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The digital connectivity view (DCV) represents a distinct strategic framework for under-
standing how firms leverage interconnected digital technologies to create sustainable com-
petitive advantages in global markets. While digital connectivity promises enhanced
innovation performance, organizations face significant challenges in effectively leveraging
these capabilities, with outcomes remaining highly uneven across industries. This study
examines how different configurations of digital connectivity elements and organizational
capabilities drive innovation performance in manufacturing firms through an integrated
theoretical framework combining dynamic capabilities theory and DCV. Using fuzzy-set
qualitative comparative analysis of 63 Chinese high-tech manufacturing firms, the research
identifies multiple distinct pathways to high innovation performance. The findings reveal four
key mechanisms that explain how firms effectively leverage digital connectivity, with digital-
architecture resources playing a central role. Different capability configurations produce
varying levels of radical and incremental innovation outcomes. The research advances
innovation management literature by empirically validating configurational patterns, devel-
oping a novel theoretical framework bridging DCV with dynamic capabilities theory, and
providing practical insights for manufacturing firms in emerging economies navigating global
crises while maintaining innovation vitality.
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Introduction

igital connectivity has emerged as a transformative force

in international business and innovation management,

fundamentally reshaping how firms create, capture, and
deliver value (Ahi et al. 2022; Nambisan and Luo 2021; Wu and Li
2024). The digital connectivity view (DCV) represents a strategic
paradigm distinct from traditional digital transformation,
emphasizing how firms leverage interconnected digital technol-
ogies and capabilities to create sustainable competitive advantages
in global markets (Appio et al. 2021; Luo 2022). While digital
transformation focuses on technological adoption and business
process redesign, DCV encompasses a broader strategic per-
spective on how firms orchestrate their digital resources and
capabilities across global networks to drive innovation (Autio
et al. 2021; Ciarli et al. 2021).

Despite the promising potential of digital connectivity for
enhancing innovation performance, firms face significant chal-
lenges in effectively leveraging these digital capabilities. Recent
evidence suggests that innovation outcomes from digital con-
nectivity initiatives remain highly uneven across industries
(Nambisan et al. 2017; Blichfeldt and Faullant 2021). This var-
iation in performance can be attributed to the complex interplay
between digital technologies, organizational capabilities, and
innovation processes (Babina et al. 2024; Rammer et al. 2022).
While existing research has explored various aspects of digital
globalization, there remains a critical need to understand the
configurational effects of digital connectivity elements and orga-
nizational capabilities on innovation performance (Verbeke and
Hutzschenreuter 2021).

Our study addresses this gap by examining how different
configurations of digital connectivity elements and organizational
capabilities lead to high innovation performance in manufactur-
ing firms. We integrate the dynamic capabilities perspective with
DCV to develop a comprehensive theoretical framework that
explains how firms can orchestrate their digital resources and
capabilities to achieve high innovation performance. Drawing on
a unique dataset of 63 Chinese high-tech manufacturing firms
engaged in digital globalization, we employ fuzzy-set qualitative
comparative analysis (fsQCA) to identify the complex combina-
tions of factors that drive innovation success.

This research makes three contributions to the innovation
management literature. First, we advance the theoretical under-
standing of DCV by identifying and empirically validating the
configurational patterns through which digital connectivity ele-
ments and organizational capabilities interact to produce high
innovation outcomes. Second, we introduce a novel theoretical
framework that bridges DCV with dynamic capabilities theory,
revealing four distinct mechanisms—innovation enablers, facil-
itators, amplifiers, and orchestrators—that explain how firms can
effectively leverage digital connectivity for innovation. Third, we
provide practical insights for manufacturing firms by identifying
specific capability configurations that enable successful innova-
tion in the digital age, particularly relevant for firms operating in
emerging economies (Bouncken et al. 2022; Kolb et al. 2020; Liu
et al. 2024).

Theoretical framework

The digital connectivity view: conceptual foundations. Building
on Luo’s (2022) pioneering work, we conceptualize digital con-
nectivity as a complex, multi-dimensional construct that trans-
cends mere technological implementation. Unlike traditional
digital transformation approaches that often focus on broad
technological integration, DCV provides a nuanced examination
of how intangible digital flows—encompassing data, knowledge,
and digital-enabled services—generate novel innovation pathways
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(Appio et al. 2021; Ciarli et al. 2021). This new connectivity
weakens traditional flows of investment and capital while inten-
sifying digital forms of connectivity (Kolb 2008; Kolb et al. 2012).
As digital connectivity generates growing centrifugal forces for
manufacturing firms competing in a turbulent world (Autio et al.
2021; Kolb et al. 2020; Wu and Li 2024), it also necessitates
organizational capabilities such as agility to support manu-
facturing firms’ orchestration of global digital resources.

To advance the DCV, we propose a novel integration of digital
connectivity elements with dynamic capabilities theory (Teece
et al. 1997; Teece 2007). This integration allows us to explore how
firms not only configure digital resources but also dynamically
reconfigure them in response to rapidly changing business
environments. By focusing on the specific mechanisms through
which digital connectivity elements interact with organizational
capabilities, our study extends existing research on digital
transformation and innovation (Appio et al. 2021; Blichfeldt
and Faullant 2021) by providing a nuanced understanding of how
these configurations lead to high innovation performance.

Digital connectivity elements. Our framework delineates three
critical digital connectivity elements that collectively shape
innovation potential: digital-technology resources, digital-
architecture resources, and digital-intelligence capabilities.

Digital-technology resources address the technological features
of digital tools enabling information processing and sharing (Luo
2022). These resources spread through organizations based on
their perceived benefits, compatibility with existing systems, and
ease of implementation. These digital tools include, but are not
limited to, software applications, databases, cloud computing
services, and communication networks, playing a critical role in
reinventing innovation processes and outcomes in an increasingly
digital world (Nambisan et al. 2017). By leveraging digital-
technology resources, firms can enhance their operational
efficiency, update technical design and services, and create value
for their customers (Verbeke and Hutzschenreuter 2021).

Digital-architecture resources represent an organization’s
strategic capability to optimize and integrate digital portfolios,
transforming existing socio-technical structures (Nambisan et al.
2019; Luo 2022). The adoption and integration of these resources
often follow patterns influenced by organizational culture,
leadership, and existing technological infrastructure. Examples
of digital-architecture resources include enterprise architecture
frameworks, data governance policies and procedures, and
application programming interfaces (APIs). These resources are
characterized by transferability and modularity, which facilitate
reducing complexity and increasing flexibility in the orchestration
of digital resources.

Digital-intelligence capabilities refer to the cognitive layer of
digital connectivity, transforming raw digital resources into action-
able intelligence through advanced analytics, machine learning, and
artificial intelligence (Luo 2022; Rammer et al. 2022). These
capabilities evolve within organizations as they accumulate experi-
ence and knowledge, often spreading from one business unit to
another as their value becomes apparent. By cultivating digital-
intelligence capabilities, firms can make more informed decisions,
enhance their innovation performance, and gain a competitive
advantage in the digital economy (Babina et al. 2024).

Organizational capabilities as environmental enablers.
Organizational-level capabilities are crucial for constructing a
supportive organizational structure that aligns with the new logic
of digital connectivity. These capabilities evolve over time as
organizations adapt to changing technological landscapes and
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competitive pressures. The innovation management literature has
extensively documented how supportive constituencies within the
organization shape its connective activities and structure
(Choudhury et al. 2021; Lanzolla et al. 2021; Luo 2022). Sig-
nificantly, when digital connectivity attributes strengthen or
weaken the firm’s global activities, global employees are likely to
require structural modifications within the organization to foster
their creativity (Liu et al. 2024). Building on the dynamic cap-
abilities framework, we identify two critical organizational cap-
abilities that enable effective digital connectivity: organizational
agility and openness.

Organizational agility, which often develops and spreads within
firms in response to environmental uncertainties, is the ability to
quickly detect and respond to threats and changes, enabling faster
decision-making (Giudice et al. 2021; Hund et al. 2021; Teece
et al. 2016). This capability aligns closely with the sensing and
seizing aspects of dynamic capabilities, allowing firms to rapidly
identify and act upon opportunities arising from digital
connectivity. While agility is frequently highlighted as a necessary
organizational capability for many firms to survive amid
increasing complexity and uncertainty (Teece et al. 2016), firms
need to elaborate on their operational activities, which are driven
by digital globalization (Ciampi et al. 2022; Mudambi 2008).

Organizational openness, which tends to permeate organiza-
tions gradually as they engage with diverse external partners and
ideas, is a valuable capability that entails the flexibility and
adaptability of firms in response to emerging ideas and
technological change (Luo 2022; Ruvio et al. 2014). This
capability supports the transforming aspect of dynamic capabil-
ities, enabling firms to reconfigure their resources and processes
in response to new digital opportunities and challenges. It
addresses whether organizations are willing to consider digital
connectivity as more than just technical connectivity and whether
they are incubating new ways of innovation (Ruvio et al. 2014).

The interplay of digital connectivity elements and organiza-
tional capabilities. To deepen our understanding of how digital
connectivity differs from both digital transformation and tech-
nology adoption, it’s crucial to explore the interplay among the
three elements of digital connectivity and their impact on inno-
vation performance for firms (Appio et al. 2021). We propose a
novel theoretical framework that integrates dynamic capabilities
theory with the digital connectivity view (Luo 2022). This inte-
gration allows us to capture the dynamic and co-evolutionary
nature of digital resources, capabilities, and organizational pro-
cesses in driving innovation performance. It emphasizes that
elements in a system evolve together and influence each other,
leading to the emergence of novel forms and functions, much like
how innovations spread and interact within complex organiza-
tional ecosystems.

Firstly, digital-technology resources and digital-architecture
resources interact during the innovation process (Hylving and
Schultze 2020; Marion et al. 2015; Yoo et al. 2010). This
interaction goes beyond simple technology adoption by con-
tributing to firms’ sensing capabilities, allowing them to identify
new technological opportunities and potential innovations
(Blichfeldt and Faullant 2021). It creates new components and
meaningful knowledge that can enhance innovation (Miehé et al.
2022). Nambisan et al. (2017) note that digital tools and
architecture resources can generate novel pathways for innova-
tion by creating flexible and adaptive structures.

Secondly, digital-technology resources and digital-intelligence
capabilities co-occur during new technology development
(Nambisan et al. 2017). This co-occurrence is particularly
important in the context of artificial intelligence and machine

learning, where digital intelligence actively selects and reconfi-
gures digital resources to forecast potential opportunities
(Rammer et al. 2022). This synergy can lead to more effective
innovation strategies and better anticipation of market demands,
enhancing firms’ seizing capabilities.

Thirdly, digital-intelligence capabilities and digital-architecture
resources interact to create generative conditions for architectural
innovation (Nambisan and Luo 2021). This interaction represents
a key differentiator from traditional digital transformation
approaches, as it supports firms transforming capabilities
through continuous alignment of digital assets with changing
business environments (Ciarli et al. 2021). For instance,
customized ERP systems can influence how companies collabo-
rate with strategic partners, fostering innovative solutions. This
dynamic capabilities perspective allows us to examine how
manufacturing firms develop and deploy specific capabilities to
leverage their digital connectivity elements for innovation.
Furthermore, the integration of artificial intelligence into these
systems enables more sophisticated forms of architectural
innovation and resource orchestration (Babina et al. 2024).

In sum, extant research suggests that high innovation
performance emerges from the interaction between digital-
technology resources, digital-architecture resources, and digital-
intelligence capabilities (Nambisan et al. 2017; Luo 2022). Our
integrated theoretical framework provides a comprehensive lens
through which to examine how these elements spread, interact,
and evolve within manufacturing firms, ultimately shaping their
innovation outcomes.

Configurational analysis and high innovation performance.
Digital connectivity offers firms opportunities and benefits, but
also poses significant risks (Ahi et al. 2022; Verbeke and
Hutzschenreuter 2021). To be innovatively competitive in the age
of digital globalization, firms must address challenges beyond just
digital connectivity (Furr et al. 2022; Vial 2019). We propose a
configurational approach to understand how combinations of
digital connectivity elements and organizational capabilities lead
to high innovation performance. This method allows us to
identify multiple, equally effective pathways to innovation success
(Fiss 2011; Ragin 2008).

Recent empirical evidence suggests that successful innovation
requires more than mere technology adoption or digital
transformation initiatives (Rammer et al. 2022). Instead, firms
must carefully configure their digital resources and organizational
capabilities to match their specific context and innovation
objectives (Ciarli et al. 2021). Configurational analysis reveals
valuable hybrid strategies, considering both digital connectivity
and organizational capabilities (Fainshmidt et al. 2017). This
approach advances the digital connectivity framework by
explaining complex systems of relationships and accounting for
complementarity and substitution between elements (Miller
1986). By investigating various pathways to high innovation
performance, we can better explain the variance in firms’ strategic
innovation outcomes. A conceptual foundation for firms’
innovation is presented in Fig. 1.

Methodology

Data collection. To investigate the effectiveness of digital con-
nectivity elements and organizational capabilities in driving
innovation performance, we selected Chinese high-tech manu-
facturing firms engaged in digital internationalization as our
research samples. Our study focuses on Chinese high-tech man-
ufacturing firms publicly listed in 2018, a critical year in the
implementation of smart manufacturing policies in China. This
timeframe allows for sufficient observation of firms’ responses to

| (2025)12:58 | https://doi.org/10.1057/s41599-025-04372-3 3



ARTICLE

Digital-
technology
resources

Digital-
architecture
resources

Digital-
intelligence
capabilities

performance

! Organizational

o \
Organizational ]
o /
NS agility

openness 7

Fig. 1 Theoretical framework. The Configuration antecedents include three
digital connectivity elements and organizational capabilities, and firms’
innovation performance is the outcome.

Table 1 Firm profiles.

Firm characteristic N % N %
Industry Number of

employees
Computer, communications 29 46% 1-1000 9 14%
and other electronic
equipment
Specialized equipment 10 16% 1001-3000 20 32%
General equipment 18 10% 3001-5000 16 25%
Others 6 28% >5000 18 29%
Number of years listed
1-5 26 41%
6-10 24 38%
1-15 8 13%
>15 5 8%

policy changes introduced after 2016, while providing a two-year
window to measure innovation outcomes in 2020.

We employed a rigorous selection process to identify our final
sample. Following the OECD/Eurostat (2018) classification of
manufacturing industries, we initially identified 127 high-tech
manufacturing firms active in digital internationalization. We
then applied additional criteria to ensure data quality and
relevance to our research questions. Specifically, we required
firms to have filed patent applications during the examination
period and to have complete data for all variables in our study.
This process resulted in a final sample of 63 firms, with 64 firms
excluded due to incomplete data (37 firms) or lack of patent
applications (27 firms).

Our focus on publicly listed companies ensures data accessi-
bility and reliability, allowing us to utilize comprehensive public
information including annual reports, company disclosures, and
patent applications. This approach provides a robust foundation
for our analysis of digital connectivity and innovation perfor-
mance in Chinese high-tech manufacturing firms. After finalizing
our sample selection, we collected detailed data on these 63 firms.
Table 1 provides a summary of the observations. This sample,
while focused, represents a group of Chinese high-tech manu-
facturing firms actively engaged in both digital internationaliza-
tion and innovation activities, allowing for meaningful insights
into our research questions.

Measurement of causal conditions. Our study aims to evaluate
the effectiveness of digital connectivity elements and organizational
capabilities in enhancing innovation performance through a con-
figurational model. Drawing on the digital connectivity framework
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proposed by Luo (2022), we identified five causal conditions that
may influence innovation performance: digital-technology resources,
digital-architecture resources, digital-intelligence capabilities, orga-
nizational agility, and organizational openness. We operationalized
these conditions by outlining how each factor contributes to the
performance outcome, as discussed below.

Operationalization of causal conditions. Digital-technology
resources refer to the common information and digital resour-
ces firms can obtain by using digital technology. We measured
this construct using a composite index based on three dimen-
sions: (1) the degree to which the company uses information and
communication technology, (2) the extent of data analytics
implementation, and (3) the adoption of digital enablers (Luo
2022). Each dimension was scored on a scale from 0 to 1, based
on the frequency and sophistication of related terms in the
company’s annual reports and other public documents. For
example, a high score in data analytics would be assigned if the
company frequently mentioned and described the use of big data
analytics or cloud computing in their operations.

Digital-architecture resources play a crucial role in facilitating
the firm’s digital resources to be integrated and utilized optimally.
We measured this construct using three dimensions: digital asset
and platform portfolios, digital portfolio configurations, and
digital infrastructure coordination (Luo 2022). Each dimension
was scored on a scale from 0 to 1, based on the comprehensive-
ness and sophistication of the firm’s digital architecture as
described in their public documents. For instance, a high score in
digital infrastructure coordination would be assigned if the
company detailed how they orchestrate various digital resources
to achieve innovation goals.

Digital-intelligence capabilities refer to the process of extract-
ing and analyzing tacit knowledge generated during the
company’s daily operations, with the goal of providing novel
insights for innovative decision-making. We measured this
construct using three dimensions: advanced intelligence for
critical decision-making, predictive and prescriptive intelligence
to monitor global operations, and integrated knowledge intelli-
gence systems (Luo 2022). Each dimension was scored on a scale
from 0 to 1, based on the sophistication and extent of intelligent
systems described in the company’s public documents.

Organizational capabilities are assessed using a five-point
Likert scale, with scores ranging from 1 (strongly disagree) to 5
(strongly agree). To evaluate organizational agility, three items
were selected from the original set of seven items based on their
theoretical and empirical relevance across various occupations
(Giudice et al. 2021). One representative item is “Your company
can accommodate rapidly to market changes”. Organizational
openness is also evaluated using a three-item scale adopted by
Ruvio et al. (2014), with a representative item being “Your
company is always moving toward the development of new
answers”. These items are listed in Table 2.

Methodology for data evaluation. To address potential subjectivity
in evaluating causal conditions, we employed two measures. First,
we collected and organized the annual reports using the Python
web scraping function (specifically, we used the ‘beautifulsoup4’
library for web scraping and ‘PyPDF2’ for PDF text extraction)
and converted the text content utilizing the Java PDFbox library.
Drawing from previous research by Luo (2022), Nambisan and
Luo (2021), and Luo (2021), we utilized the word segmentation
component of Python (specifically, the §ieba’ library for Chinese
text segmentation) to construct the feature lexicon of digital
connectivity for firms.

This study categorizes the feature lexicons of digital con-
nectivity into three categories: digital-technology resources,
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Table 2 Measurement items.
Item Statement Scale Reference
Digital-technology resources DT1. Information and communication technologies 1, 0.75; 0.25; 0 Luo (2022)
DT1. Data analytics 1, 0.75; 0.25; 0
DT1. Digital enablers 1; 0.75; 0.25; 0
Digital-architecture resources  DAT. Digital asset and platform portfolio 1, 0.75; 0.25; 0 Luo (2022)
DA2. Digital portfolio configurations 1, 0.75; 0.25; 0
DAZ3. Digital infrastructure coordination 1. 0.75; 0.25; 0
Digital-intelligence capabilities DI1. Advanced intelligence for critical decision-making 1, 0.75; 0.25; 0 Luo (2022)
DI2. Predictive and prescriptive intelligence to monitor global operations 1, 0.75; 0.25; 0
DI3. Integrated knowledge intelligence systems 1, 0.75; 0.25; 0
Organizational agility OS1. Your company can accommodate rapidly to market changes 5 4,3, 2,1 Giudice et al. (2021)
0S2. Your company creates collaborations with other external actors to be 5; 4; 3; 2; 1
more competitive
0S3. Your company is proactive 54,3, 2,1
Organizational openness OP1. Your company is always moving toward the development of new 5 4,3, 2,1 Ruvio et al. (2014)
answers
OP2. Assistance in developing new ideas is readily available 54,3 2,1
OP3. Managers here are always searching for fresh, new ways of looking at 5; 4; 3; 2; 1
problems

digital-architecture resources, and digital-intelligence capabilities.
We conducted a word frequency analysis by eliminating stop
words, function words, and punctuation marks in the annual
reports of the firms under investigation. The study calculates the
frequency of items related to different dimensions of digital
connectivity and assigns values to each measurement item.

To assess organizational capabilities, we employed a content
analysis approach using annual reports, company archives, and
publicly available Internet information. We developed a struc-
tured coding scheme based on a five-point Likert scale to evaluate
organizational agility and openness. This approach allowed us to
systematically analyze qualitative data and convert it into
quantitative measures.

Specifically, we assigned four graduate students to analyze and
code the data, following the approach used in previous research
(Leppédnen et al. 2023; Wiesche et al. 2017). Before coding, the
graduate students were required to thoroughly review the relevant
literature on digital connectivity. The team leader provided a
detailed explanation of the coding analysis framework, scheme, and
rules to ensure that all team members had a clear understanding of
the coding task. Each graduate student independently coded 15
companies and then compared their results with a fellow team
member who had also coded the same data.

The coders looked for evidence of organizational agility and
openness, assigning scores on a five-point Likert scale
(1 =strongly disagree, 5= strongly agree) for each of the three
items measuring these capabilities. The team collectively analyzed
the coding items and refined the coding approach based on their
observations. Krippendorffs alpha reliability analysis was con-
ducted to determine the credibility of the coding, with all results
above 0.8 (Krippendorff 2004), indicating strong inter-coder
agreement. In cases of disagreement, a third researcher reviewed
the materials and made a final determination. This rigorous
coding process allowed us to quantify organizational capabilities
based on firms’ public disclosures and communications.

Measurement of outcome. We measure innovation performance
using the total number of successful patent applications in the
t+ 2 year. We chose this two-year lag based on previous inno-
vation studies (e.g., Ahuja and Katila 2001) which suggest that
the effects of organizational capabilities and resources on inno-
vation outcomes typically manifest within a 1-3 year period.
Patent grants are typically seen as a better indicator of

innovation outputs because they capture the efficacy of innova-
tion efforts (Freixanet and Rialp 2022; Liu and Qiu 2016). While
we acknowledge that patents do not capture all aspects of
innovation, they represent an externally validated measure of
technological novelty with economic significance (Ahuja and
Katila 2001). Empirical studies have shown that patents correlate
well with other measures of innovative output, such as new
products, innovation counts, and sales growth (Freixanet and
Rialp 2022).

To evaluate the innovation performance of a firm, we distinguish
between radical and incremental innovation performance based on
the novelty and creativity level of the patents. This distinction aligns
with the Oslo Manual’s (2018) emphasis on differentiating degrees
of innovation novelty, although we recognize that our patent-based
measures may not fully capture all aspects of product and process
innovations as defined in the manual.

Radical innovation refers to a new patent that incorporates a
fundamentally different core technology, with the newness of the
knowledge component being the major criterion for this type of
innovation (Chandy and Tellis 2000; Dewar and Dutton 1986;
Kobarg et al. 2019). Its performance is measured by the number
of successful applications for a firm’s invention patents (Freixanet
and Rialp 2022). In the Chinese patent system, invention patents
represent the highest level of innovation and undergo the most
rigorous examination process. These patents typically represent
significant technological advancements and can be considered
analogous to ‘new-to-market’ innovations as described in the
Oslo Manual.

Incremental innovation, on the other hand, refers to minor
changes made to existing products using current technologies
(Dewar and Dutton 1986; Song and Thieme 2009). Its
performance is measured by the number of successful utility
model patents and design patent applications filed by a company
(Freixanet and Rialp 2022). In the Chinese system, utility model
patents protect technical solutions relating to the shape or
structure of a product, while design patents protect new designs
of a product’s shape, pattern, or color. Both typically represent
more incremental innovations compared to invention patents.
These patents often align with the Oslo Manual’s concept of ‘new-
to-firm’ innovations or incremental process improvements. The
patent filing data are downloaded from the State Intellectual
Property Office of China (SIPO). Table 3 displays the means,
standard deviations, and correlations of the scores for all variables
in the analysis.
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Table 3 Means, standard deviations, and pairwise correlations of variables.

Mean S.D 1 2 3 4 5 6 7
1. Digital-technology resources 0.51 0.27 -
2. Digital-architecture resources 0.55 0.23 0.19 -
3. Digital-intelligence capabilities 0.40 0.24 —0.05 0.03 -
4. Organizational agility 2.79 0.79 0.18 0.51*** 0.34*** -
5. Organizational openness 2.81 0.84 0.15 0.24* 0.48*** 0.15 -
6. Radical innovation performance 26.35 60.84 0.03 0.32** 0.39*** 0.19 0.48*** -
7. Incremental innovation performance 56.22 62.61 0.13 0.52*** 0.49*** 0.61"** 0.38*** 0.51** -
**p < 0.01; *p<0.05; *p<0.1
Table 4 Calibration and thresholds.
Variables Fully out Crossover point Fully in Logic
Digital-technology resources 0.25 0.5 0.75 Multi-item scale O-1
Digital-architecture resources 0.25 0.5 0.75 Multi-item scale O0-1
Digital-intelligence capabilities 0.25 0.5 0.75 Multi-item scale 0-1
Organizational agility 2 3 4 Multi-item scale 1-5
Organizational openness 2 3 4 Multi-item scale 1-5
Radical innovation performance 53 9.6 17.5 Percentiles?
Incremental innovation performance 13.8 423 78.6 Percentiles?
3We used 75th for the lower and 90th percentile for the upper threshold derived from population-level data.

Calibration. The calibration of all conditions and outcomes into
set membership, which precedes a fuzzy set analysis, is crucial
(Ragin 2000). The degree of set membership in each causal and
outcome condition utilized in the study is determined by the
researcher using three thresholds. The membership ratings range
from 0 to 1, where 0 denotes full non-membership, 1 represents
full membership, and values between 0 and 1 represent a fuzzy
set. To assess the degree of set membership of the conditions and
outcomes, calibration should be based on substantive and theo-
retical knowledge to define meaningful thresholds (Misangyi et al.
2017; Ragin 2008). However, in cases where there is little to no
theoretical or substantial understanding regarding relevant
thresholds that apply to strategically complex phenomena, scales,
and other comparable measurement tools can offer useful assis-
tance in calibrating (Leppdnen et al. 2023; Misangyi et al. 2017).

We calibrated all three digital connectivity constituents and the
two kinds of organizational capabilities based on the scales used
in the data collection. The minimum and maximum aggregated
values of the separate constructs rarely approached the theoretical
endpoints because all of these constructs contained three items,
each of which was evaluated along a Likert scale ranging from 0
to 1 or 1 to 5. Therefore, we set the thresholds at 0.75 (fully in),
0.50 (crossover point), and 0.25 (fully out) when the scale was
0-1. Similarly, we chose to calibrate organizational capabilities by
defining full membership as an average score of 4 and non-
membership as an average score of 2, using 3 as the
crossover point.

For the calibration of our outcome condition, innovation
performance, we used the fuzzy set membership scores. Due to a
lack of theoretical knowledge of thresholds for firms’ innovation
performance, we turned to the SIPO and compiled a dataset
containing the total number of manufacturing firms’ patents
between 2019 and 2020. Like prior studies that use fsQCA (e.g.,
Fiss 2011; Jacqueminet and Durand 2020; Leppénen et al. 2023;
Misangyi and Acharya 2014), we sought to use the population-
level mean to distinguish between fully in and fully out. For
radical innovation, we set the calibration thresholds to the mean
(9.6), which refers to the “crossover point”, and the prevailing
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convention of above the mean value (17.5), which refers to “fully
in” and is close to the 90th percentile at the population level. In
addition, we set the lower threshold at 5.3, which refers to “fully
out” and close to the 75th percentile at the population level. For
incremental innovation, we set the calibration thresholds to the
mean (42.3), which refers to the “crossover point”, and the
prevailing convention of above the mean value (78.6), which
refers to “fully in” and is close to the 90th percentile at the
population level. In addition, we set the lower threshold at 13.8,
which refers to “fully out” and is close to the 75th percentile at the
population level. Table 4 presents the calibration thresholds.

Analysis. After calibrating the data, we evaluated the necessity of
each condition using the fsQCA 3.0 software. A necessary con-
dition must be present for the outcome to occur (Ragin 2008). To
analyze necessary conditions, we used a consistency score with
the procedures of fsQCA, which reflects how much the condition
is a superset of the outcome. If a condition’s consistency score is
more than 0.9, it is considered necessary (Schneider et al. 2010).
As shown in Table 5, none of the individual factors exceeds the
consistency threshold of 0.90 for the necessary conditions using
fsQCA (Schneider and Wagemann 2012).

Next, we adopted the fsQCA methodology to analyze the
causal conditions that influence innovation performance in firms.
Following Fiss (2011), our approach consists of three steps. First,
we construct a truth table that lists every theoretically possible
combination of the causal conditions that were employed in the
analysis (Ragin 2000). Second, consistency and frequency
thresholds are included as two additional thresholds for the
analysis. In accordance with earlier studies, we set the consistency
at 0.80, higher than the recommended value of 0.75, and utilize a
minimal proportional reduction in consistency (PRI consistency)
threshold of 0.75 (Ragin 2008; Fiss 2011; Misangyi and Acharya
2014; Jacqueminet and Durand 2020). We chose these thresholds
to ensure robust results while maintaining a balance between
parsimony and explanatory power. The frequency threshold is set
at a minimum of two cases per configuration. Third, a
counterfactual analysis is introduced to simplify the assumptions.
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Condition tested

Table 5 Test of necessary conditions of innovation performance.

Radical innovation performance

Incremental innovation performance

Consistency Coverage Consistency Coverage
Digital-technology resources 0.65 0.55 0.62 0.57
~ Digital-technology resources 0.46 0.43 0.48 0.50
Digital-architecture resources 0.72 0.56 0.84 0.71
~ Digital-architecture resources 0.37 0.40 0.27 0.31
Digital-intelligence capabilities 0.60 0.72 0.50 0.66
~ Digital-intelligence capabilities 0.51 0.37 0.60 0.48
Organizational agility 0.56 0.57 0.77 0.87
~ Organizational agility 0.56 0.45 0.39 0.35
Organizational openness 0.78 0.83 0.57 0.66
~ Organizational openness 0.37 0.29 0.56 0.48

Note: ~ represents negation.

Table 6 Configurations that are logically reduced for the results of high innovation performance.

High innovation performance

High radical innovation performance

High incremental innovation performance

Cla C1b C2a C2b C2c
Digital-technology resources [ ) o ) ) ®
Digital-architecture resources () () @ o [ )
Digital-intelligence capabilities @ o [<3) [
Organizational agility @ ® o o [ )
Organizational openness [ ) [ ) @
Consistency 0.823 0.928 0.901 0.986 0.946
Raw coverage 0.258 0.253 0.312 0.297 0.304
Unique coverage 0.150 0.145 0.186 0.123 0.121
Solution coverage 0.403 0.629
Solution consistency 0.879 0.935

Note: ., core causal condition (present); @, core causal condition (absent); @, peripheral causal condition (present); @, peripheral causal condition (absent); blank space, does not matter; n = 63.

Results and discussion

Configurations leading to high innovation performance. The
necessity and sufficiency analyses indicate that no individual
elements of digital connectivity and organizational capabilities
can produce high innovation performance. Instead, specific
configurations of these elements provide a better explanation for
the variance in a firm’s innovation outcomes. Five configurations
for high innovation performance have been identified, and the
results of the fsQCA are presented in Table 6. Each column in the
table represents a solution corresponding to the high innovation
performance of manufacturing firms, with each configuration
exhibiting consistencies greater than the standard threshold of
0.8. We have identified two configurations for firms’ radical
innovation and three configurations for firms’ incremental
innovation.

Configurations leading to high radical innovation perfor-
mance. As shown in Table 6, configurations Cla and C1b cor-
respond to high radical innovation in firms. Both configurations
Cla and Cl1b show clear consistency among constituents of digital
connectivity. Indeed, they include the presence of digital-
technology resources as a core condition and of digital-
architecture resources as a peripheral condition.

The presence of digital-technology resources as a core
condition in both configurations suggests that these resources
provide the fundamental tools necessary for radical innovation.
When combined with digital-architecture resources, they create a

technological foundation that enables firms to reimagine their
processes and products. This combination facilitates the devel-
opment of novel solutions and drives revolutionary changes in
business models.

Achijeving high radical innovation performance requires
organizational capabilities to support digital resource orchestra-
tion activities, particularly organizational openness, which
appears as a core condition in both configurations. Organiza-
tional openness allows firms to leverage these digital resources
effectively by facilitating knowledge exchange and collaboration
across organizational boundaries, which is crucial for generating
novel ideas and solutions.

The key distinction between Cla and Clb lies in the role of
organizational agility and digital-intelligence capabilities. Config-
uration Cla is characterized by the absence of organizational
agility and digital-intelligence capabilities, suggesting that firms
can achieve high radical innovation performance primarily
through the combination of digital resources and organizational
openness. In contrast, Clb includes organizational agility as a
peripheral condition and digital-intelligence capabilities as a
contributing factor. This difference implies that while both
configurations can lead to radical innovation, C1b represents a
more holistic approach that leverages a wider range of
organizational and digital resources.

Configuration Cla is exemplified by a digitally transformed
home appliance company. This company has recently empha-
sized digital-technology and architecture-driven connectivity,
integrating digital technology into its business operations to
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revolutionize the traditional communication model. Furthermore,
the company has developed an industrial Internet platform
through the integration of existing digital resources, facilitating
the development of radical innovation. In this configuration, high
radical innovation performance seems to be primarily driven by
digital-technology and digital-architecture resources, along with
organizational openness, despite limited organizational agility.

Configuration Cl1b is exemplified by an electronic equipment
company that aims to establish a global connection mode with
intelligent technologies and scenarios at its core. The company
has constructed a more efficient intelligent logistics system and
promoted operational innovation across the entire supply chain.
In C1b, organizational agility is present as a peripheral condition,
suggesting that the ability to quickly respond to market changes
complements the digital connectivity elements, enhancing the
firm’s capacity for radical innovation. Additionally, the peripheral
presence of digital-intelligence capabilities indicates that data-
driven insights can further amplify the innovative potential of the
digital infrastructure and organizational openness.

When comparing these configurations to existing literature, our
findings align with previous studies highlighting the importance of
digital technologies and organizational openness in fostering
radical innovation (e.g., Blichfeldt and Faullant 2021; Nambisan et
al. 2017). However, our results extend this understanding by
demonstrating that firms can achieve radical innovation through
different combinations of these elements, with varying degrees of
organizational agility and digital intelligence involvement.

Configurations leading to high incremental innovation per-
formance. C2a, C2b, and C2c are three paths that lead to high
incremental innovation performance. Across all three configura-
tions, digital-architecture resources and organizational agility
emerge as core conditions, underscoring their critical role in
incremental innovation. Digital-architecture resources likely facil-
itate the integration and optimization of existing processes, while
organizational agility enables firms to rapidly implement incre-
mental changes based on market feedback or internal insights.

A comparative analysis of these configurations reveals inter-
esting patterns. Configuration C2a, which has the highest
coverage of 31% (including unique coverage of 19%), relies solely
on digital-architecture resources and organizational agility as its
core conditions. Notably, it is characterized by the absence of
digital-technology resources and digital-intelligence capabilities as
peripheral conditions. This suggests that for some firms, a
streamlined approach focusing on agile organizational structures
and robust digital architectures may be sufficient for incremental
innovation.

In contrast, Configuration C2b demonstrates a more compre-
hensive approach, incorporating all three elements of digital
connectivity along with organizational agility. This configuration
suggests that some firms benefit from a full spectrum of digital
resources when pursuing incremental innovation. Interestingly,
organizational openness is an irrelevant condition in this
configuration, which diverges from its importance in radical
innovation configurations.

Configuration C2b is exemplified by a manufacturing company
operating in computer software. With an agile mindset, this
enterprise uses the digital tools provided by the digital platform to
quickly establish a network with other platform participants and
obtain increasing market information through intelligence. The
peripheral presence of digital-intelligence capabilities suggests
that data-driven insights can enhance incremental innovation by
providing a deeper understanding of customer needs and market
trends, which allows for more targeted improvements.

Configuration C2c¢ presents a middle ground between C2a
and C2b. It maintains digital-architecture resources and

organizational agility as core conditions but includes digital-
technology resources as a peripheral condition. This configura-
tion suggests that while some firms can achieve incremental
innovation without heavily relying on digital technologies (as in
C2a), others find value in incorporating these resources to
complement their digital architecture and agile practices. A
company that produces smart hardware, such as smart wearables,
serves as an example of this configuration. This company uses
social media platforms built with digital technology to generate,
capture, apply, and analyze data, enabling more sophisticated
global consumer-business connections. The combination of
digital-architecture resources and organizational agility allows
the company to capture changes in consumer needs more quickly
and make incremental innovations to facilitate technological
upgrades.

Configurations leading to low innovation performance. As
shown in Table 7, our analysis uncovered four configurations that
may contribute to the manufacturing firms’ low innovation per-
formance. These configurations illustrate that the causal condi-
tions that support the presence of high innovation performance
are not necessarily the exact inverse of those that lead to low
innovation performance, as suggested by the assumption of causal
asymmetry. Following that, we briefly outline the configurations
that contribute to low innovation performance.

Configurations Fla and F1b are associated with the manu-
facturing firms’ low radical innovation performance. These two
configurations correspond to organizational capabilities that are
not extensively adopted by firms, as indicated by the absence of
organizational agility or openness as a core condition. Each
configuration reflects a state of inconsistency in digital con-
nectivity elements, where one of the connectivity constituents is
absent (i.e., digital-intelligence capabilities in configurations Fla
and F1b), while the other two are either present or insignificant.

Configurations F2a and F2b are two configurations that lead to
low incremental innovation performance in manufacturing firms.
Specifically, F2a reflects a situation where firms have a low degree of
digital resource conversion, as digital-technology resources are an

Table 7 Configurations that are logically reduced for the
results of low innovation performance.
Low innovation performance
Low radical Low incremental
innovation innovation
performance performance
Fla F1b F2a F2b
Digital-technology (4>}
resources
Digital-architecture () &b (<5
resources
Digital-intelligence D ®
capabilities
Organizational agility & (<5 <)
Organizational D D (<5) (<5)
openness
Consistency 0.869 0.908 0.895 0.913
Raw coverage 0.506 0.484 0.405 0.322
Unique coverage 0.239 0.217 0.154 0.071
Solution coverage 0.723 0.476
Solution consistency 0.889 0.894
Note: @), core causal condition (present); €D, core causal condition (absent); @, peripheral
causal condition (present); @, peripheral causal condition (absent); blank space, does not
matter; n=63.
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irrelevant condition, and the support of organizational capabilities
are not present as a core condition. Furthermore, F2b indicates that
the absence of digital-technology and digital-architecture resources
in the configuration, combined with the lack of organizational
capabilities, sufficiently prevents manufacturing firms from achiev-
ing high incremental innovation performance.

Robustness tests. To ensure the robustness of our findings, we
conducted several additional checks following the recommenda-
tions of Fiss (2011). Specifically, we performed several fsQCA-
specific analyses using different specifications of causal elements.
First, we conducted the same analysis with different calibration
anchor points for the set membership. The outcomes remained
essentially the same in terms of quality in the number of con-
figurations and the pattern of solutions, and the interpretation of
our findings remained largely unaltered. Second, we repeated the
analysis with lower and higher consistency thresholds. As
expected, the number of configurations in the final solution
changed, but the main conclusions were consistent.

Conclusion

The objective of this research was to advance the digital con-
nectivity view by deepening our understanding of how digital
connectivity influences innovation activities. We propose a novel
integration of digital connectivity elements with dynamic cap-
abilities theory as our theoretical framework. Adopting a con-
figurational approach for holistic analysis, we conceptualized
digital connectivity as a blend of digital-technology resources,
digital-architecture resources, and digital-intelligence capabilities,
alongside organizational capabilities. Our research identified non-
symmetrical and diverse configurations of these elements that
drive high and low innovation performance. This integration
elucidates the mechanisms through which specific configurations
of digital connectivity elements and organizational capabilities
influence innovation outcomes.

Our findings reveal several key mechanisms underlying the
relationship between digital connectivity configurations and
innovation performance. First, digital-technology resources
function as innovation enablers. While these resources alone are
insufficient for driving innovation, they provide the necessary
foundation upon which firms can build their innovative cap-
abilities. In radical innovation configurations, digital-technology
resources emerge as a core condition, suggesting a critical role in
enabling breakthrough innovations.

Second, digital-architecture resources act as innovation facil-
itators. These resources play a crucial role in both radical and
incremental innovation configurations by enhancing resource
utilization efficiency and reducing coordination issues. Digital-
architecture resources provide the structural backbone that allows
firms to effectively deploy and reconfigure their digital-
technology resources in response to changing innovation needs.

Third, digital-intelligence capabilities serve as innovation
amplifiers. In configurations where these capabilities are present,
they enhance a firm’s ability to identify innovation opportunities,
understand market trends, and make informed decisions about
product and process improvements. This amplification effect is
particularly evident in incremental innovation configurations,
where digital-intelligence capabilities contribute to more targeted
and effective improvements.

Lastly, organizational capabilities function as innovation
orchestrators. Organizational openness and agility enable firms to
effectively leverage their digital resources and capabilities for
innovation. Organizational openness is crucial for radical inno-
vation, facilitating knowledge exchange and collaboration across
organizational boundaries. This openness allows firms to

combine diverse ideas and resources in novel ways, supporting
the development of breakthrough innovations. Conversely,
organizational agility is critical for both radical and incremental
innovation, enabling firms to quickly respond to market changes
and implement innovations.

Theoretical contributions. Our study makes several significant
theoretical contributions to the understanding of digital con-
nectivity and innovation management. First, we advance the
digital connectivity view by conceptually distinguishing it from
broader digital transformation processes. While digital transfor-
mation encompasses holistic organizational change driven by
digital technologies (Appio et al. 2021), DCV specifically focuses
on how the orchestration of digital resources and capabilities
creates value through connectivity. By employing a configura-
tional approach, we demonstrate that digital connectivity repre-
sents a distinct theoretical construct that explains how firms
leverage digital resources and capabilities to achieve specific
innovation outcomes, rather than merely describing the process
of digital adoption or transformation.

Our second contribution lies in developing an integrated
theoretical framework that bridges DCV with dynamic capabil-
ities theory (Chang et al. 2012; Henfridsson et al. 2018; Nambisan
et al. 2017; Luo 2022). This integration reveals four crucial
mechanisms through which digital connectivity elements interact
with organizational capabilities to drive innovation. Digital-
technology resources function as innovation enablers, providing
the technological foundation particularly crucial for radical
innovation. Digital-architecture resources serve as innovation
facilitators, enhancing resource utilization efficiency and reducing
coordination issues in both radical and incremental innovation.
Digital-intelligence capabilities act as innovation amplifiers,
leveraging artificial intelligence and data analytics to identify
opportunities and inform decision-making (Rammer et al. 2022;
Babina et al. 2024). Finally, organizational capabilities operate as
innovation orchestrators, with openness and agility enabling
firms to effectively leverage their digital resources for different
types of innovation.

Third, we contribute to the manufacturing firm literature by
addressing a critical gap in understanding how digital technol-
ogies influence innovation performance (Monaghan et al. 2020;
Freixanet and Rialp 2022; Bhandari et al. 2023). Our findings
reveal that the relationship between digital technologies and
innovation in manufacturing firms is more nuanced than
previously theorized. Specifically, we show that different config-
urations of digital connectivity elements and organizational
capabilities can lead to equivalent innovation outcomes, challen-
ging the notion of universal best practices in digital innovation
management. This equifinality suggests that manufacturing firms
can achieve innovation success through multiple pathways,
depending on their specific context and capabilities.

Finally, by situating our study in the Chinese manufacturing
context, we extend the theoretical generalizability of DCV across
institutional contexts. The dynamic capabilities perspective on
digital connectivity in emerging markets reveals unique patterns
of resource orchestration that differ from developed market
contexts. Our findings suggest that Chinese manufacturing firms’
innovation outcomes depend not just on their digital resource
endowments, but on their ability to configure these resources in
ways that align with their organizational capabilities and
institutional environment. This insight contributes to both the
digital innovation literature and the emerging market strategy
literature by highlighting the contextual nature of digital resource
deployment in innovation processes (Ciarli et al. 2021; Blichfeldt
and Faullant 2021).
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Managerial implications. Our study offers several managerial
implications, particularly for managers of Chinese manufacturing
firms. Foremost among these implications is the imperative for
managers to adopt a holistic, configurational approach to inno-
vation. Rather than developing individual elements in isolation,
executives should focus on creating synergistic combinations of
digital resources and organizational capabilities. This approach
entails tailoring digital strategies to specific innovation objectives;
for instance, radical innovation necessitates a focus on digital-
technology resources complemented by organizational openness
and agility, while incremental innovation calls for an emphasis on
digital-architecture resources and digital-intelligence capabilities,
underpinned by organizational agility.

Furthermore, our findings underscore the critical importance
of investing in foundational digital architecture and key
organizational capabilities. Managers should prioritize the devel-
opment of scalable and flexible digital infrastructures that can
serve as robust platforms for integrating various digital
technologies. Concurrently, firms must cultivate crucial organiza-
tional capabilities, including absorptive capacity, agility, and
orchestration capability. These investments not only create a solid
foundation for leveraging digital connectivity across diverse
innovation activities but also enable firms to adapt swiftly to the
ever-changing technological landscape.

Lastly, our research highlights the necessity of implementing
dynamic and context-aware innovation strategies. In today’s
rapidly evolving digital environment, static approaches to innova-
tion are inadequate. Instead, managers must establish mechanisms
for continually reassessing and reconfiguring their digital con-
nectivity elements and organizational capabilities. This is particu-
larly crucial for firms in emerging markets, which can leverage
digital connectivity to overcome resource constraints and compete
on a global scale. However, executives must remain vigilant of
potential challenges inherent in this approach, such as data security
risks and the ongoing need for workforce upskilling. By embracing
this dynamic strategy, firms can maintain their innovative edge and
thrive in the face of relentless technological change.

Limitations and future research. This study has several limita-
tions, which present opportunities for further research. First,
while the use of fsSQCA is appropriate for exploring complex
causal configurations and identifying different pathways that lead
to firm innovation, it is essential to acknowledge the method’s
inherent constraints in establishing direct causal effects. FsQCA
operates within a set-theoretic framework, emphasizing the
association and interplay of conditions rather than isolating
causal impacts in the traditional statistical sense (Ragin 2008). As
such, our findings should be interpreted with caution, as they
indicate associative patterns rather than definitive causal
mechanisms. To enhance causal inference, future research could
employ complementary approaches, such as longitudinal panel
data analysis or structural equation modeling, to strengthen the
evidence of causality and clarify temporal dynamics.

Second, the generalizability of our findings may be limited by the
relatively small and non-random nature of our sample. Although
our data provide valuable insights, they do not represent a wide
range of industries or contexts, which might restrict the applicability
of the results. Future research should aim to overcome this
limitation by using larger, more diverse, and randomly selected
samples. Such studies could improve the robustness and external
validity of the findings. Additionally, incorporating mixed methods,
such as combining quantitative data with qualitative insights from
case studies or interviews, could yield a more comprehensive
understanding of how digital connectivity influences innovation in
varying organizational and environmental settings.

10

Third, our measurement approach, which relies on content
analysis and archival data, may not fully align with established
standards for assessing innovation performance, such as those
outlined in the Oslo Manual (OECD/Eurostat 2018). The reliance
on subjective assessments introduces the risk of measurement
bias and may not entirely capture the nuances of firms’
innovation activities. Future research could address this limitation
by developing more objective and standardized measures,
potentially incorporating innovation survey data or direct
assessments from managers regarding innovation outcomes. This
would provide more reliable and precise indicators of digital
connectivity and innovation performance, thereby enhancing the
study’s methodological rigor and relevance.

Data availability
Replication data for the current study is available at https://doi.
org/10.7910/DVN/LDZHPO.
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