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Abstract: The aim of the paper is to determine the influence of BMI based on new technologies on
a company’s competitive advantage. In order to accomplish the aim a quantitative research was
performed using the computer assisted telephone interview (CATI) method. There are two main
outcomes of the research. Firstly, BMI based on new technologies has a positive influence on a
company’s competitive advantage. Secondly, it was proven that the greater the use of technologies
for BMI the greater a company’s competitive advantage is. Taking into account the research results,
the paper explains how they contribute to the development of two theories—the theory of innovation
as well the theory of competitive advantage. Several recommendations for business practice as well
as policy makers are also formulated.
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1. Introduction

How can companies build competitive advantage today? While globalization brings
global opportunities such as access to foreign markets, it also brings global threats such as
pandemics. Rivalry between companies is very strong and every company is looking for
new ways to outperform competitors and ensure favorable market position.

Unexpectedly, a breath of fresh air has been pumped into the fierce competitive
fight existing between companies. There were two reasons for this: firstly, the increasing
interest in the phenomenon of business model innovation (BMI), which is considered
a fundamentally different way of doing business within an existing one [1]; secondly,
the fourth industrial revolution with its pool of innovative technologies called “new
technologies”. In this context it should be noted that innovative technologies are essential
for businesses to stay competitive [2]. This has led to representatives of business practice
seeing the potential and they have tried to combine their advantages by introducing BMI
based on new technologies.

However, implementation of BMI is not an easy task [3]. As stated by [4],”BMlI is of
critical importance in the business environment of the fourth industrial revolution, yet
such innovation is very difficult to achieve”. Additionally, there is a dispute between
researchers on the role played by BMI based on new technologies for a company’s competi-
tive advantage. Some authors, e.g., [5], believe that BMI based on new technologies have a
positive impact on competitive advantage, but there are also those who think otherwise.
For example, [2] stated that “changing the business model by introducing technological
and sustainable components puts companies at high risk”.

Having in mind these two contradictory stands within the literature on BMI based
on new technologies and competitive advantage, the present authors decided to make an
attempt to clear up existing doubts. The aim of the paper, therefore, is to determine the
influence of BMI based on new technologies on a company’s competitive advantage.
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In order to accomplish the paper’s aim, two research methods were applied: critical
analysis of the literature and empirical research in a quantitative form.

The reason to determine the influence of BMI based on new technologies on a com-
pany’s competitive advantage is motivated by two facts. Firstly, the existing publications
on BMI and new technologies tend to omit the possible synergic effects resulting from the
use of few technologies at the same time. Existing literature (with some exceptions, e.g., [6])
tend to present the influence of specific technologies used for BMI purposes on a company’s
competitive advantage but omit to examine the effects of their joint utilization. Secondly,
the existing literature identifies the effects of combining BMI with specific new technologies,
but neglects to examine how these effects are reflected in company performance indicators.
While the present study is aimed to fill up the existing gaps it should be seen as a relevant
contribution to the research on BMI, new technologies and competitive advantages.

The paper consists of six sections. The literature review presents a critical review of
existing research on BMI based on new technologies and competitive advantage. In this
part of the paper an added value was provided by defining the current state of knowledge
as well as identifying a research gap. In order to fill the existing research gap, two research
hypotheses were formulated. The Materials and Methods section explains the adopted
research perspective, gives detailed information on the research undertaken and the method
of collecting data from primary sources. It also contains information describing the types
of measures and statistical methods applied for the analysis. The Results section presents
the outcomes of the performed analysis in the form of observations on the influence of
BMI based on new technologies on a company’s competitive advantage. Observations
were supported with comments giving explanations for the reasons and causes for the
present situation. The Discussion section compares the results obtained with existing
research. It also discusses similar stances adopted by other research which supports the
conclusions of the present paper. The Conclusions section presents the main outcomes of
the study. It explains how the results enrich the current state of knowledge and develop
the existing theoretical foundation. Recommendations for business practice representatives
and policy makers are also formulated to aid them manage BMI based on new technologies
and build competitive advantage of companies. The final two sections of the paper are
acknowledgements and the list of references.

2. Literature Review and Research Hypotheses Development

Business model innovation has been a popular topic for some time. The increased
research interest in BMI is represented by the dynamically increasing number of scientific
publications touching on this subject. Although much attention has been paid to BMI,
there is no consensus on a universal definition of the concept [4]. As stated by [7], BMI
defines how a company creates and delivers value to customers and how it captures
value. On the other hand, according to [8], BMI refers to how: “organizations transform
new ideas into improved business models in order to advance, compete and differentiate
themselves successfully in their marketplace”. Both definitions suggest that BMI influences
a company’s competitive advantage. The more radical character of transformation and
change, the more competitive a BMI is [2].

Additionally, some authors point out that BMI is defined as: “designed, novel, nontriv-
ial changes to the key elements of a firm’s business model and/or the architecture linking
these elements” [9]. Such a definition underlines two aspects. Firstly, BMI is “designed”
which means that it is a conscious and deliberate action undertaken by a company. It means
that companies try to implement BMI with hope to influence a company’s competitive
advantage and outperform competitors. Although in the literature on innovation [10]
a conscious and deliberate manner of creating innovation is believed to bring fruitful
results again it has to be pointed out that successful implementation of BMI is difficult [2,3].
Secondly, the definition points out “elements” that need to be subjected to change. In the
literature these “elements” can be seen from different perspectives, e.g., [4,11,12]. However,
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many researchers [13-15] point out that resources possessed by a company have a special
place among different BMI elements.

When it comes to resources possessed by a company some authors [2,16] point out
that technology can be used in order to deliver BMI. In this context it should be noted
that not all researchers believe that technology plays a crucial role in creating BMI. One
of the most famous (when it comes to number of citations—2006 already) publications on
BMI is titled: “Business model innovation: it’s not just about technology anymore” [17].
Therefore research which touches both on resources and BMI is divided into two streams.
The first stream includes research which neglects the role of technology, concentrating on
other, softer types of resources such as capabilities [18,19], knowledge [20] or intellectual
capital [21]. However, the second stream contains research which proves that technology is
an inseparable element of BMI and, as stated by [22,23], BMI and technology are intercon-
nected. Authors associated with this stream believe that technology can not only help a
company to deliver BMI [24], but that BMI can also result in technology creation [25,26].
The second stream of research is becoming increasingly important, because of the dynamic
growth of what is called “new technologies”. According to [3]: “new technologies are
responsible for enabling new business models”.

New technologies are defined as “any set of productive techniques which offers a sig-
nificant improvement (whether measured in terms of increased output or savings in costs)
over the established technology for a given process in a specific historical context. Defined
thus, what is seen as ‘new’ is obviously subject to continual redefinition, as successive
changes in technology are undertaken” [27]. With that in mind, it should be noted that even
though new technologies are used by companies more often than ever before, it is difficult
to find a classification of technologies which are supposed to be considered as “new”.
In this context, information provided by BCG [28] can be useful, which indicates that
new technologies include: autonomous robots, simulation, integration of horizontal and
vertical systems, Internet of Things, cyber security, cloud, additive production, augmented
reality and Big Data. This classification was used by [29] who researched BMI based on
new technologies. However, in a result of conducted qualitative study [29], enriched the
classification provided by [28] and suggested to add artificial intelligence (Al), drones,
electric vehicles and blockchain to the existing list of new technologies.

This present study, which concentrates on BMI based on new technologies, uses the
classification suggested by [29]. There are three reasons for that. Firstly, the classification
provided by [29] was published more recently than [28] which means that it offers a more
up-to-date perspective. Secondly, it does not deny information suggested by [28] which is
one of the most respected consulting companies in the world. On the contrary—it builds
on BCG’s classification. Thirdly, classification provided by [29] identifies thirteen instead of
nine new technologies which enable adoption of broader research perspectives. Therefore,
whenever the term “BMI based on new technologies” is mentioned in the paper, it refers to
BMI which utilizes at least one of the technologies listed by [29].

In order to examine the phenomenon of competitive advantage of companies char-
acterized with BMI based on new technologies, the present authors performed a critical
analysis of literature. When reviewing the literature both EBSCO and ProQuest databases
were searched for information. The reason for choosing these specific databases was the
number of full text publications. Additionally, publications of globally respected consult-
ing companies (such as BCG, Gartner, Forrester, EY, PWC and Deloitte) were taken into
consideration. In order to be included in the literature review process a publication needed
to meet three criteria: (1) touch on BM], (2) touch on at least one of the new technologies
from adopted classification, namely: autonomous robots, simulation, integration of hori-
zontal and vertical systems, Internet of Things, cyber security, cloud, additive production,
augmented reality and Big Data, drones, Al, electric vehicles and blockchain, (3) refer
to competitive advantage. Results of performed literature review are presented from
perspective of different types of new technologies.
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Concerning autonomous robots, they can modify the way a company operates in the
market and enable BMI. According to Deloitte’s report [30], there are certain advantages
of autonomous robots, especially in reference to supply chain management that include
among others reduction of costs, error rate and frequency of inventory checks, increased
productivity as well as optimizing picking, sorting, and storing times. All these advantages
strongly affect companies competitive advantages. Such a statement is supported by
another consulting company Ernst&Young [31], according to which robots are affecting the
efficiency of companies operations in many areas from finance, human resources, and IT to
customer care.

When it comes to simulation, analysts of Gartner believe that companies can use
them in order to innovate the existing business model by enhancing the decision making
process [32]. Companies representing different industries are using it to simulate real-
time working conditions and perform intelligent decision-making and implement cost-
effective solutions [33]. In this context, it is worthy to mention a special type of simulation
called digital twin (DT). They can simulate any aspect of companies operations. For
example DTs can simulate the operation of a process or device (group of devices) on the
basis of documentation which is aimed at eliminating any errors before implementing
or building a physical device. According to Deloitte [34], DTs can increase efficiency in
manufacturing, optimize supply chains, transform predictive field maintenance, and aid in
traffic congestion remediation. Apart from digital twins, another use of simulationworth
mentioning in reference to BMI is process replay in process mining. Process mining
is analyzing current state of business process performance as well as identification of
areas for improvement [35]. In this context, simulation can be used in order to represent
possible improvements by replaying processes in different scenarios to identify ways of
enhancing them.

When it comes to the integration of horizontal and vertical systems in the context of
BMI and competitive advantage one should acknowledge that it refers both to upstream
and downstream industry chains. It can serve as an effective way of gaining access to many
types of resources which a company cannot possess when acting alone [36]. A BMI based
on integration of horizontal and vertical systems often takes the form of a platform. Such a
solution comes with specific advantages, e.g., sustainability or reduction of operational
costs [37].

According to [4], BMI in the 21st century has to utilize such technologies as the Internet
of Things (IoT) which enables companies to acquire information and communicate with
physical products. Additionally, IoT allows the collection of real-time information from
the physical world [38]. Real-time data in combination with historical data can be used to
create the business models of tomorrow [39]. Thus, IoT equips companies with new tools
motivating them to migrate from conventional product-centric approaches to digitally-
based service-oriented approaches which results in BMI creation [40]. BMI based on IoT
can reshape whole industries, e.g., the results of a study conducted by [41] suggest that
IoT is an important factor causing retailers to innovate their business models. Moreover,
Reference [42] points out that a dynamic increase in the implementation of BMI based on
IoT is expected in the case of large manufacturing companies in the future.

When it comes to cyber security, BMI and competitive advantage, a few aspects should
be pointed out. The first one is the rapid development of 5G, which has a great potential
for companies willing to deliver BMI, and cyber security that helps to exploit it [43]. The
second aspect refers to the fact that cyber security ensures the proper implementation and
use of BMI. This fact finds confirmation in the proved negative impact of cyber security
breaches on innovative companies” business models. According to [44], cyber security
breaches could decrease both a company’s spending on R&D and number of patents. Last
but not least, cyber security helps to perform BMI and build competitive advantage by
differentiating a company in a novel way [45].

When it comes to the cloud, it seems to be the type of new technology receiving
the most research attention, as reflected in a high number of publications, e.g., [46—49].
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According to [50], thanks to the cloud, companies can sense and seize opportunities in order
to realign their business models and gain competitive advantage. In other words the cloud
may set off a company’s transformation process. It has to be pointed out, however, that
innovating a business model is driven by a company’s dynamic capabilities [48]. Where a
company lacks dynamic capabilities, it might minimize the potential to use the cloud in
order to create BMI and strengthen competitive advantage [50].

In the case of additive manufacturing, BMI and competitive advantage, it is believed
that 3D printing technologies influence the way BMI is delivered. Three-dimensional (3D)
printing supports the speed of prototype creation [51]. Therefore a company can act faster,
test more solutions and better serve the needs of the market. BMI which uses 3D printing
technologies are believed to result in a company’s success as well as increase the firm'’s
ability to survive in the market [52]. Furthermore, the scope of influence of BMI based
on additive manufacturing is not just limited to single companies, but to many business
entities. According to [53], it also affects entities engaged within supply chains.

When it comes to augmented reality (AR), Forrester’s analysts [54] point out that it
should be examined collectively with mixed reality (MR) and virtual reality (VR). AR is
an interactive experience of a real-world environment where the objects are enhanced by
computer-generated perceptual information [55]. MR, a related term, is the merging of
real and virtual worlds to produce new environments, where physical and digital objects
co-exist and interact in real time [56]. VR on the other hand is a computer-generated
simulation (although VR is a type of simulation it was decided to discuss it in the context
of AR; the reason for which is the similar nature of AR and VR, while both technologies
refer to real-and-virtual combined environments called extended reality (XR)) in which a
person can interact within an artificial environment [57]. According to [58], augmented
technology will affect the manner of how companies do business by enabling BMI. It
cannot only prolong product’s life cycles but also increase companies competitiveness.
Additionally, they fundamentally provide new methods of communication, learning and
specialist training for companies which operate in specific industries [57].

The other technology which has been studied from the perspective of BMI and com-
petitive advantage is Big Data. There are certain advantages for companies to implement
Big Data. Firstly, it can be used to gather information regarding the market and customer
behavior. Additionally, it enables a company to use real-time information and improve the
decision-making process. Utilization of Big Data enhances the course of action involving
strategic algorithms and procedures rather than simple use of managers’ intuition [3]. Thus
the company has a better understating of the market and greater ability to find market
niches which can be targeted with BMI [59].

According to [7], the use of artificial intelligence (Al) has become a primary issue for
business leaders considering BMI. The existing research on BMI, competitive advantage and
Al concentrates on two forms of Al: machine learning and neural networks (deep learning).
Results of the studies suggest that both forms of Al are speeding up BMI processes. The
influence of Al on BMI is visible in three different aspects of interactions: between humans,
humans and machines as well as between machines [60]. The last aspect seems to be of
utmost importance while it suggests that BMI can be developed solely by machines, not
engaging humans. Another interesting aspect is that Al can help to deliver green and
sustainable BMI [61]. However, [7] points out that firms are struggling to make sense of
the influence of Al and to come up with an appropriate Al strategy.

When it comes to drones, [62] states that they have become affordable enough to
complement different types of businesses. Although drones are often considered as a new
method of delivery, in the case of logistic solutions [63] they can also be used for different
purposes such as collecting information [64]. According to the report by PwC [65], the
usage of drones is becoming more and more popular in many industries. Additionally,
drones can not only help to generate internal efficiencies of operations, but also create new
revenue streams from a wide range of drone-related services. While these two aspects are
important elements of companies business model, implementing drones can enable BMIL
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In the case of electric vehicles (EV), BMI and competitive advantage, the existing
research points out the necessity to implement BMI. EV themselves are so innovative
that they require new models of optimizing advertising, marketing and big data analysis
to be provided in order to provide the most efficient way for companies to operate in
the market [66]. Additionally, EV have the potential to challenge the existing business
models of the automotive market and provide sustainability of not only the transportation
system [67], but to make entire cities green [68]. When it comes to blockchain (BC), BMI
and competitive advantage, it is believed to influence the manner in which companies
manage value. According to [6], it has an impact on all three aspects of a company’s value
management, namely: value creation, delivery as well as capture, which results in BMIL
Other authors [69], tend to share this point of view and state that blockchain could be a
source of BMI. They also point out that it can result in delivering a sustainable BMI. In the
case of hard data, BMI based on BC can reduce costs, help to deliver customized products
and offer additional services [6].

A summary of existing research on BMI, new technologies and competitive advantage
is presented in Table 1.

Table 1. Current state of knowledge on BMI based on new technologies and competitive advantage.

Technology

Example References Main Findings

Autonomous robots

e  improve such areas of companies activity as supply chain, finance,
human resources, IT and customer care
[30,31] ° help to reduce costs, error rate and frequency of inventory checks
increase productivity and efficiency of companies operations in
many areas

Simulation

simulate real-time working conditions

enhance decision making process

e increase efficiency in manufacturing, optimize supply chains, transform
predictive field maintenance, aid in traffic congestion remediation

[32-34]

Integration of horizontal
and vertical systems

e  BMI based on integration of horizontal and vertical systems often takes
form of a platform

e  BMI based on integration of horizontal and vertical systems refers both
to upstream and downstream industry chains

[36,37]

Internet of Things (IoT)

BMI based on IoT affects sales

use of IoT helps in building new business models

IoT affects BMI in different industries, e.g., retail industry

two main decision points can be identified in the BMI creation process
with the use of IoT: to test a BMI and scale it

[39-42]

Cyber security

helps to exploit 5G potential for BMI companies

cyber security enables successful BMI commercialization

e  cyber security breaches could decrease a company’s spending on R&D
and number of patents

[43-45]

Cloud

e  BMIlbased on cloud results in: improved flexibility, lower costs,
creation of new products, entrance to new markets

e firms using BMI based on the cloud have to pass through several stages
(the process is iterative and non-linear)

(48]

Additive production (3D
printing)

e  BMIbased on additive production influence firm’s success and
survival rate
BMI based on additive production reshape supply chains
3D printing technologies influence the way BMI is delivered

[6,51-53]
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Table 1. Cont.

Technology Example References Main Findings
Provide new ways of communication, learning and specialist training
Augmented reality [54,57,58] e  Prolong product’s lifecycles
Enables BMI creation
Big Data 3] e  Big Data not only helps to deliver customer-driven products and

services, but also customer-driven BMI

Artificial intelligence
(AI)

° Al within BMI is changing interactions between humans, humans and
machines and machines to machines

o  Allowers the cost of prediction

Al can contribute to deliver sustainable BMI

[60,61]

Drones

help to generate internal efficiencies
create new revenue streams

became affordable for many companies
enable new services

enable BMI

[62-65]

Electric vehicles (EV)

EV require BMI

[66-68] e  EVin combination with BMI provide sustainability

Blockchain (BC)

e  blockchain helps companies overcome intellectual property and data
security barriers in implementing BMI
[6,69] e  blockchain modifies the way companies create, deliver, and capture
value through BMI
e  blockchain could be a source of sustainable BMI

Source: compiled by the authors.

Two observations can be deduced from the information in Table 1. Firstly, research
results presented in the literature tend to concentrate on identifying different effects of BMI
based on new technologies which in turn influence competitive advantage. However, the
existing studies neglect measuring competitive advantage gained through the effects of
BMI based on new technologies. Secondly, most of the existing studies concentrate only on
specific, single technologies applied for the purpose of performing BMI. However, with a
few humble exceptions, e.g., [6], they do not acknowledge that companies can use multiple
technologies at the same time. An example of such a situation is hyper automation, which
combines technological advances of robotic process automation, enterprise application
integration and artificial intelligence. The two observations deduced from the information
in Table 1 represent an uncharted territory of BMI, new technologies and competitive
advantage, and should be considered as a research gap.

The research gap is even more significant when one tries to correlate BMI based on new
technologies to competitive advantage seen from the perspective of different performance
indicators. The literature review revealed that the existing research focuses on the way BMI
and new technologies influence competitive advantage, but little is known of the effects of
such influence. Additionally, in the literature there is no consensus among researchers on
the manner of BMI'’s influence on different company performance indicators [70]. Some
authors [71,72] believe that BMI favors companies, but there are also those who state that
BMI is not always beneficial [73,74]. Furthermore, according to [5] “few studies in the
literature have addressed business model innovation, technological innovation, and their
interplay towards a company’s business performance, especially with empirical evidence”.
Even though some research exploring the influence of BMI based on specific technologies
exist, they are too limited to make any general conclusions. For example, when taking into
consideration the cloud, which has been characterized as a relatively well-studied aspect
of BM], in the literature it is still underlined that: “current research offers very limited
insights on the / ... / use of cloud sourcing might trigger and push the development
of business model innovation and affect the competitive advantage of a firm” [48]. This
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example is not the only one. The same situation occurs also in the case of the other relatively
well-studied aspects of BMI, e.g., Big Data. As stated by [3] BMI, Big Data and competitive
advantage are still poorly explored. The current state of knowledge in the area of BMI,
new technologies and competitive advantage was well summed up by [5], who state that
despite the significant potential, far too little attention has been devoted to these aspects.

Taking into consideration the significant research gap existing in the literature, the
aim of the paper is to determine the influence of BMI based on new technologies on a
company’s competitive advantage.

In order to achieve the aim of the paper two research hypotheses have been formulated.

The first hypothesis (H1) states that: BMI based on new technologies positively
influences a company’s competitive advantage.

There are at least three reasons for supporting such a hypothesis. Firstly, although
there are contradictory research results in the literature [73,74] on the general role of BMI
for competitive advantage, there are many authors, e.g., [75-77] who believe that BMI has
a positive impact on a company. If so, BMI based on new technologies could also have a
potential to positively influence competitive advantage. Secondly, the performed literature
review (Table 1) identified many positive effects of different new technologies. According
to the existing literature these positive effects should be reflected in company’s compet-
itive advantage. Thirdly, BMI helps companies to utilize technology [78]. Companies
performing BMI or solely introducing “new technologies” may fail, whereas doing these
simultaneously could bring fruitful results. This is because synergetic effects between BMI
and “new technologies” are expected to occur, which in turn would positively influence
the company’s competitive advantage.

The second hypothesis (H2) states that: the more new technologies that are used for
BMI, the greater a company’s competitive advantage.

There are at least two reasons for supporting such a hypothesis. Firstly, as was already
mentioned, the conducted literature review (Table 1) identified many positive effects of
each of the discussed types of new technologies. With the introduction of each new type
of technology, these effects should be collected and summarized. Therefore the more
technologies a company characterized by BMI uses, the more positive effects and the
greater impact on competitive advantage.

Secondly, the new technologies include 13 technologies [29] that differ greatly from
each other. According to Gartner’s report [79], it is more and more popular to combine
different new technologies together. The more new technologies that companies charac-
terized by BMI adopt, the more radical the character of innovation and greater impact on
competitive advantage [24].

Taking into consideration the existing literature, a few boundary conditions for the
two formulated research hypothesis can be identified. Some of them refer both to H1 and
H2 (general boundary conditions) while others refer either to H1 or H2 (specific boundary
conditions). One of the general boundary conditions refers to risk [80]. Because many
BMI initiatives fail [81], both H1 and H2 assume that companies under investigation have
reasons (e.g., BMI's market potential or company’s differentiated fields of activity, etc.) to
accept this risk. Another general boundary condition refers to market knowledge. While
BMI is about a company creating and delivering new value to customers [7], it requires
market knowledge [82]. Therefore, both H1 and H2 assume that market knowledge of
companies under investigation is sufficient to create and deliver new value and perform
BMI based on new technologies. When it comes to specific boundary conditions, they refer
either to H1 or H2.

A specific boundary condition for H1 refers to companies internal absorption capabili-
ties. Companies with well-developed internal absorption capabilities tend to do better than
companies with underdeveloped internal absorption capabilities in terms of competitive
advantage [83]. H1 assumes that companies under investigation have well developed
internal absorption capabilities, otherwise they would neither implement BMI nor adapt
new technologies.



J. Theor. Appl. Electron. Commer. Res. 2021, 16 2118

A specific boundary condition for H2 refers to an interplay between BMI and tech-
nology. According to [84], “technology’s value comes from doing business differently
because technology makes it possible”. Such a statement points out a two-way relationship
between BMI and technology. On one hand, BMI exploits the value of technology and
helps companies deliver value, but on the other hand technology can be seen as a trigger
for BMI. H2 assumes that the described interplay takes place in the case of companies
characterized with BMI based on new technologies.

Achieving the aim of the paper and verifying the formulated research hypotheses will
help to answer the question stated in the literature by [85]: “when does the combination of
a novel technology and a novel business model lead to competitive advantages?”.

3. Materials and Methods

In order to achieve the aim of the paper a quantitative study was undertaken. The
reason for choosing a quantitative study was supported by the opinions of many authors,
e.g., [11,75], who underline the necessity to shift from qualitative research on BMI that is
relatively popular to quantitative research, which is relatively rare.

Quantitative research was performed with the use of the Computer Assisted Telephone
Interview (CATI) method. CATI was selected for a couple of reasons [86]. Firstly, it ensures
a high response rate which makes the gathered data reliable. Secondly, it enables the
possibility of answering questions or doubts which interviewees may raise during the
interview. Thirdly, it helps to acquire data from hard-to-reach target groups (such as BMI
companies). This method, therefore, helps to provide high-quality research data [87].

CATI was performed with the use of a standardized survey questionnaire. The
questionnaire had questions referring to the research problem under investigation, such as
type of technologies that the company utilizes or the company’s competitive advantage.
The company’s competitive advantage was assessed from the perspective of performance
indicators with the use of both financial and non-financial indicators on a 5-point Likert
scale assessed in comparison with the company’s competitors. This method of analysis is
approved in the literature on innovation [5,10].

In order to determine the optimal dimension of the research sample, except from
considering the significance level, the total size of the population of Polish companies
characterized by BMI based on new technologies should be taken into account. However,
because of the unconventional character of companies characterized by BMI based on
new technologies, obtaining such information is difficult. In light of difficulties with
estimating the total size of the population of Polish companies characterized by BMI based
on new technologies it was decided to use the convenience sample. Although the use of
convenience sample has many advantages, e.g., being time and cost effective, it has to be
pointed out that it also implies some limitations, the most important one being impossibility
to generalize research results for the whole population [88]. A convenient research sample
was selected from the Bisnod database, which consisted of 3500 companies. The size of
the convenience research sample was estimated in order to ensure a reliable response rate.
The research sample selection criteria included: using at least one of the new technologies
(autonomous robots, simulation, integration of horizontal and vertical systems, Internet of
Things, cyber security, cloud, additive production, augmented reality, Big Data, drones, Al,
electric vehicles and blockchain), being located in Poland, providing contact information to
representatives of top management. It means that contact information of the representatives
of top management were listed in the database. While the authors intention was to perform
CATI only with employees with wide knowledge about the company’s activity, it was a
criterion for research sample selection.

For the purpose of the study, top managers were selected as interviewees—CEOs,
managing directors or senior managers with a background in areas crucial for the com-
pany’s innovative activity, such as development, sales, purchase, finance, marketing, etc.
Top managers were chosen as interviewees as it was necessary to obtain detailed infor-
mation about the company’s activity which was not limited to the competences of single
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departments, but rather the company as a whole because BMI refers to the manner of doing
business which encompasses the whole company [89].

From 3500 companies, only those characterized with BMI were taken into consider-
ation. In order to select companies characterized with BMI a filter question was asked:
“Does your company have an innovative business model which means a novel and unique
way of doing business?”. The nature of the filter question was consistent with the essence
of BMI definitions existing in the literature [7-9]. A positive answer to the filter question
qualified a company to take part in the survey.

CATlI research was performed in the period 8 January-14 January 2021. During that
time, complete surveys were gathered from 483 companies, which constituted the research
sample. The response rate was 12%. The research sample characteristics are presented in
Table 2.

Table 2. Research sample characteristics.

Count Table N %
autonomous robots 94 19.5%
simulation 160 33.1%
integration of horizontal and vertical systems 110 22.8%
IoT 181 37.5%
cyber security 232 48.0%
cloud 277 57.3%
Technologies additive production 73 15.1%
augmented reality 63 13.0%
Big Data 134 27.7%
Al 82 17.0%
electric vehicles 47 9.7%
drones 31 6.4%
blockchain 21 4.3%
local 250 51.8%
Ownership international under local control 79 16.4%
international under international control 154 31.9%
1-9 96 19.9%
No. of employees 1049 196 40.6%
50-249 121 25.1%
250 and more 70 14.5%

Source: compiled by the authors.

For the purpose of the study, the same type of respondents (top managers of companies
characterized with BMI based on new technologies) and five-point Likert scale were used,
and so a common method bias might have arisen [90]. Thus, prior to data analysis,
Harman’s single-factor test was performed to address the potential issue of common
method bias. For the purpose of the test, all the variables used for the study were subjected
to factor analysis with the principal axis factoring method and unrotated factor solution in
order to identify if one general factor accounts for more than 50% of the co-variation [91].
The results extracted one factor that accounted for 18.416% of the total variance. Therefore,
the study is not affected by common method bias.

4. Results

In order to determine the influence of BMI based on new technologies on a company’s
competitive advantage a two-staged analysis was performed. The first stage of analysis
verified whether BMI based on new technologies positively influences a company’s compet-
itive advantage. In order to accomplish this task, both financial and non-financial company
performance indicators were considered and included: profit, sales, return on investments
(ROI) and market share [10]. The four mentioned indicators have also been used by other
authors to examine the role of BMI for a company’s competitive advantage, e.g., profit and



J. Theor. Appl. Electron. Commer. Res. 2021, 16 2120

market share [5,7] or ROI and sales [5]. Use of competitive advantage indicators approved
in the literature makes the results of the present study reliable. In order to determine
the influence of BMI based on new technologies on a company’s competitive advantage,
respondents were asked to assess the four mentioned indicators in two periods: before
introduction of BMI as well as after BMI’s introduction. Comparing indicators before as
well as after BMI's introduction enables to identify the change in time and determine not
only the strength of influence but also the direction of change. The assessment was made by
respondents in comparison with the company’s competitors using the 5-point Likert scale
(1—significantly worse, 2—worse, 3—no opinion, 4—better, 5—significantly better).The
statistical significance of analysis was verified with a paired-samples t test. The results of
the analysis are presented in Table 3.

Table 3. Influence of BMI based on new technologies on competitive advantage.

Paired Samples Statistics

Mean N Std. Deviation Std. Error
Mean
Pair 1 Profit before BMI 3.35 483 0.703 0.032
air Profit after BMI 3.65 483 0.739 0.034
Pair 2 Sales before BMI 3.41 483 0.738 0.034
ar Sales after BMI 3.65 483 0.791 0.036
Pair 3 Market share before BMI 3.40 483 0.746 0.034
ar Market share after BMI 3.68 483 0.786 0.036
Pair 4 ROI before BMI 3.35 483 0.731 0.033
air ROI after BMI 3.64 483 0.806 0.037

Paired Samples Test
Paired Differences

95% Confidence Interval t df Sig.

Mean Std. Deviation Std. Error Mean of the Difference (2-Tailed)

Lower Upper

Pair 1 —0.298 0.730 0.033 —0.363 —0.233 —8.972 482 0.000
Pair 2 —0.244 0.788 0.036 —0.315 —0.174 —6.815 482 0.000
Pair 3 —-0.275 0.830 0.038 —0.350 —0.201 —7.288 482 0.000
Pair 4 —0.294 0.773 0.035 —0.363 —0.225 —8355 482 0.000

Respondents’ answers: 1—significantly worse, 2—worse, 3—no opinion, 4—better, 5—significantly better. Source: compiled by the authors.

Three observations can be deduced from the information in Table 3. Firstly, the means
of all four company performance indicators differ before and after introduction of BMI by
companies. The means of all four company performance indicators are higher after the
introduction of BMI by companies in comparison to the time before the BMI’s introduction.
This fact reflects the positive influence of BMI on both profit as well as sales, ROI and
market share. Secondly, the differences of means before and after introduction of BMI by
companies in the case of all four company performance indicators are at a similar level
(0.25-0.3). On one hand, such a situation results from the small dispersion of possible
answers caused by the use of the 5-point Likert scale. On the other hand it reflects a similar
level of influence that BMI based on new technologies have on profit, sales, ROI and market
share. Thirdly, the paired-samples t test proved the statistical significance (p < 0.001) of
the results for all four company performance indicators. These three observations justify
stating that BMI based on new technologies positively influences a company’s competitive
advantage. Therefore, H1 is supported.

The second stage of analysis was used to verify whether a company has a greater
competitive advantage when it uses more new technologies for BMI. In order to perform
the analysis, companies characterized by BMI based on new technologies were divided
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into clusters using hierarchical cluster analysis with Ward’s method for binary variables.
The division criterion was the number of technologies used by companies. The squared
Euclidean distance was taken as the measure of interval. The division into clusters was
performed using a dendrogram. This led to the identification of three independent clusters
of companies characterized by BMI based on new technologies. In order to compare the
identified clusters in terms of the number of technologies used by companies, a Pearson’s
chi-squared test was carried out. The analysis showed significant differences between the
identified clusters. The characteristics of the identified clusters are presented in Table 4.

Table 4. Clusters of companies characterized by BMI based on number of new technologies.

Size Ownership
No. of International Intern?itional
Technologies Micro  Small Medium Big Local under Local uneer
Control International
Control
Cluster 1 (n = 217) 1-2 34.6% 42.9% 18.0% 4.6% 66.4% 12.9% 20.7%
Cluster 2 (n = 168) 34 10.1% 42.3% 29.2% 18.5% 41.7% 17.9% 40.5%
Cluster 3 (n = 98) 5-12 4.1% 32.7% 33.7% 29.6% 36.7% 21.4% 41.8%

Source: compiled by the authors.

The information presented in Table 4 shows that the three identified clusters of com-
panies characterized by BMI based on new technologies vary. Cluster 1 represents the
use of 1-2 technologies and is dominated by micro (34.6%) and small companies (42.9%)
and local form of ownership (66.4%). Cluster 2 represents the use of 34 technologies
and is dominated by small companies (42.3%) and both local (41.7%) and international
under international control (40.5%) form of ownership. Cluster 3 represents the use of
5-12 technologies and is dominated by companies bigger than micro and international
under international control (41.8%) form of ownership. When analyzing the different
character of clusters one can observe a gradual shift from small local companies (cluster
1), towards big international under international control companies (cluster 3). Therefore
the bigger and more international a company is, the higher the number of technologies
utilized for BMI.

In order to compare performance indicators of the three identified clusters, a Kruskal-
Wallis H test was carried out. The results of the analysis are presented in Table 5.

Table 5. Results of Kruskal-Wallis H test.

Ranks
Clusters N Mean Rank Clusters N Mean Rank
1 217 215.73 1 217 200.95
Profi 2 168 242.20 Sal 2 168 250.32
rofit 3 98 299.82 ales 3 98 318.65
Total 483 Total 483
1 217 200.52 1 217 213.29
2 168 249.67 2 168 239.69
ROI 3 98 320.70 Market share 3 98 309.55
Total 483 Total 483
Test Statistics P
Profit Sales ROI Market Share
Kruskal-Wallis H 29.541 56.891 59.102 37.868
df 2 2 2 2
Asymp. Sig. 0.000 0.000 0.000 0.000

2; Kruskal-Wallis Test; P: grouping variable;clusters. Source: compiled by the authors.
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From the information presented in Table 5, it can be noted that there are statistically
significant (pm< 0.001) differences between performance indicators of the three identified
clusters. In terms of profit, companies from cluster 1 assessed this indicator significantly
lower (215.73) than companies from cluster 2 (242.2). Similarly, companies from cluster
2 assessed profit significantly lower (242.2) than companies from cluster 3 (299.82). In
terms of sales, companies from cluster 1 assessed this indicator significantly lower (200.95)
than companies from cluster 2 (250.32). Similarly, companies from cluster 2 assessed
sales significantly lower (250.32) than companies from cluster 3 (318.65). In terms of
ROI, companies from cluster 1 assessed this indicator significantly lower (200.52) than
companies from cluster 2 (249.67). Analogously, companies from cluster 2 assessed ROI
significantly lower (249.67) than companies from cluster 3 (320.7). In terms of market
share, companies from cluster 1 assessed this indicator significantly lower (213.29) than
companies from cluster 2 (239.69). Analogously, companies from cluster 2 assessed market
share significantly lower (239.69) than companies from cluster 3 (309.55). Having in
mind that companies from cluster 1 use 1-2 technologies, companies from cluster 2 use
3—4 technologies and companies from cluster 3 use 5-12 technologies, it is justified to state
that the more new technologies are used for BMI the greater a company’s competitive
advantage. Therefore H2 is supported.

While a company’s competitive advantage is dependent on a great variety of deter-
minants, BMI based on new technologies being just one of them, additional analysis were
carried out in order to provide information supplementary to H2. It was decided to com-
pare performance indicators of companies characterized by BMI based on new technologies
of the same size (in terms on number of employees), form of ownership and operating in
the same industry within the three identified clusters. Size, form of ownership and industry
were chosen as common companies characteristics. However, it has to be stated that the
delivered results were statistically insignificant. It means that delivered results should not
be taken into consideration when providing conclusions from performed analysis. What is
important is that the statistical insignificance of this supplementary information does not
negate H2.

5. Discussion

When comparing the results of the present research with studies existing within the
literature, a few aspects should be highlighted. Firstly, the present authors have proved
the positive role played by BMI based on new technologies on a company’s competitive
advantage seen from the perspective of performance indicators. Such results are supported
by [92], who believe that technology is the key to innovation. The results of the present
paper are also consistent with the conclusions of [5], who empirically confirmed that
technological innovation enhances BMI, and, in result, company’s business performance.

Secondly, it is interesting to note that the results of the present study revealed the
positive influence of BMI based on new technologies on all four company competitive
advantage indicators: profit, sales, ROI as well as market share. Mean values of these
indicators in all four cases showed advantage over competitors. While mean values express
some generalization, it is justified to conclude that BMI based on new technologies is, in
general, a guarantee of a company’s competitive advantage. Such a statement is consistent
with [17], who points out that commercialization of new technologies can be achieved
through different business models.

Thirdly, an interesting tendency was observed where the bigger and more interna-
tional a company is, the higher the number of technologies that are utilized for BMIL.
This observation is in contrast to the suggestion of [2], who believes that “medium-sized
companies are more flexible, the decision-making process is quicker, and they can more
easily adopt change-management strategies”. The reason for bigger companies to utilize
more technologies lies in the fact that they have more funds compared to other companies.
Therefore big companies would more often invest in new technologies. Additionally, big
companies often operate in international markets facing both international and local com-
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petition. Therefore they constantly need to search for new ways to distinguish themselves
from market rivals. New technologies can help to achieve such an aim.

Fourthly, the results of the present study are in contradiction with the stream of
research which focuses on the negative effects of BMI. For example, according to [81] “a
high volume of initiatives related to BMI fail. In other words, even if these initiatives are in
an ideal scenario [ ... ] it would still be difficult to achieve success in the implementation
of such new BMs”. The results of this study revealed that introducing BMI based on
new technologies guarantees competitive advantage. The differences between the present
authors’ results and some other research concentrating on problems connected with BMI
could be explained by the unique character of BMI based on new technologies. BMI based
on new technologies is not a typical BMI. BMI itself is an innovation, but BMI based on
new technologies is a combination of innovation. Therefore the character of BMI based on
new technologies is very radical, which is the reason why it has such a positive influence
on competitive advantage.

6. Conclusions

The aim of the paper was to determine the influence of BMI based on new technologies
on a company’s competitive advantage. The aim was achieved thanks to extensive (483
companies) empirical investigation carried out in the form of CATI. There are two main
outcomes of the conducted research. Firstly, BMI based on new technologies has a positive
influence on company’s competitive advantage. Both financial and non-financial competi-
tive advantage indicators (profit, sales, ROl and market share) were taken into account, and
they all proved to be favorable in comparison to competitors for companies characterized
by BMI based on new technologies. Secondly, it was proven that the greater the use of
new technologies for BMI the greater the company’s competitive advantage. Companies
characterized by BMI based on new technologies were divided into three groups based on
the number of technologies they utilize. Companies from the first group use the smallest
number of technologies, companies from the second group use a slightly higher number of
technologies, while companies from third group use the highest number of technologies.
The observed tendency was very clear—competitive advantage indicators of companies
from the third group were better compared to companies from both the first and second
group, and the indicators of companies from the second group were better compared to
companies from the first group.

The present results contribute significantly to the development of the current state
of knowledge. This study is one of a few which examines the role of BMI based on new
technologies on competitive advantage in a comprehensive manner. Existing studies (see
Table 1) used to concentrate only on selected aspects of the research phenomenon referring
to specific technologies. Additionally, as stated by [5], “despite its [technology and BMI]
significance, only a limited set of research considered this when clarifying the relationships
between innovation and a company’s business success”. The present study accurately
fills the existing research gap by providing reliable (based on a relatively big research
sample) results.

When acknowledging the present results, it should be noted that they significantly
contribute to the development of at least two theories—theory of innovation as well theory
of competitive advantage. When it comes to the theory of innovation, BMI based on new
technologies should be seen as a new, unique form of innovation. It is a combination of
two innovation types, namely an organizational and technological one. Being a mix of two
types of innovation, BMI based on new technologies has a radical character. Therefore,
when considering innovation, it takes the understanding of the scope of change, necessary
to deliver a novel solution (innovation) into a new, unseen before level.

When it comes to the theory of competitive advantage, the results helped to identify
a new method for companies that can be used in order to gain favorable (better than
competitors) results. Mere adoption of BMI based on new technologies guarantees a
competitive advantage for companies, but what is equally important is that developing BMI
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based on new technologies by implementing a higher number of new technologies further
increases a company’s competitive advantage. Therefore BMI based on new technologies
seems to be a method with high potential among other methods mentioned by the theory
of competitive advantage.

A few recommendations for business practice can be formulated from the results of
the present study. Firstly, small and medium-sized companies (SMEs) should not feel
constrained to perform BMI based on new technologies. The study revealed that this
form of innovation is not reserved solely for big companies. On the contrary—even micro
companies can adopt BMI based on new technologies. Secondly, companies utilizing four or
fewer new technologies for the purpose of BMI should not stop there. Although the use of
four innovative technologies may seem a lot, increasing the number of utilized technologies
would further improve competitive advantage. Therefore, in order to maximize the positive
effects of BMI based on new technologies for competitive advantage it is recommended to
use at least five technologies. Thirdly, companies which are either characterized by BMI
but do not use any new technologies or companies using new technologies which cannot
be characterized as BMI companies and that obtain unsatisfactory results should consider
converting into companies characterized by BMI based on new technologies. The results of
the conducted research have revealed that these specific types of companies tend to obtain
favorable performance indicators in comparison with market rivals.

Taking into consideration the results of the present study, a few recommendations for
policy makers can also be formulated. Firstly, policy makers should promote BMI based on
new technologies as a favorable development path for companies. While such a strategy
leads to competitive advantage, policy makers should try to convince representatives of
business practice to implement it. Promotion could take form of seminars and workshops
for top managers who are the ones responsible for BMI’s introduction in companies.
Secondly, policy makers should award grants for companies to implement more new
technologies for BMI purposes. Such grants should be targeted at two groups of companies
(using 1-2 technologies and using 3—4 technologies) and aimed at using at least five new
technologies (identified as the threshold of the most favorable number of technologies)
for BMI purposes. Investments in use of more new technologies would result in better
performance indicators of companies obtaining financial support.

Although the present authors made every possible effort to avoid potential research
traps, the present study has certain limitations. One of these lies in the adopted classification
of new technologies [29]. Although thirteen different types of new technologies were
taken into consideration in the present study, one could argue that more types of new
technologies exist. It means that results should be treated with some caution as they
refer only to the selected new technologies. Additionally, one should consider results
presented in the paper specifically from the perspective of the thirteen mentioned types
of new technologies. The second limitation refers to the set of indicators used to assess
competitive advantage. Although profit, sales, ROI and market share were used by other
authors, e.g., [5] analyzing different performance indicators could have influenced the
results. The third limitation refers to the division of companies into clusters. Although
the division was statistically significant, it should be noted that the third cluster refers to a
wide spectrum of technologies (5-12). In the case of the other clusters (first and second) the
spectrum of utilized technologies was much narrower. Therefore competitive advantage
indicators of the clusters need to be compared with some caution. The fourth limitation
refers to defining the boundary conditions necessary for the truth of the hypothesis. In
the paper authors proved statistical significance of H1 and H2. It means that incase of
majority of companies BMI based on new technologies positively influence competitive
advantage as well as in the case of majority of BMI companies with higher number of
technologies the competitive advantage is greater compared to companies with lower
number of technologies. It has to be however pointed out that these are just two general
tendencies which are not true for every single company. In order for them to be true a set
of conditions needs to be met. Although these conditions were not part of the research
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problem under investigation in the paper, the authors fully acknowledge their importance.
It is more than probable that these conditions, at least to some extent, determined the
results presented in the paper. The fifth limitation refers to the research method which
was a quantitative analysis. This limitation was well visible in an attempt to compare
performance indicators of companies characterized with the same size, form of ownership
and operating in the same industry within the three identified clusters because the delivered
results were statistically insignificant. Using a different (e.g., qualitative method) could
deliver more fruitful results.

There are still many unknowns when discussing BMI based on new technologies and
a company’s competitive advantage. An interesting direction for future research could
be to identify the conditions under which BMI based on new technologies succeed and
fail. This recommendation for future research goes along with defining the boundary
conditions which was identified as one of paper’s limitations. Another possibility would
be to compare performance indicators of companies characterized by BMI based on new
technologies and which are divided into clusters in a different manner. Instead of taking
into account the number of utilized technologies, one could try to identify clusters of
companies characterized by BMI based on new technologies, having in mind their true
occurrence in business practice. Additionally, while quantitative analysis could omit
some nuances of the research phenomenon, in the future it is recommended to perform a
qualitative analysis in order to examine the influence of companies size, form of ownership
and industry on competitive advantage of companies characterized with BMI based on
new technologies. Performing a qualitative analysis could also help to identify other
determinants of competitive advantage of companies characterized with BMI based on new
technologies. Following the suggested directions for future research would help to better
understand the influence of BMI based on new technologies on competitive advantage.
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