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Abstract
The aim of this article is to analyze and describe the relation between implemented new
technologies and achieved effects of digital transformation process of the supply chains (DSC).
The presented research covers seven technologies and solutions used for DSC, as compared
with eleven effects of transformation process. Main finding of this paper is that for DSC
transformation the most important technologies are synchronized scheduling (with mean of
3.993 in five-point scale) and flexible and dynamic order processing (mean of 3.986). Further-
more, both technologies showed highest correlations with the effects of DSC transformation
process. Moreover, based on the results of factor analysis, we claim that only a decisive and
comprehensive introduction of technologies related to the digital transformation of supply
chains can give positive effects, while a partial implementation of DSC technologies may even
worsen the company’s results. The presented research allows for a better understanding of the
context that determines DSC transformation, especially in the case of applied technologies
and achieved effects of operations, as well as complex interdependencies between analyzed
items of each variable. The results can provide foundations for digital transformation strategy
of supply chains.
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Introduction

In rapidly changing and disruptive environments,
supply chains are increasingly exposed to risk due to
many interdependent factors such as globalization and
its consequences for internal and external risk occur-
rence, environment volatility, swift changes in customer
behaviour and expectations, and so on (Aqlan & Lam,
2015; Shekariana & Parast, 2021). In the face of these
fluctuations, it becomes increasingly crucial and, at
the same time, more difficult to maintain the effec-
tiveness and efficiency of supply chains (Mielcarek &
Piekarczyk, 2023). The challenge of improving sustain-
able outcomes in the supply chains derives from the
focal company policy, and the need for an integra-
tion bundle of targets combining social, economic and
environmental areas (Carter & Rogers, 2008).
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Furthermore, these processes are driven by the rapid
development of information and communication tech-
nology (ICT) which causes the digital disruption phe-
nomenon (Queiroz et al., 2021). This has a range of
consequences and affects economy and social inter-
actions in basically all industries, starting from the
way the business model operates, all the way through
to how people – organization relations are organized
(World Economic Forum, 2016; Cieśliński et al., 2017).
At the same time the digital transformation of supply
chains can emerge as a solution that can mitigate some
of the risk and create expected value for stakeholders
(Ageron et al., 2020).

Digital supply chains (DSC) are more responsive to
business environment changes in comparison to tradi-
tional supply chains, as well as providing transparency
for actors engaged in a whole supply chain, which
fosters better decision making and communication pro-
cesses (Preindl et al., 2020). DSC focus on development
and the adoption of technologies “that strengthen the
integration and the agility of the supply chain and thus
improve customer service and sustainable organisation
performance” (Ageron et al., 2020).
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Despite some progress in digitalisation, understand-
ing of DSC is in a relatively early stage (Büyüközkan
& Göçer, 2018) and there are several research gaps
including capabilities and the framework supporting
the digitalization process of supply chains (Queiroz
et al., 2021).
Based on the above, the main goal of this paper is

to analyse and describe the relation between imple-
mented technologies and achieved effects of the digital
transformation process of the supply chains. There-
fore, as explication, it is worth formulating a number
of research questions which allow for in-depth analysis
of this phenomenon:
1. Which technology plays a key role in DSC trans-

formation process?
2. What is the interplay between specific technology

and the effects of DSC transformation process?
3. What is the nature of the relationship between

investment in DSC technologies and the company’s
achieved results?

This paper is composed of several chapters consist-
ing of a literature review, data gathering and research
sample, applied methods, empirical results, and dis-
cussion and conclusions.

Literature review

Supply chain management, in the general sense, is
focused on providing the right item, with compatible
quantity and condition, to the proper place at the right
time and at the accepted price (Mallik, 2010). Another
broader definition points out that supply chain man-
agement concerns a company’s network of relationships
with other organizations and internal units providing
supplies of material, purchasing, logistics, production
facilities, marketing, and other systems that enable
two-way flows of tangible assets, finances, services, and
information for the benefit of adding value, increas-
ing profitability, and acquiring customer satisfaction
(Stock & Boyer, 2009). Over recent decades, the supply
chain has become more complex and internationalized,
which, as a consequence of numerous turbulences (such
as COVID, technological sanctions on China or the
military conflict in Ukraine), is causing numerous prob-
lems and disruption in terms of SC efficiency (Jacobs
et al., 2022; Pujawan & Bah, 2021; Yang, 2017). One
of the directions that will partially offset VUCA envi-
ronment and allow for the mitigation of these negative
influences is the use of new technologies.

The use of digital technologies has enriched supply
chain management methods. There are two basic ap-
proaches: the first is to analyse and focus on the entire
product life cycle, including all its components and the

remains of each product. The second is to take into
account the processes of recording and transmitting
data, which, thanks to the use of human and artificial
intelligence, can be transformed into information and
then into knowledge and wisdom (Paprocki, 2017).
New technologies redefine how traditional supply

chains operate and accelerate reorientation towards
DSC, by introducing numerous technologies, such as:
Internet of Things, cyber-physical systems, big data
and cloud computing, as well as blockchain (Kache
& Seuring, 2017; Korpela et al., 2017; Li et al. 2018;
Queiroz et al., 2021). The digital supply chain focuses
on the development of information systems and imple-
mentation of innovative technologies that integrate and
enhance the agility of the supply chain and as a result
improves a company’s sustainable performance and
customer service (Ageron et al., 2020). Another, more
network oriented definition of DSC, is presented by
Kinnett (2015), according to whom it is “an intelligent,
value driven network that leverages new approaches
with technology and analytics to create new forms of
revenue and business value, through a centric platform
that captures and maximises the utilization of real
time information emerging from a variety of sources”.

DSC implementation is a rather long-term and cyclic
process that not only transform relations between
organisations, but also cross-functional dependencies
within organisations. Moreover, to achieve a rise in sup-
ply chain performance, companies have to develop ca-
pabilities, covering digitalization to enable the proper
use of technologies and integrate them with their em-
ployees, suppliers and customers throughout the whole
supply chain, as well as in terms of sharing tangible
and intangible assets (Ocicka & Wieteska 2017). This
can be achieved by the use of ICT resource to trans-
form physical activities to digital form, integrating
both physical and digital tasks in order to minimise
resource usage and improve productivity, real-time
feedback, as well as network visibility, fostered by data-
management tools and abilities (Queiroz et al., 2021).
This point of view is also confirmed by Büyüközkan
and Göçer (2018) who claim that DSC is an intel-
ligent technological system based on the capability
to display large amounts of data, provide top level
communication and cooperation to synchronize and
support interaction between all entities involved in
the network, in order to make services “more valuable,
accessible and affordable with consistent, agile and
effective outcomes”.

There is lengthy research on the implementation of
new technologies in supply chains, such as that which
concerns elements of industry 4.0 (Kache & Seuring,
2017; Korpela et al., 2017; Li et al., 2018), management
perspective focusing on development of organization
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capabilities in digitalization of supply chain (Srai et al.,
2016; Queiroz et al., 2021) or achieved company results:
such as improving integration with customers and in-
creasing efficiency of flows (Büyüközkan & Göçer 2018)
and resource usage (Queiroz et al., 2021), or creating
competitive advantage (Korpela et al., 2017). More-
over, implementation of new technologies into DSC
improves overall efficiency, level of services, compet-
itive value for market (Lee et. al., 2022) and reduces
errors and risk in the processes (E-Fatima et al., 2022).
Nonetheless, there still exists lack of sufficient and com-
prehensive analysis, providing wide and in-depth com-
parison of different technologies involved in DSC and
the achieved results of operations. In order to address
this research gap, it was necessary to collect quantita-
tive raw data and subject them to statistical analysis.

Data gathering and research sample

The main goal of this paper was to analyze and de-
scribe the relation between implemented technologies
and the achieved effects of the digital transformation
process of supply chains. Therefore, several research
questions were formulated to enable the achievement
of the goal:
1. Which technology plays a key role in DSC trans-

formation process?
2. What is the interplay between specific technology

and effects of DSC transformation process?
3. What is the nature of relation between investment

in DSC technologies and the company’s achieved
results?

Research procedure contains five stages (Figure 1).
First step of the research procedure was preliminary

pilot studies with three business practitioners to check

Pilot 
study

Creating 
survey 

questionnaire

Gathering 
data (CAWI 

method)

Rejection of 
incorrect 
surveys

Stage 1 Stage 2 Stage 3 Stage 4

Fig. 1. Research procedure

the comprehensibility of the definitions and the ques-
tions asked. Based on this feedback the survey question-
naire, covering 22 questions, was created. The primal
data were obtained with use of the CAWI (Computer-
Assisted Web Interview) method. The research covers
two years of company operation, 2021–2022, and it
was carried out in January of 2023. The study’s re-
spondents were middle-level managers and specialists
in the logistic, technology or production departments.

A total of 300 responses were gathered from Polish
companies with the use of a random selection method.
Next, 293 responses were approved as correctly
completed questionnaires and were included for
further analysis.

The surveyed companies are dominated by large
sized entities (39.9%), transport and warehouse man-
agement as a scope of operation (31.7%), operating
more than 20 years (44.3%) and with national own-
ership (42.6%) – see Table 1. In terms of the imple-
mentation intensity of DSC transformation process
the results are fairly even distributed, with the leading
roles of building competences and modelling phase
(3.672 in five-point scale). In the case of the type of en-
tity that is important for DSC transformation, the key
roles were played by buyers and suppliers (respectively
4.165 and 3.920 in five-point scale).

Table 1
Characteristics of the research sample, n = 293

Dominant scope of ac-
tivity

Transport and
warehouse

management – 31.7%

Industrial processing
– 16.4%

Other service
activities – 41.3%

Wholesale and retail
trade – 10.6%

Period of years 1–3 years – 14.8% 4–9 years – 17.5% 10–19 years –23.4% 20 and more – 44.3%

Company’s ownership National – 42.6% International under foreign control – 22.9%
International under
Polish control –

34.5%

Phase of DSC trans-
formation

Planning and
preparation for the
change – 3.597

Building
competencies and
modelling – 3.672

Implementation –
3.636

Evaluation and
improvement – 3.582

Most important enti-
ties of DSC Buyers – 4.165 Suppliers – 3.920 Competitors – 3.759

Internal departments
of the company –

3.602
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Applied methods

In terms of calculations, Spearman Correlation and
factor analysis were applied. The first method allowed
for the estimation of the covariation of two comparable
data series. In terms of Spearman Correlation, all of
the achieved results meet p<0.05 threshold.

Factor analysis was then used to evaluate the struc-
ture of data by assessing the variables’ correlations. In
general, the data are summarized into dimensions by
assigning variables into a small group of latent factors.
Those factors cannot be directly measured; however,
they do allow the possibility for drawing interesting
conclusions. Each original variable can be presented as
a linear function of estimated factors. In terms of anal-
ysis, the percentage of variance (% Variance) indicate
the portion of variance that factors explain. Moreover,
each factor explains a lesser part of the variance.
A questionnaire survey containing 22 questions on

a five-point scale was implemented (where: 1 – is not
important, and 5 – is very important). The collected
data were checked by two independent analytic sources
to assure its correctness. To carry out the calculations
MiniTab 2022 statistical software was applied.

Empirical Results

The first of the aspects analysed in the study is the
importance of applied technologies of digital supply
chain transformation (Table 2). Altogether, there
are 7 implemented technologies and solutions used
for DSC, which were analysed. The most important
are synchronized scheduling (with mean of 3.993
on a five-point scale, standard deviation 0.933) and
flexible and dynamic order processing (mean of 3.986,
standard deviation 1.033).
Implemented technologies such as smart delivery

(3.867) and digital platform of information exchange
(3.782) turned out to be a little less important. Digitiza-
tion of customer and consumer experience (3.672), dig-
ital development – intelligent product factory (3.515)
and smart factory (3.468) were rated the lowest in
terms of importance. To sum up for DSC transforma-
tion, the most important technologies are synchronized
scheduling and flexible and dynamic order processing.

In the next stage, the effects of digital supply chain
transformation were analyzed (see Table 3). The most
important effects of digital supply chain transforma-
tion are the increase in work productivity (mean of
4.250), but also flexibility and the ability to adapt
(mean of 4.200). The economies of scope and synergy
effect (4.000) are important as well. Enterprises also

Table 2
The importance of technologies of digital supply chains,

n = 293

Technologies of digital supply
chains

Mean Standard
deviation

Synchronized scheduling 3.993 0.933
Flexible and dynamic order

processing
3.986 1.033

Smart delivery 3.867 1.049
Digital platform of

information exchange
3.782 1.027

Digitization of customer and
consumer experience

3.672 0.959

Digital development –
Intelligent product factory

3.515 1.022

Smart factory 3.468 1.064

noted an increase in innovations, reduction of the costs
of investment activities, operating costs incurred and
the time of operation.
Changes in employee retention, diversification

of activities and specialization were also noticed.
However, these effects were the least common in the
study. But still the gap between the most important
effect of DSC transformation and the least important
is not very significant.

Table 3
The effects of the digital supply chain transformation,

n = 293

The effects of the DSC
transformation

Mean Standard
deviation

Work productivity 4.250 0.812
Flexibility and the ability to

change
4.200 0.815

Economies of scope and
synergy effect

4.000 0.960

Innovation 3.900 0.927
Reducing the costs of
investment activities

3.842 0.957

Reduction of operating costs
incurred

3.789 0.928

Economies of scale 3.750 0.903
Time of operation 3.700 0.770
Employee retention 3.450 0.929

Diversification of activities 3.400 0.954
Specialization 3.350 0.904

The next analysis that can give some explanation is
the correlation between applied technologies of the DSC
transformation process and achieved effects of opera-
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tions (see Table 4). All of the activities examined in the
DSC transformation process are shown to be positively
correlated and those relations are statistically significant.
There is a moderate correlation between synchro-

nized scheduling and time of operation (0.427) as well
as between synchronized scheduling and flexibility and

the ability to change (0.405). Another set of relations
can be found between the flexible and dynamic order
processing and flexibility and the ability to change
(0.438), and work productivity (0.435). Both technolo-
gies (synchronized scheduling and flexible and dynamic
order processing) showed the highest correlations with

Table 4
Spearman Correlations of technologies and effects of DSC, n = 293

Technologies of DSC

Effects of DSC Synchronized
scheduling

Digitization
of customer
and consumer
experience

Smart factory Smart
delivery

Diversification of ac-
tivities

0.156 0.304 0.375 0.298

Time of operation 0.427 0.288 0.286 0.280
Flexibility and the
ability to change

0.405 0.346 0.333 0.370

Work productivity 0.398 0.374 0.291 0.390
Employee retention 0.257 0.208 0.313 0.256
Specialization 0.235 0.295 0.201 0.215
Innovation 0.222 0.271 0.281 0.346
Reducing the costs of
investment activities

0.242 0.369 0.260 0.269

Reduction of operat-
ing costs incurred

0.325 0.363 0.268 0.251

Economies of scale 0.346 0.254 0.307 0.198
Economies of scope
and synergy effect

0.334 0.271 0.330 0.285

Technologies of DSC

Effects of DSC

Digital
development –
Intelligent

product factory

Flexible and
dynamic order
processing

Digital platform
of information

exchange

Diversification of ac-
tivities 0.318 0.152 0.223

Time of operation 0.248 0.366 0.361
Flexibility and the
ability to change 0.334 0.438 0.360

Work productivity 0.241 0.435 0.324
Employee retention 0.268 0.239 0.287
Specialization 0.143 0.188 0.241
Innovation 0.321 0.300 0.330
Reducing the costs of
investment activities 0.363 0.247 0.197

Reduction of operat-
ing costs incurred 0.386 0.320 0.285

Economies of scale 0.263 0.249 0.256
Economies of scope
and synergy effect 0.374 0.295 0.385
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the effects of DSC transformation process. Those ob-
servations can leverage performance of DSC, not only
by a need to improve a company’s technology base,
but also to increase awareness of enterprises with the
potential of achieving better results.
The next main point of analysis concerns factor

analysis of technologies and effects of DSC (Table 5).
The use of multidimensional analyses, such as factor
analysis allow one to uncover more complex and hidden
dependencies. Factor analysis shows, that taking the
complex and comprehensive path to conduct DSC
transformation process, will increases the level of all
obtained effects (compare factor 1 with other factors
presented in Table 5).

Altogether, there were 18 variables that indicate the
designation of 18 factors, of which five will be analysed
in detail. These five first factors explain 61.6% of the to-
tal variance of the variables investigated. Factor 1 (sec-
ond column in Table 5) indicates that almost 38.1% of
the analysed dependencies achieve positive effects with
increasing implementation of technologies of digital
supply chains. They achieve high positive correlation
with all elements of technologies of DSC and also posi-
tive effects of DSC transformation. From this it follows
that it is worth investing in technologies and solutions
used for DSC, of course, if enterprises possess the re-
sources and capabilities to do so, as, thanks to this,
they achieve positive effects of DSC transformation.
Particularly positive changes were noticed in increasing
flexibility and the ability to change (0.662) and reduc-
tion of operating costs incurred (0.637). Implemented
technologies and solutions used for DSC had also a posi-
tive impact on the increase of economies of scale (0.618)
and economies of scope and synergy effect (0.620). As
a result of the implementation of technologies of digital
supply chains, additional positive effects were noticed,
such as: work productivity (0.659), innovation, where
specialization has increased with time of operation
(0.617), but employee retention has decreased.

Summarizing factor 1 indicates that almost 40% of
the analysed variance can be called “comprehensive”
digital supply chain transformation, because it achieves
high positive correlation of all the implemented tech-
nologies and solutions used for DSC and also high
positive effects of DSC transformation.
Factor 2 shows different results, which explain 9%

of the variance. In this case the implemented tech-
nologies and solutions used for DSC do not affect for
improvement in the effects of DSC transformation. In
other words there are companies that have negative
correlation between applied digital technologies of sup-
ply chain and the effects of DSC transformation. It
can be seen that technologies for DSC are particularly
negatively correlated with specialization (–0.455) and

reducing the costs of investment activities (–0.437).
In the case of factor 3, which applies to 6.6% of the

variance, the situation is quite different. A positive
correlation can be noticed between only some of imple-
mented technologies and solutions used for DSC and
effects of DSC transformation.
Factor 3 can be called “operational excellence” of

digital supply chain transformation with focus on syn-
chronized scheduling, flexible and dynamic order pro-
cessing and digital platform of information exchange.
Factor 4 represents almost 5.3% of the variance

and can be called “caring for economies of scale and
synergy” of digital chain transformations. Those busi-

Table 5
Factor analysis of technologies and effects of DSC.

Unrotated Factor Loadings and Communalities, n = 293

Variable Factor1 Factor2 Factor3
Technologies of DSC transformation

Synchronized scheduling 0.626 0.280 0.209

Digitization of customer
and consumer experience

0.641 0.290 –0.071

Smart factory 0.651 0.349 –0.361

Smart delivery 0.644 0.399 –0.056

Digital development – In-
telligent product factory

0.628 0.288 –0.433

Flexible and dynamic or-
der processing

0.640 0.428 0.267

Digital platform of infor-
mation exchange

0.620 0.334 0.026

Effects of DSC transformation

Diversification of activities 0.485 –0.148 –0.426

Time of operation 0.617 –0.049 0.309

Flexibility and the ability
to change

0.662 –0.043 0.339

Work productivity 0.659 –0.065 0.436

Employee retention 0.559 –0.296 –0.013

Specialization 0.564 –0.455 0.185

Innovation 0.595 –0.208 0.146

Reducing the costs of in-
vestment activities

0.620 –0.437 —0.221

Reduction of operating
costs incurred

0.637 –0.263 –0.091

Economies of scale 0.618 –0.371 –0.168

Economies of scope and
synergy effect

0.620 –0.195 –0.177

Variance jun. 78 jan. 57 jan. 65

% Variance 0.381 0.090 0.066

Table continued on next page
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Table continued from previous page

Variable Factor4 Factor5 Factor6

Technologies of DSC transformation

Synchronized scheduling 0.354 -0.193 0.126

Digitization of customer
and consumer experience

–0.181 –0.288 0.284

Smart factory –0.065 0.146 0.061

Smart delivery –0.194 0.137 -0.051

Digital development – In-
telligent product factory

–0.080 –0.018 –0.239

Flexible and dynamic or-
der processing

0.061 –0.118 –0.055

Digital platform of infor-
mation exchange

0.081 0.138 –0.062

Effects of DSC transformation

Diversification of activities –0.098 0.210 0.478

Time of operation 0.338 0.036 0.198

Flexibility and the ability
to change

–0.129 0.147 –0.224

Work productivity –0.150 –0.042 0.134

Employee retention 0.046 0.327 0.156

Specialization –0.230 0.133 0.235

Innovation –0.403 0.201 –0.348

Reducing the costs of in-
vestment activities

–0.113 –0.388 –0.092

Reduction of operating
costs incurred

–0.079 –0.518 –0.102

Economies of scale 0.419 –0.056 –0.083

Economies of scope and
synergy effect

0.406 0.254 –0.287

Variance 0.9561 0.9140 0.8110

% Variance 0.053 0.051 0.045

nesses focus also on synchronised scheduling, flexible
and dynamic order processing and digital platform
of information exchange.
Factor 5 covers 5.1% of the variance and can be

described as “innovation and diversification excellence”
of the transformation of the supply chain. These
companies focus on smart company, smart delivery
and digital platform of information exchange that
results in the rise of innovation, specialization and
diversification of activities.
Those observations have a profound meaning for

practical implications and decision making in terms of
planning and executing DSC transformation process.

Variable Factor7 Factor8 Factor9

Technologies of DSC transformation

Synchronized scheduling 0.039 0.008 0.092

Digitization of customer
and consumer experience

–0.045 0.334 0.101

Smart factory 0.105 –0.176 0.039

Smart delivery 0.090 –0.231 0.204

Digital development – In-
telligent product factory

0.142 –0.158 –0.123

Flexible and dynamic or-
der processing

0.030 0.032 0.114

Digital platform of infor-
mation exchange

–0.081 0.499 –0.244

Effects of DSC transformation

Diversification of activities –0.428 –0.091 –0.068

Time of operation –0.036 –0.224 –0.377

Flexibility and the ability
to change

–0.139 –0.151 0.106

Work productivity –0.064 –0.205 0.066

Employee retention 0.567 0.036 –0.190

Specialization 0.129 0.203 0.242

Innovation –0.223 0.082 –0.177

Reducing the costs of in-
vestment activities

0.189 0.040 0.120

Reduction of operating
costs incurred

–0.048 –0.065 –0.318

Economies of scale –0.159 –0.092 0.242

Economies of scope and
synergy effect

–0.099 0.195 0.134

Variance 0.7193 0.6960 0.6297

% Variance 0.040 0.039 0.035

Discussion

Based on the above empirical results, there are sev-
eral dependencies that require reference to the broader
context presented in the literature on the subject.
Among all of the analized technologies the leading
role, in terms of shaping DSC effects, is played by two
main elements. The first one is synchronized schedul-
ing, that can be described as “synchronized decision of
production scheduling and warehouse operation (. . . )
to maximize the overall efficiency” (Luo et al., 2019).
There are numerous studies that emphasize that align-
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ment of logistics and production processes can result in
cost savings of supplies, manufacturing and warehouse
operation Azad et al., 2022; Li et al., 2005; Luo et al.,
2017; Melchiori et al., 2022), shorter delivery lead time
(Melchiori et al., 2022; Van Belle et al., 2012), helping
to meet customer needs (Hilali et al., 2022; Stecke and
Zhao, 2007), building robustness and shock resistance
of supply chain (Luo et al., 2024) and synchronized
information systems play a significant role in achiev-
ing optimized supply chain operations (Maagi, 2024)
While this study goes along with those findings it also
completes and emphasizes the meaning of flexibility
and the ability to change the achieved result (correla-
tion coefficient with synchronized scheduling is 0.405).
Flexible and dynamic order processing is another

technology with the highest impact on DSC effects.
Order processing “has direct and indirect influence on
various economic and logistic objectives and thus can
help to improve the flexibility of manufacturing com-
panies” (Maier et al., 2021). Kähkönen, Evangelista,
Hallikas, Immonen, Lintukangas (2021) emphasize that
material and product shortages and delivery delays
spread very quickly, leading to additional undesirable
effects on supply chain performance and resilience
deterioration (Kähkönen et al., 2021). Among the ob-
jectives influenced by order processing are the delivery
time, due date compliance, inventory cost of the fin-
ished goods storage, as well as manufacturing costs
(Grigutsch, 2016; Nywlt, 2015; Olhager 2003) and dy-
namic capabilities (Khanuja & Jain, 2023; Ramos et
al., 2023). MacCarthy (2013) claims that flexibility is
one of the crucial aspects of order processing and is
dependent on an order processing strategy, constant
technological improvement and globalization (Maier
et al., 2021). Moreover, many researchers emphasize
that the decision making process plays the key role in
flexibility of order processing which may vary between
different members in the supply chain and the time
horizon of decisions (Manders et al., 2016) and costs
assigned to whole supply chain and chain nodes (Wad-
hwa, 2008). Khanuja and Jain claim that improvement
of performance is possible only for fully integrated
organizations since it allows for better collaboration
based on information and data sharing, as well as
integration of knowledge. This “develops tight synchro-
nisation that may result in a flexible supply chain
and improve productivity” (Khanuja & Jain, 2023).
Khanuja also emphasizes that supply chain flexibility
(SCF) is essential to respond to customers’ require-
ments in terms of time, ranges, volume and innovative
products (Khanuja & Jain, 2023). Wang Y., Yan F.,
Jia F., Chen L. (2023) pay attention to the importance
of managing information to develop necessary capabil-

ities and mitigate supply chain disruptions. Flexible
order processing is especially crucial since suppliers’
lead time increases and it can cause delays in the
delivering of the final product to the consumer and
negatively affect customer satisfaction and thus can
lead to decline in demand (Singh et al., 2019). On
the other hand, increase of demand will cause longer
order processing time, due to the need of frequent
changeovers, developing employees’ competences and
a supplier lead time increase. The longer the delays
of product delivery time, the more the capacity of
warehouse inventory increases as a result (Singh et
al., 2019). Therefore, those observations go along with
the empirical findings of this paper, that flexible and
dynamic order processing is not only responsible for
agility and the ability to change but also increased
work productivity (see Table 4).

Conclusions

The aim of this article is to analyze and describe
the relation between implemented technologies and
achieved effects of digital transformation process of
the supply chains. The research procedure covers sev-
eral analyses that allow for formulating the following
observations and final conclusions.

All of the seven technologies implemented in digital
supply chain transformation process have positive cor-
relations with obtained effects by DSC (see Table 4).
Among them there are two elements that stand out
from the rest of the analyzed items. The first one is
synchronized scheduling that has medium strong re-
lationships with reducing the time of operation and
improving flexibility and the ability to change (the
correlations are respectively 0.427 and 0.405). The
second one is flexible and dynamic order processing,
which increases work productivity and flexibility and
the ability to change (the correlation of those couples
are respectively 0.435 and 0.438).

In general, the most important effects of DSC trans-
formation process are work productivity (with mean
result of 4.25 in 1-5 scale, see table 3) and flexibility
and the ability to change (with mean 4.00). These
findings support other surveys presented in the liter-
ature (MacCarthy, 2013; Maier et al., 2021, p. 267;
Singh et al. 2019). But taking into account the broader
perspective of DSC transformation process, it is also
important to emphasize the role of other effects such
as economies of scope and synergy effect, increasing
innovation and reducing costs (see Table 3). Going
along with this multifaceted perception, it is presented
in numerous research where this approach is commonly
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applied in the literature on the subject (Maier et al.,
2021; Mielcarek & Piekarczyk 2023; Seebacher & Win-
kler 2013).

Moreover, this conclusion directs one towards the use
of multidimensional analyses, such as factor analysis,
cluster analysis or structural equations method, that
allow for the uncovering of more complex and hidden
dependencies. For instance, conducted factor analysis
shows that taking the comprehensive approach to con-
duct DSC transformation process, with complex and
systematic development of all indicated technologies,
makes it possible to increase the level of all obtained
effects, in particular: flexibility and ability to change,
work productivity and reducing operating costs in-
curred (compare factor 1 with other factors presented
in Table 5). These observations have a profound mean-
ing for practical implications and decision making in
terms of planning and executing DSC transformation
process. Based on the achieved result, a trade-off rela-
tion between investment and obtained results of DSC
emerges. This creates a decision field described by
two axes: 1) the number and degree of applied DSC
technologies and 2) the scope of achieved results. This
allows for the setting of a certain entry threshold to
achieve specific results, which is outlined in the case
of factor analysis (for instance see factors 3, 4, 5 or 7
presented in Table 5).

This also paves the way for further, in-depth research,
which can be extended by applying further criteria pre-
sented below in the Limitations of research section.

Limitations of research

The presented research has some limitations. The
first is the structure and size of the surveyed sample,
which with further research could include more entities
form across different countries. The second limitation
considers the scope of the research. In particular, it
would be interesting to analyse the role of entities
in the supply chain as well as the specific order pro-
cessing strategies like MTO, MTS, ETO, and ATO.
The third barrier would be applied technologies and
effects of DSC transformation process that certainly
could be extended in order to provide a more complex
and multilateral analysis. With this perspective, other
statistical methods could also be considered, such as
PLS-SEM, that can bring more cognitive value into
the topic. The last limitation concerns cognitive errors
resulting from data acquisition. The main issue is the
use of a single respondent approach, which undoubt-
edly limits the objective assessment of the state of
a given phenomenon in the entire enterprise. Addition-
ally, many of the examined issues were assessed with

a single digit, which again indicates the need for fur-
ther verification of the obtained data, i.e. by applying
a method for in-depth quality research.
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