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1. Introduction

The digital revolution has redefined business management paradigms across all sectors, including logistics. Today, digitization goes
beyond simply automating traditional processes; it fundamentally transforms conventional supply chains into integrated and
intelligent systems, commonly known as digital supply chains (Biiyiikozkan and Goger, 2018). This transformation is particularly
evident in companies' ability to enhance organizational flexibility, respond to fluctuations in demand and supply, and overall improve
the efficiency of their supply chains (McKinsey, 2016). Digitization, now recognized as the primary driving force in the development
of next-generation supply chains, offers significant advantages such as cost reduction, improved customer satisfaction, and increased
loyalty. According to Deloitte AG (2015), integrating modern technologies into logistics processes enables companies to create more
responsive, agile, and efficient supply chains with reduced lead times and optimized product availability. These benefits have become
essential in an increasingly competitive environment where speed and adaptability are crucial for maintaining a competitive edge.
Recent studies have shown that emerging digital technologies such as Big Data, the Internet of Things (IoT), Blockchain, Artificial
Intelligence (Al), and Machine Learning are not just optimization tools but also play a critical role in transforming global supply
chains (Barreto et al., 2017; Bjorkdahl, 2020; Uniyal et al., 2021). These technologies allow companies to overcome complex
challenges, improve operational performance, and achieve substantial financial gains (Dubey and al., 2019; Lal and Bharadwaj,
2020; Sultana et al., 2021; Lee 2021). However, despite notable advancements, the direct link between supply chain digitization and
companies' financial performance remains partially understood and requires further exploration. The digital era imposes
unprecedented rapid adaptation and agility on companies to remain viable in constantly evolving markets (M'barka and Boutgayout,
2020). In this context, developing and implementing tailored digital manufacturing strategies becomes crucial for ensuring
companies' competitiveness and sustainability (Okyere et al., 2023). Based on these considerations, this study focuses on three key
research questions (RQs):

RQ1: What is the direct impact of digital technologies on supply chain integration?
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RQ2: What is the direct impact of digital technologies on the financial performance of companies?
RQ3: What is the direct impact of supply chain integration on the financial performance of industrial companies?

2. Literature review and development of hypothesis

The digitalization of supply chains represents a strategic lever for enhancing company performance (Bughin et al., 2018). Although
research has explored various aspects of this transformation, the precise interactions between digitization, supply chain integration,
and financial performance remain to be further examined. This section reviews the relevant literature and formulates hypotheses to
better understand these dynamics.

2.1. Digitalization

Digitalization is in fact a long historical process that began with the invention of the computer in the 1930s. Up to now, we can
distinguish four major historical stages (Fig. 1).

1936 to 1959 1984 to 2007

1960 to 1983 2008 to today

Fig. 1. History of digitalization (Source: : Mounaim and Boutagbout (2020))

- From 1936 to 1959: invention of the computer and emergence of the information technology market.

- From 1960 to 1983: spread of management information technology and predominance of computers in the professional
world.

- From 1984 to 2007: computerization of society, the emergence of personal computing (Apple Macintosh) and use of
the Internet.

- From 2008 to today: generalization of ICT (information and communication technologies) and advent of the digital
sphere.

Nowadays, digitalization has been identified as one of the major trends that are changing society and businesses (Parviainen et al.,
2017). The potential benefits of digitalization are high, already by digitalizing information-intensive processes, costs can be reduced
by up to 90% and lead times improved by several orders of magnitude. The concept of digital business has therefore sparked several
controversies over the years. For our part, we will captivate that the digital business is the one that has integrated the use of innovative
digital tools into its daily operations. The use of these digital tools allows companies to personalize the relationship with its
stakeholders and to identify and respond more quickly to consumer expectations and preferences by offering more innovative
products and services than competitors (Ross et al., 2017). Fig. 2 shows the main technological advances that will have the greatest
impact on supply chain management.

Sensors and
Internet of
Things

Artificial
Intelligence

Blockchain

3D Printing Robotics

Fig. 2. The main technological advances
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2.2. Supply chain digitalization

Digitalization has attracted considerable interest from academics and practitioners because it can benefit businesses and
improve their performance (Barreto et al., 2017; Dubey et al., 2019; Deepu & Ravi, 2021; Lei & Ming, 2023; Zhang & Li,
2024). Digitalization is defined as technological innovation which consists of transforming traditional processes, transactions
or operations using digital technologies such as e-commerce, blockchain, ERP, and robotics. The emergence of technological
innovations has also affected the logistics chain which has transformed into a digital supply chain (Biiyiikozkan & Gdoger,
2018). Supply chain digitalization is the application of digital technologies to plan and process transactions, communicate
and execute supply chain activities (Sanders & Swink, 2020). Digitalization in the supply chain has made it possible to react
quickly and agilely to consumer demand and to adapt quickly to any change (Biiyiikdzkan & Goger, 2018). Previous research
has revealed that the application of digital technologies plays a key role in integrating processes in a supply chain (Gautr,
2020; Mukhopadhyay & Kekre, 2002). Srinivasan et al. (1994) identified that the use of electronic data interchange (EDI)
provides benefits to the business by integrating information into supply chain processes and significantly reducing the number
of shipping errors. Rai et al. (2006) indicated that the application of ERP and CRM digital transformation tools facilitates the
integration of processes in a supply chain, which can generate improvement in business performance. Gautr (2020) reinforced
this argument, arguing that digitalization promotes integration between different departments of a company to facilitate the
progress of teams towards common goals. Khajavi and Holmstrom (2015) studied how various digital manufacturing
technologies (e.g., additive manufacturing and 3D printing production techniques) improve the visibility and efficiency of
production systems, thereby enabling highly integrated global supply chains. Deepu and Ravi (2021) highlighted the
importance of adopting value-added shared information systems, through which improved supply chain capabilities and
performance can be achieved. Kayikci (2018) shows that the integration of digitalization has made it possible to ensure better
cooperation and connectivity between actors in the supply chain as well as the traceability of products, using smart
technologies.

Although these studies seem to support that digitalization enables supply chain integration for better business performance,
Stank et al. (2019) raised the need for research to further examine how a business interfaces with other supply chain entities
in the digital age. Therefore, the following hypothesis is suggested:

Hu: Supply chain digitalization has a positive influence on supply chain integration.

Many studies have explored the impact of digitalization on business performance. Although research has extensively
examined the influence of digital technologies on various aspects of business operations, the specific effect of digitalization
on performance within supply chains remains insufficiently investigated (Bjorkdahl, 2020). Previous studies have generally
employed a range of measures to assess business performance, including operational indicators such as process efficiency and
service quality, as well as financial measures such as revenue, profit margins, and return on investment (Abdallah & Al-
Ghwayeen, 2020; Flynn et al., 2010). In this study, financial performance is considered as an important indicator to measure
company performance. In terms of financial performance, digitalization and technology solutions enable businesses to achieve
more profitable operations through efficient allocation of resources and transparent, accurate information that flows inside
and outside company networks (Baird & Raghu, 2015; Opresnik & Taisch, 2015; Ada et al., 2021). Additionally, advanced
digital capabilities, such as cloud technology, Internet of Things (IoT), 3D visualization and advanced robotics, integrated into
manufacturing and service processes will strengthen a company's competitive advantage in the market and will therefore
generate higher long-term profits. (Westerman et al., 2014). Thus, the digitalization strategy has a strong correlation with the
financial performance of a company. Based on the above literature review, the following hypothesis is proposed:

Hbz: The digitalization of the supply chain improves the financial performance of a company.
2.3. Supply chain integration

Supply chain integration (SCI) is a complex and multifaceted concept extensively explored in the literature, addressing various
aspects from internal to external integration. According to Chang et al. (2016), “internal integration” refers to the coordination
and collaboration of information, processes, and behaviors within the enterprise itself. In contrast, external integration denotes
the extent to which a company can partner with its key supply chain members to align their practices, procedures, and
behaviors into collaborative, synchronized, and manageable processes to effectively meet customer requirements (Chaudhuri
et al., 2018). The main dimensions of supply chain integration frequently discussed are internal integration, supplier
integration, and customer integration (Huo, 2012; Alfalla-Luque et al., 2013; Ataseven & Nair, 2017). Achieving integration
often involves methods such as information sharing, collaboration, and coordination (Kaliani Sundram et al., 2016).
Additionally, Sabir et al. (2014) highlighted other crucial elements, including shared decision-making, advanced technology
utilization, and a high level of trust between supply chain partners.
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The primary objectives of supply chain integration are centered on enhancing operational performance by streamlining the
flow of products, services, information, capital, and decision-making processes (Stevens et al., 2016). Existing literature
generally supports the idea that both external and internal integration positively impact business performance. However,
research findings are sometimes divergent. For instance, Flynn et al. (2010) did not find a significant link between external
integration and supply chain performance. Similarly, Jayaram and Xu (2013) observed no significant relationship between
supplier integration and flexibility performance. The meta-analysis conducted by Leuschner et al. (2013) revealed no
significant correlation between overall supply chain integration and financial performance. Moreover, a surprising study by
Som et al. (2019) demonstrated a negative effect of relational integration with supply chain partners on performance in the
manufacturing industries of Ghana. Considering these observations and variations in research outcomes, the following
hypothesis is proposed:

Hs: Supply chain integration improves a company's financial performance.
2. Conceptual Framework

The conceptual model of our research illustrated in figure 3 makes it possible to trace the different possible links between the
digitalization of the supply chain, the integration of the supply chain and financial performance.

Supply chain
integration

Supply chain
digitalization

Financial
performance

Fig. 2. Research Model Framework

3. Research methodology
3.1 Data collection method

To operationalize our research model, we developed a questionnaire that we constructed from interviews carried out with
Tunisian agro-food companies. Data collection was carried out from November 2022 to April 2023. The method of
administration was face-to-face which allowed us to have a good return rate and to avoid certain biases particularly due to
non- returns. We distributed 120 questionnaires and we received a return of 88 questionnaires, representing a return rate of
73.33%. For reasons linked to the lack of information 82 questionnaires that we consider usable. So the usable questionnaire
rate is 68.33%). The list of addresses comes mainly from the I[IPA (Industry and innovation promotion agency, 2022). The
population frame for surveyed data collection was Tunisian industrial agro-food company presented in table 1.

Table 1

The population of the Tunisian industrial agro-food company
Sector TE* OTE** Total %
Agro-food industries 203 809 1012 20.8%

Source: Industry and innovation promotion agency, 2022

TE*: Totally Exporters
OTE**: Others than Totally Exporting

For our research, we used a non-probability sampling method. This method consists of choosing the most accessible and
available people. The characteristics of our sample are given in Table 2.
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Table 2
Characteristics of respondents (N = 82)
Frequency Percent (%)

Food Industry
Oil and fat industries 28 20.6
Fruit and vegetable industries 10 7.3
Fish industries 6 4.4
Cereal and derivative industries 30 22.0
Beverage industries 9 6.6
Milk and derivatives industries 32 23.5
Sugar industries and derivatives 8 5.9
Meat industries 8 59
Other food industries 5 3.8
Position
Executive manager / Production manager 41 30.1
Manager / Purchasing Manager 31 22.8
Logistics / Distribution Manager 28 20.6
Supply and planning manager 21 15.5
Financial framework 15 11.0
Number of employees
Less than 250 employees 47 13.4
Between 251 and 999 employees 24 29.3
More than 1000 employees 11 57.3

Regarding size, our sample is mainly made up of medium-sized and large companies (57.3% have more than 1,000 employees
and 29.3% have fewer than 250 employees).

3.2 Measuring scale

The survey instrument was generated based on an extensive literature review to identify valid measures for related
constructs; in addition, existing measurement scales were adapted. It covered three sections, namely (1) supply chain
digitalization, (2) supply chain integration and, (3) financial performance.

First, the supply chain digitalization scale (seven items) was adapted and modified from previous studies (Xue, 2014; Xue et
al., 2013) to capture the extent to which companies implement systems supply chain management software to electronically
connect and transact with their supply chain suppliers and customers. Second, supply chain integration (six items) was adapted
from previous studies on customer integration (three items) and supplier integration (three items); Flynn et al., 2010; Germain
and Iyer, 2006; Mofokeng and Chinomona, 2019). Third, the financial performance scale (four items) was obtained and
modified from previous studies (Germain and Iyer, 2006; Narasimhan and Kim, 2002). All indicators were measured using a
five-point Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). In total, our questionnaire includes 17 items.

3.3 Data analysis

The data collected in the study were analyzed using the Statistical Package for Social Sciences (SPSS version 26.0). The main
statistics used in the study include principal component analysis to analyze the reliability of the scales and linear regression
analysis to test the direct and indirect relationship between the variables. Our approach to empirical validation of the research

is summarized in the Fig. 4:

Principal
component
analysis

Linear
regression

Fig. 4. Data analysis

4. Analysis results
4.1 Principal component analysis

For all variables, the KMO index can be described as excellent or wonderful. It indicates that correlations between items are
of good quality. The result of Bartlett's sphericity test is significant. We can therefore reject the null hypothesis that our data
come from a population for which would be an identity matrix. This indicates that all items of the different variables give a
good measure as mentioned in Table 3.
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Table 3

KMO Index and Bartlett's sphericity test
Variable KMO Index Bartlett test
Supply chain digitalization 0.754 0.000
Supply chain integration 0.892 0.000
Financial performance 0.737 0.000

To test the reliability of the responses, the internal consistency method estimated by Cronbach's alpha was used. Individual
dimensions and global constructs were tested and only coefficients above 0.6 were acceptable (Katiar et al., 2018). Alpha scores
ranged from 0.920 (supply chain integration) to 0.756 (financial performance). The results of this analysis are presented in Table 4.
From the table we see that all reliability values are greater than 0.6. This indicates that the responses are reliable and consistent.

Table 4

Reliability of measurement scales
Variable Cronbach's Alpha
Supply chain digitalization 0.892
Supply chain integration 0.920
Financial performance 0.756

4.2 Linear regression analysis

Regression analysis is a powerful technique for modeling causal or predictive relationships between independent variables and
outcomes (Angelini, 2019). In this study, regression analysis was employed to estimate the relationship between supply chain
digitalization, supply chain integration, and financial performance in agro-industrial companies. This approach allows for a
comprehensive understanding of how advancements in supply chain technology and integration practices can impact the financial
success of these companies.

1
Model 1: Y =0+ p.X; + e W

where Y and X; represent the dependent, Supply chain integration, and independent variables, Supply chain digitization,
respectively.

4.2.1 Model Summary

Table 5 presents the summary of the regression model estimation, showing an R squared value of 0.468, which is highly
significant (p = 0.000). This means that 46.8% of the variability in the dependent variable is explained by the predictors. The R
value is 0.684, indicating that 31.6% (1 - 0.684) of the variability can be attributed to other factors not included in the study. The
Durbin-Watson statistic (1.731) was between 1.5 and 2.5, indicating that there were no autocorrelations in the data.

Table 5
Regression Model Summary®
Model R R Square Adjusted R Square Std. Error of the Durbin-Watson Sig.
Estimate
1 .684a 468 462 73378979 1.731 .000

a. Predictors: (Constant), Supply chain digitalization
b. Dependent Variable: Supply chain integration

4.2.2  Simple Regression Coefficient

As shown in Table 6, the digitalization of the supply chain can have a positive impact on the integration of the supply chain for
Tunisian agro-industrial companies (feta DCL and SCI = 0.684, t = 8.392, p < 0.01), therefore supporting H1.

Table 6
Simple Regression Coefficient®
Model Unstandardized Coefficients Standardized t Sig.
Coefficients
b Std. Error B
(Constant) .064 .081 .786 434
1 Supply chain digitalization .666 .079 .684 8.392%** .000

a. Dependent Variable: Supply chain integration.

Hk

Notes: "p <0.1,"p <0.05, "p <0.0
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4.3 Hypothesis tests
4.3.1 Model Summary

Table 7 presents the summary of the regression model estimation, showing an R squared value of 0.643, which is highly
significant (p = 0.000). This means that 64.3% of the variability in the dependent variable is explained by the predictors.
The R value is 0.802, indicating that 19.8% (1 - 0.802) of the variability can be attributed to other factors not included in
the study. The Durbin-Watson statistic (2.124) was between 1.5 and 2.5, indicating that there were no autocorrelations in
the data.

Table 7
Regression Model Summary®
Model R R Square Adjusted R Square Std. Error of the Durbin-Watson Sig.
Estimate
1 .802a .643 .634 .60489955 2.124 000

a. Predictors: (Constant), Supply chain digitalization, Supply chain integration
b. Dependent Variable: Financial performance

4.3.2  Multiple Regression Coefficient

Table 8 shows that supply chain digitalization and supply chain integration had a positive influence on financial performance (Peta
SCD and PF=0.193, t=2.126, p < 0.05), therefore, H2 and H3 was supported.

Table 8
Multiple Regression Coefficient®
Model Unstandardized Coefficients Standardized Coefficients t Sig.
b Std. Error B
(Constant) .055 .072 .766 446
1 Supply chain digitalization 171 .080 .193 2.126%* .037
Supply chain integration .660 .091 .660 7.274%%* 000

a. Dependent Variable: financial performance

Notes: 'p<0.1, "p <0.05, "p <0.0

5. Discussion

The main objective of this study is to understand the relationships between supply chain digitalization, supply chain integration
and company financial performance. The conceptualized research model is established based on the existing literature. Three
hypotheses (H1-H3) are thus formulated. Based on the empirical results, all three hypotheses are found to be statistically
significant. The results of our study provide researchers and companies with managerial implications.

5.1 Theoretical implications

In the context of Tunisian agro-industrial companies, the results of this study show that digitalization plays a crucial role in
improving supply chain integration. Indeed, digital technologies can significantly enhance communication and collaboration with
supply chain partners in the Tunisian agro-industrial sector. This facilitates external integration and allows for better coordination
among the various actors within the chain. Additionally, the collection and real-time analysis of data can optimize supply chain
management by reducing wait times, improving efficiency, and responding more quickly to the specific needs of this sector. The
digitalization of the supply chain also provides greater transparency and traceability, thereby strengthening trust among the
different partners, whether they are producers, processors, or distributors. These improvements are crucial for ensuring the quality
and safety of products throughout the process while allowing for better adaptation to market demands. This result provides
empirical support for the argument of Iddris (2018) and Biiyiikdzkan and Goger (2018) that digitalization is strongly associated
with supply chain integration with external parties. Iddris (2018) could have presented arguments highlighting how digital
technologies can enable transparent information sharing and real-time communication, leading to better collaboration and
coordination. This can result in better supply chain visibility, reduced lead times and increased operational efficiency. Additionally,
this finding offers further evidence to generalize Bjorkdahl's (2020) in-depth case studies with 26 sample companies that
digitalization boosts supply chain integration with customers and suppliers by facilitating product traceability, facilitating access
to customers' production systems and inventory management systems, and improve control of materials and components with
company suppliers. The results from our sample reveal that the impact of supply chain digitalization on the financial performance
of the Tunisian agro-industrial sector is particularly significant. Indeed, digitalization profoundly transforms operations by bringing
various changes and improvements to the financial aspects of companies operating in this sector. Firstly, process optimization
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through digitalization reduces inefficiencies and automates repetitive tasks, leading to lower costs associated with labor and
material resources. The reduction of manual tasks not only decreases operational costs but also reduces the risk of human error,
improving operational accuracy and minimizing financial losses. Secondly, digitalization offers better visibility and traceability of
goods flows, allowing companies to adjust their inventory more quickly and efficiently according to actual demand. This more
refined inventory management reduces storage costs and the risks of obsolescence, while also improving working capital
management. Moreover, digitalization facilitates the integration of real-time financial data, enabling companies to make more
informed and responsive decisions. This ability to react swiftly to market fluctuations and operational challenges can enhance the
financial resilience of companies and allow them to seize growth opportunities more quickly. Finally, by making the supply chain
more agile and responsive, digitalization not only improves operational efficiency but also paves the way for innovation in value
creation, such as access to new markets or the enhancement of relationships with customers and suppliers. These combined factors
contribute to strengthening the overall competitiveness of the Tunisian agro-industrial sector, thereby improving its profitability
and long-term financial sustainability. This result is generally consistent with the findings of Barua et al., (2004) regarding the
efforts of supply chain digitalization to improve financial performance. However, when classifying companies into large and small
sizes, Barua's (2004) results reveal that supply chain digitalization is positively correlated with financial performance for SMEs
only, but not for large companies.

The impact of supply chain integration on financial performance in the Tunisian agro-industrial sector is a crucial consideration
for businesses operating in this industry. Indeed, Supply chain integration can lead to cost savings through improved coordination
with suppliers, optimized inventory management, and reduced transportation costs. These cost efficiencies can directly contribute
to improved financial performance by increasing profitability and reducing operating expenses. This result is consistent with the
work of Flynn and al. (2010), although no significant correlation between supply chain integration and financial performance is
found in Leuschner et al. (2013).

5.2 Managerial implications

The findings of this study underscore the compelling need for companies to embrace digitalization in their supply chains. While
many organizations acknowledge the potential benefits of digitalization, they often lack clarity on how and where these benefits will
materialize (Supply Chain Digest, 2016). This study highlights that the adoption of digital technologies such as EDI, RFID, cloud
computing, 3D printing, and big data analytics can significantly enhance the transparency and real-time sharing of information. By
enabling closer collaboration with supply chain partners, these technologies facilitate a higher degree of external integration within
the supply chain, ultimately driving improved financial performance.

Additionally, the study's results suggest that managers should not only focus on implementing individual technologies but also on
creating a cohesive digital strategy that aligns with overall business goals. Investing in employee training to ensure effective use of
these technologies and fostering a culture of continuous improvement can further enhance the benefits of digitalization. Managers
should also consider evaluating and optimizing their digital infrastructure regularly to adapt to evolving technological advancements
and market demands. Establishing clear metrics to measure the impact of digital initiatives on supply chain performance can provide
valuable insights and drive informed decision-making. By integrating these practices, managers can better leverage digitalization to
streamline processes, enhance supply chain integration, and achieve superior financial outcomes.

6. Conclusion

The analysis conducted on a sample of 82 Tunisian industrial companies, using linear regression methods with SPSS 26, reveals a
positive and significant relationship between digitalization, supply chain integration, and financial performance. The results of this
study clearly demonstrate that the adoption of digital technologies within the supply chain substantially enhances external integration
within supply chains and, consequently, optimizes the financial performance of companies. The results highlight that digitalization
not only improves internal processes but also strengthens external integration with supply chain partners, which is crucial for
achieving optimal financial performance. Companies that invest in digitalization and the integration of their supply chains can expect
significant benefits in terms of competitiveness and financial performance. In conclusion, this study confirms that Tunisian industrial
companies can gain a significant strategic advantage through the digitalization of their supply chains. The adoption of digital
technologies and the optimization of logistics process integration are crucial for maximizing financial benefits and supporting the
sustainable growth of businesses.

7. Limitations and perspectives

This study has certain limitations as in any research, and at the same time, it opens opportunities for future research. First, the
number of samples collected in this study was relatively small due to the difficulty of obtaining a large number of responses from
various organizations. Future studies could focus on replicating this model in the service sector and other sectors of the economy
and classify data from different sectors and compare the results across various sectors. For academic purposes, the future researcher
can explore the benefits and challenges of digital supply chain adoption in businesses for better understanding. Another limitation
is linked to the organizational characteristics of the company. Indeed, the presence of the variable digitalization of the supply chain
and the variable integration of the supply chain can be influenced by variables linked to the context of the company such as the
sector of activity, the size of the company or the position of the company in the supply chain. These factors were not taken into
consideration in our research and yet they may have an important explanatory role.
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