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Abstract 
This study revisits the impact of the servicification of Japanese manufacturing firms on 

their performance in the export market using a Japanese firm-level panel data set from 

2009 to 2019. We constructed two measures of firm-level servicification: in-house 

service production and bought-in service input, which refers to service purchased from 

external providers. We then examine the impact of both types of servicification on 

corporate performance in the export market, as measured by the global value chain 

participation dummy and export intensity. Estimating the correlated random effects 

model, which allows us to control for unobserved individual fixed effects, we find that 

bought-in service input, especially service outsourcing, significantly improves global 

value chain participation and export intensity, and that this effect is greater for high-

tech industries. 
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1. Introduction 
Recent research on international trade has focused on global manufacturing firms 

that source intermediate goods from abroad and export their products, i.e., firms involved 
in the global value chain (GVC). The manufacturing process, situated in the middle of the 
value chain sequence, yields low value-added compared to processes at the beginning and 
end of the production process, i.e., research and development (R&D), marketing, sales, 
and distribution. Consequently, global manufacturing firms increase service inputs, such 
as R&D, design, and sales distribution, to create additional product value. This trend is 
referred to as "servicification" by manufacturing firms.1  

There are at least three mechanisms through which increased service input drives 
firm participation in GVCs, namely, starting exports and imports. The first is the 
productivity mechanism, through which services such as R&D, information, 
communication technology, and managerial/organizational inputs increase firm 
productivity. Higher productivity lowers marginal costs, enabling firms to compete more 
effectively internationally, expand their exports, and manage more complex import 
sourcing. The second is the market-access and coordination mechanism, through which 
logistics, distribution, marketing, and communication services reduce fixed trade costs 
and help firms connect with foreign buyers and suppliers, thereby facilitating both export 
entry and import integration. Third, through the differentiation and bundling mechanism, 
firms embed services (e.g., design, customization, after-sales) into products, which 
differentiates their products, mitigates substitution risk, and maintains competitiveness. 
This bundling contributes to sustaining exports and encourages the import of 
complementary inputs in GVCs. 

Several studies have examined the impact of servicification on a firm’s decision to 
export and its performance. Using a panel dataset of Swedish firms from 2001 to 2007, 
Lodefalk (2014) investigated the relationship between service inputs and export intensity. 
The study considers two types of service inputs: in-house service production and bought-
in service input, which refers to externally procured services. Applying a fractional logit 
model, this study finds that service inputs have a positive impact on a firm's export 
capabilities. Increasing the proportion of services integrated into in-house production is 

 
1  In this study, we use the term “servicification” to denote the expansion of service inputs by 
manufacturing firms. The terminology varies across fields: While the management literature often uses 
servitization to describe manufacturers’ increasing provision of services as outputs (Vandermerwe and 
Rada, 1988; Baines et al., 2009), the economics and trade literature commonly employs servicification 
to emphasize the growing role of services in manufacturing, typically on the input side (Reddy, et al. 
2023; Chun et al. 2021). Some studies, however, adopt a broader definition of servicification that also 
includes service outputs as well as service input (National Board of Trade Sweden, 2016). In this study, 
we use the narrower, input-oriented definition for servicification. 
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associated with higher average export intensity, and procuring more services is linked to 
increased export intensity, particularly for firms in specific industries. 

Reddy et al. (2021) examined the impact of servicification on the participation of 
Indian manufacturing firms in GVCs. Using an Indian firm-level panel data set from 2001 
to 2018, the study defines the servicification index as the sum of R&D expenditures, 
outsourced professional jobs, communication expenditures, and selling and distribution 
expenses. Estimating the probit model demonstrates that manufacturing firms that 
incorporate service inputs into their production processes are more likely to engage in 
GVCs. Additionally, servicification promotes GVC participation among small and 
medium-sized enterprises (SMEs) and positively impacts firms in less technology-
intensive industries. These findings underscore the pivotal role of servicification in 
fostering GVC participation among firms. 

Although previous studies have provided insightful findings on servicification and 
performance, our study revisits the impact of servicification on firm internationalization 
by examining several new aspects. First, we used more detailed indicators of firms' 
servicification, obtained from Japanese firm-level data, and analyzed their impact on 
firms' GVC participation and export intensity. Specifically, in addition to two established 
servicification measures—in-house service production and bought-in service input—we 
use detailed information on service outsourcing to determine which type of service 
outsourcing is effective for firms to succeed internationally. Second, we employ the 
correlated random effects (CRE) model to account for the unobserved individual fixed 
effects in the nonlinear model, which were previously not considered. We demonstrate 
that ignoring unobserved individual fixed effects results in biased estimators, resulting in 
outcomes that differ from those obtained in previous research. 

This study makes the following significant findings. When using the same estimation 
method as in previous studies, both in-house service production and bought-in service 
input are positively correlated with firm performance in the export market, as measured 
by the GVC participation dummy and export intensity. However, once unobserved firm 
fixed effects are controlled for, the effect of in-house service production becomes 
insignificant, with only the coefficient of bought-in service remaining significant. 
Furthermore, this effect is more pronounced in high-tech industries. These results are 
consistent with previous studies that examine the relationship between R&D expenditure 
and export activities, as well as the development of the service industry and its impact on 
export competitiveness. According to our additional estimation, in-house service 
production is correlated with an increase in the share of service sales in total sales, which 
is occasionally referred to as the “servitization” of output, rather than the expansion of 
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export activities. 
This study primarily draws on three strands of the literature. The first group of 

studies examines the causes and consequences of firm-level servicification. Using a 
Korean firm-level dataset, Chun et al. (2021) examined whether the engagement of GVCs 
results in servicification, as measured by the share of service workers in a firm. They 
found that Korean firms engaging in GVC tend to increase the number of regular workers 
in the R&D sector. Among GVC modes, foreign direct investment (FDI) in countries in 
close proximity to the home country has a significant impact on servicification. Using 
Japanese firm-level data, Matsuura (2022) compared the effects of import competition 
and offshoring on servicification, finding that the surge of imports from China has a 
significantly greater impact than offshoring. Other studies focus on service sales. Bernard 
and Fort (2015) and Morikawa (2016) studied service firms that do not have production 
workers but sell their products by outsourcing, which they call factory-less goods 
producers. Furthermore, using U.S. or Japanese firm-level data, they found that these 
firms outperform others. In an investigation of the corporate performance of French 
manufacturing firms that sell services, Crozet and Milet (2017) demonstrated that firms 
engaged in service activity outperform pure manufacturing firms. These studies identify 
the drivers of servicification and the characteristics of firms that provide services or rely 
on service inputs. Our study adds to this literature by examining how servicification, 
through the use of service inputs, shapes firms' engagement in global value chains. 

Second, our study is related to the extensive literature on firm-level exports or GVC 
participation. Early research, with the pioneering studies by Bernard and Jensen (1995, 
1999), analyzed the association between productivity and the decision to export, both 
theoretically and empirically (e.g., Melitz, 2003; International Study Group on Exports 
and Productivity (ISGEP), 2008; Wagner, 2012). Recent studies have investigated the 
determinants of GVC participation at the firm level, typically measured by the two-way 
trader dummy variable, which equals one if a firm simultaneously exports and imports. 
Examples include Lu et al. (2018) and Minetti et al. (2019), which investigated 
productivity and financial constraints. A recent study by Urata and Baek (2022) 
demonstrated that the number of Japanese firms participating in GVCs is gradually 
increasing, and firm participation in GVCs promotes higher firm productivity. Our study 
also contributes to the literature on firm-level trade and GVC participation by examining 
the impact of service inputs. 

Several studies have investigated the relationship between a firm's R&D expenditure 
and its export activities. Earlier research, such as Castellani and Zanfei (2007) and Ito and 
Lechevalier (2010), found that R&D activities positively affect export activities. However, 



5 
 

according to Aw et al. (2011), who considered the simultaneity of exports and R&D 
through structural estimation, whether a firm has invested in R&D has little direct effect 
on net returns to exports or the probability that a firm will export. They concluded that 
there was no direct association between the two activities. These studies are also related 
to our research because R&D expenditure is an in-house service input. Our study 
examines service inputs more broadly, including outsourced R&D and other service-
related expenditures. 

The rest of this study is organized as follows. The next section  presents the 
conceptual framework, and Section 3 explains the data source and provides an overview 
of the data. The estimation results are reported in Section 4. Section 5 concludes this study. 
 
2. Estimation Strategy 

We modeled the decision to participate in GVCs or increase export intensity as a 
function of firm characteristics, such as servicification, firm size, and productivity. 
Previous research has estimated the logit or probit model, pooled ordinary least squares, 
or fractional logit model using firm-level panel data. However, these specifications are 
problematic when individual unobserved fixed effects correlate with covariates, resulting 
in biased estimators. Because it is impossible to include individual fixed effects in a 
nonlinear model, such as a logit or probit model, we employ the CRE model proposed by 
Wooldridge (2010) as an alternative approach. If the outcome variable 𝑦𝑦𝑖𝑖𝑖𝑖 is a function 
of covariates 𝑋𝑋𝑖𝑖𝑖𝑖 , the unobserved individual effects 𝑐𝑐𝑖𝑖  and the error term 𝜖𝜖𝑖𝑖𝑖𝑖  are 
determined by the following equation: 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 + 𝑐𝑐𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖).   (1) 
If function f is linear, we can control 𝑐𝑐𝑖𝑖 for individual fixed effects. However, individual 
fixed effects cannot be included in nonlinear models, such as logit or probit models. In 
the CRE model, individual unobserved effects 𝑐𝑐𝑖𝑖 are assumed to be correlated with the 
average level of covariates 𝑋𝑋�𝑖𝑖 as in the following equation: 

𝑐𝑐𝑖𝑖 = 𝜂𝜂𝑋𝑋�𝑖𝑖 + 𝛾𝛾𝑖𝑖, 
where 𝛾𝛾𝑖𝑖 is assumed to be uncorrelated with 𝑋𝑋𝚤𝚤� . Substituting this equation into Equation 
(1) gives 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑋𝑋�𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖).     (2) 
Now the correlation between 𝑐𝑐𝑖𝑖  and 𝑋𝑋𝑖𝑖𝑖𝑖  is controlled with 𝑋𝑋�𝑖𝑖 , and 𝛾𝛾𝑖𝑖  is an 
unobservable individual effect uncorrelated with 𝑋𝑋𝑖𝑖𝑖𝑖 . Thus, we obtain an unbiased 
estimator of covariates by estimating the random effect model with Equation (2). If 𝜂𝜂 
becomes significant, it demonstrates that the assumptions of the random effect model do 
not hold. Another advantage of using the CRE model is that it can be applied to both 
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linear and nonlinear models. Specifically, the equation to be estimated is as follows: 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝐺𝐺𝐺𝐺𝐶𝐶𝑖𝑖𝑖𝑖) = 𝑓𝑓(𝛽𝛽1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑋𝑋�𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖)  (3) 
𝐸𝐸𝐸𝐸_𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑖𝑖 = 𝛽𝛽1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑋𝑋𝚤𝚤� + 𝛾𝛾𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖         (4) 

where 𝐺𝐺𝐺𝐺𝐶𝐶𝑖𝑖𝑖𝑖 and 𝐸𝐸𝐸𝐸_𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑖𝑖 are the GVC dummy and the export intensity for firm i in 
year t, respectively. The GVC dummy variable has a value of one if a firm simultaneously 
exports and imports. Export intensity is defined as the proportion of total sales accounted 
for by exports.2 𝑆𝑆𝑆𝑆𝑆𝑆𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖 is the measure of service input. 𝑋𝑋𝑖𝑖𝑖𝑖 and 𝑋𝑋�𝑖𝑖 are variables for 
other firm characteristics and the firm-specific time averages for all time-variant 
covariates. We estimate Equation (3) with the random effect probit model. Because the 
dependent variable has many zeros, we estimate Equation (4) using the random effect 
Poisson model. We also control for year and industry-fixed effects in Equations (3) and 
(4). 
 
3. Data And Its Overview 
3.1. Data source 

The data in our study are sourced from the Basic Survey of Japanese Business 
Structure and Activities (BSJBSA) administered by Japan’s Ministry of Economy, Trade 
and Industry (METI). These data cover all firms operating in the target industries with 
over 50 employees and capital exceeding 30 million yen. The target industries include 
mining, manufacturing, wholesale and retail, as well as specific service sectors. The 
BSJBSA comprehensively represents Japanese corporate firms, providing valuable 
insights into their diversification, globalization, and R&D strategies. The dataset contains 
information on sales, costs, debt, assets, profits, employment, exports, imports, 
outsourcing, and R&D activities. These data also report the number of employees by 
activities in a firm, including headquarters services, manufacturing, wholesale and retail, 
research and development, and other activities.3 These firm-level data for manufacturing 
industries from 2009 to 2019 are used because the survey began collecting detailed 

 
2 Although examining the effect of servicification on import intensity is of potential interest, this study 
does not pursue this analysis due to data limitations. The firm-level import data cannot distinguish 
among raw materials, intermediate inputs, and final goods, which introduces substantial measurement 
noise. Therefore, a certain proportion of recorded imports may consist of transactions unrelated to the 
mechanism discussed in Section 1 (such as raw material purchases or final goods). We conducted 
auxiliary regressions using import intensity as the dependent variable, but the servicification measures 
were insignificant in most cases; the results are presented in Appendix B. Given the heterogeneous 
nature of imports and the associated measurement error, it is difficult to determine whether these 
insignificant estimates indicate the absence of an effect or simply reflect insufficiently detailed data. 
We leave this issue for future research. 
3 “Headquarter service” includes management, strategy, administration, international, information 
technology, and R&D. A sales department is covered by “Wholesale and retail” activities.  
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information on outsourcing in 2009.  
Following Lodefalk (2014), we use two measures of the service input. The first is 

the in-house service production indicator (In_Serv), which corresponds to the expenditure 
incurred by a company to produce “services” in its operations. This indicator comprises 
the labor costs of nonmanufacturing employees (e.g., employees in wholesale, retail, and 
information services activities) in a manufacturing company and R&D expenditures.4 
The labor cost of nonmanufacturing employees is derived by multiplying the number of 
employees in this sector by the average wage at the firm level. The second indicator is 
bought-in services (Bi_serv), which are the expenses incurred for purchasing “services” 
from external suppliers. It comprises costs of packaging and transportation, information 
processing and communications, outsourced services, outsourced R&D, and other service 
imports. Both indicators are normalized by dividing them by total costs, namely, operating 
expenses. We also employed qualitative questions regarding outsourced services. We 
constructed dummy variables to indicate whether firms outsource “research/marketing” 
and “design/product development.”5  We also created additional dummy variables for 
both indicators to differentiate between outsourcing to domestic and foreign companies. 

The variables for firm characteristics are the number of workers (log(Labor)), 
capital–labor ratio (log(K-L ratio)), foreign capital share (Capital_FR), and total factor 
productivity (log(TFP)). All independent variables are lagged by one year. We estimate 
TFP by employing the Wooldridge (2009) modification of the Levinsohn and Petrin 
methodology, which accounts for potential collinearity issues that may arise in the first 
stage of the Levinsohn and Petrin (2003) estimator. We derive the variables needed for 
TFP estimation by constructing the following measures: real gross output is calculated by 
deflating sales using the output deflator, while intermediate inputs are determined by 
deflating the cost of materials using the input deflator. The number of employees, labor 
input, and capital stock are calculated using the value of fixed tangible assets. All output 
and input deflators employed in this study are sourced from the Japanese government’s 
System of National Accounts provided by the Cabinet Office. Firms that do not report 
sales, costs, number of employees, or tangible assets are excluded from the dataset. 
Approximately 300 firms out of 12,000 firms are excluded per year. Tables A1 and A2 
present the basic statistics and correlation matrix of the variables used. 

 
4 When defining the nonmanufacturing workers, we do not include the number of employees at 
R&D sector because R&D expenditure includes labor cost for R&D workers. 
5 Since the service outsourcing indicators are specific to this survey, one may be concerned about the 
number of missing values. However, the dataset does not allow us to distinguish between refusal to 
answer and not engaging in outsourcing. In fact, the survey asked firms that engage in service 
outsourcing to check the applicable items from a given list. Therefore, in this study, firms that did not 
check any items were treated as firms that do not engage in service outsourcing.  
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3.2. Data overview 

Table 1 presents the trends in the ratio of GVC firms and export intensity in the 
sample. In 2009, GVC firms accounted for 20% of the total firms, with an average export 
intensity of 5.2%. Although the increases were modest, both figures rose gradually 
throughout 2019, reaching a GVC firm ratio of 25% and an export ratio of 5.6% in 2019. 
During this period, although the yen depreciated rapidly starting at the end of 2012, the 
increases in both the GVC firm ratio and the export intensity were not particularly large. 

Panel (a) of Table 2 presents the mean value of the service input indicators, 
comparing the in-house and bought-in service indices between 2009 and 2019 and 
between high- and low-tech industries. Overall, the in-house service share is higher than 
that of the bought-in service (8.5% versus 3.7% in 2009, respectively); however, a 
comparison of 2009 and 2019 reveals an increasing trend for the bought-in service and a 
slightly decreasing trend for the in-house service. Two servicification indicators are 
decomposed into high- and low-tech industries. High-tech industries encompass the 
chemical, pharmaceutical, machinery, electronic parts and devices, electrical machinery, 
information and communication equipment, and transportation equipment sectors, while 
other sectors are considered low-tech. The ratio of in-house services is higher in high-
tech industries, whereas the ratio of bought-in services is higher in low-tech industries.  

Panel (b) of Table 2 presents the percentage of firms that outsource research and 
marketing and design and product development activities, which increased from 3.3% to 
6.3% and from 3.6% to 5.1%, respectively. A higher percentage of high-tech industries 
outsource research and marketing, whereas a higher percentage of low-tech industries 
outsource design and product development. Panel (c) of Table 2 also examines the 
percentage of firms that outsource research, marketing, and design and product 
development to overseas locations. However, the percentages in 2009 were negligible, at 
0.6% for research and marketing and 0.2% for design and product development. 
Regarding changes over time, the percentage remained unchanged for design and product 
development yet doubled for research and marketing. The percentage of companies 
outsourcing overseas is higher for high-tech than for low-tech industries. 

== Table 1 &Table 2 == 
Table 3 presents a comparison of the in-house and bought-in service ratios between GVC 
and non-GVC firms. For the in-house service ratio, GVC firms exhibit higher values 
across all industries, except for the petroleum and coal products sector. For the bought-in 
service ratio, GVC firms also outperform non-GVC firms in 11 out of 14 industries. 
Exceptions include the manufacturing sectors of pulp and paper, petroleum and coal, 
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ceramics and refractories, and primary metals. Conversely, in machinery 
manufacturing—a sector with active GVC participation—the bought-in service ratio is 
significantly higher for GVC than for non-GVC firms. 

== Table 3 == 
 
4. Estimation Results 
4.1. Main results 

Table 4 presents the baseline results for the determinants of GVC participation and 
export intensity. The result in Column (1) of Table 4 presents the estimation results of the 
logit models, which do not account for unobserved individual effects. In this specification, 
the coefficients for in-house and bought-in services are positive and statistically 
significant. Column (2) of Table 4 presents the result of the CRE models that control for 
the mean value of time-varying factors, indicating that the coefficient for in-house service 
is positive but becomes instatistically significant when an unobserved individual effect is 
considered, controlling for the mean value of time-varying factors. The bought-in service 
coefficient remains positive and statistically significant, indicating that it continues to 
influence the probability of firms participating in GVCs, even after accounting for 
unobserved individual effects. Thus, not considering unobserved individual effects alters 
the outcomes.  

The lower panel of Table 4 reports the coefficients of the mean value of time-varying 
factors. This variable captures the correlation between unobserved individual effects, 𝑐𝑐𝑖𝑖 
and 𝑋𝑋𝑖𝑖𝑖𝑖 . The fact that some variables’ coefficients are significant implies that the 
assumptions of the random effect model are not met.6 The finding that in-house service 
is not a significant factor in GVC participation is consistent with Matsuura (2022), who, 
using a Japanese firm-level dataset, demonstrated that offshoring, a type of GVC, does 
not correlate with the share of service workers. 

Columns (3) and (4) of Table 4 present the results for the determinants of export 
intensity, comparing the results with and without controlling for the mean value of the 

 
6 Although many previous studies report that TFP positively affects the decision for firms to engage 
with the GVC, why TFP is insignificant in Column (2) of Table 4 may cause concern. However, Table 
7 shows that TFP is significant for participation in GVCs targeting Asia and for firms in low-tech 
industries. Since previous studies use logit or Probit models, and firm-specific unobservable factors 
are not controlled for, it is difficult to relate our findings to other studies. However, it is known that 
the exporter premia—the difference in TFP between nonexporting and exporting firms—varies by 
export destination and industry. For example, Mayer and Ottaviano (2007) compared the export 
premium of French firms by industry and found that the export premium is not always higher in high-
tech industries. The insignificant effect of TFP in high-tech industries and the GVC participation in 
Europe and the United States in Table 7 may imply that factors other than TFP, such as product quality, 
are important in these markets. We leave detailed analysis on this point for future research. 
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time-varying factors. As in Columns (1) and (2) of Table 4, the results demonstrate that 
the coefficients of in-house service become insignificant once the correlation between 𝑐𝑐𝑖𝑖 
and 𝑋𝑋𝑖𝑖𝑖𝑖 are controlled for. 

We examined the effect of the change in Bi_Serv on the GVC participation rate and 
export intensity, using the estimated coefficient. According to Table A1, since the standard 
deviation of Bi_Serv is 0.05, a one-standard deviation change in Bi_Serv increases the 
GVC participation rate and export intensity by 0.003 (= 0.067*0.05) and 0.01 (= 
0.218*0.05), respectively. Although these figures appear to be negligible, considering that 
the changes in GVC participation rate and export intensity over 10 years in our sample 
are 3% points and 0.3% points, as presented in Table 1, the impact of Bi_Serv is not 
insignificant. 

== Table 4 == 
In Table 5 (a) and (b), the servicification indicators are slightly modified as a 

robustness check. Column (1) of Table 5 contains the baseline results from Column (2) 
of Table 4 for comparison. Column (2) of Table 5 (a) uses an indicator that considers the 
labor costs of headquarters employees and those involved in in-house service activities. 
The results remain unchanged, and the coefficient remains insignificant. Column (3) of 
Table 5 (a) decomposes in-house service into “labor costs for in-house service sector 
workers” and “in-house R&D costs;” however, again, none were significant. This result 
is inconsistent with previous studies, such as Reddy (2021), who found that internal R&D 
expenditures are an essential factor. However, this might be because earlier studies do not 
account for unobserved individual effects.7  In Column (4) of Table 5 (a), we use the 
bought-in service measure restricted to domestic service procurement, excluding 
outsourcing services from foreign countries and service imports; however, the results are 
unchanged. In Column (5) of Table 5 (a), the bought-in service index is broken down into 
R&D outsourcing and others, the coefficients of which are positive and significant. Table 
5(b) presents the results for export intensity, which were generally similar; however, there 
were no significant results for outsourcing R&D in the bought-in services.8 

 
7 Indeed, the correlation between R&D and exports is persistent. Using the same data as ours, Ito 
and Lechevalier (2009) showed that 80% of firms engaged in both R&D and exporting in period t 
continued to invest in R&D and exports in period t + 1. They also reported that only 5% of firms that 
invested in R&D but did not export in period t began exporting in period t + 1. The persistent pattern 
of R&D and export behavior is captured in our estimation by controlling for 𝑋𝑋𝚤𝚤� . 
8 One may be concerned that In_Serv is negative and significant in Column (5) of Table 5(b), although 
the coefficients for In_Serv are not significant in Table 4, 6(b) and 7 and the results cannot be 
considered robust. It is difficult to provide a theoretical explanation for the negative effect of In_serv 
by decomposing Bi_serv. We reviewed the correlation coefficient matrix and found no variables with 
particularly strong correlations among In_Serv, Bi_Serv (R&D outsourcing) and Bi_Serv (other 
expenditure), indicating no multicollinearity.We leave this point for future research. 



11 
 

== Table 5 (a) and (b)== 
These results consistently demonstrate a significant impact of bought-in services, 

and an insignificant effect of in-house services. These findings are related to several 
studies. First, as pointed out above, Aw et al. (2011) demonstrated that R&D expenditures, 
a significant component of in-house services, only modestly affect exports. Thus, our 
finding that in-house services do not affect exports is unsurprising. Second, several 
studies indicate that the development of business-related service industries improves the 
productivity of the manufacturing sector.9 In their industry-level cross-country data, Liu 
et al. (2020) also noted that the development of domestic business-related services and 
financial industries enhances countries' export competitiveness. Drawing on these studies, 
we conclude that outsourced services are effective for enhancing export competitiveness. 
Our results indicate that the service inputs required for export activities are often difficult 
to produce in-house within a short period; thus, many firms procure them externally. 

Since the BSJBSA contains qualitative data on the specifics of service outsourcing, 
we examine what type of service outsourcing is most associated with for GVC 
participation and export intensity. We focus on research and marketing and design and 
product development. The results for GVC participation are presented in Table 6(a). As 
indicated in Column (2), design and product development are essential for participation 
in GVC. Breaking down outsourcing into domestic and overseas shows that outsourcing 
to the domestic market has a positive impact on the probability of participation in GVCs. 
In contrast, the results for export intensity, presented in Table 6(b), indicate that 
outsourcing for research and marketing has a significant impact on the export ratio.  

== Table 6 (a) and (b) == 
Our finding that outsourcing design and product development activities positively 

affects GVC participation is consistent with evidence that product innovation drives 
export entry, although most research does not distinguish between in-house and bought-
in services. For example, Cassiman and Golovko (2011) and Damijan et al. (2010) 
showed that product innovation promotes export entry. Regarding the two-way link 
between imports and exports, Aristei et al. (2013) demonstrated that product development 
may also increase the likelihood of GVC participation, defined as engaging in both 
exports and imports. These studies indicate that product development is crucial to meet 
the demands of overseas customers. As export participation through product development 

 
9 Using firm-level data from Czech Republic, Arnold et al. (2011) examined the association between 
service liberalization and the productivity of manufacturing industries relying on service inputs. 
Fernandes and Paunov (2012) used Chilean manufacturing firm-level data and found a positive effect 
of FDI inflows in service sectors on manufacturing firms’ productivity. Hayakawa et al. (2020) also 
examined the impact of service FDI liberalization on export quality using Chinese firm-level data. 
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advances, importing the necessary parts and technologies for production will also become 
necessary, ultimately resulting in participation in the GVC through exports and imports. 

In contrast, our finding that outsourcing research and marketing activities 
significantly affects export intensity but not GVC participation aligns with the literature 
that emphasizes market orientation and marketing capabilities. Using Chinese 
manufacturing firm-level data, Zhang and Zhu (2016) provided evidence that marketing-
related resources enhance export performance, as measured by export intensity. Similarly, 
recent Indian manufacturing evidence shows that export-induced marketing investments, 
including packaging, distribution, and promotion, improve firm performance (Singh and 
Aggarwal, 2024). These studies suggest that research and marketing are vital for 
maintaining and expanding export intensity by sustaining competitiveness in and 
enhancing brand penetration, rather than for initiating GVC participation. 

Regarding the mechanisms linking servicification and GVC participation, we 
outlined three channels in the introduction: productivity, market access and coordination, 
and differentiation and bundling. Which of these mechanisms is most consistent with our 
findings? The positive effects of outsourcing design and product development on firms’ 
GVC participation in Table 6(a) align with the differentiation and bundling channel. The 
results in Table 6(b), which highlight the role of outsourcing in research and marketing 
activities, are consistent with the market access and coordination channel. As for the 
productivity channel, identifying the extent to which increased service inputs enhance 
productivity—and thereby facilitate GVC expansion—remains an important avenue for 
future research. 

 
4.2.Extension analysis 

We conducted additional estimations. First, we investigated whether the impact of 
servicification varies across destination regions or sectors. Exporting higher-quality 
products to developed countries than to developing countries requires that these products 
have more service inputs. Francois et al. (2015) used global input–output tables to 
document the pattern of service-embodied goods trade, finding a greater dependence on 
services for exports to developed countries. Regarding exports to Asia as exports to 
developing countries, and exports to North America and the EU (NA&EU) as exports to 
developed countries, we assess whether the impact of servicification differs across 
regions as measured by a two-way trading dummy and export intensity by region.10 Since 

 
10 Ideally, we should distinguish between developed and developing countries based on GDP per 
capita or other factors. However, our data do not allow us to divide exports by country. The only data 
available are exports by region. Note that in our data, North America comprises the U.S. and Canada 
and does not include Mexico. 
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the same argument holds, we also analyze the sample separately for high- and low-tech 
industries.  

Columns (1) through (4) of Table 7 compare the results by destination regions. The 
bought-in service coefficients are positive and significant for exports to both Asia and the 
NA&EU, likely because Japanese firms are engaged in vertical fragmentation with Asian 
countries; thus, they export high-quality goods to both Asia and the NA&EU. Examining 
the marginal effects, there is little difference between them. In contrast, the servicification 
coefficients on export intensity become insignificant for both regions. We examine the 
differences between high- and low-tech industries, as outlined in Columns (5) through (8) 
of Table 7. In-house service did not have a statistically significant effect, while bought-in 
service was only significant in the high-tech industry. This confirms that the importance 
of servicification for expanding into foreign markets varies by industry and is especially 
important in the high-tech sector. 

== Table 7 == 
Second, we address concerns that our estimated coefficients might be affected by 

potential endogeneity bias. Firms that develop overseas businesses might extensively use 
external services or increase their in-house service production. Following Chun et al. 
(2021), we employ the control function approach to address endogeneity concerns. As 
instruments, we employ industry-average servicification measures, which are also used 
in Reddy et al. (2021). Firms in the same industry are assumed to make similar service 
expenditures. However, participation in GVCs and export market expansion is firm-
specific and not contingent upon the service expenditures of other firms in the same 
industry. Therefore, this variable is exogenous and serves as a reasonable instrument 
variable. Columns (1) and (2) of Table 8 show that there is no substantive change even 
when considering the endogeneity of the servicification measures. 

Lastly, we analyze the impact on service sales, specifically the servitization of output. 
Although we find that in-house services do not influence the expansion of export activities, 
they may contribute to integrating in-house product sales and after-sales services, namely, 
the servitization of output. Through servitization, manufacturing firms expand into 
service fields that complement their products. Firms promoting such servitization may 
increase in-house services. We verified this relationship using the ratio of service sales to 
total sales of manufacturing firms as the dependent variable and examined the 
relationships with the two servicification measures. As in Columns (1) and (2), 
endogeneity concerns are addressed using the control function approach and include the 
residuals of the first stage regression as independent variables. The results are presented 
in Columns (3) and (4) of Table 8. While Column (3) estimates the model with the CRE 
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Poisson model, Column (4) uses the CRE Tobit model to account for the share of service 
sales, ranging from 0 to 1. In both cases, the coefficients of the in-house and bought-in 
service indicators are positive and statistically significant, indicating that manufacturing 
firms use in-house service inputs for the servitization of their output.  

== Table 8 == 
 
5. Conclusion 

Using data from 2009 to 2019, this study investigates the impact of servicification 
on the performance of Japanese manufacturing firms in export markets. Using detailed 
information on service outsourcing and employing a CRE model, we investigate the 
impact on GVC participation, measured by two-way trader dummies and export intensity. 

Our empirical analysis reveals that while in-house service production does not 
significantly impact foreign business expansion, bought-in service input has a positive 
and significant effect on firm performance in the export market, even after controlling for 
unobserved firm-specific effects. This effect is more pronounced for high-tech industries. 
These results are consistent with previous research on the relationship between R&D 
expenditure and export activities, as well as service industry development and export 
competitiveness. Our results suggest that the service inputs required for export activities 
are often difficult to produce in-house within a short period, and many firms procure them 
externally. Moreover, according to our supplementary analysis, in-house service 
production is correlated with servitization in terms of output, measured by the proportion 
of service sales to overall sales, rather than with the expansion of international operations. 
We also find that bought-in service input, particularly service outsourcing, significantly 
affects GVC participation and export intensity. 

The evidence that bought-in service plays an essential role in GVC participation and 
export expansion has policy implications. Since service providers are concentrated in 
urban areas, it is challenging for rural companies to access these services. For example, 
according to the Economic Census, as of 2016, 25% of the wholesale traders' business 
offices are concentrated in the greater Tokyo area (Tokyo, Saitama, Chiba, and 
Kanagawa). Additionally, the Japan Chamber of Commerce and Industry (2022) noted 
that local SMEs face difficulties in finding overseas business consulting firms to promote 
their international business. Although regional trading companies are expected to provide 
services to regional firms, regional companies often remain dissatisfied with the services 
offered due to a lack of expertise in trade practices, marketing, logistics, and 
communication with foreign firms. Therefore, ensuring that local firms can access the 
appropriate service providers to expand their international businesses is essential. 
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Although this study provides intriguing insights, various avenues remain for future 
research. For example, to what extent does an increase in service inputs affect the quality 
of exported goods, and does it significantly affect exports to developed or developing 
countries? Additionally, the possible effects of increased export intensity include an 
increase in the number of export destinations and an increase in the value of exports per 
destination country. More comprehensive, firm-level trade transaction data are needed to 
address these issues. 
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Table 1 Ratio of GVC firms and export intensity 
year GVC firm ratio Ex Int 

2009 21.5% 5.2% 

2010 22.5% 5.3% 

2011 22.5% 5.3% 

2012 23.4% 5.4% 

2013 23.5% 5.5% 

2014 23.6% 5.6% 

2015 24.2% 5.8% 

2016 24.6% 5.7% 

2017 25.1% 5.8% 

2018 25.0% 5.7% 

2019 24.9% 5.6% 

Source: Author's calculations based on BSJBSA (METI) 
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Table 2 Servicification of Japanese manufacturing firms 
(a) Servicification intensity 

 In-House Service input 

 Total Low Tech High Tech 

2009 0.085 0.075 0.096 
2019 0.078 0.069 0.087 

    

 Bought-in Service input 

 Total Low Tech High Tech 

2009 0.037 0.043 0.031 
2019 0.041 0.048 0.035 

(b) Share of firms that engage in service outsourcing 
Service outsourcing  

Research and Marketing Design and Product Development 

 Total Low Tech High Tech Total Low Tech High Tech 

2009 3.3% 2.7% 3.9%  3.6% 4.4% 2.8% 
2019 6.3% 5.4% 7.2%  5.1% 6.6% 3.8% 

Service outsourcing to overseas suppliers    

Research and Marketing   Design and Product Development 

 Total Low Tech High Tech Total Low Tech High Tech 

2009 0.6% 0.3% 0.8%  0.2% 0.1% 0.2% 
2019 1.2% 0.7% 1.7%  0.2% 0.1% 0.2% 

Source: Author's calculations based on BSJBSA (METI) 
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Table 3 Servicification intensity between GVC and non-GVC firms 
 In-House Service  Bought-in Service 
 GVC firm non-GVC  GVC firm non-GVC 

1 Food 0.052 0.039  0.057 0.053 
2 Textiles 0.053 0.039  0.035 0.030 
3 Pulp and Paper 0.035 0.032  0.054 0.055 
4 Chemicals 0.081 0.049  0.050 0.041 
5 Petroleum and Coal products 0.042 0.046  0.034 0.036 
6 Ceramics and Refractories 0.058 0.040  0.052 0.070 
7 Primary Metals 0.028 0.021  0.036 0.037 
8 Metal Products 0.051 0.035  0.044 0.038 
9 General-purpose Machinery 0.072 0.051  0.034 0.025 
10 Electronic Components 0.056 0.035  0.025 0.018 
11 Electrical Machinery 0.073 0.053  0.029 0.024 
12 Information and Communication Equipment 0.112 0.077  0.037 0.027 
13 Transportation Equipment 0.043 0.023  0.032 0.023 
14 Other 0.079 0.053  0.038 0.036 
Total 0.066 0.041  0.038 0.037 

Source: Author's calculations based on BSJBSA (METI) 
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Table 4 Baseline results, determinants of GVC participation, and export intensity 
 (1) (2)  (3) (4) 

 GVC dummy GVC dummy  Ex Int Ex Int 

In_Serv t−1 0.595*** 0.000360  1.534*** 0.0761 

 (0.0454) (0.0162)  (0.262) (0.0781) 

Bi_Serv t−1 0.234*** 0.0665***  0.429** 0.218** 

 (0.0565) (0.0201)  (0.176) (0.106) 

log(Labort−1) 0.0889*** 0.0299***  0.299*** 0.0700 

 (0.00360) (0.00536)  (0.0173) (0.0462) 

log(K-L ratio t−1) 0.0255*** 0.00176  0.229*** 0.0327 

 (0.00290) (0.00240)  (0.0210) (0.0214) 

log(TFP t−1) 0.0568*** 0.00379  0.480*** 0.185*** 

 (0.0128) (0.00548)  (0.0615) (0.0407) 

Capital FR t−1 0.00248*** 6.00e−05  0.0103*** −0.000862 

 (0.000219) (0.000169)  (0.000869) (0.000829) 

Mean of covariates      

In_Serv t−1  0.551***   3.551*** 

  (0.0141)   (0.322) 

Bi_Serv t−1  0.0514   0.346 

  (0.0658)   (0.527) 

log(Labort−1)  0.0147***   0.235*** 

  (0.00274)   (0.0315) 

log(K-L ratio t−1)  0.0402***   0.185*** 

  (0.00656)   (0.0509) 

log(TFP t−1)  −0.0160   0.466*** 

  (0.0156)   (0.0864) 

Capital FR t−1  0.00226***   0.0152*** 

  (5.33e−05)   (0.00128) 

Method Logit CRE probit  Poisson CRE Poisson 

Observations 121,758 121,758  121,758 121,758 

Number of firm  16,039   16,039 

      

Note: The coefficients represent marginal effects. Robust standard errors are in 
parentheses. ***, **, and * represent statistical significance at the 1%, 5% and 10% 
levels, respectively. Means for time-varying variables, Industry FE and Year FE are 
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included but not reported. 
Table 5 (a) Results with alternative servicification indicators: GVC dummy 

 (1) (2) (3) (4) (5) 

In_Serv t−1 0.000360   0.000595 −0.000117 
 (0.0162)   (0.0170) (0.0168) 
In_Serv t−1  0.00889    

 (incl. H worker)  (0.0168)    
In_Serv t−1   0.0324   

(service labor cost)   (0.0198)   
In_Serv t−1   −0.0207   

(R&D expenditure)   (0.0216)   
Bi_Serv t−1 0.0665*** 0.0718*** 0.0642***   

 (0.0201) (0.0221) (0.0195)   
Bi_Serv t−1    0.0734***  

(excl. foregin input)    (0.0250)  
Bi_Serv t−1     0.451** 

(R&D outsourcing)     (0.212) 
Bi_Serv t−1     0.0608*** 

(other expenditure)     (0.0217) 

Observations 121,758 121,758 121,758 121,758 121,758 
Number of firms 16,039 16,039 16,039 16,039 16,039 

Note: The models are estimated by CRE probit. The coefficients from Columns (1) 
through (5) are marginal effects. Robust standard errors are in parentheses. ***, **, and 
* represent statistical significance at the 1%, 5% and 10% levels, respectively. Means for 
time-varying variables, industry FE, and Year FE are included but not reported. 
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Table 5 (b) Results with alternative servicification indicators: export intensity 
 (1) (2) (3) (4) (5) 

In_Serv t−1 0.0761   0.0752 −0.417** 
 (0.0781)   (0.0770) (0.175) 
In_Serv t−1  0.0486    

 (incl. H worker)  (0.0763)    
In_Serv t−1   0.127   

(service labor cost)   (0.175)   
In_Serv t−1   0.0399   

(R&D expenditure)   (0.0581)   
Bi_Serv t−1 0.218** 0.216** 0.214*   

 (0.106) (0.106) (0.109)   
Bi_Serv t−1    0.363**  

(excl. foregin input)    (0.161)  
Bi_Serv t−1     −0.0906 

(R&D outsourcing)     (0.646) 
Bi_Serv t−1     0.241** 

(other expenditure)     (0.110) 

Observations 121,758 121,758 121,758 121,758 121,758 
Number of firms 16,039 16,039 16,039 16,039 16,039 

Note: The models are estimated by CRE Poisson regression. Robust standard errors are 
in parentheses. ***, **, and * represent statistical significance at the 1%, 5% and 10% 
levels, respectively. Other covariates, their means, industry FE, and Year FE are included 
but not reported.
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Table 6 (a) Results with service outsourcing dummies (marginal effect): GVC dummy 
 (1) (2) (3) (4) (5) (6) 

In_Serv t−1 0.000158 0.000255 0.000301 0.000459 0.000270 0.000633 
 (0.0152) (0.0161) (0.0159) (0.0150) (0.0161) (0.0170) 
Bi_Serv t−1 0.108*** 0.111*** 0.109*** 0.105*** 0.111*** 0.107*** 

 (excl. service outsourcing) (0.0330) (0.0393) (0.0324) (0.0341) (0.0372) (0.0315) 
Serv outsourcing dummy 0.00592      

(Research/Marketing) (0.00426)      
Serv outsourcing dummy  0.00789*     

(Design/Product Development)  (0.00452)     
Serv outsourcing dummy (Dom)   0.00621    

(Research/Marketing)   (0.00438)    
Serv outsourcing dummy (For)    −0.00167   

(Research/Marketing)    (0.00852)   
Serv outsourcing dummy (Dom)     0.00803*  

(Design/Product Development)     (0.00455)  
Serv outsourcing dummy (For)      −0.0202 

(Design/Product Development)      (0.0177) 

Observations 121,758 121,758 121,758 121,758 121,758 121,758 
Number of firms 16,039 16,039 16,039 16,039 16,039 16,039 

Note: The models are estimated by CRE probit. The coefficients from Columns (1) through (6) are marginal effects. Robust standard errors 
are in parentheses. ***, **, and * represent statistical significance at the 1%, 5% and 10% levels, respectively. Other covariates, their 
means, industry FE, and Year FE are included but not reported.
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Table 6 (b) Results with service outsourcing dummies: export intensity  
 (1) (2) (3) (4) (5) (6) 

In_Serv t−1 0.0719 0.0774 0.0744 0.0734 0.0773 0.0784 
 (0.0790) (0.0784) (0.0788) (0.0786) (0.0784) (0.0781) 
Bi_Serv t−1 0.673*** 0.581*** 0.624*** 0.673*** 0.573*** 0.599*** 

 (excl. service outsourcing) (0.161) (0.152) (0.155) (0.165) (0.151) (0.156) 
Serv outsourcing dummy 0.0498**      

(Research/Marketing) (0.0219)      
Serv outsourcing dummy  0.00584     

(Design/Product Development)  (0.0277)     
Serv outsourcing dummy (Dom)   0.0425*    

(Research/Marketing)   (0.0233)    
Serv outsourcing dummy (For)    0.0712**   

(Research/Marketing)    (0.0351)   
Serv outsourcing dummy (Dom)     0.0117  

(Design/Product Development)     (0.0286)  
Serv outsourcing dummy (For)      −0.0412 

(Design/Product Development)      (0.0702) 

Observations 121,758 121,758 121,758 121,758 121,758 121,758 
Number of firms 16,039 16,039 16,039 16,039 16,039 16,039 

Note: The models are estimated by CRE Poisson regression. Robust standard errors are in parentheses. ***, **, and * represent statistical 
significance at the 1%, 5% and 10% levels, respectively. Other covariates, their means, industry FE, and Year FE are included but not 
reported.  
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Table 7 Estimation results by regions and industries 
 (1) (2)  (3) (4)  (5) (6)  (7) (8) 

 GVC dummy  Ex_Int  GVC dummy  Ex_int 

 Asia NA&EU  Asia NA&EU  Low Tech High Tech  Low Tech High Tech 

In_Serv t−1 0.00850 0.00116  0.0922 0.0380  0.0121 −0.00349  0.215 6.63e−05 
 (0.0126) (0.00782)  (0.100) (0.0890)  (0.0185) (0.0356)  (0.193) (0.0867) 
Bi_Serv t−1 0.060*** 0.040***  0.119 0.176  0.0404 0.103***  0.103 0.297** 
 (0.0209) (0.0151)  (0.124) (0.168)  (0.0290) (0.0367)  (0.295) (0.144) 
log(Labort−1) 0.039*** 0.014***  0.112* 0.0594  0.0183** 0.0479***  0.121 0.0593 
 (0.00566) (0.00409)  (0.0586) (0.0842)  (0.00791) (0.00950)  (0.0954) (0.0527) 
log(K-L ratio t−1) 7.16e−05 0.00408*  0.0369 0.0545*  0.00363 0.00193  0.0150 0.0377 
 (0.00248) (0.00220)  (0.0278) (0.0297)  (0.00378) (0.00407)  (0.0405) (0.0254) 
log(TFP t−1) 0.0103* 0.00598  0.181*** 0.205***  0.0223** −0.00775  0.353*** 0.139*** 
 (0.00600) (0.00420)  (0.0499) (0.0692)  (0.00874) (0.0146)  (0.116) (0.0445) 
Capital FR t−1 −3.51e−05 0.000108  −0.000857 −0.00198  5.54e−05 2.78e−05  −0.00283 −0.000470 
 (0.0002) (9.7e−05)  (0.0012) (0.0012)  (0.0003) (0.0002)  (0.0019) (0.0010) 

Observations 121,758 121,758  121,758 121,758  56,593 65,165  56,593 65,165 
Number of firms 16,039 16,039  16,039 16,039  8,101 8,772  8,101 8,772 

Note: The models are estimated by CRE. The coefficients from Columns (1), (2), (5) and (6) are marginal effects. Robust standard errors 
are in parentheses. ***, **, and * represent statistical significance at the 1%, 5% and 10% levels, respectively. The means of covariates, 
industry FE, and Year FE are included but not reported.
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Table 8 Extension: the second-stage results of the control function approach 
 (1) (2)  (3) (4) 
Dependent variable GVC dummy Ex_int  Share of service sales 

In_Serv t−1 −0.000481 0.0857  0.190*** 0.0319*** 
 (0.0157) (0.0771)  (0.0585) (0.00818) 
Bi_Serv t−1 0.0617*** 0.182*  0.118* 0.0270*** 
 (0.0226) (0.109)  (0.0679) (0.0103) 
log(Labort−1) 0.0327*** 0.0623  0.0437 0.0104*** 
 (0.00680) (0.0464)  (0.0401) (0.00260) 
log(K-L ratio t−1) 0.00188 0.0304  0.0163 0.00417*** 
 (0.00264) (0.0215)  (0.0162) (0.00128) 
log(TFP t−1) 0.00517 0.190***  −0.00430 0.00240 
 (0.00726) (0.0409)  (0.0449) (0.00325) 
Capital FR t−1 7.19e−05 −0.000934  −0.00106 −0.000154** 
 (0.000215) (0.000830)  (0.000918) (7.77e−05) 
Residuals of first stage     
In_Serv t−1 0.302 0.0223  0.485*** 0.0547*** 
 (0.282) (0.0974)  (0.106) (0.00831) 
Bi_Serv t−1 0.735* 0.334***  0.106 0.0171 

 (0.404) (0.112)  (0.149) (0.0111) 

Estimation Method CRE probit CRE Poisson  CRE Poisson CRE Tobit 
Observations 121,265 121,265  121,758 121,758 
Number of firm 15,996 15,996  16,039 16,039 

Note: All models are estimated with the control function approach. Residuals of the first 
stage are calculated from the first stage estimation with instrument variables. Industry 
average In_Servt−1 and Bi_Servt−1 are used as instruments. The coefficients in Column (1) 
are marginal effects. Robust standard errors are in parentheses. ***, **, and * represent 
statistical significance at the 1%, 5% and 10% levels, respectively. The means of 
covariates, industry FE, and Year FE are included but not reported. 
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Appendix A. Basic statistics 
Table A.1 Summary statistics 

 N Mean SD p25 p75 

GVC dummy 121,758 0.251 0.433 0.000 1.000 
Ex_Int 121,758 0.058 0.147 0.000 0.027 
In_Serv t−1 121,758 0.047 0.067 0.003 0.066 
Bi_Serv t−1 121,758 0.037 0.050 0.011 0.048 
log(Labort−1) 121,758 5.152 0.882 4.466 5.645 
log(K-L ratio t−1) 121,758 1.888 1.061 1.423 2.517 
log(TFP t−1) 121,758 0.161 0.419 −0.037 0.425 
Capital FR t−1 121,758 2.385 12.574 0.000 0.000 

 
 
Table A.2 Correlation matrix 

  [1] [2] [3] [4] [5] [6] [7] [8] 

[1] GVC dummy 1.000         
[2] Ex_Int 0.444  1.000        
[3] In_Serv t−1 0.160  0.113  1.000       
[4] Bi_Serv t−1 0.028  0.006  0.067  1.000      
[5] log(Labort−1) 0.249  0.185  0.123  0.091  1.000     
[6] log(K-L ratio t−1) 0.064  0.079  −0.068  0.082  0.089  1.000    
[7] log(TFP t−1) −0.051  −0.007  −0.063  0.052  0.167  −0.023  1.000   
[8] Capital FR t−1 0.152  0.166  0.053  0.043  0.138  0.038  −0.023  1.000  
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Appendix B. The impact on import intensity 
Table B1 Baseline and extension 

 (1) (2) (3) (4) (5) (6) 

   Asia NA&EU Low Tech High 
Tech 

In_Serv t-1 0.545*** -0.110 0.242 -0.00405 0.0566 -0.240* 

 (0.155) (0.0999) (0.191) (0.232) (0.144) (0.144) 

Bi_Serv t-1 0.296 -0.126 -0.405 0.490** 0.0117 -0.243 

 (0.220) (0.171) (0.349) (0.248) (0.333) (0.277) 

log(Labort-1) 0.115*** -0.0622 0.236** -0.0727 -0.0303 -0.0970 

 (0.0228) (0.0673) (0.108) (0.133) (0.0751) (0.0910) 

log(K-L ratio t-1) 0.0733*** -0.0109 0.0242 0.0144 -0.0490 0.00478 

 (0.0191) (0.0269) (0.0450) (0.0429) (0.0361) (0.0343) 

log(TFP t-1) 0.511*** 0.137*** 0.189* -0.000538 0.429*** 0.0266 

 (0.0704) (0.0517) (0.106) (0.103) (0.114) (0.0707) 

Capital FR t-1 0.0162*** 4.26e-05 0.00245 0.00272 0.00170 -0.000505 

 (0.000826) (0.000970) (0.00226) (0.00241) (0.00143) (0.00125) 

Mean of covariates       

In_Serv t-1  1.110*** 1.179** 3.595*** 0.788 1.147*** 

  (0.327) (0.465) (0.977) (0.616) (0.371) 

Bi_Serv t-1  0.691 -0.531 -1.050 -2.087** 2.157*** 

  (0.490) (1.200) (1.164) (0.929) (0.631) 

log(Labort-1)  0.0923*** 0.1000* 0.192** 0.155*** 0.0443 

  (0.0341) (0.0595) (0.0933) (0.0486) (0.0437) 

log(K-L ratio t-1)  0.158** 0.207* 0.140 -0.0769 0.270*** 

  (0.0722) (0.113) (0.130) (0.0898) (0.0947) 

log(TFP t-1)  0.496*** 0.143 0.436* 0.679*** 0.481*** 

  (0.0903) (0.152) (0.233) (0.184) (0.116) 

Capital FR t-1  0.0195*** 0.0137*** 0.0319*** 0.0146*** 0.0200*** 

  (0.00130) (0.00332) (0.00317) (0.00256) (0.00153) 

Method Poisson CRE Poisson 

Observations 123,028 123,028 123,028 123,028 57,328 65,700 

Number of firm 16,111 16,111 16,111 16,111 8,152 8,802 

Note: Robust standard errors are in parentheses. ***, **, and * represent statistical 
significance at the 1%, 5% and 10% levels, respectively. Industry FE and Year FE are 
included but not reported. 
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Table B2 Results with alternative servicification indicators: Import intensity 
 (1) (2) (3) (4) (5) 

In_Serv t-1 -0.110   -0.108 -0.109 
 (0.0999)   (0.0993) (0.0994) 
In_Serv t-1  -0.252**    

 (incl. H worker)  (0.116)    
In_Serv t-1   -0.0254   

(service labor cost)   (0.132)   
In_Serv t-1   -0.161   

(R&D expenditure)   (0.130)   
Bi_Serv t-1 -0.126 -0.122 -0.127   

 (0.171) (0.169) (0.171)   
Bi_Serv t-1    -0.212  

(excl. foregin input)    (0.217)  
Bi_Serv t-1     -0.172 

(R&D outsourcing)     (0.185) 
Bi_Serv t-1     0.652 

(other expenditure)     (1.023) 

log(Labort-1) -0.0622 -0.0626 -0.0595 -0.0622 -0.0624 
 (0.0673) (0.0672) (0.0661) (0.0676) (0.0664) 
log(K-L ratio t-1) -0.0109 -0.0113 -0.0105 -0.0110 -0.0109 
 (0.0269) (0.0268) (0.0265) (0.0269) (0.0268) 
log(TFP t-1) 0.137*** 0.137*** 0.124** 0.137*** 0.137*** 
 (0.0517) (0.0517) (0.0506) (0.0517) (0.0516) 
Capital FR t-1 4.26e-05 4.61e-05 4.91e-05 2.49e-05 4.11e-05 
 (0.00097) (0.00097) (0.00097) (0.00097) (0.00097) 
      
Observations 121,758 123,028 123,028 123,028 123,028 
Number of firm 16,039 16,111 16,111 16,111 16,111 

Note: The models are estimated by CRE Poisson regression. Robust standard errors are 
in parentheses. ***, **, and * represent statistical significance at the 1%, 5% and 10% 
levels, respectively. Means for time-varying covariates, industry FE, and Year FE are 
included but not reported.  
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Table B3 Results with service outsourcing dummies: Import intensity 
 (1) (2) (3) (4) (5) (6) 

In_Serv t-1 -0.119 -0.115 -0.118 -0.115 -0.116 -0.111 

 (0.102) (0.102) (0.102) (0.101) (0.102) (0.101) 

Bi_Serv t-1 -0.0440 -0.0427 -0.0396 -0.0452 -0.0398 -0.0403 

 (excl. service outsourcing) (0.136) (0.141) (0.135) (0.140) (0.141) (0.139) 

Serv outsourcing dummy 0.0696**      

(Research/Marketing) (0.0283)      

Serv outsourcing dummy  0.0313     

(Design/Product Development)  (0.0313)     

Serv outsourcing dummy (Dom)   0.0617**    

(Research/Marketing)   (0.0308)    

Serv outsourcing dummy (For)    0.0959***   

(Research/Marketing)    (0.0364)   

Serv outsourcing dummy (Dom)     0.0245  

(Design/Product Development)     (0.0317)  

Serv outsourcing dummy (For)      0.0391 

(Design/Product Development)      (0.0475) 

Observations 123,028 123,028 123,028 123,028 123,028 123,028 

Number of firm 16,111 16,111 16,111 16,111 16,111 16,111 

Note: The models are estimated by CRE Poisson regression. Robust standard errors are in parentheses. ***, **, and * represent 
statistical significance at the 1%, 5% and 10% levels, respectively. Other covariates, their means, industry FE, and Year FE are included 
but not reported. 
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