Tobin’s Q, which has been employed in various empirical investigations [16,56,62]. Tobin’s Q measures firm performance and management quality by comparing market value to the replacement cost of capital [63]. One of its benefits is that it can be used to evaluate past results and forecast future outcomes.




3.2.3. Control Variables


Consistent with earlier studies, this study also selects firm size and firm age as control variables. In reading previous research, we found that the methods used to determine firm size were variable. The logarithm of total assets, the logarithm of total sales, and the logarithm of unqualified personnel are commonly used. Classification requirements for Chinese SMEs lead to more nuances in asset size, which may affect the findings. Therefore, the size of an organization is measured by the logarithm of the total number of employees. To determine the age of firms, we continued with the approach recommended by most researchers. This study calculates companies’ age based on the years they have existed until 2020. In reading previous research, we found that many methods used to determine firm size were variable, including logarithms of total assets, logarithms of total sales, and logarithms of employees [64,65,66]. How China classifies SMEs leads to significant differences in asset size, which may affect the research results. Therefore, the size of an organization is measured by the logarithm of the total number of employees. In addition, we also control total asset turnover [34,67,68].



The variables mentioned above that were used in this analysis are summarized in Table 1, and each variable is assigned a code that will represent each variable in multiple regression tests. The calculation formula of each variable is also displayed in the table.





3.3. Research Model


In general, multiple regression models can be used to test the relationship between one dependent variable and multiple independent variables. Thus, multiple regression is applied to determine the relationship between firm R&D investment and performance in this research. After reading the previous literature [24], the most basic multiple regression model is:


  y =   β   0   +   β   1     X   1   +   β   2     X   2   + ε  



(1)







In Equation (1),   y   is the dependent variable,     β   0     is the constant term, and     β   1     and     β   2     are the coefficients of the independent variables.     X   1     and     X   2     are the independent variables, and   ε   is the error term.



Based on the analytical model established in the study of [51], referring to the hysteresis model to test lagged effect established by [33], the research model of this study was developed and designed:



Model 1:


    R O A   i , t   =   β   0   +   β   1     R D   i , t − m   +   β   2     S I Z E   i , t   +   β   3     A G E   i , t   +   β   4     T A T   i , t   +   ε   i , t    



(2)







Model 2:


    R O E   i , t   =   β   0   +   β   1     R D   i , t − m   +   β   2     S I Z E   i , t   +   β   3     A G E   i , t   +   β   4     T A T   i , t   +   ε   i , t    



(3)







Model 3:


    L I Q   i , t   =   β   0   +   β   1     R D   i , t − m   +   β   2     S I Z E   i , t   +   β   3     A G E   i , t   +   β   4     T A T   i , t   +   ε   i , t    



(4)







Model 4:


    D A R   i , t   =   β   0   +   β   1     R D   i , t − m   +   β   2     S I Z E   i , t   +   β   3     A G E   i , t   +   β   4     T A T   i , t   +   ε   i , t    



(5)







Model 5:


    I C R   i , t   =   β   0   +   β   1     R D   i , t − m   +   β   2     S I Z E   i , t   +   β   3     A G E   i , t   +   β   4     T A T   i , t   +   ε   i , t    



(6)







Model 6:


    T Q   i , t   =   β   0   +   β   1     R D   i , t − m   +   β   2     S I Z E   i , t   +   β   3     A G E   i , t   +   β   4     T A T   i , t   +   ε   i , t    



(7)







In the above equations, i represents the number of enterprises (i = 1, 2, 3, …), t represents the year (t = 2011, 2012, …, 2020), and m represents the lagged period (m = 0, 1, 2). Then     R D   i , t     represents the R&D investment of the i enterprise in the t year, and     R D   i , t − m     represents the R&D investment of the i enterprise in the t-m year. These are used to test the impact of R&D investment on the business performance in the current period, lagged one and two periods.





4. Analysis and Result


Through the correlation test of panel data, after the corresponding processing of the data, descriptive statistics were carried out to understand the basic situation of the variable data studied, and STATA software was used for correlation analysis. We can initially see the variables on the right side of the model and the affected variables. The correlation between variables can also aid in studying whether there is a high degree of correlation between the explanatory variables to understand whether there may be a high degree of multicollinearity in the data. Then, we performed multiple regression estimation of the model to study the independent variables on the dependent variables.



4.1. Descriptive Statistics


Descriptive statistics were performed on each variable’s sample data to understand the data’s basic situation. The maximum value, minimum value, standard deviation, and other data indicators were obtained. We were aware of maximum and minimum value gaps and data fluctuations. Due to many enterprises and the extensive data sample size, some outliers will inevitably appear, resulting in biased results. Therefore, the upper and lower 1% indentation was used to reduce the values of less than one percentile and higher than the 99th percentile to the 1st and 99th percentile, respectively, thereby achieving data reduction in a more reasonable range and reducing the impact of too small or too large a value. Descriptive statistics are shown in Table 2.



Due to the lack of original ICR data, the remaining observable data amount to 4999 samples. All other data samples amount to 8831. Since the standard deviation is the dispersion coefficient compared to the upper mean, the higher the dispersion coefficient is, the more dispersed the value is. If it is greater than 1, the data fluctuation is relatively large. According to Table 1, it can be found that the standard deviations of ROA, ROE, TQ, and TAT are relatively large. It shows that the company’s ROA, ROE, TQ, and TAT fluctuated relatively largely between 2011 and 2020 and are much more stable than other numerical fluctuations.




4.2. Correlation Analysis


We then carry out correlation analysis on the data. The absolute value of the correlation coefficient represents the magnitude of the correlation, and the positive and negative indicate the direction of the correlation. The correlation does not represent the final regression result, and we hope that the variables on the right side of the equation have no high correlation; otherwise, there may be multicollinearity that will have a destructive impact on the model results. The results of the preliminary correlation analysis are presented in Table 3.



According to Table 3, the correlation coefficient between RD and ROA is 0.0993, which is significant at the significance level of 0.01. Therefore, there is a relatively apparent positive correlation between RD and ROA. The correlation coefficient between ROE and RD is 0.0814, which is significant at the significance level of 0.01. The correlation coefficient between RD and TQ is 0.0752. In addition, the correlation coefficients between RD and ICR, DAR, and LIQ were −0.0381, 0.0531, −0.0420, and −0.0545, respectively, all of which had significant correlations. However, since the correlation is only the correlation between two variables, no other control variables are added to control it. Therefore, it cannot be used as the final regression result, and the specific hypothesis verification needs to be verified through subsequent regression analysis. The absolute value of the correlation coefficient between explanatory variables or control variables in different models is less than 0.8. Therefore, no high degree of multicollinearity will adversely affect the model results.




4.3. Multiple Regression Analysis


After that, we use multiple regression analysis to find out how the variables in the model are connected to one another.



Table 4 shows the results of multiple regression analysis of model 1, showing that the adjusted R square of the model is 0.0649, the goodness of fit is 6.49%, the F test value is 154.0926, and there is a probability of more than 99% that the entire model passes the test. The impact coefficient of RD is 0.0192, indicating that the current RD has a significant positive impact on ROA. The impact coefficient of RD with a lag of one period is 0.0043, which is significant at the 5% significance level. There is a significant negative impact on R&D investment with a lag of two periods, and the impact coefficient is −0.0174, which is significant at the 1% significance level.



The results of multiple regression analysis of model 2 (Table 5) show that the adjusted R square of the model is 0.0778, the goodness of fit is 7.78%, the F test value is 187.1712, and there is a probability of more than 99% that the entire model passes the test. Among them, the impact coefficient of RD is 0.0339, indicating that the current RD has a significant positive impact on ROE. However, the impact coefficient of RD with a lag of one period on ROE is 0.0095, indicating that the positive impact of RD with a lag of one period on ROE still exists. Interestingly, the impact coefficient of RD with a lag of two periods is −0.0277, indicating that R&D investment with a lag of two periods has a significant negative impact on ROE.



Table 6 shows the results of multiple regression analysis of model 3. It shows that, in the current model, RD has a significant negative impact on LIQ, RD with a lag of one period has a significant negative impact on LIQ, and RD with a lag of two periods has no significant correlation.



The results of the multiple regression analysis of model 4 are illustrated in Table 7, showingthat, in the current model, RD has no significant impact on DAR. RD lagged by one period had a significant positive effect on the presence of DAR. However, the impact of RD lagged by two periods on DTA was not significant.



In Table 8, the results of the multiple regression analysis of model 5 show that, in the current model, RD has a significant positive impact on ICR. RD with a lag of one period has a significant positive effect on ICR, while RD with a lag of two periods has no significant effect on ICR.



The results of multiple regression analysis of model 6 (Table 9) show that the impact coefficients of RD in the current period are −0.0473, which has a significant negative impact on TQ. The RD coefficients with one and two lags are 0.0566 and 0.2337, respectively, and there is a significant positive impact on TQ, and the RD coefficient with two lags is the highest.





5. Conclusions


5.1. Discussion


According to the analysis results of model 1 and model 2, Hypothesis 1 holds. Therefore, for China’s ICT service SMEs, increasing R&D investment can effectively improve the profitability of enterprises. According to Table 4 and Table 5, both ROA and ROE significantly positively impact the current corporate profitability. Hypothesis H1a is thus supported. This conclusion has also been confirmed in previous studies on Western countries. The same is for the research on the ICT industry. In 2022, Pourkarimi and Kam [19] also found a positive correlation between R&D investment and corporate profitability when researching American companies. Turning to EU countries, Nunes [31] and Tilică [23] also confirm the existence of this positive link. When analyzing Turkish companies, Ergun [24] also affirmed the role of R&D investment in promoting corporate profitability. However, the conclusion is refuted by other studies on Chinese SMEs. The main reason is that the samples selected for the study come from different industries. Most previous studies focused on the manufacturing industry, while this study focused on ICT service firms. It indicates that companies from the ICT service industry can obtain a faster return from R&D activities than the manufacturing industry.



Through the test of model 3, the negative impact of the enterprise’s liquidity ratio and R&D investment is noticeable, so Hypothesis 2 does not hold. This negative impact is primarily because increasing R&D investment will also increase the pressure on corporate cash flow, thereby affecting the short-term solvency of the company. According to Table 7 and Table 8, R&D investment has no positive impact on the debt asset ratio but has a significant positive impact on the interest coverage ratio. From the perspective of assets, R&D expenditures cannot improve the debt-paying ability of enterprises. However, from the profit perspective, the promotion effect of R&D investment is unquestionable. Therefore, Hypothesis 3 holds.



According to the analysis results in Table 9, there is a significant negative impact on R&D investment and Tobin’s Q in the same period. Therefore, Hypothesis 4 does not hold. It is different from previous research conclusions on Western countries. The study of the United States [19,40] and European Union countries [19,39] found that R&D investment positively impacts the current market value. It indicated that Chinese SMEs need more time to convert R&D investment into market value growth than Western developed countries. Meanwhile, Chinese SMEs face more uncertainties and risks when developing products or services.



Hypothesis 5 is also supported. R&D spending has a significant lagged impact on a firm’s financial performance and market value. It can be observed from Table 4 and Table 5 that the R&D investment of the lagging period has a continuously positive impact on the ROA and ROE of the enterprise. However, the positive impact of R&D investment lagging two periods on ROA and ROE has turned into a negative impact. Therefore, the profitability of R&D investment on corporate profitability can last two years, but the positive impact can only last for one year. Referring to Table 6, Table 7 and Table 8, there is still a significant impact on the solvency of R&D investment lagging one period, but R&D investment lagging two periods has no significant impact. Among them, even the one-period R&D investment still hurts short-term solvency. Nevertheless, R&D investment with a lag of one period shows a positive trend for long-term solvency. Therefore, no matter from the long-term or short-term perspective, the impact of R&D investment on debt repayment ability lasts for at most one year. Finally, for the market value, R&D investment with a lag of one period and a period of two lags both show a positive impact. Therefore, the positive impact of R&D investment on market prices can last for two years.



How do they maintain their competitive edge in a rapidly evolving technology-based marketplace? It is important to emphasize that product innovation could give a business a competitive advantage. R&D investment within an organization could improve financial performance and market value. Therefore, R&D activities must meet enterprises’ long-term goals and sustainable development rather than only focusing on short-term benefits. In other words, the R&D strategy within enterprises is the top priority to ensure survival and long-term growth. As corporations develop their future strategies, they must carefully consider how R&D operations affect their financial performance and market value. They need to analyze R&D expenditure more competitively. Simultaneously, a high market value and profit margins may maintain R&D expenditure levels, particularly when combined with a long-term R&D strategy. Advanced technology is the only way to maintain its fundamental competitiveness and achieve sustainable profitability for the ICT sector.



As mentioned earlier, R&D spending is critical to the operational performance of Chinese SME ICT firms. In the longer term, R&D spending improves current and next-year profitability and solvency, and the positive impact on market values can last up to two years. According to earlier researchers, a lower lag time means less risk and uncertainty for a business. Compared with studies in other countries, we believe that the shorter lag period of SMEs in China’s ICT service industry indicates that the market has higher requirements for enterprises to update their technologies or services continuously. It can also be found that Chinese SMEs should extend the gain time brought by R&D projects.




5.2. Theoretical Contribution


An increasing number of Chinese SMEs are realizing that they must invest in corporate R&D and product regeneration to keep up with science and technology advancements and changes in market demand for their survival and growth. However, much research on Chinese companies has concentrated on the manufacturing industry. Research into the ICT industry is very restricted. This study aims to investigate whether R&D expenditures impact the performance of firms positively or negatively. It is necessary to write this in response to the need for more empirical studies on the performance of SMEs in the ICT sector. However, this correlation has also been studied in many previous works, where the idea of lagging R&D investment has also been proposed. However, there is limited empirical evidence to support the findings concerning SMEs in the ICT industry in China. There is no doubt, based on the results of the study, that the expenditure on R&D will improve the business performance over the current period and the following period. Furthermore, R&D expenditures do not affect the market value of the current period, but their impact begins to appear in the second year and lasts for two years.




5.3. Managerial Contribution


This paper also contains suggestions for businesses. There is a need for managers to consider the investment in R&D in the development of new products when making business strategies. Increasing a company’s expenditures on research and development will not immediately increase that company’s market value. To lower the risk in the capital chain, managers should consider this in advance when planning R&D investments. Secondly, the results of this empirical study indicate that R&D investments in information and communication technology can only benefit businesses for up to two years. In this way, the availability of new products or technologies to the organization is also limited by time, requiring firms to continually update their products to keep their innovative vitality and profitability to remain relevant in their market. Before investing in R&D, companies should determine whether they can generate sufficient profits for the duration of a new product’s growth-promoting impact.



On the other hand, it also demonstrates that the benefits to an enterprise of each R&D activity are limited. Therefore, when undertaking R&D activities, companies should give more attention to developing their R&D results on the market. Before engaging in R&D activities, companies should first develop R&D strategies that are more scientific and market-oriented. These strategies should benefit the organizations in terms of achieving their long-term objectives.




5.4. Limitations and Suggestions


The limitations of the research should be addressed. It should be noted that this research has some caveats. The first is a more detailed division of the sample. The samples of small- and medium-sized enterprises selected in this article come from China’s ICT service industry. Still, there is no more specific division of whether they are innovative companies. In addition, owing to the sample size, it is hard to conduct in-depth research on the purpose and reasons for corporate innovation investment, which may have biased the study results. As Passaro et al. [69] mentioned, SMEs must promote ecological innovation to realize the transformation from a brown economy to a green economy, especially in China. They also mention many factors that can facilitate this innovation, such as customer needs [70,71], managers’ decisions [72], financial funds [73], etc. In future research, we can study the eco-innovation activities of SMEs for sustainable development.



Secondly, the influence of the external environment cannot be ignored. Liu et al. [74] found that a corrupt environment reduces the role of internal research and development in their study of Chinese firms in 2020. Mani, Ashnai, and Wang [75] discussed the corporate–political tie, another external aspect worthy of consideration for future research. Therefore, including potential influences from the outside world in the research analysis conducted for an external study might be one way to produce more convincing results.
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Figure 1. Conceptual framework. 
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Table 1. Study variables.






Table 1. Study variables.





	
Type

	
Name

	
Code

	
Formula






	
Independent variables

	
Research and Development expenditures

	
RD

	
The logarithm of R&D expenditures




	
Dependent variables

	
Return on assets

	
ROA

	
Net income/Total assets




	
Return on equity

	
ROE

	
Net income/Average shareholders’ equity




	
Liquidity ratio

	
LIQ

	
(Current assets/Current liabilities) × 100%




	
Debt asset ratio

	
DAR

	
(Total debt/Total assets) × 100%




	
Interest coverage ratio

	
ICR

	
EBIT/Interest expense




	
Tobin’s Q

	
TQ

	
Market value of installed capital/Replacement cost of capital




	
Control

variables

	
Firm size

	
SIZE

	
The logarithm of total employees




	
Firm age

	
AGE

	
2020 − (Year of establishment)




	
Total assets turnover

	
TAT

	
Net sales/Average total assets
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variables
	Obs
	Mean
	Std. Dev.
	Min
	Max





	ROA
	8831
	0.048
	0.184
	−0.683
	0.525



	ROE
	8831
	0.081
	0.321
	−1.338
	1.026



	TQ
	8831
	1.685
	2.656
	0.042
	16.586



	DAR
	8831
	0.363
	0.222
	0.023
	1.009



	LIQ
	8831
	4.403
	5.644
	0.446
	38.916



	RD
	8831
	15.1380
	1.2255
	11.3638
	17.9104



	AGE
	8831
	11.451
	4.985
	2.121
	23.995



	SIZE
	8831
	3.589
	2.062
	0
	7.047



	TAT
	8831
	1.034
	0.757
	0.074
	4.813



	ICR
	4999
	176.529
	1023.034
	−745.229
	8862.157
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Table 3. Correlation analysis.






Table 3. Correlation analysis.


















	Variables
	ROA
	ROE
	TQ
	ICR
	DAR
	LIQ
	RD
	AGE
	SIZE
	TAT





	ROA
	1
	
	
	
	
	
	
	
	
	



	ROE
	0.8842 ***
	1
	
	
	
	
	
	
	
	



	TQ
	−0.2016 ***
	−0.1959 ***
	1
	
	
	
	
	
	
	



	ICR
	0.1967 ***
	0.1505 ***
	−0.0188
	1
	
	
	
	
	
	



	DAR
	−0.1935 ***
	−0.1120 ***
	−0.0687 ***
	−0.1306 ***
	1
	
	
	
	
	



	LIQ
	0.0494 ***
	0.0086
	0.0706 ***
	0.1323 ***
	−0.5751 ***
	1
	
	
	
	



	RD
	0.0993 ***
	0.0814 ***
	0.0752 ***
	0.0531 ***
	−0.0420 ***
	−0.0545 ***
	1
	
	
	



	AGE
	−0.0391 ***
	−0.0492 ***
	0.0436 ***
	−0.013
	0.0222 **
	−0.0664 ***
	0.2733 ***
	1
	
	



	SIZE
	0.0032
	−0.0368 ***
	0.1906 ***
	0.012
	−0.1397 ***
	0.0117
	0.5038 ***
	0.3584 ***
	1
	



	TAT
	0.2301 ***
	0.2558 ***
	−0.0669 ***
	0.0375 ***
	0.2402 ***
	−0.1800 ***
	−0.0125
	−0.1809 ***
	−0.0591 ***
	1







Note: *** means there is more than 99% probability of correlation, ** means there is more than 95% probability of correlation, no asterisk means there is not enough probability of correlation.
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Table 4. Multiple regression analysis (Model 1).






Table 4. Multiple regression analysis (Model 1).





	

	
m = 0

	
m = 1

	
m = 2




	
Variables

	
ROA

	
ROA

	
ROA






	
RD

	
0.0192 ***

	

	




	

	
(10.6577)

	

	




	
L.RD

	

	
0.0043 **

	




	

	

	
(2.1867)

	




	
L2.RD

	

	

	
−0.0174 ***




	

	

	

	
(−8.0863)




	
AGE

	
−0.0007

	
−0.0011 **

	
−0.0001




	

	
(−1.6324)

	
(−2.4202)

	
(−0.2864)




	
SIZE

	
−0.0037 ***

	
−0.0008

	
0.0432 ***




	

	
(−3.3399)

	
(−0.5489)

	
(16.7896)




	
TAT

	
0.0548 ***

	
0.0620 ***

	
0.0523 ***




	

	
(21.5739)

	
(22.3224)

	
(17.1150)




	
Constant

	
−0.2779 ***

	
−0.0625 **

	
0.0522 *




	

	
(−10.8948)

	
(−2.2809)

	
(1.8638)




	
Observations

	
8831

	
7489

	
6274




	
R-squared

	
0.0653

	
0.0673

	
0.0993




	
r2_a

	
0.0649

	
0.0668

	
0.0987




	
F

	
154.0926 ***

	
135.0395 ***

	
172.8233 ***








Note: *** means there is more than 99% probability of significant influence, ** means there is more than 95% probability of significant influence, * means there is more than 90% probability of significant influence. No asterisk indicates there is not enough probability of significant influence. The t values are in parentheses.
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Table 5. Multiple regression analysis (Model 2).






Table 5. Multiple regression analysis (Model 2).





	

	
m = 0

	
m = 1

	
m = 2




	
Variables

	
ROE

	
ROE

	
ROE






	
RD

	
0.0339 ***

	

	




	

	
(10.8461)

	

	




	
L.RD

	

	
0.0095 ***

	




	

	

	
(2.7810)

	




	
L2.RD

	

	

	
−0.0277 ***




	

	

	

	
(−7.4801)




	
AGE

	
−0.0006

	
−0.0010

	
0.0005




	

	
(−0.8161)

	
(−1.2435)

	
(0.6417)




	
SIZE

	
−0.0131 ***

	
−0.0077 ***

	
0.0683 ***




	

	
(−6.8344)

	
(−3.1869)

	
(15.3944)




	
TAT

	
0.1065 ***

	
0.1133 ***

	
0.0940 ***




	

	
(24.1108)

	
(23.3962)

	
(17.8512)




	
Constant

	
−0.4884 ***

	
−0.1365 ***

	
0.0630




	

	
(−11.0233)

	
(−2.8598)

	
(1.3039)




	
Observations

	
8831

	
7489

	
6274




	
R-squared

	
0.0782

	
0.0732

	
0.0959




	
r2_a

	
0.0778

	
0.0727

	
0.0953




	
F

	
187.1712 ***

	
147.7109 ***

	
166.2708 ***








Note: *** means there is more than 99% probability of significant influence. No asterisk indicates there is not enough probability of significant influence. The t values are in parentheses.
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Table 6. Multiple regression analysis (Model 3).






Table 6. Multiple regression analysis (Model 3).





	

	
m = 0

	
m = 1

	
m = 2




	
Variables

	
LIQ

	
LIQ

	
LIQ






	
RD

	
−0.2881 ***

	

	




	

	
(−5.1622)

	

	




	
L.RD

	

	
−0.2781 ***

	




	

	

	
(−4.5020)

	




	
L2.RD

	

	

	
0.0071




	

	

	

	
(0.1002)




	
AGE

	
−0.1250 ***

	
−0.1181 ***

	
−0.1103 ***




	

	
(−9.7005)

	
(−8.3877)

	
(−7.0221)




	
SIZE

	
0.1947 ***

	
0.0556

	
−0.7221 ***




	

	
(5.6994)

	
(1.2739)

	
(−8.5441)




	
TAT

	
−1.4668 ***

	
−1.5674 ***

	
−1.5028 ***




	

	
(−18.5916)

	
(−17.9169)

	
(−14.9829)




	
Constant

	
11.0142 ***

	
11.4699 ***

	
10.6362 ***




	

	
(13.9129)

	
(13.3003)

	
(11.5624)




	
Observations

	
8831

	
7489

	
6274




	
R-squared

	
0.0470

	
0.0484

	
0.0613




	
r2_a

	
0.0465

	
0.0479

	
0.0607




	
F

	
108.7414 ***

	
95.1748 ***

	
102.2709 ***








Note: *** means there is more than 99% probability of significant influence. No asterisk indicates there is not enough probability of considerable impact. The t values are in parentheses.
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Table 7. Multiple regression analysis (Model 4).






Table 7. Multiple regression analysis (Model 4).





	

	
m = 0

	
m = 1

	
m = 2




	
Variables

	
DAR

	
DAR

	
DAR






	
RD

	
0.0030

	

	




	

	
(1.3776)

	

	




	
L.RD

	

	
0.0077 ***

	




	

	

	
(3.3547)

	




	
L2.RD

	

	

	
0.0040




	

	

	

	
(1.5800)




	
AGE

	
0.0057 ***

	
0.0061 ***

	
0.0059 ***




	

	
(11.4577)

	
(11.7028)

	
(10.5428)




	
SIZE

	
−0.0193 ***

	
−0.0131 ***

	
0.0008




	

	
(−14.6388)

	
(−8.1188)

	
(0.2751)




	
TAT

	
0.0743 ***

	
0.0758 ***

	
0.0734 ***




	

	
(24.4457)

	
(23.4415)

	
(20.4063)




	
Constant

	
0.2454 ***

	
0.1382 ***

	
0.1331 ***




	

	
(8.0436)

	
(4.3381)

	
(4.0362)




	
Observations

	
8831

	
7489

	
6274




	
R-squared

	
0.0879

	
0.0803

	
0.0740




	
r2_a

	
0.0874

	
0.0798

	
0.0735




	
F

	
212.5333 ***

	
163.3311 ***

	
125.3351 ***








Note: *** means there is more than 99% probability of significant influence. No asterisk indicates there is not enough probability of considerable impact. The t values are in parentheses.
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Table 8. Multiple regression analysis (Model 5).






Table 8. Multiple regression analysis (Model 5).





	

	
m = 0

	
m = 1

	
m = 2




	
Variables

	
ICR

	
ICR

	
ICR






	
RD

	
56.6101 ***

	

	




	

	
(3.8968)

	

	




	
L.RD

	

	
38.6522 **

	




	

	

	
(2.4480)

	




	
L2.RD

	

	

	
13.2567




	

	

	

	
(0.7832)




	
AGE

	
−3.0306

	
−1.7535

	
−3.8315




	

	
(−0.9498)

	
(−0.5154)

	
(−1.0646)




	
SIZE

	
−7.1704

	
−7.1053

	
49.7943 **




	

	
(−0.7799)

	
(−0.6040)

	
(2.5003)




	
TAT

	
48.3649 **

	
62.3568 ***

	
42.9542 *




	

	
(2.4554)

	
(2.9625)

	
(1.9151)




	
Constant

	
−676.0821 ***

	
−422.9788 *

	
−256.8335




	

	
(−3.2128)

	
(−1.8943)

	
(−1.1608)




	
Observations

	
4999

	
4487

	
3956




	
R-squared

	
0.0047

	
0.0033

	
0.0044




	
r2_a

	
0.0039

	
0.0024

	
0.0034




	
F

	
5.8679 ***

	
3.6998 ***

	
4.3378 ***








Note: *** means there is more than 99% probability of significant influence, ** means there is more than 95% probability of significant influence, * means there is more than 90% probability of significant influence. No asterisk indicates there is not enough probability of considerable impact. The t values are in parentheses.
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Table 9. Multiple regression analysis (Model 6).






Table 9. Multiple regression analysis (Model 6).





	

	
m = 0

	
m = 1

	
m = 2




	
Variables

	
TQ

	
TQ

	
TQ






	
RD

	
−0.0473 *

	

	




	

	
(−1.7948)

	

	




	
L.RD

	

	
0.0566 *

	




	

	

	
(1.8467)

	




	
L2.RD

	

	

	
0.2337 ***




	

	

	

	
(6.4704)




	
AGE

	
−0.0199 ***

	
−0.0262 ***

	
−0.0371 ***




	

	
(−3.2659)

	
(−3.7515)

	
(−4.6138)




	
SIZE

	
0.2722 ***

	
0.1859 ***

	
−0.2904 ***




	

	
(16.8825)

	
(8.5799)

	
(−6.7074)




	
TAT

	
−0.2158 ***

	
−0.2975 ***

	
−0.2199 ***




	

	
(−5.7949)

	
(−6.8567)

	
(−4.2793)




	
Constant

	
1.8743 ***

	
0.8411 **

	
0.5337




	

	
(5.0170)

	
(1.9664)

	
(1.1324)




	
Observations

	
8831

	
7489

	
6274




	
R-squared

	
0.0411

	
0.0213

	
0.0160




	
r2_a

	
0.0407

	
0.0208

	
0.0154




	
F

	
94.6299

	
40.7551

	
25.5327








Note: *** means there is more than 99% probability of significant influence, ** means there is more than 95% probability of significant influence, * means there is more than 90% probability of significant influence. No asterisk indicates there is not enough probability of considerable impact. The t values are in parentheses.
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