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Abstract: This research explores the interaction between inter-organizational trust, market-
ing channels, and market and financial performance (FP) in establishing sustainable global
marketing channels using Industry 4.0 technologies. It is conducted within the relational
exchange theory (RET) framework and transaction cost economics (TCE). The sample
(N = 131) was collected through the marketing research firm Centiment. PLS-SEM and
Necessary Condition Analysis (NCA) were utilized as statistical methods. All hypotheses
except the relationship between marketing channel operational performance and FP were
accepted. This research highlights the vital role of inter-organizational trust in enhancing
operational efficiency, profitability, and sustainability. It finds that trust fosters collaboration
in global distribution channels, improving performance across multiple dimensions. Specif-
ically, trust positively impacts marketing channel operations, boosting market performance.
Nevertheless, all exogenous constructs were essential—“must-have” conditions for the
endogenous FP construct. Applying the novel NCA is distinctive, primarily as it demon-
strates that the relationship between marketing channel operational performance and FP is
a necessary “must-have” condition, despite the insignificant path coefficient between the
constructs. This is a crucial finding, as further investment in marketing channel operational
performance and other antecedents of FP may be futile if the necessary conditions have not
been met.

Keywords: Industry 4.0; performance; marketing channel operational performance;
inter-organizational trust; PLS-SEM; Necessary Condition Analysis

1. Introduction
The fourth industrial revolution, Industry 4.0, has garnered global attention in research

and practice [1,2]. It was first characterized by the rise in artificial intelligence (AI) and the
Internet of Things (IoT), where data serves as the new currency, enabling business processes
and models to thrive, particularly in global contexts [3]. Various definitions of Industry 4.0
can be found in the literature. According to Schwab [3], Industry 4.0 represents the shift
from physical to virtual lives, driven by Internet-based collaborative technologies [4,5].
Other researchers describe Industry 4.0 as a novel concept that presents numerous opportu-
nities to enhance the management of global marketing channels and sustainability [2,6].
Industry 4.0 technologies extend beyond 5G high-speed Internet, Zoom, and Microsoft
Teams teleconferencing solutions; they also encompass augmented and virtual reality
tools, cloud computing (CC), smart manufacturing, and collaborative applications such as
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GitHub and SharePoint [7]. Thus, after reviewing various definitions, Industry 4.0 can be
articulated as the technical and organizational digitization and transformation involving
the integration of digital value chains along with new business models, intelligent products,
and communication. Industry 4.0 technology adoption has been shown to enhance com-
pany sustainability due to the efficiency improvements it creates [8]. This topic warrants
further investigation, as empirical research indicates that firms leveraging digital solutions
and technologies in marketing channels—such as big data, IoT, machine learning, and
augmented reality—can enhance firm performance and boost operational efficiency [9].

A digital ecosystem facilitating communication and interaction between individuals
and companies through data exchange processes is a foundational component of this
digital evolution [10]. Previous research has shown that inter-organizational trust is a key
element in successful business transactions, making it essential to cultivate this trust within
a business ecosystem using digital technologies [11,12].

Existing research highlights the need to investigate the relationships among these
constructs and their respective impacts on financial performance (FP). Existing research
has been limited in examining the interplay between inter-organizational trust and various
performance metrics when developing sustainable global marketing channels using Indus-
try 4.0 technologies. This study addresses this significant research gap by examining the
interplay between inter-organizational trust, marketing channel operations, and market
performance (MP) about FP. Previous studies indicate that these constructs are crucial
for assessing their interaction with Industry 4.0 technologies [13,14]. Additionally, the
theoretical foundation of this research is grounded in relational exchange theory (RET)
and transaction cost economics (TCE) [15], particularly when exploring the influence of
inter-organizational trust on channel and firm performance. It is noteworthy that the RET
emphasizes over-reliance on subjective trust and, thus, may ignore the need for contracts,
and that cultural differences may affect the effectiveness of trust and commitment [16].
In contrast, TCE focuses on contracts and institutions and ignores social relations and
trust [17]. Therefore, it is justifiable that both of these theories/approaches be present in
this research.

2. Literature Review
Customers’ growing demand for customized products and communication has led

to the emergence of Industry 4.0 [18]. This phenomenon is prompting changes in global
marketing strategies and initiatives to adapt them to align with current market trends,
including improvements in sustainability [19,20]. Employing Industry 4.0 technologies
influences consumer behaviours, decision-making processes, and brand interactions across
various channels [18]. Numerous studies have established a connection between innovation
and overall business performance [21,22].

2.1. Industry 4.0 and Sustainability in Global Marketing Channels

An increasing number of scholarly research studies link the application of the Industry
4.0 paradigm to sustainability [23]. Numerous studies investigate how digital technolo-
gies influence sustainability and environmental and economic performance [24–26]. The
prevailing view is that the use of Industry 4.0 technologies has a positive effect on sus-
tainable development [27]. Additionally, other researchers have established that following
innovative green supply chain practices—such as waste management, efficient energy
use, and carbon footprint reduction—positively impacts companies’ environmental and
financial performance [28,29]. Based on a quantitative study of manufacturing firms in
Pakistan, companies supported by Industry 4.0 have enhanced their environmental and
economic performance by implementing green practices in marketing, manufacturing, and
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distribution channels [30]. Furthermore, this advancement in digital technologies seems
to support the evolution of an eco-friendly supply chain by effectively controlling and
monitoring waste, energy consumption, and overproduction [27]. Thus, the following
section discusses the development of marketing channel operations during Industry 4.0.

2.2. Marketing Channel Operational Performance

Coordinating and integrating marketing and supply chain functions is essential to
ensure product delivery that meets consumer demands based on current market needs [31].
Previous research indicates that companies closely monitoring supply chain management
alongside marketing channel functions tend to outperform those seeking to leverage each
function independently [32]. Several challenges impede the advancement of marketing
channels’ operational performance, including the high costs of adopting new technologies
and the lack of expertise needed to select the right technology for facilitating the digital
integration of marketing and supply chain channels [33]. For example, a study of U.S.
brands revealed that Walmart enhanced its operational efficiency by concentrating on
delivering customer value. This was accomplished by implementing digital tags on forklifts,
shelves, and cases of promoted items, which improved tracking of both high- and low-
selling products based on consumer choices [33]. As discussed in the following section,
such advancements in marketing channel operations appear positively related to customer
satisfaction and overall marketing performance.

2.3. Market Performance (MP)

MP is typically assessed using various measures, including market share, sales, cus-
tomer satisfaction, and loyalty [34,35]. As confirmed by the authors [36], a study conducted
in the U.S. revealed a positive direct relationship between product customization and
customer satisfaction [37]. Customers are aware of ongoing technological developments
that lead them to expect and demand high-quality customized products [38,39]. Industry
4.0 technologies may positively influence MP and help satisfy the demand for high-quality
products [39,40]. Research conducted among manufacturing companies examined the
effectiveness of implementing Industry 4.0 technologies on product customization, cus-
tomer loyalty, and MP [41]. The study indicated that applying Industry 4.0 technologies
positively affects product customization and MP. The innovative application of Industry
4.0 technologies enhances the marketing channel operational performance of marketing
channels and MP while supporting internal sustainability initiatives. Supporting this, a
study conducted among distributors found that customer-focused innovative capabilities
positively impacted MP [42], such as the ability to launch new products and services
quickly. Creating leaner and more efficient production and service capabilities via Industry
4.0 has enhanced environmental sustainability because of the efficiencies it creates within
organizations [8]. Based on this discussion, the following hypothesis is proposed.

H1. Marketing channel operational performance positively and significantly impacts market perfor-
mance when aiming to build sustainable global marketing channels with Industry 4.0 technologies.

2.4. Inter-Organizational Trust

Relational exchange theory (RET) does not explicitly address the impact of inter-
organizational trust on MP [43,44]. However, research indicates that inter-organizational
collaboration can foster radical innovation, especially with partners with expertise in
specific areas [14]. In previous studies, trust has gained some attention within inter-
organizational collaboration [45]. Inter-organizational trust is generally defined as one
company’s confidence in another, depending on each other for services, particularly during
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risky times [46]. As a result, inter-organizational trust can be beneficial for sharing resources
and knowledge, thus facilitating the development of innovative products [13,47].

Typically, inter-organizational trust is assessed through credibility, integrity, and de-
pendability [48,49]. An analysis of partner relationships in new technology-based firms
indicates that technology-driven companies foster inter-organizational trust and knowledge
sharing effectively [46]. Some researchers argue that inter-organizational trust can posi-
tively influence marketing channel operations by promoting collaboration among channel
members and enhancing planning and problem-solving [50]. Other studies have identified
a positive correlation between inter-organizational trust and satisfaction, which enhances
overall channel performance [51]. Inter-organizational trust is also positively affected by
the sustainability of the entities with which a focal firm interacts [52]. Research on mobile
phone suppliers and retailers in China reveals that perceptions of inter-organizational trust
can impact the performance of operational channels, such as those involving retailers and
suppliers [53]. Drawing on relational exchange theory (RET), it is clear that the parties
engaged in an exchange recognize that the benefits derived from this interaction exceed
those that could be gained independently, primarily because the theory emphasizes the
entire relationship and its history rather than a single transaction [54]. RET posits that
inter-firm interactions are vital for achieving competitive advantages and provide access
to diverse assets and competencies that create added value throughout the operational
channel [55]. Consequently, this research proposes the following hypothesis.

H2. Inter-organizational trust positively impacts marketing channel operational performance when
aiming to build sustainable global marketing channels with Industry 4.0 technologies.

Furthermore, inter-organizational trust can impact market performance (MP). A study
conducted on firms in the Czech Republic revealed that inter-organizational trust positively
influences perceived market performance, mediated by its beneficial effects on relationships
with suppliers. In this context, perceived performance refers to customer satisfaction
and their perceptions of product quality [56]. Other researchers have suggested that
inter-organizational trust with suppliers can enhance these suppliers’ ability to adapt to
changing market demands [57,58]. Findings from a study involving Spanish firms indicated
that inter-organizational trust positively affects market responsiveness and innovation [45].
However, there is a lack of research exploring the impact of inter-organizational trust on MP.
One study was conducted within the framework of relationship economics theory (RET),
focusing on business-to-customer (B2C) relationships rather than business-to-business
(B2B) [59]. Nonetheless, this study did not investigate the relationship between inter-
organizational trust and MP. In line with RET, this study aims to examine the effect of
inter-organizational trust on MP. Therefore, this research presents the following hypothesis:

H3. Inter-organizational trust positively impacts market performance when aiming to build
sustainable global marketing channels with Industry 4.0 technologies.

As argued by the RET, a potential benefit of inter-organizational trust is that fostering
collaborative relationships between suppliers and buyers reduces monitoring and trans-
actional costs [60]. The RET suggests that supply chain integration can mitigate risks by
lowering transaction costs and promoting greater trust and cooperation between trading
partners [61]. Researchers assert that supply chain integration among partners is crucial
for enhancing financial performance (FP). It involves economic behaviours such as sys-
tem alignment, information sharing, collaborative investments, and sustained inter-firm
social interactions among trading partners [62,63]. Furthermore, drawing on the theory of
transaction cost economics (TCE), it can be argued that partnerships founded on mutual
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trust can decrease transaction costs by relying less on formal contracts and governance
mechanisms [64]. For instance, inter-organizational trust may allow business partners to
lean less on contractual agreements, leading to greater economic value for all participants in
the operational channel [65]. A recent study found that integrating innovative supply chain
assets from different partners involved in inter-organizational relationships can reduce
costs [15].

Additionally, some researchers argue that trust is crucial for establishing governance
mechanisms related to knowledge sharing and for promoting product innovation within
exchange relationships. Furthermore, trust is essential in managing international chan-
nel relationships and enhancing local market competencies [13,47]. A recent study on
information and communication technology companies in Hungary revealed that inter-
organizational trust can positively impact performance [14]. Consequently, this study
presents the following hypothesis:

H4. Inter-organizational trust positively impacts financial performance when aiming to build
sustainable global marketing channels using Industry 4.0 technologies.

2.5. Financial Performance (FP)

Research has investigated the potential impact of Industry 4.0 technologies on financial
performance (FP) [66,67]. Previous studies have assessed FP through sales, profits, and
earnings per share metrics [68]. These studies have established a direct link between adopt-
ing Industry 4.0 technologies, providing personalized products, and increasing demand
for those products, leading to an overall improvement in FP [42]. This relationship may be
illustrated by the effect of marketing practices (MP) and marketing channel operations on
FP. MP is critical in translating innovation into positive financial results [21,22]. A study of
manufacturing and service firms in Turkey suggests that a company’s MP may positively
correlate with its FP [69]. Therefore, MP is an essential concept to examine. As a result, this
research proposes the following hypothesis.

H5. Market performance positively impacts financial performance when aiming to build sustainable
global marketing channels with Industry 4.0 technologies.

Previous research indicates that marketing channel performance may be a key driver
of positive financial performance (FP). This notion is supported by the belief that innovative
and effective channel operations enhance customer satisfaction through improved products
and services, potentially leading to better FP [70]. Other scholars argue that robust and
capable channel operations can influence FP, enabling firms to adapt to ever-evolving
customer needs quickly [71,72]. Prior studies conclude that managers expecting marketing
channel operations to enhance FP should prioritize supply chain performance and cultivate
strong relationships among channel partners [73,74]. Consequently, this study proposes
the hypothesis below.

H6. Marketing channel operational performance positively impacts financial performance when
aiming to build sustainable global marketing channels with Industry 4.0 technologies.

2.6. Structural Model

The structural model was created based on the literature review (Figure 1) and illus-
trates the research hypotheses.
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3. Methodology
3.1. Sample and Respondent Characteristics

The sampling frame was developed in collaboration with the marketing research firm
Centiment. During winter 2024, 944 responses were collected across Canada and the U.S.,
ensuring all participants were at least 18. Respondents received financial compensation
according to Centiment’s policies. At the beginning of the survey, qualification questions
were used to confirm that participants met specific criteria. First, only individuals employed
by global or international companies (i.e., not just domestic ones) were eligible. Second,
participants needed to be involved in marketing, related fields, or operations, excluding
areas such as human resources, finance, and accounting. Third, participants had to work
in firms with at least 400 employees, as smaller companies have been slower to adopt
Industry 4.0 technologies [75]. Finally, the respondents’ companies needed to be at least in
the limited deployment phase of Industry 4.0 technologies, as outlined in Table 1. The final
sample consisted of 131 responses, aligning with findings from a recent BDO report [76],
which indicates that only about 5% of companies are implementing or have implemented
Industry 4.0 technologies. It is also noteworthy that the sample sizes can often be small,
particularly in B-to-B research. This point receives particular emphasis in this research, as
the number of companies employing Industry 4.0 technologies is still limited. Adhering to
the minimum sample size requirements (see section “Checking and preparation of data”)
ensures the results of a statistical method, such as PLS-SEM, have adequate statistical
power. The statistical power of the sample of this research, which has three predictors for
the endogenous constructs, shows an observed R² of 0.606 (see section “Assessment of the
structural model”), a probability level of 0.05, and a sample size of 131, resulting in a power
of 1.00, which is considered excellent [77].

Table 1. Industry 4.0 technologies deployment stage in the companies of the respondents.

Qualification
Criteria # Question Original Sample

(N = 944) % Final Sample
(N = 131)

Global vs.
domestic 1 Not involved in global value chain activities.

813 86.1Respondent’s
affiliation 1

Other than 1. Marketing, business
development, and sales, 2. Distribution or 3.
Operations.



Sustainability 2025, 17, 3524 7 of 22

Table 1. Cont.

Qualification
Criteria # Question Original Sample

(N = 944) % Final Sample
(N = 131)

Firm size 1 Less than 400 employees.

813 86.1

Deployment
stage of Industry
4.0 technologies

1 Unaware of any marketing analytics
applications.

2 Aware of the Industry 4.0 technologies.

3 Knowledge of the Industry 4.0 technologies,
but have not yet evaluated any.

4 Evaluation of the potential of the Industry 4.0
technologies.

5 Limited deployment of the Industry 4.0
technologies. 42 4.5 32.1%

6
General deployment of Industry 4.0
technologies indicates a wide impact on
critical business processes.

57 6.0 43.5%

7 Mature deployment for a longer period of
time with legacy support. 32 3.4 24.4%

3.2. Measurement and Questionnaire Development

The researchers developed a survey questionnaire using a Likert scale (1 = completely
disagree, 5 = completely agree or equivalent) using items adapted from the existing litera-
ture to collect data regarding the key constructs (Table 2).

Table 2. Measurement of the target constructs.

Construct Indicator Variable Source

Financial performance
(CA = 0.928,
CR = 0.946,
AVE = 0.777)

• Over the past couple of years, our firm’s financial performance has been
outstanding (FP1).

[78,79]

• Over the past couple of years, our firm’s financial performance has exceeded
the competitor’s performance (FP2).

• Over the past couple of years, our firm’s sales growth has been outstanding
(FP3).

• Over the past couple of years, our firm’s profitability has been higher than
our competitors’ profitability (FP4).

• Over the past couple of years, our firm’s sales growth exceeded the
competitor’s (FP5).

Market performance
(CA = 0.858,
CR = 0.904,
AVE = 0.703)

• Our quicker entry to new markets (MP1).

[80]
• Our faster introduction of new products or services to the market (MP2).
• Our success rate of new products or services has been higher than our

competitors (MP3).
• Our higher market share (MP4).

Marketing channel
operational
performance
(CA = 0.849,
CR = 0.892,
AVE = 0.630)

• Our delivery cycle times are good (MCOP1)

[78,79]

• Our manufacturing cycle times are good (MCOP2)
• Our missing/wrong/damaged/defective products shipped are at a low level

(MCOP3)
• Our on-time delivery time performance is good (MCOP4)
• Our warranty/returns processing costs are at a low level (MCOP5)
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Table 2. Cont.

Construct Indicator Variable Source

Inter-organizational
trust
(CA = 0.718,
CR = 0.875,
AVE = 0.778)

• Our distributors have always been evenhanded in their negotiations with us
(TRU1).

[81]

• Our distributors may use opportunities that arise to profit at our expense
(TRU2).

• Based on experience, we cannot confidently rely on our distributors to keep
promises made to us (TRU3).

• We are hesitant to transact with our distributors when the specifications are
vague (TRU4).

• Our distributors are trustworthy (TRU5).

3.3. Method of Statistical Analysis

The model was analyzed using PLS-SEM. Two alternatives for structural equation mod-
elling are available: partial least squares (PLS-SEM) and covariance-based (CB-SEM). The
measurement concepts and objectives differ between these options [82]. In the covariance-
based approach, constructs are represented through factors, whereas in PLS-SEM, they are
represented by components [82,83]. Furthermore, PLS-SEM includes several integrated
statistical procedures not available in CB-SEM. One example is the Necessary Condition
Analysis (NCA), and since NCA will be employed in this research, PLS-SEM was chosen. To
support this decision, it is essential to note that the goal is to predict the target construct (FP)
and identify key driver constructs. Current recommendations for evaluating the quality of
the PLS-SEM measurement and structural models were followed [84].

NCA is a relatively new analysis technique recently integrated into SmartPLS, version
4.1.1.1. This research employed NCA, an excellent tool because it can discern the degree of a
necessary condition that must be fulfilled to achieve a specific result in the target construct.
By utilizing NCA, it is possible to envision the necessary level of inter-organizational trust
and market performance needed to attain a certain level of FP [85].

The NCA aims to identify which constructs are considered “necessary” (necessity
logic) and which attributes are deemed “sufficient” (sufficiency logic) for the endogenous
construct of FP [86,87]. The required steps for conducting the NCA were based on the
guidelines established in the current research. These steps include describing the research
goals and relevant theories, preparing and examining the data, conducting routine PLS-SEM
analysis, assessing the reliability and validity of the measurement model, transmitting the
latent variable scores to the dataset in unstandardized form, executing the NCA, evaluating
the structural model, and clarifying the data [85]. The table in Appendix A was used to
elucidate the results.

4. Data Analysis
4.1. Background Data

Table 3 illustrates the sample population. The participants came from various in-
dustries, including finance and insurance, information and cultural industries, education
services, manufacturing, construction, and real estate. The respondents originated from
the manufacturing sector (44.7%), the wholesale and retail trades (19.2%), and construction
(7.5%). Moreover, they came from information technology, mining, health care, transporta-
tion and warehousing, and real estate sectors.
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Table 3. Description of the sample (N = 131).

# Country of Residence N (%) Years With the Organization N (%)
1 Canada 19 (14.5%) 1 Less than a year 5 (3.8%)
2 United States 111 (84.7%) 2 2–5 years 35 (26.7%)
3 Other 1 (0.8%) 3 6–10 years 36 (27.5%)

Age group N (%) 4 11–15 years 25 (19.1%)
1 19–24 3 (2.3%) 5 16–19 years 12 (9.2%)
2 25–28 8 (6.1%) 6 Over 20 years 18 (13.7%)
3 29–34 19 (14.5%) Education N (%)
4 35–40 27 (20.6%) 1 High school or less 18 (13.7%)
5 41–45 11 (8.4%) 2 Some college–no degree 30 (22.9%)
6 46–54 15 (11.5%) 3 College diploma 4 (3.1%)
7 55–64 39 (29.8%) 4 Associate 18 (13.7%)
8 +65 9 (6.9%) 5 Bachelor’s 44 (33.6%)

6 Master’s 13 (9.9%)
7 Doctorate 4 (3.1%)
8 Other 0 (0.0%)

4.2. Preparation and Checking of Data

In this phase, the adequacy of the sample size, data distribution, presence of outliers,
and scales’ measurement level/coding are assessed [85]. Cochran’s rule for continuous
data were utilized to establish the acceptability of the sample size [88]. This determination
resulted in a required sample size of 61, given an alpha level of 0.25 in each tail at 1.96, an
anticipated standard deviation on a 5-point scale of 1.0, and a standard margin of error of
0.25. To assess the sufficiency of the sample size when employing PLS-SEM, a sample size
of 69 was necessary when the significance level was set at 5%, with the path coefficient
level being at least 0.21 [82]. Therefore, the sample size was deemed adequate.

Regarding data distribution, using NCA or PLS-SEM does not depend on distribu-
tional assumptions. However, highly skewed data may inflate standard errors during statis-
tical significance testing with bootstrap analysis, potentially reducing statistical power [85].
To assess skewness (the balance of distribution) and kurtosis (the peakedness), the data
were analyzed using SPSS (v.26) (Table 4). The existing literature indicates that the most
frequently used critical values for skewness and kurtosis are 2.58 (at the 0.01 level of sig-
nificance) and 1.96 (at the 0.05 level of significance), with higher values reflecting greater
kurtosis and skewness in the data. Normality tests are typically conducted using the
Kolmogorov–Smirnov and Shapiro–Wilk tests. Both tests indicate significance (Table 4)
for all variables, suggesting a non-normal data distribution. Given that the data analysis
revealed minimal skewness and kurtosis and indicated non-normality, the data may have
exhibited reduced statistical power. For correlations between the variables, please see the
Supplementary Materials.

The literature suggests using Mahalanobis distance in multivariate analysis to assess
outliers in the data. This method detects abnormal combinations in the dataset under
scrutiny [89,90]. This analysis revealed two outliers in the dataset, which were subsequently
removed from the dataset. Finally, scales were measured and coded using metric or quasi-
metric Likert scales with theoretically expected relationships. This completes preparing
and checking the PLS-SEM and NCA data stage.
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Table 4. Mean values, standard deviations, and normality of the data with z-scores for skewness and
kurtosis.

Construct Variable *) Mean Std. Dev. Skewness Kurtosis Kolmogorov–
Smirnov **) Sign. Shapiro–

Wilk Sign.

Financial
performance

FP1 4.04 0.98 −1.024 1.009 0.225 <0.001 0.819 <0.001
FP2 4.08 1.01 −1.171 1.339 0.233 <0.001 0.800 <0.001
FP3 3.93 1.03 −0.928 0.621 0.229 <0.001 0.838 <0.001
FP4 4.01 0.97 −0.955 0.987 0.222 <0.001 0.825 <0.001
FP5 3.98 1.00 −1.001 0.814 0.247 <0.001 0.830 <0.001

Market
performance

MP1 3.91 0.90 −0.529 −0.117 0.235 <0.001 0.862 <0.001
MP2 4.19 0.88 −1.007 0.745 0.257 <0.001 0.802 <0.001
MP3 4.15 0.85 −0.685 −0.308 0.246 <0.001 0.818 <0.001
MP4 4.01 0.95 −0.894 0.748 0.230 <0.001 0.834 <0.001

Marketing
channel
operational
performance

MCOP1 4.24 0.86 −1.159 1.246 0.268 <0.001 0.783 <0.001
MCOP2 4.19 0.96 −1.236 1.356 0.273 <0.001 0.781 <0.001
MCOP3 3.98 1.07 −0.909 0.191 0.227 <0.001 0.830 <0.001
MCOP4 4.29 0.90 −1.190 0.912 0.312 <0.001 0.761 <0.001
MCOP5 3.95 1.08 −1.023 0.619 0.234 <0.001 0.825 <0.001

Inter-
organizational
trust

TRU1 3.73 0.98 −0.601 0.269 0.226 <0.001 0.873 <0.001
TRU2 3.46 1.04 −0.095 −0.517 0.227 <0.001 0.893 <0.001
TRU3 2.96 1.29 0.138 −1.044 0.177 <0.001 0.905 <0.001
TRU4 3.45 1.21 −0.398 −0.643 0.171 <0.001 0.894 <0.001
TRU5 4.18 0.87 −1.086 1.10 0.248 <0.001 0.797 <0.001

*) See Table 2 for the shortcuts. **) With a Lilliefors significance correction.

4.3. Evaluation of the Reliability and Validity of the Measurement Model

The first step at this stage was to assess the individual scales to measure the relevant
constructs. The evaluation of the measurement model begins by evaluating the reliability
of the indicators. A bias-corrected and accelerated bootstrapping analysis was performed
to determine the significance of the indicator variables. The literature indicates that if
indicator loadings exceed the value of 0.70, they should be retained, while indicators with
loadings between 0.40 and 0.70 should be considered for removal. Since the loadings for the
variables TRU2, TRU3, and TRU4 were below 0.40 and insignificant, they were excluded
from further analysis. All other loadings surpassed the value of 0.70.

The next step in appraising the measurement model is evaluating the internal consis-
tency reliability (see Table 2). The existing literature views Cronbach’s alpha as a conserva-
tive measure of reliability. In contrast, composite reliability (with a target range between
0.70 and 0.95) often overestimates internal consistency reliability. Therefore, the actual
reliability lies between these criteria, with Cronbach’s alpha representing the lower limit
and composite reliability serving as the upper limit for internal consistency reliability [82].
Regarding convergent validity, typically assessed using average variance extracted (AVE)
values, the threshold level of 0.50 must be exceeded (see Table 2).

Next, the discriminant validity was evaluated (Table 5), indicating how much a con-
struct differs from other constructs. This has thus far been carried out using Fornell and
Larcker’s assessment. The current literature suggests using the Heterotrait-Monotrait
(HTMT) correlations, which illustrate the ratio between trait and within-trait correla-
tions [82]. Research has shown that HTMT values should not exceed 0.90 [91]. The latent
variable scores were incorporated into the dataset in preparation for the NCA.
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Table 5. Discriminant validity assessment.

Relationship HTMT 2.5% 97.5%
MP ↔ FP 0.788 0.623 0.907
Marketing channel operational performance ↔ FP 0.688 0.555 0.794
Marketing channel operational performance ↔ MP 0.725 0.572 0.850
Inter-organanizational trust ↔ FP 0.784 0.605 0.906
Inter-organanizational trust ↔ MP 0.748 0.573 0.886
Inter-organanizational trust ↔ Marketing channel operational performance 0.745 0.522 0.935

4.4. Assessment of the Structural Model

When evaluating the structural model, collinearity, which indicates a correlation
among the exogenous predictors, must first be assessed. Collinearity is typically measured
using variance inflation factors (VIF). All VIF values in the structural model were below 3,
signalling a lack of collinearity [92].

Following the assessment of collinearity, analyses for predictive validity and relevance
were conducted, typically using the R2 and Stone–Geisser Q2 values [93,94]. Research has
indicated that R2 values of 0.67, 0.33, and 0.19 are considered substantial, average, and
weak, respectively. The R2 and adjusted R2 values for the endogenous construct of FP were
0.606 and 0.596, respectively [95]. Recent studies have also established strength criteria for
Stone–Geisser Q2 values, indicating that values above 0.25 and 0.50 represent medium and
large predictive relevance in the PLS-SEM model [96]. The PLSpredict analysis revealed
a Q2 value of 0.975 (Table 6). Moreover, the root mean square error (RMSE) and mean
absolute error (MAE) values from the PLS-SEM predictions are lower than those of the
linear model (LM) for most indicators. Thus, the research model demonstrates medium to
high predictive relevance and power [85].

Table 6. Predictive power and relevance.

Construct Q2Predict RMSE MAE
FP 0.975 0.655 0.492
MP 0.979 0.602 0.460
Marketing channel operational performance 0.978 0.625 0.444

The final stage in evaluating the structural model involves analyzing the path co-
efficients (see Table 7). It is crucial to emphasize that reporting statistical significance
alone is insufficient [97]; effect size must also be included, as it may represent the most
significant finding [98,99]. Furthermore, with a sufficiently large sample size, statistical
tests can detect significant differences that may lack practical relevance. In contrast, effect
sizes are independent of sample size, making them consistent across various studies [82].
According to Hair et al. [82], effect sizes of 0.02, 0.15, and 0.35 indicate the exogenous
construct’s small, medium, and large effects, respectively (see Table 7). The results suggest
that all relationships are significant except for the effect of marketing channel operational
performance on FP.
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Table 7. The significance of the path coefficients and effect sizes.

5% Bootstrapping
Confidence IntervalsH Relationship Path Coeffi-

cient 2.5% 97.5%

Effect
Size (f2)

Effect Size
Descriptor

Total
Effect **)

Indirect
Effect

1
Marketing channel
operational performance
→ MP

0.437 0.264 0.641 0.258 Large to
medium 0.437 -

2
Inter-organizational trust
→ Marketing channel
operational performance

0.571 0.411 0.662 0.551 Large 0.571 -

3 Inter-organizational trust
→ MP 0.303 0.126 0.455 0.135 Medium to

small 0.552 0.250 *)

4 Inter-organizational trust
→ FP 0.298 0.078 0.507 0.114 Medium to

small 0.689 0.391 *)

5 MP → FP 0.441 0.194 0.687 0.192 Medium to
large 0.441 -

6
Marketing channel
operational performance
→ FP

0.258 −0.029 0.502 0.071 Small to
medium 0.450 0.193 *)

*) Indicates significance at 0.01 level. **) Indicates significance at 0.001 level.

Finally, the analysis results regarding the specific indirect effects are shown in Table 8.
Notably, the specific indirect effect of inter-organizational trust through marketing chan-
nel operational performance on FP is insignificant. However, the marketing channel’s
operational performance influences FP through MP.

Table 8. Specific indirect effects.

Relationship Specific
Indirect Effect p-Value

Marketing channel operational performance → MP → FP 0.193 0.006
Inter-organizational trust → Marketing channel operational performance → FP 0.147 0.058
Inter-organizational trust → Marketing channel operational performance → MP → FP 0.110 0.020
Inter-organizational trust MP → FP 0.133 0.028
Inter-organizational trust → Marketing channel operational performance → MP 0.250 0.001

4.5. Necessary Condition Analysis (NCA)

Beyond examining the significance of path coefficients, NCA provides a comprehen-
sive view of how various exogenous constructs influence endogenous constructs. This
relationship can be illustrated through scatter plots comparing exogenous and endogenous
constructs, which may reveal necessary conditions [85]. For example, certain levels of mar-
keting channel operational performance, MP, and inter-organizational trust could be crucial
for achieving a specific level of FP. Therefore, NCA assists researchers in identifying which
endogenous constructs are necessary and the extent to which each exogenous construct
must be present to achieve a particular level of the endogenous construct [87].

The scatter plot diagrams typically display two upward-sloping lines, known as the
ceiling development-free disposal hull (CE-FDH) and the ceiling regression-free disposal
hull (CR-FDH) (see Appendix B). The main difference lies in the fact that the CR-FDH is a
direct line that passes through the stepwise CE-FDH line. This indicates that a larger area
in the top-left corner signifies a more significant constraint of the endogenous constructs
on FP [85]. Furthermore, this can be illustrated with a bottleneck table. Table 9 outlines two
essential conditions for achieving an 80% level of FP (4.2): for example, a marketing channel
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operational performance of at least 3.50 and inter-organizational trust of at least 3.00. In
this study’s sample, 60 observations (45.8%) met both threshold levels, underscoring a
substantial need for improvement to attain high (80%) FP (see Appendix B).

Table 9. Bottleneck table—CE-FDH (values).

FP (%) FP MP Marketing Channel Operational Performance Inter-Organizational Trust
30% 2.20 NN NN NN
40% 2.60 NN 2.00 NN
50% 3.00 NN 2.00 NN
60% 3.40 NN 2.00 2.40
70% 3.80 NN 2.00 3.00
80% 4.20 NN 3.50 3.00
90% 4.60 NN 3.50 3.00

100% 5.00 4.00 3.50 3.20
Note: NN = Not Necessary.

The key indicators of NCA effectiveness are ceiling accuracy and necessary effect size.
Ceiling accuracy represents the percentage of observations that fall on or below the ceiling
line, calculated by dividing these observations by the total number and multiplying by 100.
Comparing this accuracy to a benchmark value, such as 95%, aids in assessing the quality
of the solution [85,86]. The necessary effect size, d, and its statistical significance indicate
whether a construct is essential. The value of d is determined by dividing the “empty”
space (the ceiling zone) by the total range of observations [85].

The effect sizes and their significance are illustrated in Table 10. Previous research has
labelled 0 < d < 0.1 as a small effect, 0.1 ≤ d < 0.3 as a medium effect, 0.3 ≤ d < 0.5 as a
large effect, and d ≥ 0.5 as a very large effect.

Table 10. NCA effect sizes and their permutation significance.

Construct CR-FDH Effect
Size (d)

Permutation
p-Value

Effect Size Descriptor on
the Marketing Agility

MP 0.033 0.069 Small
Marketing channel operational performance 0.168 0.001 Medium
Inter-organizational trust 0.145 0.000 Medium

4.6. Interpretation of the Results

The analysis results indicate that settings 1 and 3 are supported in Table 8 alongside
the theoretical foundations. Notably, the research also specifies the necessity for a medium
effect to qualify as a necessary condition. Based on the results in Table 10, the findings of
the NCA are summarized in Table 11 [100].

Table 11. The scenarios in the interpretation of the NCA results.

Setting PLS–SEM
Results NCA Results Conclusion Conclusion

1. MP construct is
a. . .

significant
determinant

but no
necessary
condition

On average, an increase in the MP
construct will increase the FP; no
minimum level of MP is needed to ensure
that the FP will manifest.

Should have!



Sustainability 2025, 17, 3524 14 of 22

Table 11. Cont.

Setting PLS–SEM
Results NCA Results Conclusion Conclusion

2. Marketing
channel operational
performance
construct is a. . .

non-
significant

determinant

and a necessary
condition

A certain level of the marketing channel
operational performance construct is
necessary for the FP to manifest. However,
a further increase is not recommended, as
it will not increase the FP any further.

Must have!

2. Inter-
organizational trust
construct is
a. . .

significant
determinant

and a necessary
condition

On average, increasing
inter-organizational trust will increase FP.
However, a certain level of the
inter-organizational trust construct is
necessary for FP to manifest.

Must have!

5. Discussion
The primary objective of this study was to explore the interaction between inter-

organizational trust, marketing channel operational performance, and market performance
when utilizing Industry 4.0 technologies within the framework of global sustainable dis-
tribution channels. Initially, the study revealed that inter-organizational trust positively
affects marketing channel operational performance (H2), positively impacting market
performance (H1). This conclusion is supported by the literature, indicating that technolog-
ical advancements in marketing channels are closely associated with a swift response to
consumer demands, enhancing the company’s performance [32,33].

The significance of the path coefficients to market, marketing channel operations, FP,
and substantial total effect sizes underscores the critical role of inter-organizational trust
(H2, H3, and H4). Furthermore, the indirect effects of inter-organizational trust on FP (0.391)
and MP (0.250) are also significant, reinforcing the essential role of inter-organizational
trust and the necessity of all constructs in the model (Table 7). Previous research supports
these findings, indicating that inter-organizational trust within Industry 4.0 practices
enhances overall functional ability, market responsiveness, and product innovation [45].
Moreover, digital trust has influenced both realized and potential technology absorption
capacity [101,102], which mediates FP through innovation capacity [102].

This research also demonstrated a positive and significant impact of inter-organizational
trust (H4) and marketing performance (H5) on financial performance (FP). However, the
relationship between marketing channel operational performance and FP was found to
be insignificant (H6). Nonetheless, the findings specify the critical levels of marketing
channel operational performance that are necessary conditions (3.5) to achieve a relevant
level of FP (80%). It is important to note that increasing the marketing channel operational
performance to a higher level does not further enhance FP. This is a vital discovery since
additional investments in this and other factors influencing FP may be impractical if the
necessary conditions are not addressed. Only when all relevant bottlenecks are resolved
will additional resources improve FP [85].

Results indicated that marketing channel operational performance in MP and market-
ing channels positively impacted FP, which aligns with previous research findings. For
instance, Wang et al. [42] noted that relational immersion with distributors fosters close and
mutual relationships, enhancing trust and ultimately boosting performance. Additionally,
a meta-analysis of 60 empirical studies by Bai et al. [103] found that both calculative and
relational trust positively influence organizational performance. The distinction between
calculative and relational trust is that calculative trust primarily occurs during the initial
stages of a relationship, whereas it may evolve into relational trust over time.
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These research findings align with the existing literature, as inter-organizational trust
enables participants in business relationships to depend less on formal contracts, thereby
minimizing transaction costs [60]. These findings present several implications, which are
explored in the following section.

6. Implications
6.1. Theoretical Implications

This study illuminates RET and TCE by explicitly exploring the influence of inter-
organizational trust on firm performance. The analysis uncovered significant insights for
the future application of RET. The study revealed that the arguments presented in RET
could further emphasize the positive effects of inter-organizational trust on various firm
performance metrics while developing globally sustainable marketing channels through
Industry 4.0 technologies. This insight is vital for RET, as overall firm performance has
been shown to drive financial success and market performance, which is essential for a
sustainable distribution channel [56].

Furthermore, the research complemented the traditional rigorous PLS-SEM analysis
with NCA, revealing the essential “must-have” role of the marketing channel operational
performance construct, even though there was an insignificant relationship between mar-
keting channel operational performance and firm performance (FP). These results indicate
that NCA enhances the findings of PLS-SEM by highlighting that both significant and non-
significant determinants can represent necessary “must-have” conditions. Consequently,
the combined use of PLS-SEM and NCA is critical for interpreting the interaction between
inter-organizational trust and firm performance, as suggested in prior research [85].

6.2. Managerial Implications

This research presents significant findings by examining the distinct relational path-
ways among inter-organizational trust, the operational aspects of marketing channels, and
overall market and financial performance outcomes. It underscores the crucial role of
inter-organizational trust in enhancing various performance metrics, such as operational
efficiency and profitability, which, in turn, influence overall sustainability. Specifically, the
study indicates that nurturing trust between organizations within the context of global
distribution channels can lead to improved collaboration and, consequently, better perfor-
mance across multiple dimensions.

Establishing reliable communication channels is essential for promoting trust. Indus-
try 4.0 technologies—such as cloud computing, artificial intelligence, and the Internet of
Things—facilitate these channels by enabling real-time information sharing and contin-
uous connectivity among distribution channel members. This technological foundation
allows organizations to engage in critical resource pooling, share valuable IT assets and
capabilities, and jointly manage risks. Through resource pooling and risk sharing, firms can
reduce costs and build stronger, more resilient partnerships. Additionally, improving the
operational performance of marketing channels requires streamlining processes, enhancing
coordination, and leveraging technology. Companies can optimize logistics and inventory
management to minimize delays and ensure efficient product distribution. Implementing
data-driven decision-making, such as AI and analytics for demand forecasting, can en-
hance responsiveness to market trends. Strengthening collaboration with partners through
clear communication, performance tracking, and continuous improvement initiatives also
improves overall efficiency and effectiveness.
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Moreover, the research underscores the significance of interpersonal trust as a funda-
mental component in cultivating strong inter-organizational trust. Trust among employees
improves stability and cohesion within the workforce, which is essential for sustaining
long-term inter-organizational relationships. Employee stability—referring to low turnover
and consistent team members—helps maintain institutional knowledge and strengthens
the trust that develops over time. Thus, organizations should prioritize employee re-
tention and consistency in team composition to bolster the trust crucial for successful
inter-organizational collaborations. The findings stress that inter-organizational trust, sup-
ported by reliable information exchange and personnel stability, is vital for achieving
superior market and financial outcomes. Building inter-organizational trust in international
marketing channels necessitates transparency, consistency, and cultural awareness. Open
and honest communication ensures that all parties receive accurate and timely information,
minimizing misunderstandings and promoting cooperation. Well-defined contracts that
clarify roles, responsibilities, and expectations provide security, while fair and adaptable
agreements facilitate adaptation to changing market conditions.

7. Limitations and Future Research
The research findings are based on respondents from the United States, with a smaller

sample from Canada. This geographic concentration suggests limited applicability in other
regions, as cultural, economic, and regulatory differences could significantly influence inter-
organizational trust and performance dynamics. Future research must explore different
geographical contexts to determine whether these findings hold across varied cultural
and business environments. By conducting studies in locations beyond North America,
researchers could better assess the generalizability and consistency of the findings and
identify any context-specific variations.

Furthermore, this study did not focus on any specific industry or sector, which may
limit the relevance of its insights for particular fields with unique operational and rela-
tional characteristics. Inter-organizational trust dynamics vary significantly depending on
industry norms, competitive intensity, and levels of technological adoption. As a result,
future research could benefit from exploring these constructs within the context of distinct
industries, such as manufacturing, health care, technology, or retail, to uncover potential
sector-specific differences. This approach could yield a more in-depth understanding of
how inter-organizational trust affects performance in various industry environments and
provide practical insights tailored to different sectors. Finally, comparing companies with
at least limited experience and no experience in deploying Industry 4.0 technologies would
be valuable, as it would bring insights into the perceptual differences between these groups
of companies.

8. Conclusions
This research investigates the relationship between inter-organizational trust, mar-

keting channel operations, and marketing performance (MP), as well as their impact on
financial performance (FP). Numerous studies have examined the effect of individual con-
structs, such as marketing channel operational performance, on MP. However, this research
addresses a gap in the literature, as few studies thoroughly explore the effects of critical
constructs, like inter-organizational trust and marketing channel operational performance,
on FP and MP.
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In this study, inter-organizational trust significantly impacted the marketing chan-
nel operational performance, influencing MP. The NCA emphasized the vital role of the
marketing channel operational performance construct, recognizing it as a necessary “must-
have” condition for FP despite the absence of a significant direct relationship between this
performance and FP.

The study suggests that the propositions outlined in RET can be further expanded to
demonstrate that inter-organizational trust positively influences various firm performance
metrics, particularly in the development of globally sustainable marketing channels en-
hanced by Industry 4.0 technologies. Therefore, firms should prioritize their investments
in optimizing marketing channel operations and strengthening inter-organizational trust.
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Appendix A
The scenarios in interpreting the NCA results.

Setting PLS–SEM Results NCA Results Conclusion

1. Exogenous
construct is
a. . .

significant
determinant

and a necessary
condition

On average, an increase in the exogenous construct will
increase the outcome. However, a certain level of the
exogenous construct is necessary for the outcome to
manifest.

2. Exogenous
construct is
a. . .

significant
determinant

but no
necessary
condition

On average, an increase in the exogenous construct will
increase the outcome; no minimum level of the construct is
needed to ensure that the outcome will manifest.

3. Exogenous
construct is
a. . .

nonsignificant
determinant

but a necessary
condition

A certain level of the exogenous construct is necessary for
the outcome to manifest. However, a further increase is not
recommended, as it will not increase the outcome any
further.

4. Exogenous
construct is
a. . .

nonsignificant
determinant

and not a
necessary
condition

Exogenous construct is neither a mus-have nor a
should-have factor for the manifest outcome.

Appendix B
NCA ceiling charts.
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