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Abstract. A great deal of research attention has been devoted to studying the effects of customer 
concentration on firm strategic acts. Scholars have also investigated the relationship between cus-
tomer concentration and firm innovation, but concluded inconsistent findings of such relation-
ship. Furthermore, the underlying mechanism remains unclear. To address these concerns, this 
study decouples exploratory innovation from firm innovation and introduce performance-reducing 
threats perceived by the executives as the mediator. Based on the observations of China high-tech 
listed firms from 2011 to 2018, empirical results show that customer concentration has a U-shaped 
relationship with exploratory innovation, via the mediating effect of performance-reducing threats 
perceived by the executives.

Keywords: customer concentration, exploratory innovation, performance-reducing threats, ex-
ecutives’ perceptions, high-tech companies, strategic acts, mediating effect.
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Introduction 

Customers are crucial external stakeholders of a firm, and play a significant role in the firm’s 
operational decisions and profitability (Shen et al., 2018; Song & Wang, 2019). Over the past 
decade, there has emerged with an ever-increasing tendency of relying on several major cus-
tomers, such that customer concentration has continued to be raised in firms world widely 
(Chang et al., 2017). Correspondingly, exploring the consequences of customer concentration 
becomes increasingly significant and the related issues have also acquired abundant research 
attentions. For instance, current literatures have indicated that customer concentration has 
significant effects on firms’ strategic activities such as cash holdings (Itzkowitz, 2013) and 
cost structure (Chang et al., 2017). 
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Scholars have also linked customer concentration to firm innovation (Krolikowski & 
Yuan, 2017; Shen et al., 2018; Zhou et al., 2019). While prior studies have investigated the ef-
fect of customer concentration on firm innovation by using various measurements of innova-
tion empirically, they have concluded inconsistent findings toward such effect. For instance, 
Shen et al. (2018) concluded a U-shaped relationship between customer concentration and 
firm innovation; Krolikowski and Yuan (2017) found that a concentrated customer base can 
positively motivate the firm to innovate; yet Zhou et al. (2019) suggested that the relationship 
between customer concentration and firm innovation is negative. In addition, how does it 
happen? The underlying mechanism of the linkage between customer concentration and firm 
innovation remains unclear. Hence, more studies need to be invested to not only reconcile 
the inconsistent conclusions, but also explore the ways how customer concentration plays 
role in firm innovation.

This paper attempts to address these limitations. First, this study decouples exploratory 
innovation from firm innovation and investigate how customer concentration influences 
exploratory innovation. A probable reason for the existing inconsistent conclusions toward 
the effect of customer concentration on firm innovation is that different types of innova-
tion activities (e.g., exploratory innovation versus exploitative innovation) were not distin-
guished from the innovation measurements in prior studies, and customer concentration 
may have diverse influences on different types of innovation activities. Second, this paper 
introduces perceived performance-reducing threats by the executives as the mediating vari-
able, to build the linkage between customer concentration and exploratory innovation. As 
key social capital and relational resources, customers directly contribute to firm performance 
(Voss et al., 2008). Customer concentration reflects the relationship between customers and 
the firm (Krolikowski & Yuan, 2017), and can cause the executives’ concerns of future per-
formance. This paper argues that customer concentration has a U-shaped relationship with 
executives’ perception of performance-reducing threats. Prior studies have indicated that 
perceived performance-reducing threats of executives may act on exploratory innovation ac-
tivities (Osiyevskyy & Dewald, 2015). Hence, via the mediating effect of executives’ perceived 
performance-reducing threats, this study builds the linkage between customer concentration 
and exploratory innovation. 

This study contributes to the extant literature in several ways. First, this study contrib-
utes to adding the growing body of the literature on managerial consequences of customer 
concentration. By decoupling exploratory innovation from firm innovation and introducing 
the executives’ perceptions of performance-reducing threats, this paper reveals a non-linear 
effects of customer concentration on exploratory innovation. Second, this paper contributes 
to deepening the understanding of the antecedents of firm innovation, especially illuminating 
the underlying mechanism. Finally, this study contributes to enriching the literature on the 
role of managers’ perceptions of organizational threats in their strategic decision-makings, 
by using a novel measurement based on the content analysis. 

This paper is organized as the follows. Section 1 reviews the theoretical background and 
develops hypotheses. Section 2 illustrates the sample selection, variable measurements, and 
empirical methodology. Section 3 presents primary empirical results. Section 4 checks the 
robustness of empirical analyses. Section 5 provides discussion of the findings. Finally, the 
conclusions and limits are inserted.
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1. Literature review and hypotheses development 

1.1. Theoretical background of executives’ innovation decision-making 

In most organizations, executives play a pivotal role in the decision-making of corporate 
strategies including innovation decisions (Daft & Weick, 1984). The literature has been ex-
ploring a plenty of antecedents that can influence on executives’ innovation decision-making, 
underpinning on various theoretical bases (Wang et al., 2019; Osiyevskyy & Dewald, 2015). 
In this study, the research framework is mainly built on the coupling of cognitive frame 
theory and prospect theory. Cognitive frame theory argues that because of cognitive limita-
tions, executives will implement innovation activities based on their interpretations of what 
they have scanned inside and outside the organization (Hahn et al., 2014). Accordingly, their 
sense-making of innovation decisions would undergo three stages, that are, scanning, inter-
preting, and responding (Wang et al., 2016; Daft & Weick, 1984), respectively. Executives in 
general scan the changes of internal or external environment, including society aspects and 
organization resources (e.g., customer base). The information cues they gathering are gener-
ally ambiguous and selective, in which they generally focus on those things that are facing 
severe situations. Then, executives interpret their scanning results as opportunities or threats, 
constructing a gain-frame or loss-frame of decision-marking. According to prospect theory, 
the gain-frame (loss-frame) will lead executives to take risk-aversion (risk-taking) decisions 
to respond. Based on the above sense-making process of executives, this study will further 
argue that both an over-decentralized customer base and a high level of customer concentra-
tion would be interpreted as the threats of possible loss of resources by the executives. As 
a result, executives tend to be risk-seeking and prefer more adventurous or novel activities, 
reflecting in exploratory innovation.

1.2. Customer concentration, firm strategic acts, and innovation

Customer is a thing of relational resources and straight contributes to the revenue of firms 
(Voss et al., 2008). Customer concentration measures how concentrated a supplier’s customer 
base is, and is one of the most important characteristics of the supplier–customer relationship 
(Huang et al., 2016). Therefore, customer concentration is in essence related to the composi-
tion of operational revenue and has significant influences on the firm’s strategic decisions. 
Based on transaction cost theory, a set of the literature encouraged firms to enhancing cus-
tomer concentration, given that a high level of customer concentration generally corresponds 
to low marginal cost of production and transaction (Krolikowski & Yuan, 2017; Patatoukas, 
2012; Pan et al., 2020). Holding a more concentrated customer base can facilitate a firm’s 
resources integration and information sharing along the supplier chain, improving inven-
tory management and operational efficiency and avoiding the bullwhip effect (Irvine et al., 
2016; Kelepouris et al., 2008; Krolikowski & Yuan, 2017). While other scholars objected to it 
because that customer concentration may have negative consequences. For instance, a more 
concentrated customer base may result in a higher cost of equity (Dhaliwal et al., 2016), and a 
larger performance fluctuation. A living case is Lens Technology which supplied phone cover 
glass to Apple. From 2013 to 2015, Lens Technology’s sales revenue to Apple account for 
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40.12%, 47.44%, and 48.40% of its total revenue, respectively. Whereas its total sales revenue 
decreased 11.56% in 2016 due to the poor market performance of iPhone 6s series. In addi-
tion, the higher the customer concentration, the greater the bargaining power of core cus-
tomers, and hence the higher probabilities that core customers will squeeze economic profits 
and occupy commercial credit (Huang et  al., 2016; Peng et  al., 2019). On the whole, the 
influences of customer concentration on firm strategic acts deserve to be more investigated. 

To our best knowledge, several studies have also investigated the influences of customer 
concentration on firm innovation. For instance, by using a sample of U.S. firms from 1980 to 
2005, Krolikowski and Yuan (2017) suggested that a concentrated customer base motivates 
firms to invest more in R&D expenditure and become more innovative, reflecting in innova-
tion intensity (measured by the number of applied patents per year), innovation importance 
(measured by total number of non-self-citations across all applied patents), and innovation 
efficiency (measured by the quantity of patents for a given amount of R&D expenditure). 
Shen et al. (2018) found a U-shaped relationship between customer concentration and firm 
innovation which was measured by the natural logarithm of R&D expenditures and the 
ratio of R&D expenditures to total assets, based on the sample of China listed firms. While 
Zhou et al. (2019) which was also based on a large panel sample of China listed firms, sug-
gested the firm’s innovation capability (investment in R&D) measured by the ratio of R&D 
expenditures to operating incomes is negatively correlated with customer concentration. It 
can be found that prior studies have concluded inconsistent findings regarding the effect of 
customer concentration on firm innovation. As argued previously, a probable reason lies in 
the limitation of the measurements, that is, they did not decouple specific innovative activi-
ties such as exploratory innovation from firm innovation. Customer concentration may have 
diverse influences on different types of innovation activities. In addition, more importantly, 
prior studies have scarcely investigated the underlying mechanism how customer concentra-
tion impacts on firm innovation.

1.3. Customer concentration and perceived performance-reducing threats

Performance-reducing threats perceived by the executives refer to the perceptions of an-
ticipated or likely losses in revenues and profits in the future (Osiyevskyy & Dewald, 2015). 
This study argues that customer concentration would affect perceived performance-reducing 
threats by the executives, before it acts on the firm’s business decisions. Prior studies stated 
that customer concentration refers to the ratio of major customers’ sales to total sales of the 
firm (Zhou et al., 2019). An over-decentralized customer base implies that the firm needs 
to allocate its limited capacities to a large number of customers, and hence allocations to 
per customer decrease, leading to high probabilities of customer turnover. Low stability of 
customers will momently rouse the executives’ worries of performance-reducing. Relatively, a 
high level of customer concentration suggests a high dependency as well as a low bargaining 
power of the firm to its major customers (Peng et al., 2019). Given that the firm is scarcely 
possible to seek out alternatives in a short term, losing a major customer would greatly dam-
age the firm’s revenue (Campello & Gao, 2017; Dhaliwal et al., 2016). For instance, after Hua-
wei was listed in the so-called US entity list, many suppliers who largely relied on Huawei’s 
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mobile phone business such as NeoPhotonics have been confronting with huge challenges so 
far. In sum, it can be seen that both low- and high-level of customer concentration will lead 
the firm’s executives to perceive potential threats of performance-reducing. 

While customer concentration is moderate, the executives could generally find a bal-
ance between the dependency on major customers and buttering other limited customers. 
In addition, the bargaining power of the firm would also be optimal in the supply chain, 
and leads to a stable customer base. As a result, the executives are likely to perceive less 
performance-reducing threats. Therefore, this paper proposes that there exists a non-linear 
relationship between customer concentration and perceived performance-reducing threats 
by the executives, as the following: 

H1: There exists a U-shaped relationship between customer concentration and performance-
reducing threats perceived by the executives, such that both low- and high-level of customer 
concentration lead the executives to perceive more performance-reducing threats. 

1.4. Performance-reducing threats and exploratory innovation

As previously argued, performance-reducing threats perceived by the executives signify their 
fears of likely losses in revenues and profits. Hence, when perceiving performance-reducing 
threats, the executives would construct a loss-frame of decision-marking (Wang et al., 2016). 
As prospect theory predicted, they are likely to be loss aversion and risk-seeking under the 
loss-frame (Chattopadhyay et al., 2001; Kahneman & Tversky, 1979). As a result, the execu-
tives would take adventurous actions, such as developing new products and new markets 
(Wang et al., 2016) and adopting disruptive business models (Osiyevskyy & Dewald, 2015), 
namely, exploratory innovation. For instance, above mentioned Lens Technology took mea-
sures to develop new business and de-Apple after the large decline in sales by increasing R&D 
investments. Hence, this study proposes that: 

H2: Performance-reducing threats is positively associated with exploratory innovation.

1.5. The mediating effect of performance-reducing threats

Cognitive frame theory has argued that strategic acts including innovation activities are in 
general the responses of the executives’ scanning of organizational situations (e.g., environ-
mental changes and resource losses) that the firm is facing or will face with (Daft & Weick, 
1984). The executives would generally perceive and interpret organizational situations as 
either opportunities or threats (Daft & Weick, 1984). Once the executives perceive likely-loss 
threats which imply probably losses of specific resource (Ocasio, 1995), they will interpret 
them as the weakening competitiveness of the firm (Wang et al., 2016). As mentioned above, 
the executives would frame a loss decision making context and hence take risky actions to 
hedge likely resource losses. 

When it comes to customer concentration, both low- and high-level of customer con-
centration would arouse the executives’ perceptions of performance-reducing threats caused 
by fears of likely losses in customer resources, and then lead them to adopt exploratory 
innovation activities. The theoretical analysis argued above has linked customer concentra-
tion and performance-reducing threats to exploratory innovation, suggesting that customer 
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concentration can influence firm exploratory innovation via performance-reducing threats 
perceived by the executives. Hence, this study proposes that:

H3: The relationship between customer concentration and exploratory innovation is medi-
ated by performance-reducing threats perceived by the executives.

2. Methods

2.1. Data collection

Following prior studies (Bang et al., 2016; Minakov et al., 2017), this study tests hypotheses 
based on the data of firms in the high-tech industries including telecommunications, radio 
and television and satellite transmission services, internet and related services and software 
and information technology services. The data was collected from China listed high-tech 
companies. Given that most listed companies in China began to disclose the information of 
major customers since 2010, the observation period starts from 2011 to 2018. The data on 
customer concentration and firm-level characteristics is obtained from the database of China 
Stock Market and Accounting Research (CSMAR). The original data for calculating explor-
atory innovation was based on the text content of the section of management discussion 
and analysis in the firms’ annual reports, which was also collected from CSMAR. The initial 
data for calculating the executives’ perception of performance-reducing threats was collected 
from Chinese Research Data Services (CNRDS). Finally, an unbalanced panel data of 793 
observations covering 99 listed high-tech companies during 2011 and 2018 was obtained. 

2.2. Variable measurements

Customer concentration. The officially disclosed ratio of sales to top five customers to 
total sales is used to measure customer concentration. Such measurement is also widely used 
in prior studies (Chang et al., 2017; Dhaliwal et al., 2016; Huang et al., 2016). The ratio is 
calculated as 
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where ,i tSales denotes the sales to customer i  in year t , and  tTotalsales is the firm’s total 
sales in year t . 

Exploratory innovation. March (1991) stated that “exploration” includes things captured 
by terms such as search, variation, risk taking, experimentation, play, flexibility, discovery, 
innovation. Previous studies have mainly used questionnaire-based approach (Chen et al., 
2018; Xie & Gao, 2018; Wang et al., 2019; Wu & Peng, 2020) or patent-based (Yu & Chen, 
2019; Xu et al., 2017; Lu & Pohkam, 2019) indicators to measure exploratory innovation. 
However, despite of potential heterogeneity, endogeneity and other problems (Ugur, 2013; 
Gatti et al., 2015), the questionnaire-based approach may also lack generalizability and ap-
plicability for a broad sample context (Uotila et al., 2009), such as the sample of publicly 
listed firms in this study. In addition, the patent-based indicators are hardly to decouple 
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strictly exploration activities from the firm’s innovation. Furthermore, it is often controversial 
whether above approaches are consistent with the original conceptual definition of explora-
tion innovation proposed by March (1991) (Ugur, 2013; Uotila et al., 2009). 

To address these concerns, this study employs an approach of content analysis that were 
advocated by Uotila et al. (2009) and further extended in Chinese context by Luo et al. (2016) 
to measure exploratory innovation (Luo et al., 2016; Uotila et al., 2009). The measurement 
steps are as follows. First, this study replicated the keywords that embody “exploratory” pro-
posed by Luo et al. (2016), and translated them into Chinese. In addition, this study invited 
two doctoral candidates to check and confirm Chinese translated words. The words were 
discussed and revised until a consensus was reached. Second, this study downloaded annual 
reports of the sample firms and then extracted the structured directors’ reports from annual 
reports. To measure exploratory activities more precisely, this study further extracted the 
discussion parts of the firms’ development strategy and business plan in the next annual 
year, and organized them into text files. Third, this study employed a widely used Chinese 
text analysis software ROST CM6 which was also used by Luo et al. (2016) to execute word 
segmentation, and count the length of each text file and the frequency of exploratory related 
keywords. Finally, exploratory innovation of a firm is measured by using the sum of the 
frequency of all exploratory related keywords dividing by the length of text file of the firm. 

Performance-reducing threats perceived by the executives. The questionnaire-based method 
was also utilized to measure the executives’ perceptions of performance-reducing threats in 
prior studies (Osiyevskyy & Dewald, 2015). However, it also lacks realizability for us to obtain 
data considering the sample in this study is comprised of publicly listed firms. Hence, this 
study employs an alternative approach which is also based on the content analysis method as 
the proxy to measure performance-reducing threats perceived by the executives. 

Recently, using the emotions or tones reflected in the management discussion and analy-
sis of annual reports to predict the future performance of listed companies has largely re-
ceived research attention (Bochkay & Levine, 2019; Li, 2010; Hajek et al., 2014). Prior studies 
have suggested that emotions in the annual reports could imply the executives’ performance 
anticipation in the coming years and are positively related to the firm’s further performance. 
The more negative emotions, the more threats that the executives perceived and the larger 
probabilities of reducing performance in the further, and vice versa. Specifically, the positive 
(or negative) emotions are measure by the ratio of positive (or negative) words to total words 
(Baginski et al., 2018). 

This paper utilizes the relative degree of negative emotions versus positive emptions re-
flected in the annual reports to as the proxy of measuring performance-reducing threats 
perceived by the executives, which is calculated as 

 
       
      

Ratio of negative words Ratio of postive wordsPRT
Ratio of negative words Ratio of postive words

−
=

+
, (2)

where PRT denotes performance-reducing threats perceived by the executives.
The database of Chinese Research Data Services (CNRDS) provides the ratios of both 

positive and negative words of China listed firms from 1999 to 2018. CNRDS database adopts 
the artificial intelligence algorithm to judge and identify positive and negative words in the 
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management discussion and analysis of annual reports. The dictionary that CNRDS utilizes 
is based on the Chinese translation from the English dictionary of Loughran & McDonald 
(2011). The indicators of emotional words of CNRDS have been used to predict the future 
performance in prior studies (Xie & Lin, 2015; Jia & Bian, 2019). 

Control variables. This study controls for a set of firm-level characteristics including 
firm size, profitability, property, firm age, the proportion of tangible assets, situation of 
cash flows and leverages that were widely used in prior studies (Krolikowski & Yuan, 2017; 
Shen et al., 2018; Wang et al., 2019). The size of sample firms is measured by the nature 
logarithm of total year-end assets (Size). This study also controls the profitability of the 
firms by using returns on assets (ROA). The property is a dualistic variable, such that it 
equals one if the sample firm is a state-owned enterprise otherwise equals zero (Property). 
The proportion of tangible assets is calculated by the ratio of tangible assets to total as-
sets (Tangible_ratio). The situation of cash flows is estimated by the ratio of reported cash 
flows to total assets (Cash_flows). Leverage is measured by the ratio of total debts of total 
assets (Leverages). In addition, this study controls for industry fixed effect and year fixed 
effect in the regression models. 

Table 1 presents the definitions of above variables.

Table 1. Definitions of variables

Type Variable Symbol Description

Dependent var. Customer concentration CC_Top5 The ratio of sales to top five 
customers to total sales 

Independent var. Exploratory innovation ER Exploration strength for the next 
year

Mediating var. Performance-reducing threats 
perceived by the executives PRT

The perceptions of anticipated or 
likely losses in revenues and profits 
in the future

Control var.

Firm size Size The nature logarithm of total year-
end assets

Profitability ROA Return on assets

Firm age Age The number of years the enterprise 
has been established

Property Property
Equals one if the sample firm is a 
state-owned enterprise otherwise 
equals zero

The proportion of tangible 
assets

Tangible_
ratio

The ratio of tangible assets to total 
assets

Cash flows Cash_flows The ratio of reported cash flows to 
total assets

Leverages Leverages The ratio of total debts of total 
assets

Industry fixed effect Ind Dummy Variable

Year fixed effect Year Dummy Variable
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Table 2 reports descriptive statistics of the variables. There exist large variances of both 
customer concentration and exploratory innovation. The mean of exploratory innovation is 
12.36 and its standard deviation is 5.08. The maximum of exploratory innovation is almost 
triple the mean. Similarly, the average of the ratio of sales to top five customers is 25.79%, 
and the maximum reaches 90.85% while the minimum is only 0.8%. 

Table 2. Descriptive statistics

Variables Mean St. Dev. Min Max Obs.

Exploratory innovation 12.3641 5.0835 0 34.2531 790
CC_Top5 25.7862 17.6330 0.8000 90.8500 776
PRT –0.4824 0.1288 –0.8269 0.0279 789
Size 21.7626 1.0807 19.6399 27.1464 792
Property 0.2416 0.4284 0 1 778
ROA 0.0458 0.0749 –0.9268 0.4819 792
Age 20.2349 5.3094 10 39 792
Tangible_ratio 0.1199 0.1352 0.0005 0.7511 784
Leverages 0.3246 0.1810 0.0214 0.9606 784
Cash_flows 0.0478 0.0761 –0.2836 0.4756 784

2.3. Empirical methodology

To explore the relationship between customer concentration and exploratory innovation as 
well as the mediating effect, this study utilized the following regression models (Guo, 2018; 
Baron & Kenny, 1986): 
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where ,_ 5 j tCC Top denotes customer concentration of firm j in year t , ER refers to explor-
atory innovation, PRT is the mediating variable, i.e., performance-reducing threats perceived 
by the executives, and Controls is the vector that contains control variables described previ-
ously. Ind andYear are dummy variables to control industry fixed effect and year fixed effect, 
respectively. 
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3. Empirical results

Table 3 is the matrix of correlations between variables.
Table 3. Correlations

Va-
riables

Explo-
ra tory 
inno-
vation

CC_Top5 PRT Size State ROA Age
Tan-

gible_
ratio

Lever-
ages

Cash_
flows

Explo-
ra tory 
inno-
vation

1

CC_
Top5 0.1222*** 1

PRT –0.0542 0.1330*** 1

Size –0.0113 –0.2823*** –0.1305*** 1

Pro-
perty 0.0901** 0.0109 –0.1562*** 0.3431*** 1

ROA 0.0089 –0.0859** –0.2921*** 0.0465 –0.0374 1

Age 0.0356 –0.0240 0.0033 0.0499 0.0415 0.0244 1

Tan-
gible_
ratio

–0.0146 –0.1414*** –0.0162 0.1830*** 0.2117*** –0.1058*** 0.1021*** 1

Leve-
rages 0.0398 –0.0776** 0.0594* 0.3525*** 0.2656*** –0.2122*** 0.0738** 0.1289*** 1

Cash_
flows 0.0151 –0.1717*** –0.1510*** 0.1253*** 0.0329 0.4030*** –0.0041 0.2672*** –0.0682* 1

Notes: *, **, and *** denote the significant levels of p < 0.1, p < 0.05, and p < 0.01, respectively.

To test above hypotheses, this study uses the OLS method with fixed-effects panel re-
gressions. Drawing on prior studies (Fernhaber & Patel, 2012), this study centres CC_Top5 
before calculating its square values. In addition, this study further executes a formal test by 
checking the coefficients of the lower and upper bound of the U-shaped curve following the 
guidance of Haans et al. (2016). 

Table 4 reports the empirical results. Model 1 shows the relationship between customer 
concentration and performance-reducing threats. The result indicates that the coefficient 
of the square term of customer concentration is positively at the 5% significance level 
(β = 0.00003, p < 0.05). In addition, the slope at the lower bound of such U-shaped relation-
ship is downward at the 5% significance level (β = –0.0020, p < 0.05), and the slope of the 
upper bounder is positive at the 1% significance level (β = 0.0034, p < 0.01). These suggest 
that there indeed exists a U-shaped relationship between customer concentration and per-
formance-reducing threats perceived by the executives (Haans et al., 2016; Lind & Mehlum, 
2010). Hence, Hypothesis 1 is supported.

Model 2 indicates the relationship between performance-reducing threats perceived by 
the executives and exploratory innovation. The result shows that performance-reducing 
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threats have positively influence on the firms’ exploratory innovation, at the 5% significance 
level (β = 4.0191, p < 0.05). It is in line with the findings in prior studies (Osiyevskyy & 
Dewald, 2015). Thus, Hypothesis 2 is supported.

Model 3 shows that regardless of performance-reducing threats, the curve of the rela-
tionship between customer concentration and exploratory innovation is also U-shaped 
(β = 0.0013, t-statistics = 2.22). Hence, Model 1 to 3 have provided initial evidence for the 
mediating effect of performance-reducing threats perceived by the executives on the rela-
tionship between customer concentration and exploratory innovation. To further confirm 

Table 4. Primary empirical results

PRT Exploratory innovation

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

CC_Top5 –0.0005
(–1.00)

–0.0181
(–0.78)

–0.0176
(–0.76)

CC_Top5 square 0.00003**

(2.45)
0.0013**

(2.22)
0.0012**

(2.05)

PRT 4.0191**

(2.11)
3.8423**

(1.99)

Size –0.0040
(–0.40)

–0.6026
(–1.25)

0.5751
(–1.17)

–0.6262
(–1.27)

Property 0.0268
(0.48)

–4.8072*

(–1.78)
–4.6559*

(–1.72)
–4.7782*

(–1.77)

ROA –0.3158***

(–4.85)
–1.8961
(–0.59)

–3.7620
(–1.18)

–2.6232
(–0.81)

Age 0.0008
(1.06)

–0.0147
(–0.39)

–0.0153
(–0.40)

–0.0180
(–0.47)

Tangible_ratio 0.1433***

(2.73)
0.5457
(0.22)

1.3354
(0.52)

0.5917
(0.23)

Leverages –0.0798**

(–2.29)
0.2277
(0.13)

–0.2317
(–0.14)

0.0811
(0.05)

Cash_flows –0.0877
(–1.48)

0.9697
(0.34)

0.3574
(0.12)

0.6258
(0.22)

Ind Yes Yes Yes Yes
Year Yes Yes Yes Yes
R-square 0.3528 0.0531 0.0549 0.0615
U-test

Lower bound –0.0020**

(–1.98)
–0.0832**

(–1.73)
–0.0779*

(–1.62)

Upper bound 0.0034***

(2.59)
0.1514***

(2.40)
0.1395**

(2.20)
Obs. 751 766 752 750

Notes: *, **, and *** denote the significant levels of p < 0.1, p < 0.05, and p < 0.01, respectively. t-statistics 
are reported in the parentheses.
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such mediating effect, this study implements additional regression via Eq. (6). The results in 
Model 4 show that after adding performance-reducing threats, both the coefficient and the 
significance level (t-statistics) of the square term of customer concentration (β = 0.0012, t-
statistics = 2.05) reduce slightly relative to those in Model 3. All the above results suggest that 
customer concentration can play a U-shaped role in exploratory innovation via the execu-
tives’ perceptions of performance-reducing threats. Therefore, Hypothesis 3 is also supported.

4. Robustness tests

To test the robustness of empirical results, this section executes additional checks. First, to 
minimize the potential influences of extreme values or spurious outliers, this section win-
sorizes the top 1% and bottom 1% of all continuous variables (Faleye et al., 2013), and then 
run the regressions as above. The results are showed in Table 5. It indicates that above empiri-
cal results are robust under implementing winsorization.

Table 5. Robustness tests via winsorization

PRT Exploratory innovation

(5) (6) (7) (8)

CC_Top5 –0.0005
(–1.10)

–0.0172
(–0.75)

–0.0165
(–0.72)

CC_Top5 square 0.00003**

(2.50)
0.0014**

(2.21)
0.0013** 
(2.03)

PRT 4.1249**

(2.15)
3.9684**

(2.00)
Controls Yes Yes Yes Yes
Ind Yes Yes Yes Yes
Year Yes Yes Yes Yes
R-square 0.3713 0.0564 0.0579 0.0649
U-test

Lower bound 0.0021**

(2.09)
–0.0837**

(–1.73)
–0.0776*

(–1.60)

Upper bound –0.0027***

(–2.64)
0.1216***

(2.41)
0.1113** 
(2.19)

Obs. 751 766 752 750

Notes: *, **, and *** denote the significant levels of p < 0.1, p < 0.05, and p < 0.01, respectively. t-statistics 
are reported in the parentheses.

Second, this section adopts another indicator, the ratio of sales to the largest customer 
(denoted by CC_Top1), to measure customer concentration. The ratio of sales to the larg-
est customer was often used as a proxy of the customer concentration (Kim & Lee, 2019; 
Campello & Gao, 2017; Wen et al., 2020).Though the China Security Regulatory Commission 
requires that listed firms should disclose the ratio of sales to their top five customers relative 
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to total sales, the firms can voluntarily disclose the detailed ratios of each of the top five cus-
tomers. Hence, there were many firms which did not disclose the ratio of sales to the largest 
customer, causing a large number of missing values of CC_Top1. To reduce the potential se-
lection bias caused by missing values (Flannery & Rangan, 2006), this section adds a dummy 
variable (Dummy) that equals one if the firm has disclosed CC_Top1 otherwise equals zero. 
Correspondingly, CC_Top1 equals zero for the firms whose Dummy is zero. Empirical results 
are reported in Table 6. It can be seen that above empirical findings are still robust. 

Table 6. Robustness tests results of fixed-effect regression analysis

PRT Exploratory innovation

(9) (10) (11) (12)

CC_Top1 0.0004
(0.44)

–0.0515
(–1.12)

–0.0518
(–1.13)

CC_Top1 square 0.00008**

(2.30)
0.0050***

(2.77)
0.0047**

(2.63)

PRT 4.1247**

(2.16)
3.4924*

(1.83)
Dummy Yes Yes Yes Yes
Controls Yes Yes Yes Yes
Ind Yes Yes Yes Yes
Year Yes Yes Yes Yes
R-square 0.3483 0.0531 0.0655 0.0710
U-test

Lower bound 0.0021*

(1.31)
–0.1472**

(–1.94)
–0.1426*

(–1.88)

Upper bound –0.0074***

(–2.70)
0.4059***

(3.05)
0.3827**

(2.87)
Obs. 767 766 768 766

Notes: *, **, and *** denote the significant levels of p < 0.1, p < 0.05, and p < 0.01, respectively. t-statistics 
are reported in the parentheses.

5. Discussion 

With an ever-increasing tendency of relying on several major customers in firms, under-
standing how customer concentration influences firm innovation has both theoretical value 
and practical significance. In addition, though the effects of customer concentration on firm 
strategic acts including firm innovation have been largely investigated, the underlying influ-
ence paths of such effects deserve more attentions. To this end, underpinning on prospect 
theory (Chattopadhyay et al., 2001; Kahneman & Tversky, 1979) and cognitive frame theory 
(Daft & Weick, 1984), this study builds the conceptual model of a non-linear relationship 
between customer concentration and firm exploratory innovation, via the mediating effect 
of the executives’ perceptions of performance-reducing threats. 
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The findings are important for the existing literature. First, these findings account for the 
conflicting results toward how customer concentration can affect firm innovation in prior 
studies. As previously mentioned, several prior studies have investigated the influence of cus-
tomer concentration on firm innovation, yet concluded discrepant findings on such influence 
(Krolikowski & Yuan, 2017; Shen et al., 2018; Zhou et al., 2019). This study proposes that 
a plausible explanation for this is the limitation of their measurements of firm innovation, 
in which they did not decouple specific innovative activities such as exploratory innovation 
from firm innovation, while customer concentration may have diverse influences on dif-
ferent types of innovation activities. In response, this study investigates and thereby finds 
a non-linear influence of customer concentration on exploratory innovation by decoupling 
the latter from firm innovation. Second, in comparison to prior studies, this study takes a 
step forward by investigating the underlying mechanism why customer concentration can 
affect firm innovation activities. These empirical analyses verify that the executives’ percep-
tions of performance-reducing threats indeed mediate the non-linear relationship between 
customer concentration on exploratory innovation. Hence, these findings offer a new idea to 
understand the relationship between customer base and firm innovation activities. Finally, 
given that a large number of prior studies have utilized the questionnaire-based method to 
measure the executives’ perceptions of performance-reducing threats, yet lacking realizability 
to obtain data form publicly listed firms, the empirical analysis method provides a novel and 
feasible way to measure the executives’ perceptions of performance-reducing threats for the 
sample comprised of publicly listed firms, based on the emotions or tones reflected in the 
annual reports. In conclusion, this paper enriches our understandings of both the conse-
quences of customer concentration and the antecedents of firm exploratory innovation, and 
develops the knowledge of the underlying mechanism why customer base can influence on 
the firm’s strategic acts.

These findings have also important managerial implications. Executives should “suit the 
remedy to the case” when they perceive performance-reducing threats, and avoid adopt-
ing exploratory innovation across the board, which may put firms at a higher risk and is not 
conducive to the stable development of firms (Wang et al., 2016). In addition, the executives 
could generally seek a balance between the dependency on major customers and buttering 
other limited customers when customer concentration is moderate, such that the firm can 
achieve a situation where they are not squeezed by core customers on their economic profits 
and the bargaining power of the firm would also be optimal in the supply chain. Further-
more, firms should pick executives who are sensitive to performance-reducing threats. A 
sensitive executive often can predicate potential crises and help the firm avoid dropping 
in dilemmas. In contrast, an insensitive executive may lag behind performance-reducing 
threats and cause the firm to decline.

Conclusions

Based on a sample data collected from Chinese high-tech listed firms between 2011 and 2018, 
this study empirically investigates the conceptual model, by utilizing the text content analysis 
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and quantitative methods. These empirical results demonstrate that there exists a U-shaped 
influence of customer concentration on the executives’ perceptions of performance-reducing 
threats, which in turn positively affect the firm’s exploratory innovation. Since an over-de-
centralized customer base implies the dispersed allocation of limited capacities, leading to 
high probabilities of customer turnover and low stability of customers. While a high level of 
customer concentration suggests a high dependency as well as a low bargaining power of the 
firm to its major customers, given that the firm is scarcely possible to seek out alternatives in 
a short term, losing a major customer would greatly damage the firm’s revenue. Hence, when 
a firm’s customer concentration is either at the high-level or at the low-level, its executives 
would perceive high-level threats of anticipated performance-reducing. Prospect theory has 
suggested that when perceiving performance-reducing threats, the executives are likely to be 
loss aversion and risk-seeking. Accordingly, the executives are likely to take risky strategic 
acts, e.g., adopting more exploratory activities such as developing new products and extend-
ing new markets, so as to mitigate their fears as cognitive frame theory argued. In contrast, 
while if customer concentration is at an appropriate level, the perceptions of performance-
reducing threats would largely weaken, and hence exploratory innovation acts are likely to 
be decreased. 

There have also limitations in this study. As shown in these empirical results, both the 
coefficient and the significance level of the relationship between customer concentration and 
exploratory innovation merely reduce slightly after adding performance-reducing threats. 
It implies that there might exist other potential factors which can play significant roles in 
mediating their relationship. Future studies can put efforts into identify other potential me-
diating variables. 
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