The dark side of supply chain digitalisation: Supplier- perceived digital capability asymmetry, buyer opportunism and governance


Abstract

Purpose: In this paper, we seek to contribute to the supply chain digitalisation literature by investigating a potential dark side of supply chain digitalisation from the viewpoint of the small and medium sized enterprise (SME) suppliers: namely, digital capability asymmetry and the partner opportunism of more digitally capable large buyers against SME suppliers. We seek to contribute further to the governance literature by investigating the effectiveness of the governance mechanism (legal contracts and relational contracts) in suppressing partner opportunism of this nature.
Design/methodology/approach: Using survey data collected from 125 Korean SMEs, we employed a hierarchical regression method to test a set of hypotheses focusing on the dark side of supply chain digitalisation and the effectiveness of the governance mechanism. 
[bookmark: _Hlk69985966]Findings: Our findings suggest that supplier-perceived digital capability asymmetry, wherein a buyer has a superior digital capability than its SME supplier, increases the SME supplier’s dependence on the more digitally capable buyer, with the result that it is more exposed to buyer opportunism. Moreover, the results suggest that only relational governance is effective in protecting SME suppliers from buyer opportunism of this nature.
Originality/value: So far, the overwhelming majority of supply chain digitalisation research has debated its ‘bright side’. On the contrary, from the resource dependence theory perspective, this paper explains its dark side by providing empirical evidence on (1) the links between supplier-perceived digital capability asymmetry and a buyer’s opportunism through an increased supplier’s dependence, and (2) the effectiveness of different types of governance in opportunism suppression. 
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Introduction
[bookmark: _Hlk66071681][bookmark: _Hlk65986577][bookmark: _Hlk66075007]In its early days, digitalisation was characterised as the application of digital technologies to bring about changes in the intra and inter-business interactions (Ritter and Pedersen, 2020). However, with technological advancements, recent studies have gone beyond such applications and related organisational capability and have instead conceived digital capability as the complex and unique bundle of technological skills, procedure and cyber-physical systems that generates insight and leverages digitised data and processes to enhance inter-organisational decision-making (Gobble, 2018; Holmstrom et al., 2019). From the focal firm’s point of view, digital capability supports firms in creating and capturing value through increased generation, analysis and use of data that enhances their competitiveness (Bjorkdah, 2020). 
Supply chain digitalisation refers to the integration of innovative technologies, such as cloud computing, the internet of things (IoT), blockchain, artificial intelligence, smart sensors, and drones, across different processes in upstream and downstream supply chain activities (Hartley and Sawaya, 2019). Supply chain digitalisation is perceived to be a promising agenda for enhancing visibility and transparency across supply chains, since it would facilitate the collection and sharing of real-time information with all stakeholders in the supply chain (Culot et al., 2020; Frank et al., 2019). Furthermore, enhanced visibility and transparency would enable firms to engage stakeholders in ‘end-to-end’ integrated planning and innovation activities, and based on this, firms could seamlessly offer better service to meet the needs of their customers (Alicke et al., 2016). As such, supply chain digitalisation could potentially enable a firm to leap forward in its competitiveness (Bokrantz et al., 2017; Fosso Wamba et al., 2018). For this reason, many Fortune 1,000 companies are intensively experimenting with various forms of supply chain digitalisation (Fosso Wamba et al., 2018) in order to acquire digital capability across multiple stakeholders. The latest empirical evidence suggests that digitalisation efforts in the supply chain offer firms opportunities to increase revenue or innovation, rather than just to lower costs by setting new standards for operational efficiency (Bjorkdah, 2020). 
On the other hand, the progress of supply chain digitalisation among SMEs has been rather slow. Other than innovative start-ups and tech SMEs, there is a large “missing middle” of traditional manufacturing SMEs which is lagging behind in terms of supply chain digitalisation efforts (Kergroach, 2020). This is mainly due to traditional SMEs’ relative lack of the resources, technical knowledge, infrastructure and management capabilities required for supply chain digitalisation (Matt and Rauch, 2020). Digital capability asymmetry created by this delay, wherein a buyer has a superior digital capability than its SME supplier, could implicitly create a new type of dependence for SMEs in relation to their larger and more digitally capable partners. One negative consequence of this would be the SMEs’ further exposure to opportunism from their more digitally capable partners. 
[bookmark: _Hlk63338209]So far, the majority of research in this area has investigated the promises and benefits of supply chain digitalisation; in contrast, few studies have examined the dark sides of supply chain digitalisation, such as digital capability asymmetry and resulting increase in partner opportunism (Lumineau and Oliveira, 2020). In addition, the existing literature has acknowledged weak governance as a potential reason for such asymmetric gains in supply chain digitalisation (Bjorkdah, 2020). There are, however, few studies that investigate the effectiveness of contractual and relational governance on suppressing buyer opportunism of this nature. Using resource dependence theory as a theoretical lens, we intend to fill these gaps. First, taking the perspective of SME suppliers, we investigate (1) whether the supplier-perceived digital capability asymmetry is related to the SME suppliers’ dependence on their buyers, and (2) whether the asymmetry-induced dependence is related to the extent of buyers’ opportunism. Then, we seek to investigate whether the existing governance mechanism for buyer–supplier relationships (contractual and relational governance) is still effective in suppressing buyer opportunism stemming from digital capability asymmetry.

Theoretical Background

[bookmark: _Hlk63323668]The dark side of supply chain digitalisation: digital capability asymmetry and opportunism against SME suppliers
[bookmark: _Hlk63401075][bookmark: _Hlk63323854]Engaging in an inter-firm relationship entails various exchange hazards (Poppo and Zenger, 2002), and the opportunistic behaviours of an exchange partner is one of these. Partner opportunism in an inter-firm relationship refers to a firm’s self-interest seeking behaviours with guile (Williamson, 1975) and aims at this firm’s unilateral gains at the expense of the other firms involved (Luo, 2007; Poppo and Zenger, 2002). Partner opportunism can take many different forms (Deeds and Hill, 1999). The passive or subtle form of opportunism involves an exchange partner intentionally failing to commit or withholding required resources for joint efforts (Das and Teng, 1996; Handley and Benton, 2012; Luo, 2007), while a more blatant form would involve an exchange partner actively distorting information or practising deception for its own gain (Deeds and Hill, 1999; Luo, 2007). Partner opportunism is prevalent, since an actor in an economic exchange tends to maximise its own interests at the expense of its counterpart if an opportunity arises (Joskow, 1988). Opportunism in an exchange relationship can do serious economic and relational damage to involved parties (Handley and Benton, 2012; Luo, 2007). Broadly literature on opportunism in a buyer-supplier relationship, discusses methods of controlling or minimising partners’ overt-opportunism. But there is an open call to review the basic understanding of buyer’s opportunism with guile which is insidious and has negative consequences to the suppliers (Kelly et al., 2018). 
Scholars have identified various drivers of partner opportunism, such as: (1) uncertainty (Dyer, 1997; Poppo and Zenger, 2002;  (2) asset specification (Dyer, 1997; Artz and Brush, 2000; Poppo and Zenger, 2002;  (3) information asymmetry (Carson et al., 2003); and (4) dependence (Provan and Skinner, 1989; Kumar et al., 1995; Hill and Deeds, 1996). Dependence, which is the main focus of this paper, refers to a firm’s need to maintain relationships with other firms in order to achieve its goals (Emerson, 1962; Kumar et al., 1995). As resource dependence theory postulates, the survival of a firm is often dependent on its ability to secure critical resources from other firms (Casciaro and Piskorski, 2005; Pfeffer and Salancik, 1978). Teece (1986) suggested that when interactions between parties are maintained over a prolonged period of time, both parties may become dependent on each other, entering the stage of bilateral dependence. When this happens, both parties would be more likely to refrain from behaving opportunistically, since they have equivalent stakes in the relationship (Kumar et al., 1995), and any conflict would inflict economic and relational damage for both parties (Crosno and Dahlstrom, 2008). 
When this balance is broken or the gap widens, however, the less dependent party would be encouraged to behave opportunistically towards the more dependent one (Pfeffer and Salancik, 1978; Provan and Skinner, 1989; Kumar et al., 1995; Hill and Deeds, 1996; Crosno and Dahlstrom, 2008; Chae et al., 2017). Considering that dependence on a partner is in proportion to a firm’s need for resources from that specific partner (Casciaro and Piskorski, 2005), the higher the firm’s dependence, the greater the power capacity of the partner will become (Emerson, 1962). This means that the less dependent (more powerful) party can exploit its more dependent (less powerful) partner for economic benefits with less fear of retribution and economic damage (Crosno and Dahlstrom, 2008; Provan and Skinner, 1989).
SMEs often lag behind in new and innovative initiatives (Adams et al., 2012; Son et al., 2019), including supply chain digitalisation (Matt and Rauch, 2020). One of the main reasons for this is SMEs’ relative lack of relevant resources and skills, which creates several technological and organisational challenges to do so (Quayle, 2003; Adams et al., 2012). Moreover, SMEs tend not to think in the long-term time frames required for investments of this nature (Ritchie and Brindley, 2000) and are more conservative than larger firms towards investment that involves risk (Adams et al., 2012). Therefore, when a better-resourced and more capable large buyers move ahead with supply chain digitalisation they may acquire unique and valuable information and knowledge, such as enhanced real-time market demand information and end consumer expectations, which may be highly sought after by SME suppliers. Consequently, this could result in SME suppliers’ increased dependence on the superior digital capability of the buyers, therefore breaking the dependence balance or increasing the gap between them. Unless the SMEs also decide to undertake costly investment in supply chain digitalisation, the dependence gap may remain or even widen.
[bookmark: _Hlk63328860]Emerson (1962) suggested that actors’ power capability over their target is based on the target’s dependence. The buyer’s power over its SME suppliers is therefore in proportion to the SME suppliers’ need for the buyer’s unique and valuable information and knowledge acquired through its supply chain digitalisation. This means that supply chain digitalisation can potentially expose SME suppliers to a new type of opportunism; that is, more digitally capable buyers will exploit suppliers’ increased dependence. 

Governance and opportunism mitigation
A firm engaging in exchange activities can control partner opportunism primarily by using a formal legal contract (Artz and Brush, 2000; Das and Teng, 1996; Eisenhardt, 1989; Lumineau and Henderson, 2012; Nooteboom et al., 1997; Poppo and Zenger, 2002). Contractual governance is coercive in nature (Nooteboom et al., 1997) and deters partner opportunism by creating ex-post costs for such behaviours (Williamson, 1985). That is, in the event of contract violation, a corrective action to the defected party can be applied via legal means (Artz and Brush, 2000). Typically, such a contract contains contingencies specifying exchange parties’ roles in different situations (Williamson, 1996). The effectiveness of the contractual governance is largely dependent upon the extent of (1) the details and preciseness of the contract’s specifications (Artz and Brush, 2000;  Hill, 1990; Williamson, 1996), and (2) the monitoring of compliance (Hill, 1990; Nooteboom et al., 1997).
Contractual governance, however, is subject to various weaknesses (Artz and Brush, 2000). First, creating a comprehensive contract that covers all possible eventualities in the future can be prohibitively expensive (Teece, 1986; Das and Teng, 1996; Poppo and Zenger, 2002) and may not be possible due to bounded rationality (Lumineau and Henderson, 2012). This means that the uncertainty surrounding the exchanges increases the cost of (1) drafting a comprehensive contract (Carson et al., 2003; Handley and Benton, 2012) and (2) periodic contract renegotiations (Artz and Brush, 2000; Carson et al., 2003), greatly undermining the effectiveness of contractual governance. Second, the efficacy of contractual governance in opportunism mitigation requires significant resources, since it necessitates constant monitoring and enforcement when a breach occurs (Teece, 1986).
As transaction cost economics scholars have acknowledged, formal contracts are not the only opportunism mitigation mechanism available to firms (Dyer and Singh, 1998; Poppo and Zenger, 2002). Another opportunism mitigation mechanism – relational governance – relies on social ties (Lumineau and Henderson, 2012). Relational governance is based on the notion that economic exchanges are embedded in social ties (Hill and Deeds, 1996), and that such social ties can be an alternative or supplement mechanism to a complex legal contract in reducing partner opportunism (Granovetter, 1985; Gulati, 1995; Hill, 1990; Uzzi, 1997). Relational governance comprises the relational output of a series of positive past interactions between exchange parties. Specifically, this includes trust (Granovetter, 1985, 1992; Hill, 1990; Gulati, 1995; Uzzi, 1997; Li et al., 2010; Son et al., 2016), relational norms (Poppo and Zenger, 2002; Lui et al., 2009), and commitment, and obligation (Coleman, 1988; Granovetter, 1992). 
[bookmark: _Hlk49871327]Relational governance mitigates partner opportunism in the following ways. First, forming a closer relationship through repeated interactions can provide a firm with information about others’ incentives to behave opportunistically, enabling it to develop an effective mitigation strategy (Uzzi, 1997). Second, relational outputs of positive repeated interactions, such as trust (Granovetter, 1992; Tangpong et al., 2010; Son et al., 2016) can alleviate fears of opportunism in the relationship, therefore fostering a sense of openness and reciprocity (Tsai and Ghoshal, 1998b; Zaheer et al., 1998). Similarly, commitment and obligation can serve to uphold agreed norms of interaction, reducing partner opportunism (Granovetter, 1992; Coleman et al., 1999; Perry et al., 2004). Third, the expectation of continuity reduces partner opportunism (Heide, 1994; Nooteboom et al., 1997; Artz and Brush, 2000; Luo, 2007), since it encourages partners to look at long-term returns from the relationship (Poppo and Zenger, 2002).
To our best knowledge, there are few studies investigating the effectiveness of contractual and relational governance in suppressing buyer opportunism created by unbalanced supply chain digitalisation, particularly from the perspective of SME suppliers This study attempts to fill this void.

[bookmark: _Hlk4501277]Conceptual Model and Hypothesis Development
Using resource dependence theory as a theoretical lens, this paper investigates a potential dark side of supply chain digitalisation, that is, whether an SME supplier being left behind in supply chain digitalisation could potentially increase its exposure to opportunistic behaviours from more digitally capable buyers. Notably, this study focuses on the SME supplier’s perspective, since they are more likely to lag behind their large buyers in digital capability development efforts.  We then seek to investigate whether conventional safeguarding mechanisms (contract and relational governance) are still effective in mitigating buyer opportunism of this nature.
[bookmark: _Hlk63435396][bookmark: _Hlk51060263]As discussed earlier, due to the huge benefits promised by various supply chain digitalisation initiatives, the majority of large companies have implemented some form of such initiatives to enhance their digital capability (Fosso Wamba et al., 2018; Kiron et al., 2014). However, the latest studies suggest that the majority of SMEs are very much behind large companies in supply chain digitalisation (Matt and Rauch, 2020; Somohano-Rodríguez et al., 2020). Such a gap in supply chain digitalisation may result in digital capability asymmetry, making SME suppliers more dependent on their more digitally capable buyers, for example with regards to vital and novel information and knowledge acquired via the buyers’ supply chain digitalisation. Considering that the extent of an SME supplier’s dependence on its more digitally capable buyer is in proportion to its need for such unique information and knowledge (Casciaro and Piskorski, 2005), one-sided supply chain digitalisation can potentially break the dependence balance and increase the dependence gap. Therefore, we hypothesise the following: 

[bookmark: _Hlk63444094][bookmark: _Hlk69972027]Hypothesis 1: The extent of the supplier-perceived digital capability asymmetry, wherein the buyer has a superior digital capability than its SME supplier, is positively related to the SME supplier’s dependence on the buyer.

As resource dependence theory suggests, the main consequence of SME suppliers’ increased dependence on more digitally capable buyers is the increased chance of opportunistic behaviours from the buyers (Pfeffer and Salancik, 1978; Provan and Skinner, 1989; Kumar et al., 1995; Hill and Deeds, 1996; Crosno and Dahlstrom, 2008; Chae et al., 2017). This is because SME suppliers’ increased dependence on buyers increases the latter’s power over the former (Casciaro and Piskorski, 2005). In buyer–supplier relationships, dominant firms can use power to opportunistically exploit the dependence of their partners in order to gain a greater share of relationship benefits or favourable exchange terms, or to influence them into doing what they would otherwise not do (e.g., by coercing suppliers to extract concessions or breaking informal agreements) (Nyaga et al., 2013). Moreover, a widened dependence gap makes it even harder for SME suppliers to retaliate against buyers’ opportunistic behaviours, for fear of losing (1) business opportunities (Quayle, 2003), or (2) access to buyers’ unique information and knowledge, enhanced by digitalisation (Crosno and Dahlstrom, 2008; Provan and Skinner, 1989). Therefore, we hypothesise:
[bookmark: _Hlk51060280]
Hypothesis 2: The extent of the SME supplier’s dependence on its buyer is positively related to its perceived level of the buyer’s opportunism

As discussed earlier, relational governance is made up of various relational outputs accumulated as a result of the history of repeated and positive interaction between actors (Heide and John, 1990; Poppo and Zenger, 2002). A high level of trust between an SME supplier and its more digitally capable buyer creates significant incentives to cooperate (Hill, 1990), as well as maintaining a stable relationship (Cao and Lumineau, 2015). Trust in a buyer–supplier relationship also creates a sense of reciprocity (Tsai and Ghoshal, 1998a; Zaheer et al., 1998) between parties. This means that trust will significantly reduce the potential gains that a large and more digitally capable buyer’s opportunistic behaviour may aim to achieve by taking advantage of widened dependence. 
Another aspect of relational governance – the buyer’s commitment/obligation – can encourage the buyer to abide by the agreed norms of interaction, rather than behaving opportunistically by taking advantage of the widened dependence gap (Granovetter, 1992; Perry et al., 2004). Moreover, relational governance extends the buyer’s expectation of the continuity of its relationship with the SME supplier in the future (Heide, 1994; Nooteboom et al., 1997; Artz and Brush, 2000; Luo, 2007). Furthermore, if the buyer expects that the relationship will last for a long period, and related benefits are anticipated, it may refrain from taking advantage of the dependence gap that has been widened by digitalisation at the expense of the SME supplier (Poppo and Zenger, 2002). This means that relational governance can be particularly effective in suppressing dependence-gap-induced opportunism. Therefore, we hypothesise as follows:
[bookmark: _Hlk51060302]
[bookmark: _Hlk53045322]Hypothesis 3: The extent of the relational governance in the buyer-supplier relationship is negatively related to the SME supplier’s perceived level of the buyer’s opportunism

In most cases, a buyer–supplier relationship is safeguarded with a formal legal contract (Eisenhardt, 1989). Therefore, a legal contract is the first line of safeguarding available for SME suppliers against larger and more digitally capable buyers’ attempts to exploit the widened dependence gap created by digital capability asymmetry (Artz and Brush, 2000; Hill and Deeds, 1996; Lumineau and Henderson, 2012; Luo, 2007). Contractual governance firstly suppresses opportunism by creating ex-post costs (Williamson, 1985), as discussed previously. This means that a legal contract clearly specifying (1) obligations and duties of exchange partners (Artz and Brush, 2000; Lumineau and Henderson, 2012), and (2) legal penalties for opportunistic behaviours (Luo, 2005) would reduce the likelihood of the large and more digitally capable buyer taking advantage of the widened dependence gap and behaving opportunistically. 
Second, supply chain digitalisation can potentially create a huge amount of uncertainty in a buyer–supplier relationship, and such uncertainty may increase a partner’s opportunistic behaviour, since it can enable some opportunism to go unnoticed, therefore reducing the chance of sanctions (Carson et al., 2006). A contract with a detailed process for resolving foreseeable and unforeseen problems would facilitate SME suppliers’ efforts to monitor and detect buyers’ opportunistic behaviours (Poppo and Zenger, 2002; Carson et al., 2006). This means that such contracts would reduce the likelihood of opportunistic behaviours, such as withholding or manipulating information, haggling, shirking obligation and deceiving, on the part of the large buyers (Luo, 2007). Therefore, we hypothesise:
[bookmark: _Hlk51060318]
Hypothesis 4: The extent of the contractual governance in the buyer-supplier relationship is negatively related to the SME supplier’s perceived level of the buyer’s opportunism.

<Insert Figure 1 here>

Methodology

Sampling and data collection
Since this study focuses on the SME supplier’s viewpoint, we collected data from SMEs in South Korea (either annual sales do not exceed 150 million USD or total assets are less than 500 million USD)[footnoteRef:1]. South Korea has an extensive information communication technology infrastructure for supply chain digitalisation; for example, globally it has the most optical fibre connections per capita (31.9 subscriptions per 100 people) (Schwab, 2016), and it launched the world’s first commercial 5G service in 2019 (Harrison, 2019). In addition, according to the IMD World Digital Competitiveness Ranking 2020, Korea is ranked overall eighth out of 63 countries, and third in the future readiness factor (IMD, 2020). Therefore, many South Korean firms have been actively involved in supply chain digitalisation in recent years (Yeo, 2019). This makes the South Korean companies well suited to the purpose of this study. [1:  This shall be based on Article 2 of the Framework Act on Small and Medium Enterprise (www.mss.go.kr). ] 

The target population of this study was SME suppliers whose major buyers are large firms with over 1,000 employees in Korea. To generate a target sampling pool, we first identified 205 large firms from the Korea Enterprise Data[footnoteRef:2] and the list of chaebol firms from the Korean National Commission for Corporate Partnership. These 205 companies, accounting for about 60% of all large corporations (with over 1,000 employees) in Korea, are highly ranked in sales revenue and are also recognised for their economic and social impacts by the Korean National Commission for Corporate Partnership. To find SME suppliers that have a business relationship with these large firms, we merged three databases (the Korean Enterprise Information,[footnoteRef:3] the Korea Enterprise Data and KISLINE[footnoteRef:4]), and searched for SMEs that declared at least one of the 205 large firms as their major customer(s). We initially identified 2,054 SME firms, and eliminated those with incorrect contact information, insolvency or both; the final sampling pool contained 1,875 firms.  [2:  The Korea Enterprise Data (www.kedkorea.com) is the nation’s largest corporate database, containing information about 8.9 million Korean corporates and providing information on unlisted SMEs.]  [3:  The Korean Enterprise Information, published by the Korea Economic Daily, deals with information on 280,000 Korean enterprises, and aggregates corporate status and financial information based on audit reports and statements of accounts held by the Korean Financial Supervisory Service and an investor service company in Korea (NICE) (www.nicerating.com)]  [4:  KISLINE (www.kisline.com) is the largest database of financial, R&D and general corporate information, covering almost 2.4 million companies in South Korea.] 

[bookmark: _Hlk69893917][bookmark: _Hlk71552369]As the data for this research was collected from the supplier-side only, there is a possibility of exception fallacy, which refers to "an erroneous finding where researchers draw biased aggregate or group conclusion among stakeholders on the basis of a single rater" (Roh et al., 2013, p 712). Indeed, the past papers reported such differences between a buyer and a supplier on a certain aspect of a buyer-supplier relationship (Ellarm and Hendrick, 1995; Spekman et al., 1997; Corsten and Kumar, 2005; Son et al., 2016). Roh et al., (2013) suggested that clearly positioning a study for one side of a relationship only would reduce the possibility of exception fallacy. We followed this suggestion to reduce the exception fallacy in our results.

[bookmark: _Hlk51309200]Survey administration
The survey instrument was reviewed by two supply chain management (SCM) academics and a practicing purchasing manager to improve clarity and readability. All 1,875 SME suppliers were contacted by phone and asked to participate in the study. As a result, 429 out of the 1,875 firms agreed to join the study. The online survey link was then sent to the firms via email, text message or both. We also followed up with the 429 firms by phone at least twice to remind and encourage them to complete the survey. In order to ensure that respondents had sufficient knowledge about SCM and digitalisation, we explained the purpose of the study to the participants and informed them that the questionnaire should be completed by either chief executive officers, executives or senior managers, if possible (Kumar et al., 1993). 
A total of 137 SME suppliers completed the survey, giving a response rate of 7.31% (137/1,875). To confirm the eligibility of the respondents, we asked questions about how well they knew their firms’ digital transformation and their business relationships with the major buyer firms (1 = ‘don’t know’, 3 = ‘moderate’ and 5 = ‘very knowledgeable’). Of 137 responses, 12 were removed because of the respondents’ insufficient knowledge (score = 1 or 2), resulting in 125 usable responses. The respondents’ average self-evaluation scores (the relationship with the large buyer = 3.65, digital transformation = 3.32) and work experience in SCM departments of each responding firm (eight years) are comparable to those of extant research (Carey et al., 2011). Furthermore, more than 70% of respondents are senior managers who worked for more than 10 year. These confirm that the respondents were sufficiently knowledgeable. Therefore, there were 125 firms in the final response. 
As in Durach et al. (2020), to examine non-response bias we compared key firm attributes (firm age, sales revenue and the number of employees) across (1) responding firms versus non-responding firms and (2) firms that accepted to participate versus those that declined to partake. No significant difference was found across the respective two groups, indicating that non-response bias is not a serious concern in this study.

[bookmark: _Hlk51309221]Measurement development
To ensure the quality of the measures for this research, we endeavoured where possible to use either established measures or those adapted from the extant literature. All measurement items used in this study were measured on a 5-point Likert scale, from ‘Not at all’ to ‘A very great extent’ (see Appendix 2). In terms of the supplier-perceived digital capability asymmetry construct, due to the lack of existing measures, a new 5-item scale was developed, based on existing digitalisation studies (Lu and Ramamurthy, 2011; Akdil et al., 2018; Hartley and Sawaya, 2019; Culot et al., 2020). The scale examines the extent of the supplier-perceived differences in the supplier’s digital capability relative to the large buyer firm, as well as the supplier’s orientation towards embracing new digital technologies.  Our approach of providing respondents with a reference point, which is its own digital capability, would make their responses reliable and it is a common approach in measuring capabilities and performances using a survey instrument (e.g., Lu and Ramamurthy, 2011). In order to measure an SME supplier’s dependence on its large buyer, a 5-item scale was used. In a buyer–supplier relationship, the supplier’s dependence on its buyer is often measured as the extent of the supplier’s products purchased by the buyer (Provan, 1993) and the switch cost (Gulati and Sytch, 2007). Based on this, the first two questions were intended to measure the new type of dependence created by the digital capability asymmetry, in which the SME supplier becomes dependent on information or knowledge that the buyer has acquired through supply chain digitalisation. Provan and Skinner’s (1989) functional dependence measure was adopted to measure the extent of suppliers’ dependence on demand information, market and technology intelligence. The remaining three items in the scale, drawn from the existing studies (Provan, 1993; Heide, 1994; Kumar et al., 1995; Gulati and Sytch, 2007), captured the extent of a supplier’s dependence in terms of its revenue creation, and its switching-related efforts in terms of the difficulty of finding an alternative buyer, the cost of replacing the existing buyer and the difficulty in replacing sales and profit from the buyer.
A 3-item scale, selected from the literature, was used to measure the extent of SMEs’ perceived level of buyer opportunism (Lui et al., 2009; Rokkane et al. (2003). Various forms of partner opportunism such as lying about certain things to protect their interests and breaching informal agreements were measured. 
Two different types of governance-based partner opportunism mitigation mechanism were measured. First, the supplier-perceived level of contractual governance in a relationship was measured using a 3-item scale. Building on previous studies (Lui et al., 2009; Zhou and Poppo, 2010; Carey et al., 2011; Zhou and Xu, 2012;  Cao and Lumineau, 2015), the scale captured the extent of formal contract with a specific buyer perceived by the SME supplier in terms of details and specificity, roles, and responsibilities. Second, the supplier-perceived level of relational governance was measured using a 3-item scale taken from the existing literature (Poppo and Zenger, 2002; Zhou and Xu, 2012), focusing on the various relational output-based mechanisms, such as trust, joint decision-making, and conflict resolution routine.
[bookmark: _Hlk51309315]
Control variables
[bookmark: _Hlk63486678]Since other factors outside the research model of this study may have influenced dependent variables, several control variables were considered. First, industry dummy variables were included to control for industry differences, since significant industry variation in supply chain digitalisation has been reported (Dalenogare et al., 2018). Environmental uncertainty often significantly influences transaction relationships, including partner opportunism (Carson et al., 2003). Therefore, demand uncertainty and technology uncertainty were used as control variables. Large suppliers are likely to invest actively in supply chain digitalisation, as they have sufficient resources and capacity, and this can in turn lead to superior performance outcomes (Yli-Renko et al., 2001; Carey et al., 2011). For this reason, we added a control variable of the firm size (revenue). Moreover, a firm’s accumulated knowledge and experience can affect the level of supply chain digitalisation and its performance (Yli-Renko et al., 2001; Kim et al., 2015). As a proxy for a supplier’s accumulated knowledge and experience, firm age was used, as the number of years elapsed since the founding of the firm. Relationship characteristics between SME suppliers and their large buyer firms, such as relationship duration (Carey et al., 2011; Kim et al., 2015) and supplier-perceived buyer’s dependence (Heide, 1994; Kumar et al., 1995) were also considered as control variables. Finally, the more firms have adopted digital technologies, the more likely they are to have excellent digital capabilities (Frank et al. 2019; Culot et al. 2020). Thus, the extent of SME suppliers’ digital technology adoption (hereafter SDTA) was included as a control variable and measured the sum of adopted digital technologies (1 = adopt, 0 = do not adopt).

Measurement validity and reliability
This study establishes the unidimensionality of the latent constructs by all measurement variables loading on their intended first-order latent constructs in an exploratory factor analysis (Koufteros et al., 2007). Reliability was confirmed through Cronbach’s alpha and composite reliability, each of which should exceed the recommended minimum value of 0.6 (Nunnally, 1978). The reliability measures of all constructs also exceeded the recommended value (see Appendix 2). A confirmatory factor analysis (CFA) was conducted to assess the constructs’ validity. The CFA results confirmed that our model yielded an acceptable fit for the data (normed χ2 = 1.456, comparative fit index = 0.908, incremental fit index = 0.912, root mean square error of approximation = 0.061). As shown in Appendix 2, all measurement items loaded significantly on their intended constructs, and their loadings were highly significant (p < .001), confirming convergent validity (Anderson and Gerbing, 1988). Finally, as shown in Table 3, none of the average shared variances (AVEs) was below the squared correlation between corresponding construct pairs, providing evidence for discriminant validity (Fornell and Larcker, 1981).

<Insert Table 1 here>

Common method bias
Given that self-reported data was used, and that the same respondents answered the questions on both performance and its determinants, common method bias (CMB) was a possibility (Podsakoff et al., 2003). Several steps were taken in the data collection process to avoid such bias. First, the respondents were assured that their identities would remain anonymous. In addition, we organised the questionnaire in such a way that respondents would read instructions and then proceed to answer the questions in each section; we also placed adjacent measurement variables in distinct sections (Podsakoff et al., 2003). To test CMB, we conducted Harman’s single-factor test (Podsakoff et al., 2003). The result showed that an unrotated factor analysis of all variables revealed that a total of 69.3% of the variance was accounted for, and that the first factor captured only 15.7% of the variance. Following Harman’s single-factor solution, we used a confirmatory factor analysis as another method for testing CMB. The model fit is not acceptable (normed χ2 = 3.562, comparative fit index = .427, incremental fit index = .440, root mean square error of approximation = .144), and significantly worse than those of the hypothesised measurement model. These results help alleviate CMB concerns and collectively confirm that CMB is not a serious concern in this research.

Endogeneity
We adopted two approaches to address the problems of endogeneity. First, we included a comprehensive set of control variables to address the problems of omitted variables. Second, we conducted two-stage least squares (2SLS) regression analysis with an instrumental variable and conducted a Durbin-Wu-Hausman postestimation test to assess endogeneity of the explanatory variable, buyer–supplier asymmetry in digital capability. We first identified the instrumental variable (IV) that theoretically and statistically related to the explanatory variable but was exogeneous to the dependent variable and error term: the extent of suppliers’ digital technology adoption. At the first-stage regression analysis, the variable, supplier-perceived digital capability asymmetry, was regressed on our instrumental variable and control variables. The instrumental variable is strongly correlated with the explanatory variable (b = −2.741, p = 0.000). In the second stage, the predicted value of the explanatory variable was used as an independent variable to retest our proposed relationships. Supplier-perceived digital capability asymmetry is significantly and positively associated with the supplier’s dependence on the buyer (B = .272, p = .028), which is consistent with OLS estimation results. We conducted a test to see if the chosen IV was strong. The null hypothesis, that is the weak IV was rejected (F = 53.576, p = .000). In addition, the R-squared value for the first-stage regression (.383) is significantly higher than that of the control-variable-only model (.324), which supports the effectiveness of the IV (Pu et al., 2019). Despite the strong instrumental variable, however, the result of the Durbin-Wu-Hausman test supports the exogeneity of the supplier-perceived digital capability asymmetry, since the null hypothesis that the digital capability asymmetry is exogenous cannot be rejected (F = 0.0756, p = .7838). Through these tests, we confirmed that the relationship between the supplier-perceived digital capability asymmetry and supplier dependence is unlikely to be excessively affected by endogeneity. Thus, we decided to use OLS regression in our subsequent hypotheses testing, since 2SLS estimation is less efficient than OLS estimation when the explanatory variable is exogenous (Durach et al., 2020). 
Analysis and Results
[bookmark: _Hlk69998750][bookmark: _Hlk69998800][bookmark: _Hlk69998779]This study employed a hierarchical regression method (see Table 2), using SPSS 25 to test the proposed hypotheses. To investigate a potential dark side of supply chain digitalisation, we hypothesised that an SME supplier left behind by its large buyer in terms of supply chain digitalisation – that is, facing widening digital capability asymmetry – would potentially experience increased exposure to buyer opportunism (H2) through an increase in its dependence (H1). These hypotheses were then followed by H3 and H4, in which negative relationships between the conventional safeguarding mechanism (contractual and relational governance) and the extent of opportunistic behaviours by large buyers were postulated. As seen in Table 2, our findings supported H1 and H2, suggesting that an increase in supplier-perceived digital capability asymmetry could significantly increase the suppliers’ dependence on their large buyers (H1: unstandardised β =.222, p < .05), therefore resulting in higher exposure to the buyers’ opportunism (H2: unstandardised β =.244, p < .05). As expected, the results suggested a significant negative relationship between relational governance and a buyer’s opportunism (H3: unstandardised β = −.663, p < .000), implying that this type of governance is still effective in controlling buyer opportunism from a new source – that is, digital capability asymmetry. However, the impact of contractual governance on buyer’s opportunism was not significant, suggesting that the current form of contractual governance may not be suitable for curbing buyer opportunism.

<Insert Table 2 here>

To evaluate the mediation effect of supplier dependence between supplier-perceived digital capability asymmetry and buyer opportunism, we employed the causal step approach initially suggested by Baron and Kenny (1986). The results satisfy all three conditions specified by this approach. In addition, to confirm the complete mediation relationship, we checked whether the independent variable no longer affected the dependent variable after the mediation was controlled. Model 5 in Table 2 shows that SME suppliers’ dependence is significantly associated with buyers’ opportunism (unstandardised β = .258, p < .05), but that supplier-perceived digital capability asymmetry is no longer significant, confirming the complete mediation. We assessed the significance of the indirect effects using the PROCESS macro with bias-corrected bootstrapping (Hayes, 2018). The indirect effect of supplier-perceived digital capability asymmetry on buyers’ opportunism is statistically significant (Indirect effect = .0602, Boot SE = .0395), as zero does not fall between the lower and upper bounds of the 95% confidence interval (95% bias-correct confidence interval of indirect effect = [.0015, .1510]).

Discussion and Conclusions

Theoretical contributions
[bookmark: _Hlk63445688]Using resource dependence theory as a theoretical lens, our paper contributes to the growing literature on supply chain digitalisation by investigating its potential dark side. This refers to the situation in which less digitally capable companies become more vulnerable to the opportunistic behaviours of more digitally capable partners. For this purpose, taking the perspective of SME suppliers, we analysed survey data of 125 relationships between SME suppliers and their larger buyers. As a first step, we investigated whether being left behind in supply chain digitalisation and the resulting digital capability asymmetry increased SME suppliers’ dependence and their exposure to opportunistic behaviours from more digitally capable buyers. Then, we tested whether governance-based opportunism mitigation mechanisms, such as contractual and relational governance, were still effective in suppressing such behaviours, caused by a new type of dependence. 
Supply chain digitalisation is an emerging field and so far, the overwhelming majority of research has focused on its ‘bright side’, while to our best knowledge, there are only a few papers discussing its potential dark side (e.g., Lumineau and Oliveira, 2020). Similarly, with regards to partner opportunism, the small number of existing studies, which are mostly conceptual in nature, have suggested that supply chain digitalisation (e.g., IoT and blockchain) would play a game-changing role in controlling partner opportunism by reducing information asymmetry and uncertainty related to exchanges (Saberi et al., 2019; Schmidt and Wagner, 2019). The suggestions of these studies would only be applicable to those well-resourced and technologically capable firms that are taking advantage of the benefits of supply chain digitalisation to reduce blind spots in their relationships so as to better manage partner opportunism. 
[bookmark: _Hlk70000556][bookmark: _Hlk63485601][bookmark: _Hlk63487221][bookmark: _Hlk63487529]Our findings show the other side of the coin: that unbalanced supply chain digitalisation (and the resulting digital capability asymmetry) can encourage opportunistic behaviours from more digitally capable firms (large buyers) against less digitally capable counterparts (SME suppliers). This is because SME suppliers, driven by the resulting digital capacity asymmetry to become more dependent on the buyers’ unique and valuable information and knowledge, acquired via the latter’s superior digital capability. Moreover, the SMEs’ increased dependence on the buyers’ digital capability could eventually lead to greater overall dependence; this refers to a supplier’s reliance for revenue generation with the buyer (Provan and Skinner, 1989). 
As resource dependence theory suggests, such a widening dependence gap could increase SME suppliers’ exposure to buyer opportunism (Pfeffer and Salancik, 1978; Provan and Skinner, 1989; Kumar et al., 1995; Hill and Deeds, 1996; Crosno and Dahlstrom, 2008). Considering that the majority of supply chain digitalisation research has focused on positive aspects, the major contribution of this paper is to initiate a discussion on the dark side of this phenomenon by providing empirical evidence that unbalanced supply chain digitalisation and the resulting digital capability asymmetry could create an intended or unintended increase in the opportunism of more powerful buyers. In addition, this paper sheds light on the mechanism of increased buyer opportunism from the resource dependence theory perspective. 
Unless SME suppliers attempt to reduce the dependence gap by accelerating their own supply chain digitalisation efforts, which would be difficult due to their low resource and competence endowment (Matt and Rauch, 2020; Somohano-Rodríguez et al., 2020), this gap will most likely widen in the future. For this reason, this paper investigated whether the existing opportunism mitigation mechanism is sufficient in providing SME suppliers with protection. However, our results suggested that contractual governance was not significantly related to the level of buyer opportunism. On the other hand, our results supported the hypothesis of a negative relationship between the extent of relational governance and buyers’ opportunistic behaviours. The other contribution of the study is that the finding existing governance mechanism is partially effective in mitigating buyer opportunism induced by digital capability asymmetry.
Our findings are in line with extant literature on contractual governance, suggesting the contractual governance’s poor suitability for mitigating opportunism in high-uncertainty exchanges, due to (1) bounded rationality preventing the creation of comprehensive contracts (Teece, 1986; Das and Teng, 1996; Poppo and Zenger, 2002; Lumineau and Henderson, 2012) and (2) the cost of creating, monitoring and enforcing such complex contracts (Teece, 1986; Artz and Brush, 2000; Carson et al., 2003; Handley and Benton, 2012). 
As discussed earlier, a contract containing a clear process for resolving unforeseen problems could provide some level of protection against opportunism in these situations (Carson et al., 2003; Poppo and Zenger, 2002). However, our results suggested that due to the magnitude of changes brought into the dynamics of a relationship, this argument may not be applicable to supply chain digitalisation. This suggests that the only governance-based mechanism fit to tackle opportunism of this nature is relational governance. As discussed earlier, a sufficient level of relational governance would encourage buyers of higher digital capability not to take advantage of the dependence gap, widened by digitalisation. Relational governance could be an alternative to complex and inflexible legal contracts in reducing partner opportunism (Granovetter, 1985; Gulati, 1995; Hill, 1990; Uzzi, 1997), especially for high-uncertainty situations (Carson et al., 2003; Lumineau and Henderson, 2012). Relational governance is also less costly than contractual governance (Hill, 1990); therefore, SMEs with limited resources and knowledge (both technical and legal) may prefer to rely on this form of governance rather than committing significant resources to legal means (Son et al., 2019). 
However, it takes time for the sufficient level of relational governance for this purpose to develop, since a history of repeated and positive interactions between actors is necessary (Heide and John, 1990; Poppo and Zenger, 2002). In addition, its development is a joint effort (Adler and Kwon, 2002; Son et al., 2016) and cannot be achieved by suppliers alone. Moreover, over-reliance on relational governance for mitigation might give SMEs a false sense of security, and thus deter them from seeking other means of safeguarding (Son et al., 2019). 

Managerial implications
Overall, our results indicate that the inequality of digital capability between buyers and SME suppliers intensifies supplier’s dependence on valuable information buyer has, which increases their exposure of buyer’s opportunistic behaviours. As resource dependence theory suggests, one fundamental way to safeguard against opportunism is to address its very source, that is, the dependence gap (Crosno and Dahlstrom, 2008).  This would entail an SME supplier ramping up its investment to enhance its own digital capability to catch up, however, it would be difficult due to the various reasons discussed earlier, for example, the lack of resources and technical know-hows. Nevertheless, SME suppliers can’t be free from the shift of digitalization and need to consider that supply chain digital technology could provide them with real-time visibility and traceability also increasing buyers’ dependence on them, reducing the dependence gap. Thus, basing on past research which found that top management support is the most important determinant of SMEs’ adoption of enterprise systems such as ERP, SCM and CRM (Ramdani et al. 2009; Newby et al. 2014), an effort of top management in SMEs to broaden a perspective on supply chain digitalisation and its impact on the balance of buyer–supplier dependence can be a good start. In addition, as other means of closing the dependence gap, SME suppliers can try customer diversification, by searching for additional sources of knowledge and information (Bruyaka and Durand, 2012), and a coalition with other weak suppliers (Choi and Linton, 2011; Kalaitzi et al., 2018). Meanwhile, buyers have been realising that true digitalisation comes when every bits of its supply chain becomes digitalised. This is because, total visibility cannot be achieved without SME supplier sufficiently digitalised. Recently, to build complete supply chain digitalisation and maximize benefits, buyers have been creating and offering a supplier development program specific to digital capability such as training for digital technology, managerial counselling, and loan for IT infrastructure deployment (Kim et al., 2020). This is also an important opportunity for SME suppliers to ramp up their digital capabilities and thus they need to take full advantage of it.

Limitations and further research
[bookmark: _Hlk71553919][bookmark: _Hlk71553792][bookmark: _Hlk71550409]Despite its theoretical and managerial contributions, this study has several limitations. Therefore, we would like to summarise these limitations and suggest future research measures to overcome them. First, this study collected data from suppliers only. As discussed earlier, we followed the suggestions by (Roh et al., 2013) to reduce the possibility of exception fallacy by clearly positioning this study from the supplier’s perspective. We must acknowledge, however, that the contractual and relational governance constructs could have been better measured using dyadic data. We suggest a future research employing dyadic data on this. Second, we collected survey data only from suppliers who accepted our survey requests. As with all other survey studies, we acknowledge that our self-reporting survey method may raise concerns about selection bias (Durach et al., 2020; Pu et al., 2019; Golini and Gualandris, 2017). Future research should consider using the matching model method, the regression discontinuity design method and the differences-in-differences method in order to alleviate concerns over self-selection (Hernán et al., 2004; Ho et al., 2017). Third, in the case of the potential endogeneity of relational and contractual governance mechanisms, we could only identify weak instrumental variables, which made IV estimation and subsequent regression analysis impossible. We acknowledge that the possibility of endogeneity between governance mechanisms and suppliers’ perceptions of buyers’ opportunism cannot be completely excluded. Thus, future research needs to develop and test strong instrumental variables for governance mechanisms. Fourth, since this study collected data from SME suppliers in Korea, its research findings may be applicable to comparable social and economic settings in Asia. However, the findings may not be readily generalised to buyer–supplier relationships in developed economies. To increase the external validity of this research, we suggest that future studies extend the sampling framework to cover firms of various sizes across multiple countries. Fifth, future studies could integrate resource dependence theory with contingency theory, which identifies and matches contextual settings with organisational settings. Appropriate relational governance depends on contingency factors, such as the condition of a firm’s task environment. One variation in a firm’s task environment could be its rate of digital technological innovation (Volberda et al., 2012). Finally, future research could show more specific results on buyer–supplier asymmetry in digital capability by further refining opportunism (e.g., passive and proactive).
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	TABLE Ⅰ
Means, Standard Deviations, Pearson Correlation Coefficients, and Average Variance Extracted

	
	Mean
	SD
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)

	1. Digital Capability Asymmetry
	3.858
	.912
	.480a
	
	
	
	
	
	
	
	
	
	

	2. Supplier’s Dependence on the Buyer
	3.251
	.818
	.141
	.471a
	
	
	
	
	
	
	
	
	

	3. Relational Governance
	3.688
	.653
	-.299**
	-.023
	.461a
	
	
	
	
	
	
	
	

	4. Contractual Governance
	3.976
	.808
	-.060
	-.033
	.438***
	.685a
	
	
	
	
	
	
	

	5. Buyer’s Opportunism
	2.541
	.920
	-.025
	.131
	-.439***
	-.174+
	.651a
	
	
	
	
	
	

	6. Demand Uncertainty 
	3.196
	.877
	-.201*
	.032
	.028
	-.086
	.044
	.588a
	
	
	
	
	

	7. Technology Uncertainty 
	2.952
	.885
	-.164+
	.137
	.102
	.075
	-.136
	.459***
	.636a
	
	
	
	

	8. Supplier-Buyer Relationship Duration 
	19.976
	11.130
	-.079
	.372***
	.034
	.055
	-.033
	-.074
	-.031
	-
	
	
	

	9. Buyer’s dependence on the supplier
	2.683
	.758
	-.041
	.177*
	.189*
	-.027
	-.176+
	-.150+
	.087
	.159+
	.502a
	
	

	10. Firm Size (natural logarithm of annual sales)
	3.505
	1.154
	-.095
	.231**
	-.068
	.000
	.081
	-.053
	-.099
	.380***
	.031
	-
	

	11. Firm Age
	28.280
	10.608
	.003
	.196*
	-.097
	-.036
	-.061
	-.137
	-.180*
	.464***
	.164+
	.407***
	-

	12. Supplier’s Digital Technology Adoption
	.299
	.203
	-.546***
	.034
	.197*
	.215*
	.164+
	.119
	.270**
	.151+
	.061
	.260**
	.100

	+ p < .1; * p < .05; ** p < .01; *** p < .001, two-tailed test 
a Average Variance Extracted (AVE)
All variables were measured from the supplier’s perspective








	TABLE Ⅱ 
Regression Results

	
	
	Dependent Variable 
Supplier’s Dependence 
on the Buyer
	Dependent Variable 
Buyer’s Opportunism

	
	
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5

	Variables
	Estimate
	SE
	Estimate
	SE
	Estimate
	SE
	Estimate
	SE
	Estimate
	SE

	
	
	
	
	
	
	
	
	
	
	
	

	Main Effect
	
	
	
	
	
	
	
	
	
	

	
	Digital capability asymmetry (H1)
	
	
	0.222*
	0.090
	
	
	
	
	-.061
	.101

	
	Supplier’s dependence on the buyer (H2)
	
	
	
	
	
	
	.244*
	.098
	.258*
	.102

	
	Relational governance (H3)
	
	
	
	
	
	
	-.663***
	.124
	-.682***
	.128

	
	Contractual governance (H4)
	
	
	
	
	
	
	.021
	.101
	.029
	.102

	
	
	
	
	
	
	
	
	
	
	
	

	Industry-level Control
	
	
	
	
	
	
	
	
	
	

	Industry dummy 
(base= Construction)
	
	
	
	
	
	
	
	
	
	

	
	Chemicals & Rubber
	.412
	.344
	.442
	.336
	.907*
	.411
	.628+
	.360
	.613+
	.362

	
	Metals
	-.071
	.295
	-.106
	.289
	.196
	.352
	.030
	.305
	.035
	.306

	
	Electronics
	-.087
	.301
	-.216
	.299
	-.206
	.359
	-.249
	.310
	-.215
	.316

	
	Machinery
	.166
	.245
	.059
	.244
	.396
	.293
	.214
	.256
	.235
	.259

	
	Automotive & Transportation
	.418
	.266
	.300
	.264
	.466
	.317
	.171
	.278
	.192
	.281

	
	Utility & Recycling
	-.488
	.330
	-.581+
	.325
	.680+
	.394
	.689*
	.343
	.718*
	.348

	
	Distribution & Logistics
	.355
	.354
	.313
	.347
	.102
	.423
	.024
	.367
	.028
	.368

	
	ICT Service
	.504
	.403
	.355
	.399
	.502
	.481
	.197
	.422
	.223
	.426

	
	
	
	
	
	
	
	
	
	
	
	

	Industry Uncertainty
	
	
	
	
	
	
	
	
	
	

	
	Demand uncertainty
	.033
	.090
	.082
	.090
	.069
	.107
	.080
	.094
	.068
	.096

	
	Technology uncertainty
	.176+
	.095
	.156+
	.093
	-.142
	.113
	-.208*
	.099
	-.206*
	.100

	
	
	
	
	
	
	
	
	
	
	
	

	Firm-level Control
	
	
	
	
	
	
	
	
	
	

	
	Firm size (natural logarithm of annual sales)
	.118+
	.071
	.099
	.070
	.037
	.084
	-.032
	.074
	-.030
	.074

	
	Firm age
	.003
	.008
	.002
	.008
	-.004
	.009
	-.011
	.008
	-.011
	.008

	
	Supplier’s digital technology adoption 
	-.745+
	.394
	-.137
	.457
	.850+
	.470
	1.517***
	.421
	1.370**
	.488

	
	
	
	
	
	
	
	
	
	
	
	

	Interorganization-level Control
	
	
	
	
	
	
	
	
	
	

	
	Relationship duration
	.019**
	.007
	.020**
	.007
	-.006
	.009
	-.007
	.008
	-.007
	.008

	
	Buyer’s dependence on the supplier
	.091
	.098
	.114
	.096
	-.186
	.117
	-.070
	.105
	-.073
	.105

	
	
	
	
	
	
	
	
	
	
	
	

	R2
	.289
	.327
	.200
	.425
	.427

	Adjusted R2
	.191
	.227
	.089
	.327
	.323

	F-value
	2.952
	3.275
	1.812
	4.346
	4.111

	R2 change
	-
	.038
	-
	.225
	.002

	F change
	-
	6.063
	-
	13.821
	.363

	p-value
	.001
	.000
	.042
	.000
	.000

	+ p < .1; * p < .05; ** p < .01; *** p < .001, two-tailed test
All estimates are unstandardized coefficients 










	APPENDIX Ⅰ
Sample Distribution: Industry, Number of Employees, Sales, Relational Attributes

	
	Frequency
	Percent

	Industry 
	
	

	
	Chemicals & Rubber
	8
	6.4

	
	Metals
	12
	9.6

	
	Electronics
	14
	11.2

	
	Machinery
	33
	26.4

	
	Automotive & Transportation
	22
	17.6

	
	Utility & Recycling
	9
	7.2

	
	Construction
	14
	11.2

	
	Distribution & Logistics
	7
	5.6

	
	Information & Communication Technology(ICT) Service
	6
	4.8

	
	Total
	125
	100

	
	
	
	

	Number of employees
	
	

	
	≤100
	73
	58.4

	
	101–300
	37
	29.6

	
	301–500
	10
	8.0

	
	Over 501
	5
	4.0

	
	Total
	125
	100

	
	
	
	

	Firm sales ( Million USD)
	
	

	
	≤10
	16
	12.8

	
	10 - 30
	47
	37.6

	
	31 - 50 
	19
	15.2

	
	51 - 100
	20
	16.0

	
	Over 101
	23
	18.4

	
	Total
	125
	100

	
	
	
	

	Supplier-buyer relationship duration
	
	

	
	≤10 years
	33
	26.4

	
	11–20 years
	47
	37.6

	
	21–30 years
	27
	21.6

	
	Over 31 years
	18
	14.4

	
	Total
	125
	100

	
	
	
	

	Supplier dependence (key customer’s sales share)
	
	

	
	≤20%
	22
	17.6

	
	21%–40%
	18
	14.4

	
	41%–60%
	20
	16.0

	
	61%–80%
	35
	28.0

	
	81%–100%
	30
	24.0

	
	Total
	125
	100

	
	
	
	










	APPENDIX Ⅱ
Constructs and Indicators

	Construct
	Measurement variables
	Mean
	SD
	Loadinga
	t-value
	Cronbach α
	Composite Reliability

	Digital Capability Asymmetry
(DCA)
	
	Relative to your major buyer firm, please indicate your company’s capability in acquiring and utilizing digital technologies. (1=very much ahead, 5= very much behind):
	
	
	
	
	
	

	
	DCA1
	We have the capability to monitor business operations and resources in real time
	2.02
	.95
	.838
	-
	
	

	
	DCA2
	We have the capability to analyze big data with AI for process improvement and new business generation (e.g., intelligent defect detection, preventive machine maintenance, machine failure prevention)
	2.42
	.84
	.632
	5.939
	.845
	.820

	
	DCA3
	We have the capability to exchange digitalized data with supply chain partner in real time for effective sales and operations, inventory planning
	2.44
	.88
	.688
	6.326
	
	

	
	DCA4
	We constantly keep current with new digitalization technologies and innovative use cases
	2.64
	1.02
	.671
	6.151
	
	

	
	DCA5
	We have a climate that is supportive of trying out new ways of using digitalization technologies
	2.80
	1.05
	.614
	5.825
	
	

	Supplier’s Dependence on the Buyer 
(SDP)
	
	Please indicate the degree to which you agree to the following statements concerning your company’s relationship with this major buyer firm (1=strongly disagree, 5= strongly agree): 
	
	
	
	
	
	

	
	SDP1
	We depend upon this major buyer firm’s capability for demand information of our products
	3.37
	1.11
	.951
	-
	.792
	.799

	
	SDP2
	We depend upon this major buyer firm’s capability for market intelligence related to our products
	3.10
	1.08
	.836
	11.079
	
	

	
	SDP3
	This major buyer firm accounts for a large portion of our company's total sales.
	3.86
	1.19
	.642
	7.9
	
	

	
	SDP4
	If this major buyer firm stopped buying from us, we could not easily replace their volume with sales to other customer
	3.40
	1.18
	.468
	5.373
	
	

	
	SDP5
	Our production system can’t be easily arranged to new customer’s needs
	2.54
	.96
	.349
	3.893
	
	

	Relational  Governance
(RG)
	
	Please indicate the degree to which you agree to the following statements concerning your company’s relationship with this major buyer firm (1=strongly disagree, 5= strongly agree):
	
	
	
	
	
	

	
	RG1
	Our relationship with this major buyer firm is characterized by high trust
	4.11
	.74
	.447
	-
	.668
	.707

	
	RG2
	In this relationship, both parties expect that any information that may help the other party will be provided to that party
	3.37
	.90
	.686
	4.356
	
	

	
	RG3
	In this relationship, problems or conflicts are expected by both parties to be solved through joint consultations and discussions
	3.58
	.87
	.844
	4.506
	
	

	Contractual Governance
(CG)
	
	Please indicate the degree to which you agree to the following statements concerning your company’s relationship with this major buyer firm (1=strongly disagree, 5= strongly agree):
	
	
	
	
	
	

	
	CG1
	We have customized agreements that detail the obligations of both parties
	4.01
	.90
	.835
	-
	.866
	.867

	
	CG2
	We have detailed contractual agreements specifically designed with this major buyer firm
	3.90
	.96
	.836
	9.923
	
	

	
	CG3
	Most aspects of our relationship are specified in the contract
	4.02
	.86
	.812
	9.698
	
	

	Buyer’s Opportunism
(OPT)
	
	Please indicate the degree to which you agree to the following statements concerning your major buyer firm’s opportunism in relationship with your company (1=strongly disagree, 5= strongly agree):
	
	
	
	
	
	

	
	OPT1
	On occasion, this major buyer firm lies about certain things in order to protect their interests
	2.54
	1.05
	.681
	-
	.839
	.846

	
	OPT2
	This major buyer firm sometimes tries to breach informal agreements between our company to maximize their own benefits
	2.34
	1.04
	.913
	8.189
	
	

	
	OPT3
	This major buyer firm sometimes uses unexpected events to extract concessions from our company
	2.75
	1.08
	.809
	7.9
	
	

	aStandardized loadings from confirmatory factor analysis., significant at p <.001 (two-tailed test)
All variables were measured from the supplier’s perspective







	APPENDIX Ⅱ (CONTINUED)
Constructs and Indicators

	Construct
	Measurement variables
	Mean
	SD
	Loadinga
	t-value
	Cronbach α
	Composite Reliability

	Demand Uncertainty
(DU)
	
	Please indicate the degree to which you agree to the following statements concerning environmental uncertainty your company is facing  (1=strongly disagree, 5= strongly agree):
	
	
	
	
	
	

	
	DU1
	Customer requirements for our products vary dramatically
	3.10
	1.00
	.726
	-
	.738
	.740

	
	DU2
	Our supply requirements vary drastically from week to week
	3.30
	.97
	.806
	5.695
	
	

	Technology Uncertainty
(TU)
	
	Please indicate the degree to which you agree to the following statements concerning environmental uncertainty your company is facing  (1=strongly disagree, 5= strongly agree):
	
	
	
	
	
	

	
	TU1
	Our industry is characterized by rapidly changing technology
	3.21
	1.05
	.754
	-
	.771
	.777

	
	TU2
	Our production technology changes frequently
	2.70
	.91
	.839
	6.06
	
	

	Buyer’s Dependence on the Supplier 
(BDP)
	
	Please indicate the degree to which you agree to the following statements concerning your company’s relationship with this major buyer firm (1=strongly disagree, 5= strongly agree):
	
	
	
	
	
	

	
	BDP1
	Our company accounts for a large portion of the total annual purchases made by this major buyer firm company.
	2.86
	.98
	.851
	-
	.715
	.740

	
	BDP2
	If this major buyer firm decided to stop purchasing from us, they could not easily replace this volume with purchases from other suppliers.
	2.76
	.93
	.766
	5.779
	
	

	
	BDP3
	There are very few suppliers who could provide major buyer firm with products and services comparable to what we currently offer.
	2.42
	.94
	.443
	4.287
	
	

	Extent of Supplier’s Digital Technology Adoption  
(SDT)
	
	Each of the followings is the required technologies for digital transformation. Which of the following the digital technologies does your company implement? (1 = yes, 0 = no):
	
	
	
	
	
	

	
	SDT1
	Smart sensors, RFID, NFC, Bluetooth
	.34
	.48
	Formative
	
	
	

	
	SDT2
	Manufacturing Execution System (MES)
	.32
	.47
	
	
	
	

	
	SDT3
	Enterprise Resource Planning (ERP)
	.87
	.34
	
	
	
	

	
	SDT4
	SCMb / CRMc / PLMd
	.38
	.49
	
	
	
	

	
	SDT5
	Cloud computing
	.36
	.48
	
	
	
	

	
	SDT6
	Big Data Analysis
	.14
	.35
	
	
	
	

	
	SDT7
	Machine learning / Artificial Intelligence
	.07
	.26
	
	
	
	

	
	SDT8
	Internet of Things (IoT)
	.14
	.35
	
	
	
	

	
	SDT9
	3D Printing
	.13
	.34
	
	
	
	

	
	SDT10
	Robotics
	.23
	.42
	
	
	
	

	aStandardized loadings from confirmatory factor analysis, significant at p <.001 (two-tailed test)
All variables were measured from the supplier’s perspective
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