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Abstract

In the current volatile, uncertain, complex, and ambiguous environment and digital era,
value co-creation is an important strategy for competitive advantage of manufactures.
Moreover, firms’ relational capability (RC) and digital capability (DC) are vital driving
forces of value co-creation. However, the complex relationships between relational capabil-
ities and digital capabilities are not yet clear. Based on service-dominant logic (S-D logic),
our study constructs a research framework and hypothesis of the antecedents and conse-
quences of value co-creation. Besides, drawing on socio-technical congruence theory, we
develop four matched typologies (high RC/high DC, low RC/low DC, low RC/high DC,
and high RC/low DC), and investigate the effects of (in)congruence between RC and DC
on value co-creation. The research model is tested with 340 survey data from Chinese man-
ufactures using polynomial regression analyses and response surface modelling. Results
show that RC and DC are positively related to value co-creation, and value co-creation
positively affects firm innovation performance. In addition, empirical results suggest that
RC/DC congruence has a linear positive effect, while RC/DC incongruence has an inverted
U-shaped effect on value co-creation. Lastly, we also find that high RC/low DC leads to
more value co-creation than high DC/low RC. These findings provide insights of firms’
capabilities on value co-creation under S-D logic and contribute to practices of innovation
management within strategic partnerships.

Keywords Relational capability - Digital capability - (In)congruence - Value co-creation -
Innovation performance

1 Introduction

As the environment becomes more volatile, uncertain, complex, and ambiguous (VUCA),
it is difficult for manufacturers to create superior value simply by relying on their own
resources and technology (Cozza & Zanfei, 2016; Miinch et al., 2022; Tian & Li, 2017,
Ukko et al., 2019). S-D logic emphasizes value co-creation through the interaction and
integration between of firms and their partners (e.g., suppliers, distributors and custom-
ers) to achieve superior value (Simmons & Durkin, 2023; Vargo & Lusch, 2004, 2008).
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Successful value co-creation enables firms to obtain more extensive market information
and resources, thereby fostering firm innovation performance (Manser Payne et al., 2021;
Payne et al., 2008; Scuotto et al., 2021). Thus, value co-creation has become a key strat-
egy for the creation of value and the achievement of better performance (Prajogo & Sohal,
2006; Singh et al., 2022; Tseng & Chiang, 2016). However, value co-creation remains a
challenging endeavor due to negative factors such as low customer engagement and inef-
fective resource integration (Corsaro, 2019; Ghantous & Alnawas, 2021). Therefore, schol-
ars are paying more attention to incentivizing and managing value co-creation in strategic
partnerships.

A growing number of studies have been focused on the triggering elements of value
co-creation in strategic partnerships (De Silva & Rossi, 2018; Siaw & Sarpong, 2021).
Some studies have found that firms’ capabilities, particularly their RC and DC, are impor-
tant for value co-creation (Mu, 2015; Wielgos et al., 2021). Research has shown that RC
provides access to heterogeneous resources and high-quality interactions for value co-cre-
ation (Faruquee et al., 2021; Nyamrunda & Freeman, 2021). As a transitioning market,
China has long-standing "relational" social attributes (Yang et al., 2021), which leads to
firms depending on RC to strengthen the relational and economic foundation needed for
strategic cooperation (Zhou et al., 2014). Additionally, digital transformation has brought
great advances to the Chinese economy and business operations (Li et al., 2022). Firms
actively and effectively communicate with partners through digital platforms (Ramaswamy
& Ozcan, 2018) to facilitate collaboration, get resources, and integrate capability (Inceoglu
et al., 2024). Scholars and managers have considered DC to be a key driving force for value
co-creation (Wielgos et al., 2021; Matarazzo et al., 2021).

However, there are several gaps in the related extant research. First, although previous
studies have recognized the vital role of firms’ capabilities in value co-creation (Nyam-
runda & Freeman, 2021; Siaw & Sarpong, 2021), there is a lack of research that discusses
the effect and underlying mechanism of both RC and DC on value co-creation, especially
lacking a deep theoretical and empirical understanding of how digitization affects the pro-
cess of resource mobilization, ultimately influences value co-creation and innovation per-
formance (Inceoglu et al., 2024). Second, existing research has not yet explored the syner-
gistic and heterogeneous effects of RC and DC on value co-creation. Specifically, very few
studies have focused on the effects of RC/DC congruence on value co-creation. Whether
high levels of congruence can lead to better value co-creation is still an open question.
Additionally, under incongruent conditions, the effect of different levels of capability port-
folios (high RC/low DC and high DC/low RC) on value co-creation requires further explo-
ration. Third, the impact of value co-creation in strategic partnerships on innovation per-
formance has not been fully explored in the extant research.

To fill these research gaps, first, based on S-D logic, our study constructs a research
framework and hypotheses for the antecedents and consequences of value co-creation. Spe-
cifically, we explore the direct influence of RC and DC on value co-creation and uncover
the impact of value co-creation on innovation performance. Second, drawing on socio-
technical congruence theory (Bostrom & Heinen, 1977; Shirazi et al., 2021; Rajaguru
et al., 2023), we consider RC as the reflection of a social system (Miinch et al., 2022) and
DC as the reflection of a technical system (Matarazzo et al., 2021; Shirazi et al., 2021), and
investigate the effects of (in)congruent between RC and DC on value co-creation.

This study makes several potential contributions to the literature. First, we found that
RC and DC are important triggers for value co-creation (De Silva & Rossi, 2018; Siaw
& Sarpong, 2021), which enriches the research of value co-creation based on S-D logic.
Second, our study draws on socio-technical congruence theory to explore the matching of
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RC and DC. We find that a high level of RC and DC congruence can lead to more value
co-creation, and the high RC/low DC has better effects than the high DC/low RC on value
co-creation. These findings verify the validity of socio-technical congruence theory in the
field of value co-creation and reveal the synergistic and heterogeneous effects of RC and
DC. Third, this study provides adequate explanations for improving innovation perfor-
mance through value co-creation.

The remainder of this paper is structured as follows. Section 2 reviews the theoretical
background. Section 3 proposes specific hypotheses. Section 4 describes methods and
the results of empirical analyses. Section 5 discusses our findings, outlines their poten-
tial theoretical contributions and managerial implications, and identifies avenues for future
research. Figure 1 presents the conceptual framework of our study.

2 Theoretical backgrounds
2.1 S-Dlogic and value co-creation

S-D logic emphasizes value co-creation between firms and partners through resource inte-
gration and interaction (Vargo & Lusch, 2004, 2008). Because partners having operational
resources, such as knowledge and skills (Corsaro, 2019; Payne et al., 2008), they become
participants who are able to co-production and co-design with manufacturer (Payne et al.,
2008). Thus, traditional transactions become open, interactive and relational processes, and
partners can actively participate in the value creation process and maintain a high level of
collaboration with the firm.

Although much research on value co-creation has been focused on the B2C context, the
literature on value co-creation in the B2B context has increased in recent years (Corsaro,
2019; Ghantous & Alnawas, 2021; Payne et al., 2008; Simmons & Durkin, 2023). From the
perspective of S-D logic, value co-creation refers to collaborative behavior and the interac-
tion process in which a firm and its partners co-create superior value (Corsaro, 2019; Payne
et al., 2008; Vargo & Lusch, 2008) and achieve business goals (Simmons & Durkin, 2023).
For example, a distributor/supplier who becomes involved in production activities that are
traditionally the responsibility of the manufacturer (Karpen et al., 2012; Yang et al., 2021).
Thus, in this paper, we define value co-creation as the active participation, interaction, and
collaboration that occurs between firms and their partners (e.g., suppliers and distributors)
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Fig. 1 Conceptual framework
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in transactions to create superior value through joint problem solving and technology train-
ing (Corsaro, 2019; Simmons & Durkin, 2023; Vargo & Lusch, 2008).

There are two main streams of research on value co-creation. In the first, the antecedents
that can facilitate value co-creation, including capability (Faruquee et al., 2021; Siaw &
Sarpong, 2021) and resource elements (Chaudhuri et al., 2023) are analyzed. Vargo and
Lusch (2008) and Ngugi et al. (2010) focused on value co-creation in a supply chain and
found that RC is a prerequisite for value co-creation. Some research has shown that DC and
digitization, such as that achieved through social media, mobile devices, and cloud com-
puting, provide convenient means for technology and information exchange (Wielgos et al.,
2021; Atanu et al., 2022), which facilitates value co-creation among partnerships (Mata-
razzo et al., 2021). Other research has suggested that resource integration has an important
influence on value co-creation (Bagheri et al., 2019; Vivona et al., 2023). Specifically, new
digital applications, platforms, and devices have become important places for organiza-
tions to access new opportunities, customer needs, and resources (Chaudhuri et al., 2023;
Zott & Amit, 2017). For example, the widespread use of digital platforms such as Alibaba
and Amazon.com has changed the way firms interact with each other, gather information,
and combine resources (Li et al., 2018a, 2018b; Ramaswamy & Ozcan, 2018). In addition,
crowdfunding models relying on digital platforms in the capital market have been rapidly
adopted (Scuotto et al., 2021; Buttice & Vismara, 2022; Inceoglu et al., 2024). Crowd-
funding platforms engage in connections and interactions with stakeholders, mobilizing
the value-creating capabilities of investors and financiers, and enhancing the comprehen-
sive benefits of all parties, thus achieving value co-creation (Inceoglu et al., 2024; Manser
Payne et al., 2021; Rossi et al., 2023).

In the second research stream, the consequences of value co-creation, including cus-
tomer satisfaction, service innovation and firm performance, are analyzed. Navarro et al.
(2016) argued that value co-creation between manufacturers and distributors can better
meet customer needs and expectations and improve customer satisfaction. As a continu-
ous process of integrating, matching and reconfiguring resources, value co-creation fosters
service innovation (Nardelli & Broumels, 2018). Moreover, in the value co-creation pro-
cess, close contact and communication between manufacturers and distributors is condu-
cive to the accurate identification of market needs and the effective generation of valuable
ideas (Chen et al., 2011), which are conducive to production and technological innovation
and serve to enhance a firm’s innovation performance (Foss et al., 2013; Manser Payne
et al., 2021). In conclusion, based on S-D logic, we build a conceptual model to discuss the
effects of RC and DC on value co-creation and explore the impact of value co-creation on
innovation performance.

2.2 Socio-technical congruence theory and firm capabilities

Socio-technical congruence theory proposes that social systems (people and their relation-
ships) and technological systems (technological components and their uses) are jointly
coordinated to achieve superior benefits (Bostrom & Heinen, 1977; Minshull et al., 2022;
Rajaguru et al., 2023). A social system refers to individuals or groups in which a firm col-
laborates with or from whom a firm can make demands, including customers, distributors
and suppliers (Miinch et al., 2022). A technical system includes the infrastructure, meth-
ods, tools and digital interconnection needed for the new technology implementation pro-
cess (Minshull et al., 2022; Oesterreich & Teuteberg, 2019). Socio-technical congruence
theory emphasizes the mutual adaptation and coordination of social and technical systems.
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When social and technological systems are highly matched, the expected benefits increase
(Forkmann et al., 2018; Shirazi et al., 2021). Some studies have explored the importance
of technological and social factors in the process of strategic cooperation (Shamim et al.,
2020), demonstrating that socio-technical congruence fosters cooperation and resource
exchange (Rajaguru et al., 2023; Shirazi et al., 2021). In other words, the congruence
between social and technical systems can facilitate collaboration, information exchange
and resource complementary. Therefore, socio-technical congruence theory provides a use-
ful perspective that serves as the theoretical basis for this study.

In this study, we argue that strategic partnerships can be viewed as a system that is
constructed from social and technical subsystems. The strategic goals of such a system
are to create superior value and achieve better performance through value co-creation that
occurs between the focal firm and its partners. The social system provides relational and
emotional foundations,which is beneficial for firms to obtain resource support from their
partners for value co-creation (Miinch et al., 2022). The technical system provides a well-
grounded information technology (IT) infrastructure that improves information acquisition
and exchange in the value co-creation process (Shirazi et al., 2021). Therefore, we posit
that RC reflects the social system, while DC reflects the technical system.

Specifically, RC is a firm’s ability to build close, mutually understood and reciprocal
relationships with its partners (De Silva & Rossi, 2018; Mu, 2015). RC provides access to
heterogeneous resources for value creation (Ngugi et al., 2010; Zhou et al., 2021). DC is
a firm’s ability to construct information technology (IT) infrastructure for technical appli-
cations to realize digital interconnection with internal departments and external partners
(Atanu et al., 2022; Struwe & Slepniov, 2023). Research has shown that new digital tech-
nologies such as Big Data and artificial intelligence have profoundly impacted firm cooper-
ation (Scuotto et al., 2021). For example, the wide use of digital platforms, such as Alibaba
and Amazon.com, changes firm ways of information collection and resource integration
(Li et al., 2018a, 2018b; Matarazzo et al., 2021), which provides convenience for value co-
creation. In addition, Inceoglu et al., (2024, p.3) argued that “digitization can dramatically
transform how firms mobilize resources from their environments and interact with (pro-
spective) resource providers, including the search, access, and governance of resources.”
Based on socio-technical congruence theory, we will explore the effects and mechanisms
of RC and DC (in)congruence on value co-creation. Specifically, we test whether RC/DC
congruence may lead to more value co-creation than incongruence, and the high level of
congruence produces better effects. In the incongruent condition, we argue that high RC/
low DC could be better than high DC/low RC for value co-creation.

3 Research hypotheses
3.1 Effects of RC and DC on value co-creation

RC refers to the "social systems" in which an actor operates, which center on the key char-
acteristic of trust (Forkmann et al., 2018; Rajaguru et al., 2023). First, trust, as an RC char-
acteristic, helps to create a positive cooperative atmosphere, thus RC significantly affects
resource exchange, combination, and sharing. Second, Kéhkonen et al. (2015) conceptual-
ized RC as a form of "resource interdependency”. And they argued that focal firms would
produce a behavioral choice to build ties with trusted partners as well as the opportunity
for value co-creation. Third, RC also is conducive to repeated interactions, which increases
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knowledge sharing and resource acquisition between cooperative partners (Ng & Vargo,
2018; Ngugi et al., 2010; Zhou et al., 2021). Thus, RC facilitates information exchange,
knowledge sharing, and resource acquisition, which is to be an effective antecedent of
value co-creation. Accordingly, we present the following hypothesis:

Hypothesis 1 RC has a positive effect on value co-creation.

DC is like to "technical systems" that rely on information technology (IT) infrastructure
and use digital application and interconnection as key characteristics (Minshull et al., 2022;
Oesterreich & Teuteberg, 2019). On the one hand, from the perspective of DC, data are
regarded as valuable information resources (Atanu et al., 2022). The application of digital
platform can transmit real-time information about customer needs, which not only reduces
the information search cost and information exchange cost but also decreases information
asymmetry (Scuotto et al., 2021; Inceoglu et al., 2024). Particularly, DC allows for exploit-
ing the potential of the valuable insights and knowledge extracted from large-sized, diverse,
and up-to-date data on customers, markets, and competitors (Faruquee et al., 2021; Struwe
& Slepniov, 2023), which can help firm to deal with the question of production and design,
and prompt value co-creation. On the other hand, DC is based on digital technology, par-
ticularly on the building of a sharing platform to enable direct exchanges among the partic-
ipants of value networks. The application of digital platform can improve the efficiency of
resource allocation and integration (Buttice & Vismara, 2022), strengthen process supervi-
sion (Von Briel et al., 2018), and realize the transparent and controlled transaction process.
This effectively reduces unethical behaviors in the cooperation, such as information leak-
age and opportunism (Inceoglu et al., 2024), which guarantees the resources exchanging in
the cooperation. The couplings between value network participants become reinforced by
digital technologies enable close collaboration and coordination among participants, such
as the use of a platform to coordinate exchanges within a supply chain (Shamim et al.,
2020). Therefore, DC motivates value co-creation. Accordingly, we develop the following
hypothesis.

Hypothesis 2 DC has a positive effect on value co-creation.

3.2 Effects of the congruence between RC and DC on value co-creation

Value co-creation emerges from the combination of resources, the coordination of activi-
ties and the connection among partners. Value co-creation is not created by a single firm,
rather, it requires resources and other forms of cooperation, such as technology sharing and
information exchange (Ng & Vargo, 2018; Vargo & Lusch, 2008). In strategic partnerships
where value co-creation is the focus, firms tend to share information, stay flexible, and
act together. Based on socio-technical congruence theory, we expect that value co-crea-
tion increases when a firm’s DC is more congruent with its RC. DC that reduces the costs
of sustaining relationships for firms, coupled with an equivalent level of RC, increases
the level of trust exhibited in the relationship, which ensures that both sides exchange
resources and share information and encourages both parties to co-create value (Rajaguru
et al., 2023; Shirazi et al., 2021).

In contrast, when a firm’s DC is high, but its RC is low, value co-creation is not
likely to be optimal. Firms with high DC have a greater reliance on the results of digi-
tal technologies, thereby strengthening the rigidity of DC and ignoring the flexibility
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of emotional factors. The lack of RC in a firm makes partners hesitant to take actions
such as the sharing of proprietary information, technology and resources, as partners
are not confident in the firm’s benevolence and are cautious of being exploited (Ford
et al., 2018). Moreover, the rigidity derived from high DC and the perceived risk and
trust crisis that arises from low RC can induce the firm to resort to more formal control
strategies in its strategic partnerships. For example, detailed contracts and intensive
monitoring (Andersen et al., 2009) undermine the development of partnerships and
discourage partner willingness to share and cooperate beyond their contractually stipu-
lated roles (Lambert & Enz, 2012), which is not beneficial for value co-creation.

We also expect that value co-creation becomes sub-optimal when RC is high, but
DC is low. Although a high level of RC is favorable for inter-firm cooperation, low DC
suggests that a firm cannot rely on digital technology to gain faster access to partners’
information and select the right partner for technology co-creation, thus dispelling the
firm’s enthusiasm for cooperation to promote value co-creation (Faruquee et al., 2021;
Woodside & Baxter, 2013). Accordingly, we develop the following hypothesis:

Hypothesis 3a Value co-creation is greater when RC and DC are congruent than when
they are incongruent.

According to socio-technical congruence theory, distinguishing the level of con-
gruence also becomes important. The nature of congruence, rather than simply the
matching of two components, is critical for obtaining superior benefits (Minshull et al.,
2022; Rajaguru et al., 2023). Therefore, differentiating between the congruence for low
RC/DC and that for high RC/DC is necessary.

Specifically, we hypothesize that there are different levels of value co-creation
based on a firm’s congruence between their RC and DC at different levels. When both
RC and DC are low, we assume that value co-creation would be hardly any. Such part-
nerships are more likely to constitute an arm’s-length or transitional exchange, and
the behaviors that occur in this condition are limited to buying and selling rather than
involving deep communication, strategy adjustment, or sharing resources. In contrast,
when RC and DC both increase and come into congruence at higher levels, value co-
creation accrues due to a combination of lower economic cost and emotional motiva-
tion. High levels of both RC and DC not only create an urgent need to coordinate with
their partners to achieve value co-creation or avoid losses (Stephen & Coote, 2017)
but also increase firm trust in compliance and adaptation (Davies et al., 2011), which
makes information exchange, technology cooperation, flexibility, and sharing (Atanu
et al., 2022; Struwe & Slepniov, 2023) more common in strategic partnerships. In addi-
tion, when a firm’s RC and DC both increase and come into congruence at higher lev-
els, the increased willingness to cooperate that is based on close relationship links and
the increased information transparency brought about by the widespread use of digital
technology provide a dual motivation for value co-creation. Accordingly, we present
the following hypothesis:

Hypothesis 3b Value co-creation is greater when RC and DC are congruent at higher lev-
els than when they are congruent at lower levels.
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3.3 Effects of incongruence between RC and DC on value co-creation

However, the differences in the levels at which firm’s RC and DC function and the real-
ity of a dynamic and iterative market environment make the ideal match between RC
and DC less common. This imbalance is reflected by the alternation of the two capabili-
ties over time under certain spatial conditions. Firm capabilities tend to be dominated
by one competency and supported by the other, including the combination of "high RC/
low DC" and "high DC/low RC".

Some studies consider the focus of a firm to be more on the use of RC in the process
of value co-creation (Ngugi et al., 2010; Shirazi et al., 2021). Compared with DC, which
can be used to quickly access external information, RC can be used to better main-
tain trust and promote interfirm interaction and cooperation (Kéhkonen et al., 2015).
Particularly, as the current market environment becomes more volatile, firms place a
greater focus on connecting with partners, accessing heterogeneous resources across
organizations, addressing market risks and creating value. In addition, DC complements
RC (Shirazi et al., 2021). Although DC is more useful for firms to access information,
and technology knowledge, expanding the ways and means for RC to access resources.
However, DC requires a high level of RC to increase effective value co-creation. This is
particularly true of mature industries facing transformation, such as manufacture, where
a complete balance between the two types of capabilities is not possible. However, more
effective value co-creation requires a focus on RC to ensure the stability of strategic
partnerships and to respond to market changes. Considering that the essence of value
co-creation is interaction, we propose the following hypothesis:

Hypothesis 4 Value co-creation is greater under incongruent high RC/low DC than under
incongruent high DC/low RC.

3.4 Effects of value co-creation on innovation performance

According to Zhang et al. (2020), value co-creation with partners serves as a new source
of innovation performance. Interaction is the core of the value co-creation process (Ng
& Vargo, 2018; Vargo & Lusch, 2008). Constructive interactivity, deep engagement,
and a propensity to act on both sides are conducive to firm recognizing the technol-
ogy and resource differences of its partners (Manser Payne et al., 2021; Tseng & Chi-
ang, 2016), which is beneficial for firm integrating partners knowledge and resource to
prompt new products development. Zaborek and Mazur (2019) also mentioned that to
succeed in innovation, firms need to align their resources, capabilities, and processes
with their partners’ value-generating processes. The innovation of firms relies on the
knowledge and resources of partners, the major improvement of existing products, and
the development of novel products (Nayal et al., 2022). In addition, value co-creation
changes conventional innovation in a novel way. Firms close contact and communicate
with their partners to exchange information about the needs and requirements of cus-
tomers (Woodside & Baxter, 2013), and obtain valuable ideas (Chen et al., 2011), which
are conducive to production and technological innovation and serve to enhance a firm’s
innovation performance (Foss et al., 2013; Manser Payne et al., 2021). Due to such con-
siderations, we hypothesize the following:
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Hypothesis 5 Value co-creation has a positive impact on innovation performance.

4 Methods
4.1 Data and sample

To test our research hypothesis, we compiled an English questionnaire after an extensive
literature review. Our scales are adapted from mature scales and translated into Chinese
according to language conventions to ensure that questionnaires are better understood and
answered by those completing them. We used translation and reverse translation techniques
(Luo et al., 2011) to compare the initial English scale with the subsequent English scale. If
errors were found, we revised the previous translation to ensure the questionnaire’s cross-
cultural validity and conceptual consistency. We then advanced 30 middle or high manag-
ers with a pilot study to verify the questionnaire and the accuracy and appropriateness of
its words and terms. Based on the results of the pilot study and feedback, the questionnaire
was adjusted and revised again both to better adapt it to China’s economic and political
environment and to ensure that it accurately reflected the problem that we were studying.

Our research aims to investigate manufacturers’ value co-creation in the strategic part-
nership. A manufacturer is a firm that produces, designs and provides productions and
services in a transaction. In the data collection process, we randomly selected 560 man-
ufacturers from the list of domestic enterprises in the manufacturing, technical services,
transportation, warehousing, and logistics industries as an initial sample. Subsequently, we
called these firms to ask if they would volunteer to participate in our study, and 507 firms
said they would. We mailed research instructions and questionnaires to these firms, asking
them to identify appropriate middle and senior managers as respondents. We emphasized
the academic and anonymous nature of the questionnaire in the questionnaire guidelines
and emails to increase the response rate and objective authenticity. Questionnaire distrib-
uted lasted more than two months, after several rounds of reminders and recalls, we finally
recovered 440 questionnaires. After excluding questionnaires with incomplete information
and missing data, we received 340 actual valid questionnaires with a valid recovery rate of
77.27%.

Since the questionnaire-interview research method is prone to non-response bias, we
conducted an independent sample T-test by comparing the firm size objective question
items of respondents and non-respondents. The results showed that there was no signifi-
cant difference between the two groups in firm size (number of employees) (t=—1.421,
p=0.158>0.05). Therefore, non-response bias did not seem to be a major concern for our
dataset. Meanwhile, more than 60% of the sample firms are at a mature stage of develop-
ment, ensuring that the sample firms studied have a high level of maturity, as shown in
Table 1.

4.2 Measures

Well-established multi-item scales from previous research were adapted to measure the
constructs of our conceptual model. Table 2 provides details of all the measured items and
their validity assessments, based on 7-point Likert scale (1 means "strongly disagree" and 7
means "strongly agree").
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Table 1 Profile of survey sample

Frequency Percentage

Firm size (number of employees)

<100 182 535

100499 82 24.1

500-999 36 10.6

1000-5000 26 7.7

> 5000 14 4.1
Firm stage

Introduction period 13 3.8

Growing period 79 23.2

Maturity period 216 63.6

Recession period 32 9.4
Relationship length (years)

<5 60 17.6

5-9 161 474

10-15 70 20.6

>15 49 14.4
Gender

Male 256 75.3

Female 84 24.7
Age

<35 30 8.8

35-45 211 62.1

>45 99 29.1
Education background

Senior high school 9 2.6

Junior college 53 15.6

Undergraduate 229 67.4

Postgraduate 49 14.4

Specifically, the items measuring RC were adapted from Mu (2015). These items
measured how firms choose partners, coordinate relationships, and integrate relation-
ship resources. The measurement items for DC were adapted from Wielgos et al. (2021).
These items measured the use of digital technologies and platforms by firms to improve
digital connectivity. The items for measuring value co-creation were adapted from Cor-
saro (2019) and Ghantous and Alnawas (2021). These constructs were measured by
assessing how firms solve problems with partners, exchange knowledge, and support
each other. The measurement items to assess innovation performance were adapted from
Calantone et al. (2002) and Prajogo and Sohal (2006). These constructs were measured
by evaluating firm product and technology innovations.

We also added three control variables: age, gender, and education background.
Firstly, the age of managers is closely related to their working time, which is a potential
factor affecting firm’s decision-making and behavior (Kumar, 2023). Secondly, we have
controlled the gender of managers. The gender difference also has a potential impact on
firm’s decision-making (Apesteguia et al., 2012). Finally, we also control the managers’
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Table 2 Construct reliability and validity

Variable Factor Loading

RC (Adapted from Mu, 2015)
(AVE=0.579; CR=0.846; a=0.757)

Our firms can reach out to partners quickly when needed 0.731

Our firms have formal access to help us find the right partners 0.794

Our firms can effectively coordinate cooperation with members of different business 0.742
networks

Our firms can effectively mobilize the resources of our partners to create value for our 0.774
partners

DC (Adapted from Wielgos et al., 2021)
(AVE=0.706; CR=0.878; a=0.791)

Our firms are increasingly digitally interconnected with our partners 0.872

Digital technology is gradually penetrating and connecting all our departments or busi- 0.812
nesses

Our firms have achieved a higher degree of digital interconnection through our digital 0.836
platform

Value co-creation (Adapted from Corsaro, 2019; Ghantous & Alnawas, 2021)

(AVE=0.566; CR=0.839; a=0.739)

Our firms work with partners to provide support in activities that are difficult for the other  0.735
to implement

Our firms work with partners to develop training practices aimed at increasing the malle-  0.775
ability of employees to different situations

Our firms work together to train and disseminate knowledge/technology to each other’s 0.758
employees

Our firms work with partners to identify problems and difficulties that occur during busi-  0.741
ness and to develop and implement a corrective action plan

Innovation performance (Adapted from Calantone et al., 2002; Prajogo & Sohal, 2006)
(AVE=0.709; CR=0.907; a=0.863)

Compared to our competitors, our firms create more brand-new products 0.839

The extent to which we introduce completely new features into new products is high 0.870
compared to our competitors

Our firms develop new technologies and introduce them into the industry 0.820

Our firms are a creator of new technologies and processes 0.840

education background. Education background would potentially affect managers choose
partners and develop the relationship network (Ding, 2011).

4.3 Common method variance and measure validity

To reduce potential common method bias, we used an ex ante and post hoc approach,
namely study design and statistical analysis (Podsakoff et al., 2003). First, we protected the
anonymity of the respondents and improved the wording of the items. Second, we used the
marker variable method recommended by Lindell and Whitney (2001). The lowest posi-
tive correlation in the correlation matrix was 0.025, which we use to estimate the common
method bias. After adjusting the observed correlations, the correlations between the inde-
pendent and dependent variables maintained their statistical significance, suggesting that
common method bias was not a serious problem.
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Our measurement model was analyzed by CFA using AMOS 26.0. The results indicated
that the measurement model fits the data well (XZ/df =1.559, P=0.000, RMSEA=0.041,
NFI=0.943, TLI=0.974, CFI=0.979, IF1=0.979) and is statistically significant, making the
model suitable for the next step of correlation and regression analysis. We used confirma-
tory factor analysis to evaluate the reliability and validity of the multi-item structure in the
model. As shown in Table 2, Cronbach’s alpha and composite reliability (CR) for each con-
struct exceeded the 0.700 threshold, indicating adequate reliability (Fornell & Larcker, 1981).
All factor loadings were significant, and the average variance extracted (AVE) for each con-
struct was above the cutoff value of 0.500, indicating good convergent validity (Bagozzi &
Yi, 1988). We measured discriminant validity by comparing the square root of the AVE for
individual constructs with the correlations between all pairs of variables. As shown in Table 3,
the square root of the AVE for each construct was greater than the highest correlation between
all pairs of variables, indicating satisfactory discriminant validity (Fornell & Larcker, 1981).

4.4 Analysis

Polynomial regressions To test the direct effects and (in)congruence effects of RC and DC
(H1-H4), we used polynomial regression analyses and response surface modeling since they
involve not only the interactions of RC and DC, but also curvilinear relationships between
predictors and outcome variables. Specifically, the dependent variables (value co-crea-
tion) were regressed on control variables as well as five polynomial terms, that is, RC, DC,
RC?, RCxDC, and DC2 RC and DC were scale-centered around the midpoint of the scale
(Edwards, 2002; Edwards & Parry, 1993). In addition to the significance of regression coef-
ficients, we also investigated the slopes and curvatures along the congruence line (RC=DC)
and incongruence line (RC= —DC) as they directly test the congruence effects of RC and DC
(Edwards & Cable, 2009; Edwards & Parry, 1993). In polynomial regression, the effects of
RC and DC (in)congruence on value co-creation were represented by the following equation:

Y = b, +b,RC + b,DC + b;RC? 4+ b,RC x DC 4+ bsDC? + ¢ (1)

To explore the polynomial effects, the estimated coefficient for each polynomial term
was used to compute the slope and curvature along the (in)congruence line (Edwards &
Parry, 1993). Based on the suggestions provided by Edwards and Parry (1993), the slope

Table 3 Correlation matrix and descriptive statistics

Variable 1 2 3 4 5 6 7
1.RC 0.760

2.DC 0.444%* 0.840

3.Value co-creation 0.411%* 0.432%*% 0.752

4.Innovation performance ~ 0.424** 0.460** 0.535**  0.842

5.Age 0.076 0.113*  0.186**  0.025 1.00

6.Gender 0.042 -0.020 0.110%* 0.036 0.071* 1.00
7.Education background 0.052 0.121*% 0.212**  0.250**  —0.084  0.081 1.00
Mean 5.289 5292 5.033 5.016 2202 0.750 2935
S.D 0.899 0.826  0.795 1.01 0.582 0432 0.635

#p <0.05; ¥¥p <0.01
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and curvature of the incongruence line could be computed by substituting —RC for DC in
Eq. 1:

Y = b, + b,;RC — b,RC + b;RC* — b,RC x RC + bsRC* + ¢ 2)
After rearranging and gathering similar terms, the equation becomes:
Y =by + (b; = by)RC + (b; — b, + bs)RC* + ¢ 3)

The slope of the surface along the incongruence line is represented by the quantity
[gslope = b;—b,]. The curvature of the surface is represented by the quantity [qcurva-
ture=b; — b, + bs].

Based on the suggestions provided by Edwards and Parry (1993), the slope and curva-
ture of the congruence line could be computed by substituting RC for DC in Eq. 1:

Y =b, +b1RC+b2RC+b3RC2 +byRC xRC+b5RC2 +e (€))
After rearranging and gathering similar terms, the equation becomes:
Y =by + (b; + by)RC + (b; +b4+b5)RC2+e 4)

The slope of the surface along the incongruence line is represented by the quantity
[gslope=b;+ b,]. The curvature of the surface is represented by the quantity [qcurva-
ture=b; + b, + bs].

4.5 Results

We report the estimation results in Table 4. Table 4 presents the estimated coefficients as
well as slopes and curvatures along the congruent and incongruent lines for polynomial
regression predicting value co-creation.

The regression results in Table 4, Model 2 shows that RC has a significantly positive
impact on value co-creation (§=0.233 and p <0.001). Model 2 shows that DC has a sig-
nificantly positive impact on value co-creation (p=0.269 and p <0.001). Therefore, H1
and H2 are verified. The column 5 in Table 4 shows that value co-creation has a signifi-
cantly positive impact on innovation performance ($=0.659 and p <0.001). Therefore, H5
is verified.

As shown in column 4, along the incongruence line, the slope is not significant
(B=0.098, n.s.) and the curvature is significant and negative (f=—0.206 and p <0.01),
thus supporting H3a. In addition, Fig. 2 illustrates the response surface based on these
coefficients. The surface in Fig. 2 shows that it curves down along the RC= —DC line,
indicating that value co-creation is greater when the RC is more congruent with its DC,
and any deviation from the congruence point (i.e., moving to its right or left) decreases
value co-creation. Then, the slope along the congruence line for value co-creation is
significant and positive (§=0.522 and p <0.001) while the curvature is not (0.016, n.s.),
thus supporting H3b. The response surface in Fig. 2 also indicates that the level of value
co-creation is higher at the rear corner (high RC/high DC) than at the front corner (low
RC/low DC). Therefore, value co-creation is greater when RC and DC are congruent at
higher levels than when they are congruent at lower levels. To test the incongruent effect
posited in H4, we calculated the lateral shift quantity ((b2 —bl)/[2(b3 — b4 + b5)]),
which indicates the magnitude and direction of alateral shift of the response surface
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Table 4 Regression results

Variable Value co-creation Innovation
performance
Ml M2 M3
Constant 3.509%#* 1.209%%%* 3.281 1.335%%*
(13.268) (3.688) (13.734) (3.695)
Age 0.272%%%* 0.195%* 0.185%* —-0.102
(3.811) (3.076) (2.945) (— 1.259)
Gender 0.143 0.148 0.142 —0.065
(1.483) (1.741) (1.698) (= 0.605)
Education background 0.278%#:#* 0.2135%:#* 0.194%#: 0.217%*
(4.246) (3.649) (3.346) (2.915)
RC 0.233%#* 0.310%*
(5.160) (3.282)
DC 0.269%%%* 0.212%*
(5.413) (2.220)
Value co-creation 0.659%**
(10.912)
RC? —0.033%%%
(- 3.586)
RCxDC 0.111F
(1.794)
DC? - 0.062
(— 1.424)
Adj. R? 0.085 0.290 0.312 0.302
AR? 0.093 0.208 0.027 0.245
F 11.4447%%% 28.756%** 20.192%* 37.604%**
congruence line (RC=DC)
Slope 0.5227%#%*
(3.885)
Curvature 0.016
(0.260)
incongruence line (RC=—- DC)
Slope 0.098
(0.729)
Curvature —0.206%*
(—3.533)

Tp<0.10; *p <0.05; #p <0.01; #+¥p <0.001; N=340

along the incongruence line (Atwater et al., 1998; Liu et al., 2020; Vogel et al., 2016).
If the sign of (b2 — bl)/[2(b3 — b4 + b5)] is positive, the response surface rotates coun-
terclockwise along the incongruence line. And the left side of the consistency line is
RC<DC area and the right side is RC>DC area. Since (b2 —bl)/[2(b3 — b4 + b5)]
(0.237 > 0) is positive quantity, that is, the part of the response surface located on the
right side (RC>DC) of the congruence line is larger than the part on the left side

(RC < DC), thus supporting H4.
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value co-creation

-2 -2
-3

Fig.2 (In)congruent effects of RC and DC on value co-creation

5 Discussion

5.1 Conclusion

In this study, based on S-D logic and socio-technical congruence theory, we construct
a framework focused on the relationships among firm capabilities, value co-creation
and innovation performance. This study demonstrates major findings. Our results show
that RC and DC are positively related to value co-creation and value co-creation has a
positive effect on innovation performance. Moreover, we develop four matched typolo-
gies, namely, high RC/high DC, low RC/low DC, low RC/high DC, and high RC/low
DC. The empirical results suggest that RC/DC congruence has a linear positive effect,
while RC/DC incongruence has an inverted U-shaped effect on value co-creation. Fur-
ther, high RC/low DC leads to more value co-creation than high DC/low RC.

In summary, first, these findings demonstrate that both RC and DC are important
for value co-creation in strategic partnerships. Second, these findings strongly empha-
size the importance of RC/DC congruence for value co-creation, which can take firms
capabilities from heterogeneous to synergistic, thus achieving superior value. Moreo-
ver, our findings also reveal the sub-optimal combination between RC and DC under
incongruent conditions. Finally, this study enriches the literature on value co-creation
with innovation performance.
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5.2 Theoretical contributions

First, based on S-D logic, this study deconstructs the antecedents of value co-creation
in detail. In VUCA environments, firms not only need RC to maintain trust with part-
ners and provide an interactive basis (Mu, 2015) but also DC to access a wide range of
information and resources for value co-creation (Atanu et al., 2022). Value co-creation
through integrating capability has become a new research hotspot, and the changes in
the role mechanism of value co-creation have attracted academic attention. Our findings
reveal the different mechanisms of RC and DC on value co-creation. That is, RC ena-
bles firms to link more closely with their partners and facilitates interaction quality and
resource sharing. DC helps firms improve their communication efficiency and controls
information exchange by utilizing digital technology. Particularly, new digital applica-
tions, platforms, and devices have become important places for organizations to access
new opportunities, customer needs, and resources (Chaudhuri et al., 2023; Zott & Amit,
2017), which has changed the way firms interact with each other, gather information,
and combine resources (Inceoglu et al., 2024; Li et al., 2018a, 2018b). Our work pro-
vides evidence for the vital role of the firm’s capabilities in value co-creation (Chaud-
huri et al., 2023) and enriches the research on the effect of firm capabilities on value
co-creation under S-D logic. Moreover, our work also contributes to the new expanded
view of digitization and resource mobilization pointed by Inceoglu et al. (2024) and
provides new lights to this view by exploring how it impacts value co-creation.

Second, based on socio-technical congruence theory, this study analyses the effect of
RC and DC (in)congruence on value co-creation in depth. Prior research has shown that
increased capability promotes value co-creation (Struwe & Slepniov, 2023; O’Dwyer
et al., 2023). Furthermore, our research shows that enhancing the match between RC
and DC is more conducive to value co-creation. Our findings are consistent with the
view that “the synergy of social and digital support can promote value co-creation”
(Shirazi et al., 2021). In addition, we find that the higher level of congruence between
RC and DC promotes more value co-creation. When the two capabilities are matched,
their simultaneous enhancement more effectively realizes synergistic effects. In a low
RC/low DC condition, firm behaviors are limited to buying and selling. In contrast, high
RC/high DC enables the firm to communicate in detail, adjust its strategy, and share
resources, which is more beneficial for value co-creation. This confirms the core idea of
socio-technical congruence theory (Bostrom & Heinen, 1977; Miinch et al., 2022), that
is, a higher level of synergy between the social system and technical system can produce
more benefits.

Moreover, in exploring the incongruence between RC and DC, we also clarified the
heterogeneous role of two capabilities, that is, high RC/low DC is more effective than
high DC/low RC for value co-creation. Our findings are consistent with those of Shirazi
et al. (2021). Although social and technical factors are both salient to value co-crea-
tion, “social support emerged as the most potent predictor of value co-creation” (Shirazi
et al., 2021, p1). In addition, high DC/low RC conditions incur and underscore informa-
tion security questions, which verifies the view of the "IT paradox" (Hajli et al., 2015).
Overall, these findings provide a new perspective for exploring the relationship between
capabilities and value co-creation, which also extends the boundary of socio-technical
congruence theory.

Third, we further extend the impact of value co-creation on firms’ innovation per-
formance. Prior research has emphasized that product and technological innovation are
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important factors for a firm’s innovation performance (Li et al., 2019). Our research
shows that in the value co-creation process, firms obtain innovative resources and
market information through active communication and interaction with their partners
(Zaborek & Mazur, 2019), which promotes new product development, technological
improvement, and innovation performance. Our findings are consistent with those of
Manser Payne et al. (2021). Moreover, our study enriches the research on value co-crea-
tion in the field of innovation management in strategic partnerships.

Finally, our findings have reference significance for interfirm technology transfer and
exchange. Previous studies have noted that technology transfer and equity crowdfunding
are a specific form of value co-creation (Bagheri et al., 2019; Buttice & Vismara, 2022;
Vivona et al., 2023). In hence, our study provides the possible solution for the question that
“how the involvement of these investors can contribute to value creation in equity crowd-
funded firms remain” (Buttice & Vismara, 2022, p. 1238). Moreover, given the intricate
and interconnected nature of digitalization spanning various research field (Inceoglu et al.,
2024), thus, our findings of RC and DC (in) congruence may have similar influences on
technology transfer and equity crowdfunding as those on value co-creation, which provides
insight for technology transfer and equity crowdfunding management.

5.3 Managerial implications

First, this study highlights the fact that value co-creation plays a crucial role in innova-
tion performance. Managers should actively engage in cross-organizational cooperation
and interact with suppliers, distributors, customers, and others (Manser Payne et al., 2021;
Nayal et al., 2022), which will help firms better understand market needs and improve
product innovations, thus enhancing innovation performance. Managers can also establish
knowledge platforms to share and exchange knowledge with their partners, which can stim-
ulate the efficiency of innovation and improve innovation performance. Moreover, manag-
ers can rely on digital platforms to build innovation ecosystems (Buttice & Vismara, 2022;
Inceoglu et al., 2024), then expand network relationships with other participants to carry
out various value co-creation activities and promote innovation performance.

Second, our findings suggest that RC and DC contribute to value co-creation. Managers
should emphasize and strengthen their RC by building and maintaining trust, developing
effective communication, and enhancing their coordination with partners (Mu, 2015). Man-
agers develop good RC to ensure the stable economic transactions through the inclusion
of both partners in the network community and further the socio-emotional factors (e.g.,
trust, business ethics, etc.) nurtured by social relationships. With the rapid development of
digital technology, managers should also focus on the cultivation of DC using digital tools
and platforms for information exchange, data analysis , and digital product development.
Firms need to focus some of their efforts on enhancing DC to ensure the effective operation
of the interaction channels of all parties and enhance value co-creation. For example, for
crowdfunding platforms, improving DC can guarantee the security and stability of online
transactions, and increase the number, frequency, and quality of stakeholder interactions
(Butticé & Vismara, 2022).

Third, our findings suggest the value of maintaining synergy between RC and DC. On
the one hand, managers should focus on the balance between RC and DC and make efforts
to build matched social and technical systems that can foster interfirm interaction and
resource exchange, thereby ultimately promoting value co-creation. Thus, managers should
invest and allocate more resources to realize a higher level of RC and DC congruence.
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On the other hand, our findings also suggest caution for managers aiming to conduct RC
and DC management. Based on these results, we provide suggestions for managers facing
resource constraints. These managers should consciously prioritize the development of RC,
gradually improve DC, and ultimately achieve a matched state. Using this tactic, firms can
address the dilemma of unmatched capabilities without impairing value co-creation in stra-
tegic partnerships.

5.4 Limitations and future directions

Our study has several limitations that should be addressed in future endeavors. First, our
conceptual model was tested by using cross-sectional survey data. If feasible, a longitudi-
nal design is recommended for future explorations into the dynamic evolution of the rela-
tionships between variables. Second, in this study, we focus on the effects of RC and DC
on value co-creation. Future research can explore the effect of other capabilities, such as
big data analytics capabilities and market-sensing capabilities (Alshanty & Emeagwali,
2019; Ciampi et al., 2021), and their (in)congruence on value co-creation. Third, there
may be contingent factors that influence the (in)congruence effect of RC and DC, such as
market uncertainty, the institutional environment, and competitive pressures. Researchers
can explore the effect of contingency factors in the future. Fourth, we suggest that second-
ary data or other scales can be used to measure the level of value co-creation and other
variables.

Funding This research was funded by the National Natural Science Foundation of China
(71902013; 72272119).
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