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Abstract: Using a sample of 1397 manufacturing firms in China, this study explores 

how information and communication technology (ICT) stimulates innovation performance 

through interaction with investment in internal and external knowledge. The results of this 

study reveal that the adoption of ICT not only contributes to innovation by directly enhancing 

its output, but also affects the creation of knowledge along two different paths in Chinese 

manufacturing firms. Specifically, ICT mediates research and development (R&D) to foster 

innovative sales and it is an effective moderator in leveraging externally acquired knowledge. 
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1. Introduction 

Emerging in the middle of the twentieth century, the ICT industry has developed rapidly 

(Yu et al., 2008) and it now plays a pivotal role in establishing firm competitiveness and 

driving economic growth (Takahashi et al., 2004; Ollo-López & Aramendía-Muneta, 2012). 

For example, economic growth in countries that are technically advanced in ICT, such as 

Japan (Jorgenson & Nomura, 2005), Korea (Shin & Park, 2007) and Finland (Jalava & 

Pohjola, 2007), is dominated by investments in ICT and productivity growth in both 

industries and the economy as a whole (Lee, Kim & Park, 2009). Further, ICT is now widely 

used: the percentage of the population using the Internet has been growing at an average rate 

of double digits over the past ten years. In the developed world, this figure reached almost 77 

percent by 2013 and in the developing world it reached 31 percent.1 

The role of ICT in economic development has received increasing academic interest (Lee, 

Kim & Park, 2009; Tambe & Hitt, 2012; Gao & Hitt, 2012; Tafti, Mithas & Krishnan, 2013). 

In general, previous studies have largely focused on three issues: the contribution of ICT to 

economic growth (Bakhshi & Larsen, 2005), the nature of ICT itself (Corrocher et al., 2007; 

Shin & Park, 2007; Sorenson et al., 2006) and the impacts of specific ICTs (e.g., mobile 

networks or broadband) on innovation (Chen, Watanabe & Griffy-Brown, 2007). Previous 

studies have also explored the impacts of ICT adoption on firm innovation performance (Hall, 

et al., 2012), operation efficiency (Hidalgo & López, 2009) and the internationalization of 

investment in ICT research and development (R&D) (Nepelski & Prato, 2012). However, 

findings with respect to the specific ways ICT affects product innovation and process 

innovation remain inconclusive. In particular, the mechanism by which ICT interacts with 

knowledge sourcing and subsequently contributes to innovation performance is still to be 

explored. 

This study examines the potential associations between innovation-oriented ICT and 

different types of knowledge-sourcing activities (in-house R&D and technology purchasing).2 

It intends to explore ICT’s multifaceted nature and to seek answers to the following questions: 

What specific roles does ICT play in the processes of knowledge creation? How does ICT 

interact with different types of innovation inputs and facilitate them to generate innovation? 

Are there potential mediating or moderating effects that exist between ICT and knowledge 

sources that may expedite the technological upgrading of Chinese manufacturing firms? In 

                                                             
1 Data source: http://www.itu.int/net/pressoffice/press_releases/2013/41.aspx#.Vz0YL-x7LX4 
2 Innovation-oriented ICT refers to investments in ICT that are specifically deployed for the purpose of supporting 

knowledge-creation processes such as hardware and software, technical equipment, business components and networks for 

knowledge acquisition, integration, learning and development. 

http://www.tandfonline.com/author/L%C3%B3pez%2C+Vicente
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line with previous studies, the results of this research confirm that the innovation performance 

of Chinese manufacturing firms is directly affected by ICT adoption (Hall, et al., 2012). In 

addition, mediating effects of ICT on R&D and moderating effects of ICT on technology 

purchasing are also identified, suggesting that ICT contributes to innovation in multiple ways. 

One existing gap in the literature pertaining to innovation is the limited evidence 

concerning the strength of innovation intensity. Previous studies only use the product 

innovation equation to capture the output of the innovation, despite the fact that the processes 

of innovation are another equally important measure of outcome. Previous research has either 

largely ignored this issue or merely incorporated a dummy to address it.3 The current study 

seeks to enlarge the scope of innovation performance research by estimating a separate output 

equation for the processes of innovation. The impacts of ICT on innovation will also be 

examined in terms of product and process innovations respectively. 

The paper is structured as follows: Section 2 details the hypotheses relevant to the role of 

ICT in the knowledge-creation process; Section 3 introduces the methodology, model 

specifications and data; Section 4 presents empirical analyses; and Section 5 discusses the 

empirical results and summarizes their implications. 

2. Theory Framework and Hypothesis 

2.1 Theory Framework 

ICTs refer to a broad range of both simple and complicated technologies that facilitate 

communication for innovation (Oladipo & Andrew, 2012). A list of examples would include 

traditional telephones, cell phones, e-mail, intra/internets, Telephone-conferencing, video 

conferencing, Web-conferencing, and group decision support software (Pepper & Larson, 

2006). This section developed an analytical framework to explore the direct innovation 

impacts of ICT, as well as its indirect roles in fostering knowledge creation.  

Innovation system approaches are increasingly adopted to discover intrinsic relationships 

between cross- and multi-levels of innovation (Pepper & Larson, 2006). Such approaches 

emphasize that a firm’s ability to successfully commercialize a new product depends not only 

on its own technology strategy, but also on the implementation of supporting practices 

adopted by a wide range of organizations in the firm’s innovation system (Cohen & Levinthal, 

                                                             
3 Llorca (2002) analyses the impact of process innovations on productivity growth using number of product and process 

innovations. However, the exact number of process innovations is not available and is proxied by a categorical variable. 

Another study was conducted by Peters (2005) in which the output or success of process innovation is measured as the share 

of cost reduction in unit costs due to process innovations, which can therefore be interpreted as cost-weighted innovation 

counts. This indicator and its corresponding definition were given in the Community Innovation Surveys (CIS) Germany.  
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1990). The framework presented in Figure 1 uses three key input elements to explain the 

knowledge-creation process: internal R&D, external technology purchasing and ICT. Not 

only will these three factors each support innovation, the potential synergies among them may 

also effectively contribute to the extent of the innovation. In particular, the figure emphasizes 

the multifaceted nature of ICT and canvasses potential interactions between ICT and 

innovation inputs, as well as suggesting how these interactions can affect an organization’s 

innovation performance. 

As a tool for communication, ICT is treated as an efficient channel for firms to gain 

access to advanced technological information. As an instrumental input, ICT effectively 

interacts with knowledge sources for innovation and further enhances innovation performance. 

Organization learning theory (Wiseman & Anderson, 2012) suggests that the adoption of ICT 

practices increases the effectiveness of both internal R&D and external technology purchasing. 

Hence, the knowledge creation generated from R&D investment and external technology 

purchasing is expected to be greater for firms with compatible ICT support. 

ICT is a channel for accumulating an organization’s capabilities, such as its ability to 

acquire knowledge and its propensity for integration, learning and development (Wiseman & 

Anderson, 2012). ICT provides necessary infrastructure to guarantee and reinforce the 

innovation return on R&D investment (Hicks & Katz, 1996). In such circumstances, ICT 

serves as a mediator in the relationship between R&D and innovation, as shown by the 

horizontal arrows in Figure 1. The influence of R&D on innovation is partially identified as 

an indirect influence through ICT and the corresponding association between R&D and 

innovation is located by tracing the pathways from innovation back to ICT and from ICT back 

to R&D (Loehlin, 1987).4 Conversely, ICT may act as a moderator in the association 

between innovation inputs and outcomes by interacting with input variables, in-house R&D 

and/or technology purchasing (Rao, 2007). As depicted by the vertical arrows in Figure 1, the 

effects of R&D and technology purchasing on innovation performance are dependent on the 

presence of ICT (Aiken and West, 1991). It is worth noting that, as a moderator, ICT affects 

the strength of the relationship between technology purchasing and innovation performance. 

When ICT performs as a mediator, it not only strengthens the existing relationship between 

in-house R&D and innovation performance, but the likelihood of adopting ICT is reinforced 

                                                             
4 The mediating effect of ICT here refers to partial mediation as discussed by Baron and Kenny (1986). It is different from 

complete mediation that defines the mediator as a must-be-satisfied condition to form the relationship between the 

explanatory variable and the dependent variable. When the complete mediator is controlled, the explanatory variable will no 

longer affect the dependent variable when the complete mediator is controlled. The partial mediation is the case in which the 

path from the explanatory variable to the dependent variable is reduced in an absolute size but is still different from zero 

when the mediator is controlled. In the current setting, ICT partially mediates R&D by increasing its innovation effects while 

R&D itself also produces directly innovation impacts. 
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by the improvement of R&D. The difference between these two effects lies in the potential 

backward linkage between ICT and knowledge sourcing. When ICT mediates in-house R&D, 

the R&D reinforces ICT simultaneously. Such effects do not appear when ICT performs as a 

moderator. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The multifaceted role of ICT in innovation 
 

2.2 The Direct Innovation Impact of ICT 

ICT improves the efficiency of knowledge creation and information sharing in various 

ways. As a source of innovation, ICT (e.g., the Internet) is a knowledge-acquisition channel 

through which firms can gain access to advanced intelligence and share it with organization 

stakeholders regardless of time restrictions and geographical boundaries. In this sense, ICT 

can be used as a corporate channel for one-way information acquisition, dissemination and 

data access across all organizational levels (Bafoutsou & Mentzas, 2002). 

The amount of information and knowledge in a modern organization that needs to be 

stored and shared depends on the extent to which the organization is exposed to the global 

technology market. A study by the Organization for Economic Cooperation and Development 

(OECD, 2010a) reveals the role of ICT in fostering innovation across nine countries; the 

results suggest that higher numbers of general web facilities increase the likelihood of 

innovation. Today, even in developing countries, firms cannot afford to ignore new ICTs that 

radically reduce the time needed to create and communicate knowledge (Nonaka & 

Nishiguchi, 2001). 

Further, ICT is an effective way to leverage externally acquired codified knowledge (Zack, 

1999). Empirically, even when based on different indicators, the relationship between ICT 

and firm performance is generally positive (Bresnahan, Brynjolfsson &Hitt, 2002). This gives 

rise to the following hypothesis: 

Hypothesis 1: The adoption of innovation-oriented ICT is positively associated with the 

innovation performance of organizations. 

In-house R&D Investment 

Innovation-oriented 

ICT 

Technology Purchasing 

Innovation 

(Product; Process) 

Mediating  Moderating  

Moderating  
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2.3 The Mediating Role of ICT in In-house R&D 

The application of ICT has been gradually acknowledged as an essential component of 

R&D activities (Hicks & Katz, 1996). ICT has assisted organizations in the 

knowledge-production stage to develop capabilities to conduct in-house knowledge creation 

(Nonaka & Teece, 2001). R&D also relies heavily on computers and software for modeling, 

simulation and analysis. Without access to innovation-oriented ICT infrastructure it is almost 

impossible to undertake R&D activities. With regard to the formation of innovation networks, 

the adoption of ICT allows firms in developing countries to shift to more open, collaborative 

and network-centered innovation practices (Christensen & Maskell, 2003). This is particularly 

important for R&D activities today because research is increasingly conducted by research 

teams that collaborate across organizations and countries (Kalakota & Robinson, 2000). 

Therefore, access to ICT infrastructure is necessary for all members of the R&D ecosystem to 

undertake long-distance collaboration and firms are inclined to adopt compatible ICT 

applications when engaging in collaborative R&D. 

Previous studies have also highlighted the role of ICT in upgrading the capacity of 

organizations to absorb knowledge across different stages of innovation (Pavitt, 2003). ICT 

enhances innovation improvements in internal R&D through concept development, product or 

process design and project management (Gao & Hitt, 2012). During this process, ICT assists 

with data communications, knowledge sharing and knowledge accumulation (Liberatore & 

Stylianou, 1995). In addition, ICT can improve project management and thereby promote 

innovation, as managing R&D activities has become a complicated procedure (Girotra et al. 

2007). Given its important role, investing in R&D reciprocally increases the likelihood of ICT 

adoption. Therefore, we argue that ICT is an essential component of the relationship between 

R&D and knowledge creation: 

Hypothesis 2: ICT adoption positively mediates the innovation impacts of in-house R&D; 

the intensity of innovation generated from R&D investment will be strengthened by the 

presence of ICT and, simultaneously, the development of in-house R&D will increase the 

likelihood of ICT being adopted. 

2.4 The Moderating Role of ICT in the Purchasing of Technology 

Firms are expected to engage in a variety of knowledge-sourcing strategies in response to 

their internal resources and the external technological environment (Lai & Weng, 2016). 

Faced with accelerated technological changes and increasing international competition, firms 

inevitably utilize external sources as a means of enhancing innovative performance and 
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reinforcing competitive advantage (Kang et al., 2015). External technologies can be viewed as 

a way of expanding a firm’s knowledge base, one of the determinants of innovativeness 

according to technology upgrade theories (Griliches, 1990; Henderson & Cockburn, 1996). 

Meanwhile, the acquired technology may be potentially and inventively recombined and 

integrated with the local technology base, according to economies of scale and scope 

(Henderson & Cockburn, 1996). 

Another of ICT’s crucial roles in the knowledge-creation process is to moderate the 

strength of externally acquired knowledge (Rao, 2007). The application of ICT provides firms 

with great support in decoding and comprehending the codified content of external 

technologies. Solid local ICT facilities support external knowledge acquisition by allowing 

firms to merge their own knowledge base with unfamiliar external sources to identify, 

assimilate and translate purchased technologies for local use. Moreover, ICT practices are a 

way of diffusing intra-organizational knowledge, which strengthens knowledge 

communication between agents within the organization (Ziesemer, 2002). As discussed above, 

higher ICT levels accordingly result in better absorption and integration of purchased 

technology because ICTs, such as Intranets or computer-based group projects, are tools 

dedicated to internal communication (Nguyen & Martin, 2010). Unlike R&D, externally 

acquired technology does not always require support from an innovation-oriented ICT 

infrastructure. For example, technology-embedded machinery can be applied to production 

without extra investment in ICT facilities. Therefore, ICT performs as a moderating tool that 

does not engage in the mutual reinforcement of technology purchasing. 

Hypothesis 3: ICT positively moderates the strength of innovation generated by 

technology purchasing; the intensity of innovative sales achieved through technology 

purchasing will be strengthened by innovation-oriented ICT. 

3. Methodology and Data Description 

3.1 Model Specification 

Firm innovation performance is measured by both product and process innovation. 

Innovation performance is explained by a series of determinants, including knowledge inputs, 

the adoption of ICT and firm characteristics (size, industry and region specificities). Given the 

concealed nature of dependent variables, the Tobit model of estimation will be adopted in 

predicting the following knowledge functions: 

PDi
* = A+bdfFirmspecifics+bdsSizei +bdcCityi +bdiIndustry+ei    (1) 
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𝑃𝐷𝑖 = {
𝑃𝐷𝑖

∗,   𝑖𝑓 𝑃𝐷𝑖 > 0

0,        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

PCi
* = A+bcfFirmspecifics+bcsSizei +bccCityi +bciIndustry+ki    (2) 

𝑃𝐶𝑖 = {
𝑃𝐶𝑖

∗,   𝑖𝑓 𝑃𝐶𝑖 > 0

0,        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

A=d1x1 +d2x2 +d3x3 +d12x1x2 +d13x1x3 +d23x2x3 +d123x1x2x3     
(3) 

The dependent variable PDi in Equation (1) represents the product innovation, defined as 

the development of new products, the changes in design of established products or the use of 

new materials or components in the manufacture of established products.5 PCi in Equation (2) 

connotes the measure of process innovation and is defined as a novel method (as a 

consequence of the use of new techniques or equipment) of achieving an output traditionally 

obtained in a different way. In process innovation, the final product is not necessarily 

considered, but the way of introducing the product is improved. PDi and PCi are measured by 

the percentages of sales arising from new product innovations and process innovations 

respectively; they are both continuous variables and in logarithm. 

Product and process innovations share the same set of determinants. A comprises variables 

in knowledge input and the adoption of ICT. x1 denotes in-house R&D investments and x2 

signifies the amount of investment spending on the purchasing of external technology. xs is a 

dichotomous term representing the adoption of ICT. The potential mediating and moderating 

effects ICT exerts on innovation are captured by these interactive terms.   and   are 

vectors of coefficients yet to be estimated (for a detailed definition of variables see the 

following section). 
i and ki are the disturbance terms. 

3.2 Data and Variables 

The firm-level data as presented in the Investment Climate Survey (ICS)6 conducted by 

the World Bank covers a broad range of topics including infrastructure, economic 

performance and investment environments. Data collected from China in 2012 is used for the 

current study. The survey collects information from 25 major cities in China and includes 

questions about new product and process innovations, R&D activities and, of particular 

relevance to this study, information with respect to ICT strategies. 

The main focus on innovation as defined by the ICS is consistent with other surveys, such 

                                                             
5 Policy Studies Institute, University of Westminster. ‘Small Firms Innovation’. Retrieved 27 May 2010 from 

http://en.wikipedia.org/wiki/Product_innovation 
6 Enterprise Surveys (http://www.enterprisesurveys.org), The World Bank. 

http://www.psi.org.uk/publications/archivepdfs/Small%20firms/SF1.pdf
http://en.wikipedia.org/wiki/Product_innovation
http://en.wikipedia.org/wiki/Product_innovation
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as Community Innovation Surveys (CIS). Innovation is defined according to the successful 

implementation of new technological knowledge, either in the form of new (or significantly 

improved) products or services (product innovations) or new processes (process innovations). 

However, it is worth noting that innovations may refer to technologies that are novel or 

significantly improved only to the firm in which they are implemented and need not 

necessarily represent a new invention in the market. Table 1 defines the variables and 

provides corresponding statistics in summary. After the removal of inadequate values7, our 

final sample includes 1,397 firms distributed across a wide range of regions and industries. 

The explanatory variables included in equations (1) and (2) are the adoption of ICT, R&D 

inputs and technology purchasing.8 In-house R&D investment includes capital, labor and 

design costs. Another way for firms to strengthen their technological expertise is to buy 

technology externally from domestic or international suppliers. Technology purchasing is 

defined in the questionnaire as the amount that firms spend on the acquisition of technology 

from external sources. Innovation inputs are measured by innovation intensity or the ratio of 

innovation expenditure to annual sales. ICT achieves a value of one for firms who reported 

that ICT (computers, the Internet and software) was frequently adopted by their organization 

to support improvements in products and services. 

Table 1 Summary of variables 

Variable Definition Mean S.D. Min Max 

Dependent  variables  

    Product inno. Percentages of sales due to new product innovation 0.11 0.17 0 1 

Process inno. Percentages of output due to process innovation 0.14 0.17 0 1 

Independent variables 

    R&D R&D expenditure as percentage of total sales 1.56 3.73 0 30 

Tech Buy Tech. purchasing expenditure as percentage of total 

sales 

0.37 0.48 0 1 

                                                             
7 Firms with fewer than five employees (3.6%) have been deleted from our sample. Firms that do not aim at innovating are 

also filtered out from sample (D’Este et al., 2008, Mohnen and Roller, 2005; Savignac, 2008). Specifically, firms not aiming 

at innovating do not carry out innovation activities at all and more likely to ignore obstacles to innovation. We assume that 

non-innovative firms which experienced failure of innovation would encounter at least one of four types of obstacles. Hence, 

we drop firms which have no new or updated products/services and, at the same time, report none of the chosen obstacles is 

important. It accounts for 6.2% of the total sample. 
8 The main drawback of the innovation input variable is that it is a flow variable and was observed only in the year 2012—in 

other words, the same year in which we observed the innovation output. This means that the lag between investment in 

research and actual innovation is ignored, along with the lag between product innovation and market acceptance. However, 

Griliches (1998) reports of some scattered evidence from questionnaire studies that such lags are rather short in the 

manufacturing since most research expenditure are related to development and applied topics. 
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ICT value 1 if a firm frequently uses ICT (computer, 

internet and software) in product and service 

enhancement  

0.37 0.48 0 1 

Controlled variables 

    Foreign Percentage of foreign ownership 4.94 19.16 0 100 

SOE Percentage of state ownership 5.08 20.64 0 100 

Export Percentage of sales were directly exported 0.09 0.22 0 1 

Age Logarithm of firm's age 2.44 0.52 0 4.83 

Scale Total number of employees, logarithm 4.44 1.30 1.61 10.31 

 

Theoretical and empirical studies have identified a whole array of factors explaining 

innovation performance. Our study controls several variables that potentially dictate firm 

competitiveness and technological capability. Foreign-owned firms normally have high 

capital intensity, high quality human capital and efficient management. Many previous studies 

suggest that foreign firms are more productive and innovative compared to domestic ones 

(Kimura & Kiyota, 2007). In contrast, state-owned enterprises (SOEs) are usually renowned 

for redundant workers and inefficient management; they are less motivated to engage in 

innovation because the local government takes full responsibility for their production and 

profit (Zhang, 2014). For this reason, we expect negative innovation effects in SOEs.  

Export activities are expected to enhance economic growth and improve the productivity 

of involved firms (Bhagwati, 1988). Firms participating in export are exposed to intense 

competition in international markets and more vigorous competition exerts pressure on firms 

in regard to innovation. Therefore, participation in the export market tends to strengthen firm 

efficiency and signify positive innovation effects (Wagner, 2012). Firm size is measured by 

the mean of number of employees in logarithm. In accordance with Schumpeter, firm size has 

been included as a control variable. Logarithm scale is measured by the total number of 

employees at the end of 2013 and captures the scale effect of innovation. Age is calculated on 

the basis of the number of years between 2013 and the date that each enterprise started 

production. Young firms are expected to be more dynamic and flexible when undertaking 

changes (Katrak, 1997) and therefore a negative effect is expected. Industrial and regional 

effects are indicated by their corresponding dummies. 
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4. Empirical Evidence: The Role of ICT in Stimulating Innovation 

4.1 Knowledge Creation in Chinese Manufacturing Firms 

Table 2 presents descriptive statistics corresponding to innovation performance, 

technology sourcing and firm characteristics. The upper and lower rows are distinguished by 

the type of innovator, product and process. As the summary statistics show, firms that actively 

adopt in-house R&D and ICT are more likely to become innovators compared to firms that 

purchase technologies externally. Further, engaging in product innovation could also help 

firms to achieve higher sales as a result of process innovation and vice versa. As for 

innovation inputs, Chinese firms tend to spend more purchasing technology, despite a lack of 

innovators among them. Regarding firm characteristics, a clear pattern is shown delineating 

innovators and non-innovators. Product innovators in general have greater foreign ownership, 

a larger share of total sales as exports, more employees and longer operational experience 

compared to firms with poor product innovation. Regarding SOEs, firms with a higher 

percentage of state ownership tend to be less innovative. A similar distribution can be 

observed for process innovation in the lower panel of Table 2. 

Table 2 Factors explaining the innovativeness of Chinese manufacturing firms 

  
Prod 

inno. 
Proc. 

Inno. R&D ICT BUY Foreig SOE Export Age Scale 

Product inno.           

Product == 0  0.09 0.52 0.28 4.62 4.07 7.24 0.07 2.44 4.21 

Product == 19  0.20 2.86 0.49 4.41 6.02 2.39 0.10 2.45 4.72 

           

T-test 

H0: diff = 0 
 -12.63 

*** 

-12.24 

*** 

-8.55 

*** 

0.68 -1.90 

* 

4.39 

*** 

-2.36 

** 

-0.59 -7.34 

*** 

Process inno.           

Process == 0 0.03  0.51 0.22 5.01 2.99 9.86 0.06 2.43 4.15 

Process == 1 0.15  2.13 0.46 4.27 5.99 2.49 0.10 2.45 4.60 

           

T-test 

H0: diff = 0 

-12.39 

*** 

 -7.93 

*** 

-9.07 

*** 

2.25 

** 

-2.81 6.47 

*** 

-3.00 

*** 

-0.88 -6.27 

*** 

 Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

To understand how ICT affects the relationship between innovation inputs and outputs, 

the estimated moderating and mediating effects of ICT on innovation performance and their 

predicted coefficients are presented in Table 3. Results are displayed for innovation and 

process innovation respectively, with standard errors given in parentheses. In the product 

                                                             
9 Product here are measured by dichotomous terms taking value 1 if a firm has product innovation during the period under 

review. It is different from the continuous measure used for the dependent variable. Therefore, the ratio of sales due to 

product innovation for process innovator in the lower panel (0.15) is different from the ratio of sales due to process 

innovation for product innovator in the upper panel (0.20). 
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innovation column, Model 1 and Model 3 contain estimates that do not account for possible 

terms of interaction between innovation inputs and ICT. In contrast, these interactions are 

included in Model 2 and Model 4 to represent the potential mediating or moderating effects. 

Model 5 provides full specifications concerning input sources, R&D and technology 

purchasing. The same specifications apply to the process innovations listed in the right-hand 

column. 

Acknowledged as one of the most crucial sources of innovation, in-house R&D drives the 

innovation of Chinese firms, directly improving innovation performance in terms of both 

product and process. The estimated coefficients for R&D are each positive and significant at 

99 percent. A proportionate level of innovation has also been found in technology purchasing, 

despite being much lower in magnitude. Although both internal and external 

knowledge-acquisition activities are essential to product innovation, it is clear that in-house 

R&D investment plays a more important role in strengthening innovation sales compared to 

externally purchased technology. 

ICT’s estimated coefficients suggest that, even without taking into account potential 

interactive effects, ICT significantly contributes to innovation performance and its adoption 

increases sales as a consequence of both product and process innovation (H1). In terms of 

ICT adoption, the estimates concerning ‘R&D*ICT’ are insignificant in Model 2 and Model 5; 

conversely, the interactions indicated by ‘ICT*Tech Buy’ are significant, suggesting ICT may 

also affect innovation via the purchasing of technology. In contrast to product innovation, 

‘R&D*ICT’ plays a significant positive role in process innovation, suggesting that ICT has a 

potential moderating effect in fostering process innovations derived from R&D investments. 
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Table 3 Tobit estimation results: the adoption of ICT in explaining the product and process innovation 
 

VARIABLES 
Product Innovation Process Innovation 

In-house R&D Technology purchasing Full spec. In-house R&D Technology purchasing Full spec. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

R&D 0.020*** 0.019***   0.027*** 0.010*** 0.007***   0.010*** 

 (0.002) (0.002)   (0.003) (0.002) (0.002)   (0.003) 

ICT 0.112*** 0.101*** 0.121*** 0.084*** 0.088*** 0.104*** 0.089*** 0.108*** 0.071*** 0.056*** 

 (0.018) (0.020) (0.019) (0.023) (0.024) (0.014) (0.015) (0.014) (0.017) (0.018) 

Tech Buy   0.007*** 0.004** 0.005**   0.004*** 0.001 0.001 

   (0.002) (0.002) (0.002)   (0.001) (0.001) (0.002) 

R&D*ICT  0.006   -0.005  0.008**   0.007 

  (0.005)   (0.006)  (0.004)   (0.005) 

R&D*Tech Buy     -0.001***     -0.000 

     (0.000)     (0.000) 

ICT*Tech Buy    0.008*** 0.006*    0.009*** 0.009*** 

    (0.003) (0.003)    (0.002) (0.002) 

R&D*ICT*Tech Buy     0.001*     -0.000 

     (0.001)     (0.001) 

Foreign ownership 0.000 0.000 0.000 0.000 0.000 -0.000 0.000 0.000 -0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

SOE -0.001** -0.001** -0.002*** -0.002*** -0.002** -0.002*** -0.002*** -0.002*** -0.002*** -0.002*** 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) 

Export 0.026 0.025 0.049 0.046 0.022 0.071** 0.070** 0.078*** 0.077*** 0.068** 

 (0.039) (0.039) (0.040) (0.040) (0.038) (0.029) (0.029) (0.029) (0.029) (0.029) 

Age -0.025 -0.024 -0.015 -0.016 -0.022 -0.002 -0.001 0.002 0.001 0.001 

 (0.017) (0.017) (0.017) (0.017) (0.016) (0.012) (0.012) (0.012) (0.012) (0.012) 

Scale 0.034*** 0.034*** 0.039*** 0.039*** 0.038*** 0.020*** 0.020*** 0.023*** 0.024*** 0.023*** 

 (0.007) (0.007) (0.007) (0.007) (0.007) (0.005) (0.005) (0.005) (0.005) (0.005) 

Constant -0.183* -0.187* -0.179* -0.183* -0.226** -0.164** -0.170** -0.163** -0.173** -0.192** 

 (0.102) (0.102) (0.105) (0.104) (0.101) (0.078) (0.078) (0.078) (0.078) (0.077) 

           

Sigma 0.248*** 0.247*** 0.257*** 0.255*** 0.243*** 0.207*** 0.206*** 0.209*** 0.208*** 0.205*** 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.005) (0.005) (0.005) (0.005) (0.005) 

Observations 1,397 1,397 1,397 1,397 1,397 1,397 1,397 1,397 1,397 1,397 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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With respect to the control variables, the coefficients of the product and process equations 

are highly consistent. Given the cumbersome institutional settings of Chinese SOEs, firms 

with a larger share of government ownership are inflexible and reluctant to change. Therefore, 

SOE undertaking of innovation plans and activities tends to be inefficient compared to firms 

with other ownership structures (Zhang, 2014). However, no significant difference is apparent 

between foreign firms and local firms with respect to innovative sales. This may be because 

foreign-controlled firms are inclined to concentrate their research and development on their 

home countries (OECD, 2003). Scale effects have also been observed for product and process 

innovation. Firms with a large number of employees seem to have more resources to support 

innovation. Hence, their innovation sales are significantly higher than those with fewer 

employees. Long operational experience and intensive exports increase innovation sales. 

Intense competition in the global arena is expected to provide incentive for firms to become 

innovators. However, China’s exporters are accustomed to competing in the international 

market and offering price advantages on existing products as a consequence of their relatively 

low input costs. Introducing new products is not their core competitive strategy for gaining 

access to the global market. This explains why export is not a significant factor in promoting 

product innovation in China. On the contrary, process innovation, associated with efficiency 

improvement and cost reduction, helps Chinese export firms to further strengthen their price 

advantage, as suggested by the coefficients under ‘EXPORT’ from Models (6)–(10). Young 

firms are characterized as more dynamic and they are urged to be innovative to survive in a 

competitive market. Moreover, young firms are more likely to accept new ideas because their 

company culture is less embedded. Negative signs may be shown in terms of the coefficients 

of age but such innovation impacts are not statistically significant. 

4.2 Decomposition of the Moderating and Mediating Effects of ICT Adoption 

To understand through which channels and to what extent ICT affects innovation we have 

differentiated its moderating effects from its mediating effects. Computations of the 

moderating effect (Baron & Kenny, 1986) and the mediating effect (Judd & Kenny, 1981) are 

presented in Table 4, with standard errors given in parentheses. 

The computation of the moderating effect can be ascertained from the interactions in 

Table 4.10 The estimates imply that the adoption of ICT positively moderates external 

knowledge resulting from the purchase of technology and reinforces its impacts on innovation 

performance. The purchase of external technology fosters a higher percentage of innovation 

                                                             
10 See Baron and Kenny (1986) for more details on the detailed computation of moderate effects. 
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sales in the presence of ICT than it does without the adoption of ICT (H3 was approved). The 

same moderating effect was found in process innovation generated from R&D investment, but 

not for the product innovation as a consequence of R&D alone. 

Following Baron and Kenny (1986), we have employed two approaches to test the 

mediating effect of ICT adoption and calculate its potential indirect effect: 

M1: 𝐼𝐶𝑇 = 𝑎1 + 𝑏1𝑥 + 𝑒1 

M2: 𝑌 = 𝑎2 + 𝑏2𝑥 + 𝑒2         (4) 

M3: 𝑌 = 𝑎3 + 𝑏3𝑥 + 𝑐𝐼𝐶𝑇 + 𝑒3 

a1 in Equation M1 is significant, suggesting a linear relationship between the innovation 

inputs (x as R&D or technology purchasing) and the mediator (ICT). The regression 

coefficient b2 in Equation M2 is significant, implying that there is a linear relationship 

between the independent variable x and the dependent variable Y (referring to product and 

process innovation). The term c in Equation M3 is significant, suggesting that the mediator 

ICT helps predict the dependent variable Y and that b3,, the effect of independent variable x on 

the dependent variable Y, becomes significantly smaller in size relative to b2 in Equation M2. 

Specifically, the regression coefficient for the indirect effect represents a change in new 

product sales corresponding to every unit change in innovation input mediated by the 

adoption of innovation-oriented ICT. The first approach is to directly compute the difference 

between the two regression coefficients with and without the presence of mediators (see M1 

and M2 below) (Judd & Kenny, 1981). This can be achieved by subtracting the partial 

regression coefficient obtained in an ‘equation with ICT’ from a simple regression coefficient 

obtained from an ‘equation without ICT’:11 𝑏𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑒𝑓𝑓. = 𝑏 − 𝑏3. 

As proposed by Sobel (1982), the second approach calculates the indirect effect by 

multiplying two regression coefficients (with and without the presence of a mediator). If 

either b1 or c is insignificant there is said to be no mediation. The Sobel test (Sobel, 1982) is 

given as follows: 

𝑆𝑜𝑏𝑒𝑙 𝑡𝑒𝑠𝑡 =
𝑏1×𝑐

√𝑐2𝑠𝑏1
2 +𝑏1

2𝑠𝑐
2
         (5) 

Here, 𝑠𝑏1

2  is obtained from Equation M1 and 𝑠𝑐
2  is obtained from Equation M3. 

Consistent with previous literature (MacKinnon, Warsi & Dwyer, 1995), the Judd and Kenny 

(1981) approach employing the difference of coefficients and the Sobel (1982) approach 

                                                             
11 The detailed calculation involved in the estimating of some equations not presented in this manuscript, such as a simple 

equation without ICT adoption variables. The estimation results of this simple equation will be available upon request.   
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utilizing the product of coefficients yield identical values for the indirect effect. The adoption 

of innovation-oriented ICT positively mediates both product innovation and process 

innovation gains in R&D investment, whereas R&D reciprocally reinforces the adoption of 

ICT (H2). 

Table 4. Calculating the moderating effects and mediating effects 
 

ICT_Inno 
  
  

Product innovation Process innovation 

R&D Tech-purchasing  R&D Tech-purchasing  

Moderating 

effects 

R square: Model  1 0.4252 0.3697 0.5373 0.5080 

R square: Model 2 0.4263 0.3755 0.5437 0.5251 

Interaction with ICT 0.006 0.008*** 0.008** 0.009*** 

Stand. Err. (0.005) (0.003) (0.004) (0.002) 

Mediating 

effects 

Coef. b2 without ICT 0.020*** 0.005*** 0.010*** 0.003** 

Coef.b1:  0.022** -0.006 0.022** -0.006 

Coef.c: with ICT 0.005*** 0.005*** 0.104*** 0.104*** 

Both b1 and 

c sig. 
Coef. b3 Yes  No Yes No 

Either b1 or 

c sig. 

Sobel test: 

proportion of 

mediating effects 

0.028*   -0.029  0.064*  -0.054 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Notes: coef. b2 is the coefficient of independent variable when estimating without the presence of ICT; Coef. b1 

is the coefficient of independent variable when regressing ICT on independent variables and control variables; 

Coef. c is the coefficient of independent variable when estimating with the presence of ICT. See equation (4) for 

more details. 

 

5. Conclusions and Discussions 

This study investigates the many roles of ICT in innovation. The findings suggest that ICT 

not only improves the performance of Chinese manufacturing firms by directly contributing 

to innovation, but also affects innovation outcomes via internal and external innovation 

strategies. In this regard, ICT facilitates innovation input and becomes a component of the 

integrated innovation resources that jointly affect innovation outcomes. The results of this 

study emphasize that ICT induces strong innovation as both a tool enabling knowledge 

creation and an instrument supporting in-house R&D and technology purchasing. 

Our study further explores the mechanisms by which ICT interacts with these two 

innovation inputs. Specifically, the mediating and moderating effects of ICT are distinguished 

and tested in accordance with Baron and Kenny (1986). The results show that 

innovation-oriented ICT exhibits a mediating effect on R&D and influences innovation. In 

other words, innovation-oriented ICT applications strengthen the causality between R&D and 

the intensity of innovation sales; further, the likelihood of adopting ICT rises as organizations 

increase R&D investment. The absence of ICT in this process may result in significant losses 

in the sales of new products generated from R&D. Empirical analysis also identifies the 
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moderating role of ICT in the relationship between R&D investment and process innovation, 

suggesting that ICT facilitates intense process innovation enabled by in-house R&D. 

In terms of technology purchasing, ICT is an effective moderator for leveraging externally 

acquired codified knowledge. This finding is consistent with previous studies that suggest 

ICT improves marginal innovation outputs via capability accumulation and organizational 

learning (Wiseman & Anderson, 2012; López-Nicolas & Soto-Acosta, 2010). Hence, 

adopting ICT will strengthen the intensity of innovation generated by the purchasing of 

external technology. 

Developing prior research on innovation systems (Woolthuis et al., 2005; Lau et al., 2013), 

this study offers a better understanding of organizational innovation by developing an 

analytical framework to address the potential interactions of key inputs into innovation. It 

proposes that ICT performs as a multifaceted enabling tool in ecosystems that are generative 

of innovation and interacts with other technology sources. Depending on 

technology-acquisition strategies and on the ways in which the innovation-oriented ICT 

interacts with these strategies, the innovation outcomes are different. To maximize the 

innovation outcomes, organization managers need to adopt appropriate ICT strategies and 

allocate innovation resources effectively by taking into account their multifaceted roles. 

Although both product and process are equally important considerations for innovation, 

previous studies rarely address the innovative performance function of the latter. After 

quantitatively estimating the determinants of sales arising from process innovation, we found 

that R&D is a less effective stimulant of process innovation than it is of product innovation. 

The channels of mutual influence for ICT, in-house R&D and technology purchasing also 

behave differently in respect to product and process innovation. Accordingly, it is 

recommended that any formalization of organizational innovation strategies takes into 

account these differences. 

Several limitations need to be noted. This study has not addressed the theoretical 

properties of product and process innovation, such as governance structure, scope and 

motivation. The exclusion of these properties may increase the possibility of bias as a 

consequence of missing variables. Another limitation is that these research findings are 

unlikely to be generally applicable in other contexts because of the limited scope of the data. 

In particular, industrial heterogeneity should be further addressed in future studies, as 

opposed to the reliance on industry dummies for controls that was necessary to this study. 

Technological industries would likely perform differently and be determined by different 
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factors compared to non-technological industries. Finally, the cross-sectional nature of the 

data may cause unintentional bias arising from unobserved and unaccounted for heterogeneity. 

Robust and insightful analyses require the availability of longitudinal data across a greater 

coverage of regions with a standardized questionnaire. 
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