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Abstract: As the digital procurement transformation continues to evolve, it is crucial to adopt a risk-
aware approach to ensure successful outcomes. This paper delves into the necessity of a risk-aware
approach to digital procurement transformation, specifically focusing on the role of professional
procurement management and the significance of supplier partnerships in the digital environment.
The research aimed to examine the critical role of risk management in the digital transformation
of procurement. A total of 318 respondents from Serbia participated in the study. The role of pro-
fessional management in procurement must encompass risk management to guarantee success in
digital procurement transformation. Furthermore, the study identified that adequate preparation,
information, and training for individuals involved are crucial for a seamless transition to digital
procurement. The digital transformation of procurement contributes to sustainability by enhancing ef-
ficiency, transparency, and collaboration across the supply chain, ultimately fostering environmentally
conscious practices and responsible resource management. In summary, the research underscores the
need for a comprehensive and risk-aware approach to digital procurement transformation, consid-
ering the pivotal roles of procurement professionals, supplier partnerships, and the integration of
new technologies.

Keywords: risk management; procurement; digital transformation; supplier; digital tools; training

1. Introduction

In recent years, digital procurement transformation has garnered significant attention
from organizations looking to leverage digital technologies for streamlining procurement
processes, enhancing data visibility, and gaining greater control over their supply chains [1].
The COVID-19 pandemic has further accelerated the implementation of digital procurement
transformation, with organizations being compelled to shift to remote work and online
procurement processes [2,3]. However, digital procurement transformation comes with
its challenges, necessitating organizations to understand the potential risks and pitfalls
associated with this transformation [4].

One of the primary challenges of digital procurement transformation is effectively man-
aging the associated risks [3–6]. The adoption of new procurement technologies, systems,
and processes exposes organizations to various risks such as cyber-attacks, data breaches,
supply chain disruptions, and vendor management issues [3]. Moreover, the speed and
complexity of digital transformation can introduce additional risks that organizations may
not be adequately prepared to handle. To effectively manage these risks, procurement pro-
fessionals must possess the necessary skills and knowledge to identify, assess, and mitigate
risks [7].

To address these challenges, organizations need to adopt a risk-aware approach to
digital procurement transformation. A risk-aware approach involves identifying and
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mitigating risks associated with the transformation while maximizing the benefits of digital
procurement transformation, requiring effective risk management practices.

The procurement function plays a crucial role in organizational success, especially
in the context of digital procurement transformation [3]. The adoption of digital tools
has transformed procurement processes, allowing organizations to streamline operations,
enhance data visibility, and exercise greater control over their supply chains. However,
the adoption of new technologies and processes also introduces new risks and challenges,
particularly in terms of managing and mitigating these risks.

Furthermore, the growing importance of suppliers in the digital procurement environ-
ment makes it imperative for procurement professionals to view suppliers as partners rather
than mere vendors. Building mutual trust and collaboration with suppliers is essential to
achieve strategic goals and manage risks effectively [3,8].

Additionally, the rapid development of procurement technologies, tools, and software
presents both opportunities and challenges for procurement professionals. While these
technologies can help streamline procurement processes and enhance efficiency, their
adoption requires careful consideration of potential risks and the need for proper training
and support for all involved parties [3,9,10].

As organizations embrace digital procurement transformation, there emerges a unique
opportunity to advance sustainability goals. The integration of digital technologies allows
for enhanced visibility and traceability across the supply chain, facilitating the identification
of eco-friendly suppliers and sustainable sourcing practices. Automated processes and data
analytics in digital procurement contribute to streamlined operations, reducing resource
consumption and minimizing environmental impact. Furthermore, the shift to electronic
documentation and communication not only improves efficiency but also aligns with
eco-friendly practices by reducing paper usage. In essence, the synergy between digital
procurement and sustainability lies in leveraging technological innovations to optimize
resource utilization, promote ethical sourcing, and ultimately contribute to environmentally
conscious and socially responsible procurement practices.

This research investigates the necessity of risk management in the process of digital
procurement transformation. The research was conducted in Serbia using a survey on
Google Forms. Respondents were invited through the LinkedIn network without restric-
tions. As the obtained data are non-quantitative, non-parametric tests—specifically the
chi-square, Mann–Whitney U, and Kruskal–Wallis tests—were applied.

This is the first research addressing the necessity of formal risk management in the
process of digital procurement transformation in Serbia. The results will aid the academic
community in developing a scientific approach to understanding the relationship between
risk, the digital transformation of procurement, and sustainability. Procurement cannot
fully contribute to sustainability goals without transitioning from traditional to digital
practices. Businesses will benefit from this research by receiving concrete guidelines on how
to navigate the process of digital procurement transformation. The research was conducted
in Serbia, and its tangible contribution to business practice is significant, given that the
digital procurement transformation process has just begun. The survey results revealed
that only 6.3% of companies can claim their procurement function is fully digitalized, while
20.1% believe they are at some intermediate level of procurement digitalization. An initial
stage of procurement digitalization or just a plan for digitalization exists in a substantial
73.6% of companies.

The research results have shown that in the process of digital transformation, attention
must be given to the role of procurement professionals, digital technologies, and suppliers
as sources of risks. Managing these risks poses a challenge that affects the success of
the digital transformation of procurement. Digitalized procurement is a prerequisite for
achieving sustainability goals.
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2. Literature Overview

The role of procurement management has evolved in recent years, particularly with the
advent of digital transformation. Companies should have stable, well-established, and sup-
portive top management that has a vision for digital transformation [10]. As organizations
continue to embrace digital technologies and processes, the procurement function must
adapt and transform to remain relevant and effective in managing risks associated with
the procurement process. Digitalization of procurement is a key issue within the supply
chain [11]. The digital transformation of procurement is not limited only to large compa-
nies [12,13]. Digital transformation brings with it a number of obstacles, and the cost of
acceptance can be a limiting factor [14]. The involvement of procurement professionals,
digital tools, suppliers, and processes serves as the driving force behind digital transfor-
mation [15]. According to Chopra and Sodhi [5], the management of risks is a critical
component of procurement management, as it helps identify and mitigate risks that can
impact the procurement process, supplier relationships, and, ultimately, organizational
performance. Aven [16] emphasizes the importance and need for risk management in the
supply chain.

Internal and external factors influence the process of digital procurement transforma-
tion and shape it [17]. De la Torre et al. [18], Gottge et al. [19], Hoe [6], Lorentz et al. [17],
Rahimi et al. [20], and Moktar et al. [21] state that it is necessary to focus on the develop-
ment of digitization strategy options for different procurement contexts. Verhoef et al. [22]
argue that digital transformation is inevitable, but it should be borne in mind that it carries
certain risks by itself. This indicates that digital transformation should not be an end in
itself, as deep changes are required that are accompanied by risks.

The importance of risk management in supply chains is recognized both in theory
and in practice [8]. Procurement management involves a range of risks, including supply
chain disruptions, financial risks, compliance risks, reputational risks, and cyber-security
risks. Effective risk management is critical to achieving procurement goals, ensuring
compliance with regulations, and maintaining the integrity of the procurement process.
According to Flynn et al. [23], the management of risk should be a mandatory part of
procurement management, and procurement professionals must be trained to identify,
assess, and mitigate risks effectively.

The digital transformation of procurement is a complex process and carries with it a
certain level of risk [24]. The implementation of digital solutions is still very demanding
and carries with it certain challenges [25]. Organizations need to implement risk mitigation
strategies to address specific risks associated with digital procurement transformation.
De Boer [4] suggests that these strategies mitigate risks related to cyber-security, data pri-
vacy, supply chain disruptions, and vendor management. Chopra and Sodhi [5] emphasize
the importance of proactive risk management in supply chains.

Karttunen et al. [26] state that the impact of new technological solutions improves the
ability to make decisions about the creation of company strategy and risk management [2].
The digital transformation itself has the effect of reducing maverick buying, but it also
creates risks that did not exist until now, and they need to be minimized. Herold et al. [2]
point to new opportunities that arise with digital transformation, such as digital analysis
of scenarios with the possibility of risk simulation, which should lead to optimization
in the use of resources. With increased data transparency, it is possible to improve risk
management. Digital procurement solutions can help an organization be more efficient and
sustainable [27].

Motaung and Sifolo [25] explore the digital transformation of procurement manage-
ment and discuss the new skills, knowledge, and capabilities required to effectively manage
digital tools and technologies in this field. The authors argue that digital technologies can
enhance procurement performance by improving efficiency, effectiveness, and innovation
in the procurement process. They also highlight the challenges and opportunities associated
with the acceptance of digital procurement technologies.
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Costa, and Matias [28], Nicoletti [3], and Ramkumar et al. [29] show the necessity to
emphasize the acceptance of innovations and new technologies in the context of procure-
ment. Procurement can be a carrier of digital innovation and thus represents a critical point
in the supply chain [30]. Martínez Raya and González-Sánchez [31] say that electronic
procurement can lead to the creation of additional risks. Motaung and Sifolo [25] show
that the shift from traditional to digital procurement brings many solutions. Digitization
enables the reduction of risks in procurement in real time, and procurement is minimally
exposed to risks.

Ivanov et al. [32] offer a framework for risk analysis of the new digital supply envi-
ronment. They try to shift the focus forward and provide a detailed analysis of digital
technology in supply chains, as well as the effects of risks arising in the new conditions.
New technologies, such as AI, applied in supply chains provide new opportunities for
identifying, assessing, and managing risks.

According to Nicoletti [3], there is not much literature in the field of Procurement
4.0, and the available literature is more focused on technical solutions. Procurement 4.0
integrates information and communication technologies and automation to support opera-
tional activities. Bienhaus and Haddud [33] explain that the digitalization of procurement
requires rethinking the tasks, roles, and responsibilities of all parties in the supply chain
and putting in place crossfunctional interdisciplinary systems to speed up transactions
and processes in line with the latest technologies. Glas and Kleemann [34] claim that
Procurement 4.0, as a digital stage in procurement, with corresponding risk and contract
management, can support other company functions to protect the rights of companies
within Industry 4.0. According to Nicoletti [3], procurement takes on the new role of
team coordinator.

There is a need to develop technologies for a digital supply chain and procurement
in a sustainable environment [35]. Digital transformation has great potential for creating
and implementing sustainable solutions [36]. Ozkan-Ozen et al. [37] present that Procure-
ment 4.0 contributes to the development of sustainable procurement, and Bag et al. [38],
Felsberger and Reiner [39] and Kumar et al. [40] present contributions to ecological, i.e.,
green, procurement. The use of digital tools has a positive impact on the sustainability of
processes in supply chains starting with procurement [41,42]. Changes in procurement
caused by digitization can positively affect the optimal use of resources and a sustain-
able economy [43,44]. Yevu and Yu [45] show that, to facilitate the understanding of
eProcurement, it is necessary to understand the factors that drive it.

According to Wang and Pettit [46], digital transformation does not only represent
investments in equipment and technology but also in talents, as well as the acquisition of
new employee skills. This investment is not a one-off but should be a continuous process
to meet the demands of rapidly developing technology. Jumping into digital solutions can
be very risky, so in some cases, it is better to first examine the processes, optimize them,
and then cover them with digital solutions.

Nicoletti [3] shows that all persons involved in the process must be adequately pre-
pared, informed, and trained for digital procurement solutions. According to Glas and
Kleemann [34], the required capabilities of professionals in the procurement function will
be changed and may not necessarily require extreme IT skills, as software solutions are
expected to become easier to use. Ilhan and Rahim [9] indicate, among other activities in
the process of digital transformation, the need for training employees as well as suppliers
to successfully respond to new challenges. Adeseun et al. [47] say procurement risks are
more easily identified and managed when stakeholders are involved in the process and the
consequences are clear. They also emphasized that there is a connection between employees’
experience level and the organization itself.

Birou et al. [48] indicate that a gap was identified between the requirements of the
industry and school programs. Cagno et al. [49] show that digital technologies in procure-
ment support the improvement of the competence needed to collect, process, and share
information, and Zoppelletto et al. [50] claim that with digital transformation, a company



Sustainability 2024, 16, 1283 5 of 19

can ensure a fast, clear transfer of knowledge. Tiwari [51] suggests that new research should
focus on the skills of employees, needs for training, behavior, work, and barriers to new
technology acceptance.

One of the main roles of digitization is increasing visibility and transparency as well
as cooperation between partners in supply chains. In his research, Omare [52] provides
guidance on how to start digitalization and how to avoid digital mistakes. On the digital
path, procurement should take an active role, both within the organization and with
external partners—suppliers.

Číž et al. [1] indicate that digitization enables greater visibility and exchange of
information between members of the supply chain. The success of digital tools lies in the
simplification of processes and clear allocation of responsibilities. This process will mitigate
risk and lead to the significant elimination of human error.

Klünder et al. [53] present that digital procurement will strengthen the connection with
its suppliers and enable a higher level of collaboration and coordination within procurement
activities. In the digital procurement environment, suppliers become partners rather than
merely suppliers. According to Kraljic [54], it is necessary to build trust and facilitate
effective collaboration between organizations and their suppliers/partners. Bryde et al. [55]
mention that building and maintaining strong relationships with suppliers requires effective
communication, mutual understanding, and the use of digital procurement tools to facilitate
collaboration and data exchange. Nasiri et al. [56] presented that electronic platforms and
smart technologies with efficient management lead to better connections with partners and
influence the development of procurement. They also pointed out that the growing digital
transformation has an impact on the growth of cooperation within the supply channel.

Efficient procurement is one of the key parameters of a company’s competitiveness [57],
and the use of electronic procurement technologies offers undeniable benefits to supply
chains [58]. Based on some research [59–62], the list of technologies used in the digital
procurement environment is still open and unexplored. The use of artificial intelligence
and machine learning has also found its place in the procurement decision-making process
despite some problems in application [63–65]. The use of analytics of large groups of data
(Big Data) can serve to identify suppliers globally [66,67] as well as enable better use of
supply chains and thus increase the competitiveness of companies [68].

Procurement technologies are developing rapidly, and the most prominent new areas
of competence are related to digitization (e.g., eProcurement technology, automation),
innovation (e.g., innovative sourcing), and procurement sustainability [69–71]. Digital pro-
curement solutions enable better decisions and improve efficiency [72–74]. Currently, not
all firms use procurement software as a single solution for procurement management [72].
The degree of digital maturity has a strong influence on the adoption of digital tools [75].
Leading manufacturers in various industries have already optimized their procurement
processes to some extent with new technologies, while small players have not [76].

In conclusion, the digital procurement transformation presents both opportunities
and challenges for risk management in procurement. While new technologies and tools
offer greater efficiency and effectiveness, they also introduce new risks and uncertainties.
To mitigate these risks, procurement professionals must adopt a risk-aware approach that
encompasses a range of strategies, including supplier evaluation, contract management,
data security, and supply chain visibility. Effective risk management also necessitates
collaboration, trust-building, and a skilled workforce. By embracing a holistic and proac-
tive approach to risk management, organizations can successfully navigate the digital
procurement landscape and reap the benefits of innovation and digitization.

3. Research Methodology
3.1. Sample

The sample included 318 respondents, some of whom were members of the Serbian
Association of Supply Chain Professionals. A detailed breakdown of the sample’s charac-
teristics is provided in Table 1.
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Table 1. Characteristics of sample.

Variable Category N %

The main activity
of the company

Manufacturing 157 49.37

Trading 53 16.67

Services 62 19.50

Finances 37 11.64

Other 9 2.83

The size of the company
in relation to the
number of employees

Less than 50 53 16.67

From 50 to 250 92 28.93

Over 250 173 54.40

Annual
turnover

Up to EUR 10 million 142 44.65

From EUR 10 to
100 million 103 32.39

Over EUR 100 million 73 22.96

Employment
sector

Procurement 136 42.77

Logistics 36 11.32

Production 26 8.18

Finance 63 19.81

Other 57 17.92

Company
ownership

Foreign 155 48.74

Domestic 163 51.26
Note: N—number of participants.

The majority of responses came from individuals working in manufacturing compa-
nies, accounting for 49.37% of the total. This was followed by a notably smaller proportion
of respondents from service-providing companies (19.50%), trading companies (16.67%),
and financial institutions (11.64%). Categorizing the research participants based on the size
of the companies in which they were employed, 54.40% of the companies have more than
250 employees. Companies employing between 50 and 250 individuals represent 28.93% of
the total sample, while those with fewer than 50 employees comprise 16.67%.

Regarding annual turnover, 22.96% of respondents are employed in companies with
turnovers exceeding EUR 100 million. This is followed by companies with turnovers
ranging from EUR 10 to 100 million, constituting 32.39% of the sample. Lastly, companies
with turnovers of up to EUR 10 million account for 44.65% of the responses. The majority of
the survey responses originated from procurement professionals, who comprised 42.77% of
the total. This was followed by those in finance (19.81%) and logistics (11.32%). Production
staff contributed 8.18% of the responses, while the remaining 17.92% came from various
other organizational departments. In terms of ownership, 48.7% of the companies involved
in the study were foreign-owned, while 51.3% were domestically owned.

3.2. Procedure

The study employed online questionnaires created using Google Forms for data
collection. Respondent recruitment primarily took place through LinkedIn, reaching
beyond the authors’ immediate network connections. Additionally, targeted invitations
were sent via email to members of the Serbian Association of Supply Chain Professionals.

The data collection phase occurred in the latter half of 2022. All participants were duly
informed about the research objectives and gave their consent to participate in the study.
Completing the questionnaire required approximately 20 min.
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Given the focus on companies operating within Serbia, the questionnaire was admin-
istered in Serbian. The choice of geographical focus had a dual rationale: the authors’
presence in Serbia and the novelty of such research in the Serbian context. This focus is
particularly relevant as Serbia hosts various international companies, potentially reflecting
global practices in the findings. Moreover, the presence of foreign companies in Serbia,
many of which are implementing digital transformation strategies, adds relevance to the
study’s results in the context of broader international trends.

3.3. Questionnaire

The questionnaire’s structure was developed based on an extensive review of relevant
literature, identifying four key domains central to digital procurement transformation:
procurement processes, the organizational structure of procurement, procurement profes-
sionals, and digital technology (including platforms), and suppliers or partners [3]. This
framework aimed to explore the interconnections between the sophistication of procure-
ment organizations and various influencing factors.

The questionnaire delved into aspects related to procurement professionals, empha-
sizing their role in risk management and the emerging requirement for new skill sets
in the digital era. The adoption of new technologies and innovation was also a focal
point, recognized as a significant parameter in the transformation process. Furthermore,
the questionnaire encompassed attitudes related to suppliers, acknowledging their crucial
role in the overall efficacy of procurement operations. This comprehensive approach was
designed to provide a holistic understanding of the factors driving digital transformation
in procurement.

The survey included the following statements, seeking respondents’ opinions:

1. Rate the procurement function in your company [25,27,57,58].
2. The role of professional procurement management must include a component of risk

management in procurement [5,8,10,15,16,23].
3. Procurement professionals are essential resources in risk management in the procure-

ment business [5,8,10,15,23].
4. All individuals involved in the process must be adequately prepared, informed,

and trained to work in a digital environment [3,15,23,25,46,51].
5. Procurement technologies, including tools and software, are developing

rapidly [11,13,25,59–62,69–71].
6. There is a need to focus on the acceptance of innovations and new technologies in the

context of the purchasing business [3,14,25,28,29].
7. The significance of suppliers in the digital environment is growing, carrying a higher

level of risk, leading to them being considered partners rather than merely
suppliers [9,26,31,53].

8. Suppliers become partners in the digital procurement environment, emphasizing the
importance of building mutual trust [15,30,53,55].

9. Digital tools facilitate the evaluation of suppliers and their qualifications, a significant
aspect of procurement management [26,27,32,72–74].

10. Evaluate the state of the purchasing function in your company.

The questionnaire employed a five-point Likert-type scale for all responses. For the
initial question, the scale ranged from 1, signifying ‘very bad’, to 5, indicating ‘very good’.
Questions two through nine had a response scale ranging from 1, representing ‘I don’t
agree at all’, to 5, denoting ‘I totally agree’. The tenth question, designed to assess the
level of digital transformation, had a response scale ranging from 1, representing ‘In the
administrative phase—there is no plan for digital transformation’, to 5, indicating ‘At a
high level—fully digitalized’.

3.4. Data Analysis

The initial dataset consisted of 321 responses, of which 3 responses were incomplete.
Incomplete responses were removed from the dataset before conducting statistical analysis.
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Consistent with the hypothesis of this study and the nature of the available data, several
statistical analyses were conducted. Pearson’s chi-square (χ2) test was used to examine the
association between categorical variables. Regression analysis was applied to assess the
relationship between one variable (the criterion variable) and several predictor variables to
determine which of the predictors is most strongly associated with the criterion variable.
The Kruskal–Wallis test and the Mann–Whitney U test were employed to investigate
differences among multiple groups (Kruskal–Wallis test) or between two groups (Mann–
Whitney U test) when the dependent variable is categorical. As measures of effect size,
the multiple correlation coefficient R and Cramer’s V were reported. All analyses were
conducted using the SPSS statistical software package v25 (IBM Corp., Armonk, NY,
USA, 2017).

4. Results
4.1. Relationship between the Assessment of the Procurement Function in a Company and Risk
Management in Procurement

To examine the relationship between the first and second questions, we conducted
Pearson’s χ2 test. The results showed a statistically significant correlation between the
assessment of the procurement function (question 1—Q1) and the belief that effective pro-
curement management should include a risk management component (Q2; χ2 (12) = 109.15,
p < 0.001, V = 0.338). Predominantly, respondents who partially agreed with this view
also rated their procurement function positively. This indicates that in organizations
where procurement is viewed favorably, there is an acknowledged need for incorporating
risk management.

We used the same approach to explore the link between the first and third questions.
The findings revealed a statistically significant correlation between the evaluation of the
procurement function (Q1) and the belief in the critical role of procurement professionals in
risk management (Q3; χ2 (12) = 59.22, p < 0.001, V = 0.249). Most respondents who strongly
agreed with this idea also positively appraised their procurement function. This implies
that in organizations with established procurement, the importance of procurement pro-
fessionals in risk management is more recognized. The crosstabulation table detailing the
associations between Q1 and Q2 (upper section) and Q1 and Q3 (lower section) is provided
in Appendix A Table A1.

Finally, we conducted a regression analysis to determine which aspect of risk man-
agement in procurement (Q2 or Q3) has a stronger association with the evaluation of the
procurement function. The regression model was significant (F (2, 315) = 6.78, p < 0.001,
R = 0.203), indicating that Q2 (β = 0.237, p < 0.05) has a more pronounced relationship with
Q1 compared to Q3 (β = −0.041, p > 0.05).

4.2. Relationship between the Belief That All Persons Involved in the Process Must Be Adequately
Prepared, Informed, and Trained to Work in a Digital Environment with Risk Management
in Procurement

To investigate the relationship between the fourth and second questions, we applied
Pearson’s χ2 test. The analysis revealed a statistically significant correlation between the
belief that all participants in the process should be well-prepared, informed, and trained
for a digital environment (Q4) and the belief in the necessity of risk management within
effective procurement management (Q2; χ2 (12) = 213.87, p < 0.001, V = 0.475). A significant
majority of respondents strongly agreed with both viewpoints, highlighting the importance
of equipping procurement professionals with digital skills.

We utilized the same method to assess the connection between the fourth and third
questions. Our results indicated a statistically significant correlation between the belief
in the need for comprehensive training in a digital environment (Q4) and the belief in the
pivotal role of procurement professionals in risk management (Q3; χ2 (12) = 218.22, p < 0.001,
V = 0.487). Most respondents strongly agreed with both statements. The crosstabulation
table that illustrates the relationships between Q4 and Q2 (top section) and Q4 and Q3
(bottom section) is available in Appendix A Table A2.
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Finally, a regression analysis was performed to ascertain which aspect of risk manage-
ment in procurement (Q2 or Q3) is more strongly associated with the belief in the necessity
of thorough preparation for a digital environment. The regression model proved to be
significant (F (2, 315) = 81.18, p < 0.001, R = 0.583), showing that Q3 (β = 0.338, p < 0.001)
has a marginally stronger association with Q4 than Q2 (β = 0.268, p < 0.01).

4.3. Relationship between the Belief That Procurement Technologies Are Developing Rapidly and
Risk Management in Procurement

Utilizing the same methodology, we assessed the relationship between Q5 and both
Q2 and Q3. We found a statistically significant association between the belief in the
rapid development of procurement technologies (Q5) and the necessity of integrating risk
management in effective procurement management (Q2; χ2 (6) = 88.75, p < 0.001, V = 0.374).
Most respondents somewhat agreed with the former and either somewhat or completely
with the latter. Additionally, a statistically significant association was observed between
Q5 and the belief in the crucial role of procurement professionals in risk management
(Q3; χ2 (6) = 63.21, p < 0.001, V = 0.315). The majority of participants somewhat agreed
with the former and completely with the latter. The crosstabulation table displaying the
relationships between Q5 and Q2 (upper section) and Q5 and Q3 (lower section) can be
found in Appendix A Table A3.

Finally, we conducted a regression analysis to identify which aspect of risk man-
agement in procurement (Q2 or Q3) is more closely associated with the belief that pro-
curement technologies are evolving rapidly (Q5). The regression model was significant
(F (2, 315) = 20.84, p < 0.001, R = 0.342), indicating that Q3 (β = 0.313, p < 0.01) has a more
substantial association with Q5 compared to Q2 (β = 0.034, p > 0.01).

4.4. Relationship between the Belief That It Is Necessary to Focus on the Acceptance of Innovations
and New Technologies in the Context of Purchasing Business and Risk Management
in Procurement

We observed a statistically significant association between the belief in the necessity
of focusing on the acceptance of innovations and new technologies in purchasing (Q6)
and the need to integrate risk management in effective procurement management (Q2; χ2

(9) = 319.84, p < 0.001, V = 0.579). Most respondents strongly agreed with both statements.
Similarly, there was a significant correlation between Q6 and the belief in the essential role
of procurement professionals in risk management (Q3; χ2 (9) = 418.46, p < 0.001, V = 0.662).
A majority of participants strongly agreed with both viewpoints. The crosstabulation table
illustrating the relationships between Q6 and Q2 (top section) and Q6 and Q3 (bottom
section) is available in Appendix A Table A4.

In our final analysis, we conducted a regression analysis to determine which aspect
of risk management in procurement (Q2 or Q3) is more strongly linked to the belief in the
importance of embracing innovations and new technologies in the purchasing sector (Q6).
The regression model was significant (F (2, 315) = 157.98, p < 0.001, R = 0.708), showing
that Q3 (β = 0.440, p < 0.001) has a more pronounced association with Q6 compared to Q2
(β = 0.294, p < 0.001).

4.5. Relationship between the Belief That Suppliers Are More Partners Than Suppliers with Trust
and Evaluation of Suppliers

To examine the relationship between the perception of suppliers as partners rather
than mere suppliers (Q7) and attitudes towards these suppliers in terms of trust (Q8)
and evaluation (Q9), we employed χ2 and regression analyses. The analysis showed a
statistically significant relationship between responses to Q7 and Q8 (χ2 (16) = 502.80,
p < 0.001, V = 0.629), as well as between responses to Q7 and Q9 (χ2 (12) = 179.49, p < 0.001,
V = 0.434). In both instances, most respondents strongly agreed with both questions.
The crosstabulation table demonstrating the relationships between Q7 and Q8 (upper
section) and Q7 and Q9 (lower section) can be found in Appendix A Table A5.
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The regression analysis results indicated a significant model (F (2, 315) = 120.76,
p < 0.001, R = 0.656), revealing that Q8 (β = 0.534, p < 0.001) is more strongly associated
with Q7 compared to Q9 (β = 0.193, p < 0.001).

4.6. Differences in the Belief That Effective Procurement Management Should Include a Risk
Management Component in the Context of an Assessment of the Procurement Function in
a Company

To evaluate the overall differences in the belief that effective procurement management
should incorporate a risk management component, as related to the assessment of the
procurement function within a company, we utilized the Kruskal–Wallis test. The results
showed persistent overall differences (KW (4) = 39.28, p < 0.001). For examining the
differences between specific pairs of groups in the assessment of the procurement function,
within the context of the aforementioned belief, a series of Mann–Whitney U tests were
conducted. These tests revealed no significant differences between the high-level group
and the group without a plan for digital transformation (Z = −1.24, p = 0.216), between the
intermediate-level group and the initial-level group (Z = −1.05, p = 0.296), and between
the intermediate-level group and the group in which digital transformation is planed
(Z = −1.33, p = 0.183). However, all other group pairs had significant differences in the
context of the belief in the necessity of risk management in procurement, consistent with
the group mean rank presented in Figure 1.

Sustainability 2024, 16, x FOR PEER REVIEW 10 of 20 
 

that Q3 (β = 0.440, p < 0.001) has a more pronounced association with Q6 compared to Q2 

(β = 0.294, p < 0.001). 

4.5. Relationship between the Belief That Suppliers Are More Partners Than Suppliers with 

Trust and Evaluation of Suppliers 

To examine the relationship between the perception of suppliers as partners rather 

than mere suppliers (Q7) and attitudes towards these suppliers in terms of trust (Q8) and 

evaluation (Q9), we employed χ2 and regression analyses. The analysis showed a statisti-

cally significant relationship between responses to Q7 and Q8 (χ2 (16) = 502.80, p < 0.001, 

V = 0.629), as well as between responses to Q7 and Q9 (χ2 (12) = 179.49, p < 0.001, V = 0.434). 

In both instances, most respondents strongly agreed with both questions. The crosstabu-

lation table demonstrating the relationships between Q7 and Q8 (upper section) and Q7 

and Q9 (lower section) can be found in Appendix A Table A5. 

The regression analysis results indicated a significant model (F (2, 315) = 120.76, p < 

0.001, R = 0.656), revealing that Q8 (β = 0.534, p < 0.001) is more strongly associated with 

Q7 compared to Q9 (β = 0.193, p < 0.001). 

4.6. Differences in the Belief That Effective Procurement Management should Include a Risk 

Management Component in the Context of an Assessment of the Procurement Function in  

a Company 

To evaluate the overall differences in the belief that effective procurement manage-

ment should incorporate a risk management component, as related to the assessment of 

the procurement function within a company, we utilized the Kruskal–Wallis test. The re-

sults showed persistent overall differences (KW (4) = 39.28, p < 0.001). For examining the 

differences between specific pairs of groups in the assessment of the procurement func-

tion, within the context of the aforementioned belief, a series of Mann–Whitney U tests 

were conducted. These tests revealed no significant differences between the high-level 

group and the group without a plan for digital transformation (Z = −1.24, p = 0.216), be-

tween the intermediate-level group and the initial-level group (Z = −1.05, p = 0.296), and 

between the intermediate-level group and the group in which digital transformation is 

planed (Z = −1.33, p = 0.183). However, all other group pairs had significant differences in 

the context of the belief in the necessity of risk management in procurement, consistent 

with the group mean rank presented in Figure 1. 

 

Figure 1. Variations in the belief that effective procurement management should include a risk man-

agement component, in relation to the assessment of the procurement function within a company. 

133.10

182.30
171.82

200.41

120.59

50.00

70.00

90.00

110.00

130.00

150.00

170.00

190.00

210.00

230.00

At a high level –
fully digitalized

At an 
intermediate level 

of digital 
transformation –

partially 
digitalized

At the initial level 
of digital 

transformation –
only a few things 

are digitalized

Digitalization is 
planned – digital 
transformation

In the 
administrative 

phase – there is 
no plan for digital 

transformation

M
ea

n
 r

an
k

Figure 1. Variations in the belief that effective procurement management should include a risk
management component, in relation to the assessment of the procurement function within a company.

4.7. Differences in the Belief That Procurement Professionals Are an Important Resource in Risk
Management in the Procurement Business, in the Context of an Assessment of the Procurement
Function in a Company

To assess the overall differences in the belief that procurement professionals are a key
resource in risk management within the procurement sector, in relation to the evaluation of
the company’s procurement function, we employed the Kruskal–Wallis test. The analysis
confirmed persistent overall differences (KW (4) = 43.18, p < 0.001). To investigate the
differences between specific paired groups regarding the procurement function assessment
within the context of this belief, we conducted a sequence of Mann–Whitney U tests. These
tests showed no significant differences between the high- and intermediate-level groups
(Z = −1.96, p = 0.050), the high-level group and the group without a digital transformation
plan (Z = −0.06, p = 0.951), and between the group planning digitalization and both the
intermediate-level (Z = −1.81, p = 0.070) and initial-level groups (Z = −0.48, p = 0.628).
Nonetheless, significant differences were found among all other paired groups concerning
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the belief in the importance of procurement professionals in risk management, in alignment
with the mean group rank depicted in Figure 2.
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Figure 2. Group differences regarding the belief in the importance of procurement professionals in
risk management, in relation to the assessment of the procurement function within a company.

5. Discussion

The digital transformation of procurement is an ongoing process that cannot be
halted [77]. Some companies have already digitized their procurement operations, while
others are in the preparation phase or actively engaged in the process. This transformation
is perpetual, evolving as digital tools improve, and procurement professionals acquire
new knowledge and experience in their roles. Importantly, the digital transformation of
procurement is not confined within the company; it involves active participation from
suppliers in the procurement interaction [77].

Any change within a company introduces a certain level of risk, and the digital
transformation of procurement is no exception. Managing these risks throughout the
procurement transformation is essential. Incorrectly handled, this process can jeopardize
both the procurement business and the overall company operations [78].

The sample structure in this study offers a nuanced understanding of the interest in
the digital transformation of procurement processes across various business sectors and
company sizes. The significant representation of manufacturing firms, where procurement
complexities are typically more pronounced, highlights a keen interest in digital transfor-
mation within this sector. Moreover, the inclusion of responses from diverse industries
ensures a comprehensive portrayal of different industry practices and their approach to
digital procurement. A notable observation is the predominance of participants from larger
enterprises, suggesting a greater inclination towards digital procurement in these organi-
zations. However, this should not overshadow the potential interest in digital strategies
among smaller companies, particularly those with lower turnovers, where the efficiency of
procurement processes is crucial.

Crucially, the balance in representation between foreign-owned and domestically
owned companies in the study underscores its relevance and applicability to both inter-
national and local business contexts. This diverse sample composition ensures that the
insights derived are reflective of a broad spectrum of business practices, making the study’s
conclusions robust and globally pertinent.

As such, this research focused on key aspects: procurement professionals, procurement
digital technologies, and suppliers, all identified as critical sources of risk. To validate
these perspectives, opinions on the quality of the procurement function were sought.
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The correlation between confident procurement practices and opinions on the digital
transformation of procurement is indicative of a positive direction.

The research was conducted in Serbia, where the formalization of risk management
practices is not universal across companies. Notably, risk management has been primarily
implemented in companies associated with larger global systems. This broader context
ensures that the views expressed in the research are not limited to a specific segment but
encompass global best practices. Consequently, the conclusions drawn can be applicable
beyond the scope of the research segment.

The primary aim was to establish a connection between risk management, procure-
ment management, and the quality of the procurement function. Given the variance in the
adoption of formal risk management practices, confirming this connection became crucial.
The findings confirm that successful procurement organizations incorporate risk manage-
ment into their practices. Subsequently, the research sought to affirm the link between
procurement professionals and successful procurement organizations. Procurement profes-
sionals emerged as pivotal resources in the digital procurement transformation process,
simultaneously posing a potential source of risk. Effective risk mitigation involves thorough
preparation, encompassing the development of new skills, access to accurate information,
and regular training [7]. Just as the digitization of procurement brings changes, procure-
ment professionals stand as key resources in navigating and shaping these transformations.

When observing the evolution of purchasing technology, rapid growth is evident,
accompanied by two types of risk: one stemming from the incorrect selection of tools and
the other from their improper utilization [79]. Consequently, a direct link is established be-
tween procurement professionals and decision-making regarding tool selection. Remaining
current with innovations is essential; however, a willingness to embrace these innovations
is equally crucial. Every innovation introduces a certain level of risk, and the ability to
accept and control these risks hinges on the preparedness and competence of procurement
professionals. Organizations equipped with an established system of risk management in
the procurement business are more adept at embracing innovations [80], thereby facilitating
the digital procurement transformation process.

Procurement professionals must prioritize innovation and new technologies in the
procurement environment [81]. New digital solutions offer avenues to alleviate daily pres-
sures, such as reducing costs, shortening delivery times, and optimizing inventory levels.
As the volume of work and environmental challenges expand, procurement organizations
must be armed with the appropriate tools to overcome these hurdles.

For procurement professionals to actively engage in risk management, adequate train-
ing is imperative [82]. It is confirmed that procurement professionals, serving as a key
resource in the digital transformation of procurement, must be prepared to operate in
a digital environment. Expecting those accustomed to traditional procurement settings
to seamlessly transition into a digital environment without proper training is unrealis-
tic. While procurement processes may echo traditional ones, key differences necessitate
identification and preparation.

The digital procurement transformation also encompasses suppliers as a pivotal
factor [81]. The growing significance of suppliers in the digital environment elevates the
associated risks. Digital procurement tools play a dual role with suppliers: establishing the
supply channel and integrating suppliers into the procurement environment, granting them
a more substantial role akin to partners. Simultaneously, in the evaluation and qualification
of suppliers, digital tools assume a novel role, streamlining the process and enabling better
decision-making in supplier selection [83]. Consequently, this has been proven to reduce
risk and ensure procurement sustainability.

The research further indicates a heightened inclination toward the need for risk man-
agement in procurement and the belief that procurement professionals play a crucial role in
procurement risk management, particularly in organizations where the digital procurement
transformation is in its early stages. This inclination is rooted in justified concerns about
changes, particularly in organizations at the initial phases of digital procurement transfor-
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mation or those in the planning stages. Recognizing risk management as a key success
factor, organizations understand the imperative of its inclusion in the digital transformation
of procurement [84].

Ultimately, the success of the digital transformation of procurement hinges on both
digital tools and procurement professionals, as well as suppliers. Each of these factors
introduces its own set of risks that can jeopardize the success of the digital procurement
transformation and threaten business sustainability. Therefore, a serious and comprehen-
sive approach to risk management during the digitization of procurement is essential.

6. Conclusions

A limitation of this research is its focus solely on Serbia. Future research endeavors
could extend to neighboring countries. However, it is important to note that the digital
transformation of procurement in Serbia initially commenced in companies affiliated with
international corporations, headquartered in developed countries. Consequently, foreign
practices were applied. An advantage is the presence of companies from numerous devel-
oped countries in Serbia, ensuring that the research results offer insights beyond a specific
regional practice. The outcomes of this research can benefit medium and small domestically
owned enterprises in their digital procurement transformation journey, expediting the
process and enhancing the competitiveness of the domestic economy.

The rapid development of digital tools has no influence on the results of this research,
as the focus was not on specific tools but on the process itself. The approach to digital
procurement transformation must incorporate a risk awareness component, irrespective of
the type of digital tool used.

Based on the results, we can conclude that in companies where the procurement orga-
nization is well-rated, the role of procurement management must include risk management,
and procurement professionals are a vital resource for risk management. This also applies
to the belief that procurement technologies are rapidly evolving, emphasizing the need to
focus on innovation acceptance.

This paper underscores the significance of a risk-aware approach to digital procure-
ment transformation. The research affirms that a risk-aware approach is crucial in mit-
igating potential risks associated with new technologies and tools. It emphasizes the
importance of training and education for procurement professionals. The findings indicate
that all individuals involved in the procurement process must be adequately prepared,
informed, and trained to operate in a digital environment. Additionally, the study reveals
the growing importance of suppliers/partners in the digital environment, emphasizing the
need to establish mutual trust and collaboration.

The research underscores the importance of effective supplier evaluation and selection
processes, as well as trust-building mechanisms such as transparent communication, mutual
benefits, and shared values. The conclusion drawn is that organizations need to adopt a
holistic and proactive approach to risk management, encompassing various strategies such
as supplier evaluation, contract management, data security, and supply chain visibility.
While potential benefits of digital procurement transformation, including greater efficiency
and effectiveness, exist, it is crucial to balance these benefits with the potential risks
associated with the digitization of procurement. The research validates the importance
of integrating risk management into the context of digital procurement transformation.
Through a risk-aware approach and the implementation of diverse strategies, organizations
can successfully navigate the digital procurement landscape and capitalize on the benefits
of innovation and digitization.

For future researchers, this paper can serve as a foundation for finding a unique
approach to the digital transformation of procurement. Currently, there is no singular and
proven approach, which likely contributes to failures in the digital transformation process.

Further research suggestions:

1. Investigate the effectiveness of different risk management strategies in the context of
digital procurement transformation. For instance, explore the most effective methods
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for evaluating and selecting suppliers/partners in a digital environment, and examine
how organizations can establish trust and collaboration with their partners.

2. Explore the role of emerging technologies such as artificial intelligence, blockchain,
and the Internet of Things (IoT) in digital procurement transformation. Assess the
potential benefits and risks associated with these technologies, and examine effective
integration strategies into procurement processes.

3. Conduct a comparative study of risk management practices across different industries
and sectors. Analyze variations in risk management practices and identify lessons
that organizations can learn from other sectors.

4. Investigate the impact of digital procurement transformation on supply chain sus-
tainability and social responsibility. Explore how organizations can leverage digital
technologies to promote sustainability and responsible sourcing practices.

5. Conduct a longitudinal study to assess the long-term impact of digital procurement
transformation on organizational performance and competitiveness. Examine how
the benefits and risks evolve over time and identify key success factors for sustained
performance improvement.
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Appendix A

Table A1. Combination 1 with 2 and 1 with 3.

Questions 1. Rate the procurement function in your company on a scale of 1 to
5, with 1 being the worst and 5 being the best Total

Answer Worst
grade

Bad
grade

Middle
grade Good grade Best grade

2. The role of professional
procurement management

must include risk
management in

procurement management.

I partially disagree 0 9 2 0 0 11

I do not know 18 0 16 11 0 45

I partially agree 0 35 40 52 0 127

I totally agree 10 36 33 47 9 135

Total 28 80 91 110 9 318

3. Procurement
professionals are an

important resource in risk
management in the

procurement business.

I partially disagree 0 9 0 0 0 9

I do not know 9 0 18 16 0 43

I partially agree 9 27 29 28 0 93

I totally agree 10 44 44 66 9 173

Total 28 80 91 110 9 318
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Table A2. Combination 4 with 2 and 4 with 3.

Questions 4. All persons involved in the process must be adequately prepared,
informed, and trained to work in a digital environment Total

Answer I don’t
agree at all

I partially
disagree

I do not
know

I partially
agree

I totally
agree

2. The role of professional
procurement management

must include risk
management in

procurement management.

I partially disagree 0 1 9 0 1 11

I do not know 9 8 9 1 18 45

I partially agree 0 0 18 52 57 127

I totally agree 0 0 0 27 108 135

Total 9 9 36 80 184 318

3. Procurement
professionals are an

important resource in risk
management in the

procurement business.

I partially disagree 0 0 9 0 0 9

I do not know 9 9 8 8 9 43

I partially agree 0 0 10 35 48 93

I totally agree 0 0 9 37 127 173

Total 9 9 36 80 184 318

Table A3. Combination 5 with 2 and 5 with 3.

Questions 5. Procurement technologies—tools and software are
developing rapidly Total

Answer I do not know I partially
agree I totally agree

2. The role of professional
procurement management must

include risk management in
procurement management.

I partially disagree 10 1 0 11

I do not know 43 0 2 45

I partially agree 29 54 44 127

I totally agree 45 54 36 135

Total 127 109 82 318

3. Procurement professionals
are an important resource in

risk management in the
procurement business.

I partially disagree 9 0 0 9

I do not know 35 0 8 43

I partially agree 38 36 19 93

I totally agree 45 73 55 173

Total 127 109 82 318

Table A4. Combination 6 with 2 and 6 with 3.

Questions 6. It is necessary to focus on the acceptance of innovations
and new technologies in the context of purchasing business Total

Answer I partially
disagree

I do not
know

I partially
agree

I totally
agree

2. The role of professional
procurement management

must include risk management
in procurement management.

I partially disagree 9 2 0 0 11

I do not know 17 27 1 0 45

I partially agree 0 9 80 38 127

I totally agree 9 8 12 106 135

Total 35 46 93 144 318

3. Procurement professionals
are an important resource in

risk management in the
procurement business.

I partially disagree 9 0 0 0 9

I do not know 8 35 0 0 43

I partially agree 9 1 72 11 93

I totally agree 9 10 21 133 173

Total 35 46 93 144 318
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Table A5. Combination 7 with 8 and 7 with 9.

Questions
7. The importance of suppliers in the digital environment has

growing importance and carries with it a higher level of risk, so
we can call them partners rather than suppliers

Total

Answer I don’t
agree at all

I partially
disagree

I do not
know

I partially
agree

I totally
agree

8. Suppliers become partners
in the digital procurement
environment and for this

reason, it is important to build
mutual trust.

I don’t agree at all 9 0 0 0 0 9

I partially disagree 0 17 0 8 0 25

I do not know 0 9 36 28 1 74

I partially agree 0 1 17 17 29 64

I totally agree 0 8 19 27 92 146

Total 9 35 72 80 122 318

9. Digital tools facilitate the
evaluation of suppliers and

their qualifications, which is a
significant part of

procurement management.

I partially disagree 0 8 9 0 0 17

I do not know 0 18 26 1 10 55

I partially agree 9 0 11 43 21 84

I totally agree 0 9 26 36 91 162

Total 9 35 72 80 122 318
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1. Číž, J.; Krechovská, M.; Palacká, A. Procurement Transformation in the Digital World. SHS Web Conf. 2021, 115, 01002. [CrossRef]
2. Herold, S.; Heller, J.; Rozemeijer, F.; Mahr, D. Dynamic Capabilities for Digital Procurement Transformation: A Systematic

Literature Review. Int. J. Phys. Distrib. Logist. Manag. 2022, 53, 424–447. [CrossRef]
3. Nicoletti, B. Procurement 4.0 and the Fourth Industrial Revolution: The Opportunities and Challenges of a Digital World; Springer:

Berlin/Heidelberg, Germany, 2020. [CrossRef]
4. De Boer, L. Risk Management in Digital Procurement: A Case Study of a Multinational Corporation. Int. J. Procure. Manag. 2018,

11, 196–214.
5. Chopra, S.; Sodhi, M.S. Managing Risk to Avoid Supply-Chain Breakdown. MIT Sloan Manag. Rev. 2004, 46, 53–61.
6. Hoe, S.L. Digitalization in Practice: The Fifth Discipline Advantage. Learn. Organ. 2020, 27, 54–64. [CrossRef]
7. Williams, A.; Lau, F.; McCue, C. Acknowledging knowledge: The perception of knowledge requirements for public procurement

officials and their professional development. J. Public Procure. 2018, 18, 50–67. [CrossRef]
8. Chaudhuri, A.; Boer, H.; Taran, Y. Supply Chain Integration, Risk Management and Manufacturing Flexibility. Int. J. Oper. Prod.

Manag. 2018, 38, 690–712. [CrossRef]
9. Ilhan, N.; Rahim, M.M. Understanding Digital Transformation of Procurement Through E-Procurement Systems Implementation:

Business Partner Relationship Perspective. In Leadership, Management, and Adoption Techniques for Digital Service Innovation;
IGI Global: Hershey, PA, USA, 2020; pp. 182–206.

10. Rane, S.B.; Narvel, Y.A.M.; Bhandarkar, B.M. Developing Strategies to Improve Agility in the Project Procurement Management
(PPM) Process: Perspective of Business Intelligence (BI). Bus. Process Manag. J. 2020, 26, 257–286. [CrossRef]

11. Ageron, B.; Bentahar, O.; Gunasekaran, A. Digital Supply Chain: Challenges and Future Directions. Supply Chain. Forum Int. J.
2020, 21, 133–138. [CrossRef]

12. Fröhlich, E.; Steinbiß, K. Supplier relationship management goes digital: First empirical insights. Univers. J. Manag. 2020, 8, 63–73.
[CrossRef]

13. Chen, Q.; Zhang, W.; Jin, N.; Wang, X.; Dai, P. Digital Transformation Evaluation for Small- and Medium-Sized Manufacturing
Enterprises Using the Fuzzy Synthetic Method DEMATEL-ANP. Sustainability 2022, 14, 13038. [CrossRef]

14. Belisari, S.; Binci, D.; Appolloni, A. E-Procurement Adoption: A Case Study about the Role of Two Italian Advisory Services.
Sustainability 2020, 12, 7476. [CrossRef]

15. Pathak, P. Understanding the impact of digitalization on buyer supplier relationship: A qualitative approach. Oper. Supply Chain.
Manag. Int. J. 2023, 16, 121–132. [CrossRef]

16. Aven, T. Risk Assessment and Risk Management: Review of Recent Advances on Their Foundation. Eur. J. Oper. Res. 2016, 253,
1–13. [CrossRef]

17. Lorentz, H.; Aminoff, A.; Kaipia, R.; Srai, J.S. Structuring the Phenomenon of Procurement Digitalisation: Contexts, Interv entions
and Mechanisms. Int. J. Oper. Prod. Manag. 2021, 41, 157–192. [CrossRef]

18. De la Torre, R.; Onggo, B.S.; Corlu, C.G.; Nogal, M.; Juan, A.A. The Role of Simulation and Serious Games in Teaching Concepts
on Circular Economy and Sustainable Energy. Energies 2021, 14, 1138. [CrossRef]

https://doi.org/10.1051/shsconf/202111501002
https://doi.org/10.1108/IJPDLM-12-2021-0535
https://doi.org/10.1007/978-3-030-35979-9
https://doi.org/10.1108/TLO-09-2019-0137
https://doi.org/10.1108/JOPP-03-2018-004
https://doi.org/10.1108/IJOPM-08-2015-0508
https://doi.org/10.1108/BPMJ-07-2017-0196
https://doi.org/10.1080/16258312.2020.1816361
https://doi.org/10.13189/ujm.2020.080303
https://doi.org/10.3390/su142013038
https://doi.org/10.3390/su12187476
https://doi.org/10.31387/oscm0520377
https://doi.org/10.1016/j.ejor.2015.12.023
https://doi.org/10.1108/IJOPM-03-2020-0150
https://doi.org/10.3390/en14041138


Sustainability 2024, 16, 1283 17 of 19

19. Gottge, S.; Menzel, T.; Forslund, H. Industry 4.0 Technologies in the Purchasing Process. Ind. Manag. Data Syst. 2020, 120, 730–748.
[CrossRef]

20. Rahimi, I.; Gandomi, A.H.; Fong, S.J.; Ülkü, M.A. Big Data Analytics in Supply Chain Management (First); Taylor and Francis Group:
Abingdon, UK, 2021. Available online: https://lccn.loc.gov/2020036450 (accessed on 10 November 2023).

21. Moktar, N.; Myeda, N. Procurement of facilities management services designated for office buildings of airline corporate
organisations in Asia. Facilities 2022, 41, 649–674. [CrossRef]

22. Verhoef, P.C.; Broekhuizen, T.; Bart, Y.; Bhattacharyya, A.; Dong, J.Q.; Fabian, N.; Haenlein, M. Digital Transformation:
A Multidisciplinary Reflection and Research Agenda. J. Bus. Res. 2021, 122, 889–901. [CrossRef]

23. Flynn, A.E.; Huo, B.; Zhao, X. The Impact of Supply Chain Integration on Performance: A Contingency and Configuration
Approach. J. Oper. Manag. 2010, 28, 58–71. [CrossRef]

24. Alabdali, M.A.; Salam, M.A. The Impact of Digital Transformation on Supply Chain Procurement for Creating Competitive
Advantage: An Empirical Study. Sustainability 2022, 14, 12269. [CrossRef]

25. Motaung, J.R.; Sifolo, P.P.S. Benefits and Barriers of Digital Procurement: Lessons from an Airport Company. Sustainability 2023,
15, 4610. [CrossRef]

26. Karttunen, E.; Lintukangas, K.; Hallikas, J. Digital transformation of the purchasing and supply management process. Int. J. Phys.
Distrib. Logist. Manag. 2023, 53, 685–706. [CrossRef]

27. Rejeb, A.; Appolloni, A. The Nexus of Industry 4.0 and Circular Procurement: A Systematic Literature Review and Research
Agenda. Sustainability 2022, 14, 15633. [CrossRef]

28. Costa, J.; Matias, J.C.O. Open innovation 4.0 as an enhancer of sustainable innovation ecosystems. Sustainability 2020, 12, 8112.
[CrossRef]

29. Ramkumar, M.; Schoenherr, T.; Wagner, S.M.; Jenamani, M. Q-TAM: A quality technology acceptance model for predicting
organizational buyers’ continuance intentions for e-procurement services. Int. J. Prod. Econ. 2019, 216, 333–348. [CrossRef]

30. Jahani, N.; Sepehri, A.; Vandchali, H.R.; Tirkolaee, E.B. Application of Industry 4.0 in the Procurement Processes of Supply Chains:
A Systematic Literature Review. Sustainability 2021, 13, 7520. [CrossRef]

31. Martínez Raya, A.; González-Sánchez, V.M. Tender Management Relating to Imposition of Public Service Obligations on
Scheduled Air Routes: An Approach Involving Digital Transformation of Procurement Procedures in Spain. Sustainability 2020,
12, 5322. [CrossRef]

32. Ivanov, D.; Dolgui, A.; Das, A.; Sokolov, B. Digital Supply Chain Twins: Managing the Ripple Effect, Resilience, and Disruption
Risks by Data-Driven Optimization, Simulation, and Visibility. In Handbook of Ripple Effects in the Supply Chain. International
Series in Operations Research and Management Science; Ivanov, D., Dolgui, A., Sokolov, B., Eds.; Springer: Berlin/Heidelberg,
Germany, 2019. [CrossRef]

33. Bienhaus, F.; Haddud, A. Procurement 4.0: Factors Influencing the Digitisation of Procurement and Supply Chains. Bus. Process.
Manag. J. 2018, 24, 965–984. [CrossRef]

34. Glas, A.H.; Kleemann, F.C. The Impact of Industry 4.0 on Procurement and Supply Management: A Conceptual and Qualitative
Analysis. Int. J. Bus. Manag. Invent. 2016, 5, 55–66.

35. Yevu, S.K.; Yu, A.T.W.; Darko, A. Digitalization of Construction Supply Chain and Procurement in the Built Environment:
Emerging Technologies and Opportunities for Sustainable Processes. J. Clean. Prod. 2021, 322, 129093. [CrossRef]

36. Vărzaru, A. An empirical framework for assessment of the effects of digital technologies on sustainability accounting and
reporting in the european union. Electronics 2022, 11, 3812. [CrossRef]

37. Ozkan-Ozen, Y.D.; Kazancoglu, Y.; Kumar Mangla, S. Synchronized Barriers for Circular Supply Chains in Industry 3.5/Industry
4.0 Transition for Sustainable Resource Management. Resour. Conserv. Recycl. 2020, 161, 104986. [CrossRef]

38. Bag, S.; Gupta, S.; Kumar, S.; Sivarajah, U. Role of Technological Dimensions of Green Supply Chain Management Practices on
Firm Performance. J. Enterp. Inf. Manag. 2020, 34, 1–27. [CrossRef]

39. Felsberger, A.; Reiner, G. Sustainable Industry 4.0 in Production and Operations Management: A Systematic Literature Review.
Sustainability 2020, 12, 7982. [CrossRef]

40. Kumar, P.; Singh, R.K.; Kumar, V. Managing Supply Chains for Sustainable Operations in the Era of Industry 4.0 and Circular
Economy: Analysis of Barriers. Resour. Conserv. Recycl. 2021, 164, 105215. [CrossRef]

41. Parhi, S.; Joshi, K.; Gunasekaran, A.; Sethuraman, K. Reflecting on an Empirical Study of the Digitalization Initiatives for
Sustainability on Logistics: The Concept of Sustainable Logistics 4.0. Clean. Logist. Supply Chain 2022, 4, 100058. [CrossRef]

42. Parida, V.; Sjödin, D.; Reim, W. Reviewing Literature on Digitalization, Business Model Innovation, and Sustainable Industry:
Past Achievements and Future Promises. Sustainability 2019, 11, 391. [CrossRef]

43. Niu, F. The role of the digital economy in rebuilding and maintaining social governance mechanisms. Front. Public Health 2022, 9,
819727. [CrossRef]

44. Luo, G.; Serrão, C.; Liang, D.; Zhou, Y. A Relevance-Based Technology–Organisation–Environment Model of Critical Success
Factors for Digital Procurement Adoption in Chinese Construction Companies. Sustainability 2023, 15, 12260. [CrossRef]

45. Yevu, S.K.; Yu, A.T.W. The Ecosystem of Drivers for Electronic Procurement Adoption for Construction Project Procurement:
A Systematic Review and Future Research Directions. Eng. Constr. Archit. Manag. 2020, 27, 411–440. [CrossRef]

46. Wang, Y.; Pettit, S. A Primer on Supply Chain Digital Transformation. In Digital Supply Chain Transformation: Emerging Technologies
for Sustainable Growth; Wang, Y., Pettit, S., Eds.; Cardiff University Press: Cardiff, UK, 2022; pp. 121–139. [CrossRef]

https://doi.org/10.1108/IMDS-05-2019-0304
https://lccn.loc.gov/2020036450
https://doi.org/10.1108/F-10-2021-0104
https://doi.org/10.1016/j.jbusres.2019.09.022
https://doi.org/10.1016/j.jom.2009.06.001
https://doi.org/10.3390/su141912269
https://doi.org/10.3390/su15054610
https://doi.org/10.1108/IJPDLM-06-2022-0199
https://doi.org/10.3390/su142315633
https://doi.org/10.3390/su12198112
https://doi.org/10.1016/j.ijpe.2019.06.003
https://doi.org/10.3390/su13147520
https://doi.org/10.3390/su12135322
https://doi.org/10.1007/978-3-030-14302-2_15
https://doi.org/10.1108/BPMJ-06-2017-0139
https://doi.org/10.1016/j.jclepro.2021.129093
https://doi.org/10.3390/electronics11223812
https://doi.org/10.1016/j.resconrec.2020.104986
https://doi.org/10.1108/JEIM-10-2019-0324
https://doi.org/10.3390/su12197982
https://doi.org/10.1016/j.resconrec.2020.105215
https://doi.org/10.1016/j.clscn.2022.100058
https://doi.org/10.3390/su11020391
https://doi.org/10.3389/fpubh.2021.819727
https://doi.org/10.3390/su151612260
https://doi.org/10.1108/ECAM-03-2019-0135
https://doi.org/10.18573/book8.g


Sustainability 2024, 16, 1283 18 of 19

47. Adeseun, M.A.; Anosike, A.I.; Reyes, J.A.G.; Al-Talib, M. Supply Chain Risk Perception: Understanding the Gap Between Theory
and Practice. IFAC Pap. 2018, 51, 1701–1706. [CrossRef]

48. Birou, L.; Lutz, H.; Zsidisin, G.A. Current State of the Art and Science: A Survey of Purchasing and Supply Management Courses
and Teaching Approaches. Int. J. Procure. Manag. 2016, 9, 71–85. [CrossRef]

49. Cagno, E.; Neri, A.; Negri, M.; Bassani, C.A.; Lampertico, T.; Carvalho, A. The Role of Digital Technologies in Operationalizing
the Circular Economy Transition: A Systematic Literature Review. Appl. Sci. 2021, 11, 3328. [CrossRef]

50. Zoppelletto, A.; Bullini Orlandi, L.; Rossignoli, C. Adopting a Digital Transformation Strategy to Enhance Business Network
Commons Regeneration: An Explorative Case Study. TQM J. 2020, 32, 561–585. [CrossRef]

51. Tiwari, S. Supply Chain Integration and Industry 4.0: A Systematic Literature Review. Benchmarking 2021, 28, 990–1030. [CrossRef]
52. Omare, F. Digital Supply Chain Procurement Transformation. In Digital Supply Chain Transformation: Emerging Technologies for

Sustainable Growth; Wang, Y., Pettit, S., Eds.; Cardiff University Press: Cardiff, UK, 2022; pp. 61–79. [CrossRef]
53. Klünder, T.; Dörseln, J.N.; Steven, M. Procurement 4.0: How the Digital Disruption Supports Cost-Reduction in Procurement.

Production 2019, 29, 20180104. [CrossRef]
54. Kraljic, P. Purchasing Must Become Supply Management. Hardvard Bus. Rev. 1983, 61, 109–117.
55. Bryde, D.; Harland, C.; Williams, A. The Digital Transformation of Traditional Procurement Management. J. Bus. Res. 2013, 66,

2310–2318.
56. Nasiri, M.; Ukko, J.; Saunila, M.; Rantala, T. Managing the Digital Supply Chain: The Role of Smart Technologies. Technovation

2020, 96–97, 102121. [CrossRef]
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