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Abstract: The purpose of this research is to investigate intellectual capital as a driver of technological
innovation considering the industrial revolution in Russia’s transportation sector. The study was
driven by the recent technological advancements in Russia’s transportation industry and the huge
economic importance of the sector to the economy, showing the need to understand the progress
achieved in the sector. The study was carried out using primary data collected from respondents
in managerial positions in firms operating in the transportation sector. A total of 455 respondents
were used, and data were collected using a structured closed-ended questionnaire. The fields of
intellectual capital considered were structural, social, human, and relational capital. The model was
evaluated using CFA, reliability, and validity tests, while the study hypotheses were tested using
SEM. The results reveal that structural capital, social capital, human capital, and relational capital
have a significant and positive influence on technological innovation in Russia’s transportation sector.
Human and social capital was found to have the largest effect. The study recommends that, for firms
to implement technological innovation, they should consider human capital, such as specialized
knowledge, skills, expertise, experiences, and abilities embedded within organizations personnel,
and social capital, such as effective communication, the laid down mechanisms of coordination and
communications within the organization, human ties, trust, and relationships. They should also
improve their absorptive technology capacity.

Keywords: intellectual capital; technological innovation; structural capital; social capital; human
capital; relational capital

1. Introduction

The globe is at the point of a fourth industrial revolution, culminating in the full
automation of most industrial operations and, consequently, improved labor productivity,
economic growth, and the competitiveness of its tigers (Barykin et al. 2021a). “Industry 4.0”
represents an opportunity for Russia to improve its position in the international economic
environment, but the Russian government is not fully using its capacity (Vasin et al. 2018).
Russia was ranked 43rd in the World Economic Forum’s Global Competitiveness Index 2017
and retained the same position in the 2019 report, owing to excellent educational quality,
infrastructural development, and innovation capability, all of which are characteristics
directly related to “Industry 4.0” (Trading Economics 2021).

Similar to any other type of capital, intellectual capital (IC) influences the sectors of
life with which it interacts. The presence of intellectual capital in one sector of the business
leads to its effects being experienced in other related sectors. Asaturova (2019) pointed out
that Russia collaborates with the OECD on quantitative concerns in the framework of the
OECD'’s present work in innovation, science, and technology. Intellectual capital elements
specific to Industry 4.0 contribute moderately to significantly to add value and the income of
production and service firms in Russian regions (Vasin et al. 2018; Wall 2021). On the other
hand, the authors found no substantial contributions of Industry 4.0 and digitalization,
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especially regarding the wage difference of Russian workers, compared to conventional
human capital variables, such as educational qualifications. Although on a reduced budget,
Russia is attempting to guarantee its position in the technological race. Although Russia’s
smaller economy in comparison to the US and China is a drawback, Russia’s edge has
always been its capacity to combine technology with the necessary operational ideas,
force, and command formations and evaluate them in real-world operational scenarios
(Barykin et al. 2021b).

The value of a firm staff’s skills, professional education, or other sensitive data that
may offer an organization a competitive edge is its intellectual capital. According to Xu et al.
(2019), intellectual capital (IC) is considered a commodity. It is defined as the aggregation
of all core competencies accessible to a corporation that may be used to boost profitability,
attract new clients, develop new commodities, or generally enhance the position of the
business in the market—the bottom line is that it is the sum of a company’s personnel
abilities, organizational processes, and other immaterial qualities (Buenechea-Elberdin
et al. 2018a). Intellectual capital is a business asset, yet it is challenging to assign it a
value. It is not recognized as “intellectual capital” on the financial statements but, rather,
it is integrated into intellectual capital to the greatest possible extent (as a component
of intangible resources and goodwill on the accounting records), which is challenging
to assess (Khalid and Kot 2021; Xu and Wang 2018). Organizations invest a significant
amount of resources in developing management expertise and training employees for
specific business positions to increase their company’s “brain capacity”. The resources
invested in building intellectual capital provide a return to the firm that is challenging
to quantify but may result in many years of economic benefit. The three most common
components of intellectual capital are structural capital, relational capital, and human
capital. Human capital comprises all of the knowledge and experience of an organization’s
workers. Social capital, on the other hand, is considered the “total of available and particular
resources integrated into, accessible in, and developed from an individual’s or societal unity’s
network of interactions”. Regarding this, Massaro et al. (2018) define the term “social” as
“the adhesive that keeps communities together”. In response, Zhang et al. (2018) stress that
social capital is the value of human ties based on trust and personal networks. Despite
this, Xu et al. (2019) emphasize that knowledge exchange and efficiency in organizations
may be significantly diminished without social capital innovation. Social capital consists
of relationships, attitudes, and values that govern interpersonal interactions and add to a
society’s economic and social growth (Buenechea-Elberdin et al. 2018a).

According to Ginesti et al. (2018), human capital involves training, life, and employ-
ment experience, which might be enhanced by providing training. Relational capital applies
to all of an institution’s relationships, which involves its vendors, customers, employees,
and investors, among others (Nielsen and Dane-Nielsen 2019). Structural capital caters to
the organization’s fundamental belief structure, including its mission statement, business
regulations, workplace culture, and organizational design critical in all organizational
operations. Compared to other assets, excellent intellectual human capital creates more
revenue and higher profits. Human capital and income are inextricably intertwined. An
individual with a high educational degree will be able to accomplish high-value-added
tasks more efficiently and rapidly (Agostini and Nosella 2017; Igbal et al. 2021). The indi-
vidual will also incorporate more fresh ideas and innovations into their profession (Barykin
et al. 2021c). Better human capital results in more production per hour worked and, hence,
higher productivity. Secundo et al. (2020) assert that it is analogous to extra physical capital
(machines), since greater human capital likewise increases worker productivity. According
to Alvino et al. (2020), human capital is also described as realizing that individuals in
organizations and enterprises, similarly to equipment and money, are vital and necessary
assets that assist development and progress.

Another school of thought (Caddy 2000; Dzinkowski 1999, 2000) also viewed human
capital from the point of intellectual liabilities, where human capital gives rise to issues
that weaken the organization and stifle growth. Some of the challenges arising from
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intellectual liabilities have been known to include inadequate training and development,
discrimination among employees, high employee turnover, and an inexperienced top
management team. The information problems arising from HC include a lack of effective
information systems as well as a dearth of analysis to convert raw data into actionable
information. The information problems include a lack of effective information systems as
well as a dearth of analysis to convert raw data into actionable information. Configuration
problems take into account the limitation of flexibility in organizational framework, dearth
of intellectual property, and decisions bordering on the poor choice of the geographical
location of the entity. This study, however, focused on the positive attributes of HC and
how it can add value to organizations and industries. The research, adopting a survey
research design, was geared toward achieving the following objectives:

i To determine the effects of intellectual capital aspects toward the technological
innovation in the transport sector in Russia;
ii. To evaluate the mediating role of absorptive capacity on the effects of intellectual

capital on technological innovation.

However, the inclusion of these aspects in the technology is influenced by its absorp-
tive capacity. The aggregate mindsets, talents, and abilities of people help to improve
organizational performance and production. Human capital is a fundamental idea that ac-
knowledges individuals and believes that individuals should be treated as assets rather than
expenses. Absorptive capacity is an organization’s capacity to recognize, absorb, change,
and use external knowledge, studies, and experience. Absorptive capacity is defined by
Obeidat et al. (2017) as the rate at which a corporation can acquire and apply scientific,
technological, or other external knowledge. Companies that see their employees only as an
item of expenditure will try to cut their workforce amid a crisis (Cabrita et al. 2017). Com-
panies that consider their employees as valuable assets, on the other hand, will make every
effort to keep their employees with them through difficult times. Obeidat et al. (2017) point
out that such situations include when highly solvent firms recruit additional employees
to help them expand even quicker when the economy recovers from the slump. Every
investment in training and development, healthcare, and support is more than simply
a cost (Agostini et al. 2017). As a result, businesses must not overlook the legitimacy of
human capital in favor of tangible assets, such as equipment and money. The aim of this
paper was to explore the role of intellectual capital as a driver of technological innovation
in the industrial revolution taking place in Russia’s transportation sector. The study was
hinged on the recent technological advancements in the transportation industry and the
enormous economic significance of the sector in the development of the Russian economy.
To help us understand this, the following research questions were investigated;

i What are the effects of intellectual capital aspects toward the technological innova-
tion in the transport sector in Russia?
ii. What is the mediating role of absorptive capacity on the effects of intellectual capital

on technological innovation?

The rest of the article is organized in the following order: The literature review explores
previous studies on IC capital and how they relate to this study. The methodology highlights
the adopted method of data collection from the study population, sample measures of
the variables under review, including their measurement properties as well as method of
data analysis. The next section presents the results, including the SEM analysis. The next
section is the discussion of the findings, followed by the conclusion, limitations, future
recommendations and implications of the study.

2. Literature Review
2.1. Technological Innovation

Technological innovation has been wrongly limited to concepts in the digital sphere
involving computers and electronic devices (Chaveesuk et al. 2022). Similarly, technological
innovation does not occur only in complex systems, processes and products. Technological
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innovation does not necessarily have to be complicated, but it must be novel and aim to
put the technology it represents into use in the marketplace. As a result, technological
innovation is a subset of the overall innovation discipline. It focuses on technology and
how to successfully incorporate it into products, services, and processes. As a body of
knowledge, technology can thus be viewed as a foundation for technological innovation,
serving as a stepping stone to development, manufacturing, R&D, and marketing (Burgel-
man et al. 1983; Diaconu 2011; Freeman 1982). Different definitions exist that attempt to
capture the essence of innovation; Schumpeter (1934) defined innovation based on “new
combinations” of factors of production of new goods and services, marketing, processes,
and firms. Malerba and Orsenigo (1997) defined innovation as the commercialization
of an invention as a result of its incorporation into socio-economic practice. As a result,
innovation is viewed as the result of a system that begins with the genesis of an idea and
persists through its realization. According to the Oslo Manual (OECD 2005), innovation is
defined as an activity that results in new or vastly improved products, services, processes,
marketing methods, or business organization.

The common factor in all the definitions is the concept of something new or a signifi-
cantly improved version of the old product, service or process. Technological innovation
has an enormous influence on organizational populations by disrupting markets, adjusting
the comparative significance of resources, putting organizational learning capabilities to
the test, and changing the competitive environment (Mention 2012; Muangmee et al. 2021).
Studies have identified that technologies develop over time through iterations of lengthy
stretches of continuous improvements that maximize and legitimize an available system,
peppered by technological divergences in which new, drastically excellent technologies
supplant old, weaker ones, allowing for orders-of-magnitude greater advancements in
organizational performance (Xu and Li 2019). The technological innovation may either be
competence improving, associated with developing expertise and supporting incumbent
perspectives, or competence-destroying, leaving entrants’ positions outdated and allowing
newcomers to become technologically better rivals. The discontinuity-induced technologi-
cal ferment concludes with developing a dominant model, with a unique framework that
achieves supremacy in a product category, and technological progress returns to gradual
gains on the dominant technology.

Januskaité and Uziene (2018) argue that although the applicability of this technology
process is debatable, it has been valuable in a broad range of sectors. As bearers” avenues of
advantage dwindle, technological innovation offers a chance for entrepreneurs to develop
new companies and develop competitive positions. Technological innovation also increases
the unpredictability and risk for incumbents since its results can only be roughly predicted
(Manzaneque et al. 2017). The significance of an invention may not be grasped until it is
too late for holders utilizing outdated know-how to engage efficiently with new rivals;
betting too early on a particular breakthrough may imperil a holder’s existence if that
technology does not become prevalent. Technological solutions and technical innovation
may significantly impact the competitive dynamics and development of organizational
populations. Performance is a metric of input and output evaluation and the extent to
which the translation of input into output aids in achieving predetermined organizational
objectives (Xu and Liu 2020). Most critically, many firms lack the potential to innovate.
Zhilenkova et al. (2019) assert that the capacity to innovate is the talent and knowledge
required to successfully absorb, master, and enhance current technologies and develop new
ones. Marketing capacity and strategic planning capacity may be used to strategically as-
sess organizational performance across various aspects using innovation (Pedro et al. 2018).
Marketing capability is a company’s capacity to market and sell items based on an aware-
ness of the customer demands, remuneration status, costs and advantages, and adoption of
innovation.
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2.2. Effects of Intellectual Capital on Technological Innovation

The adoption of innovation refers to any modification in goods, services, or procedures
unique to the acquiring business. Secundo et al. (2018) point out that the approach is compa-
rable to exploiting innovation based on a firm’s existing expertise and follows a structured
process that picks, modifies, and executes certain qualities. The firm’s expertise is critical for
innovation. Rossi et al. (2018) argue that knowledge may be found in various places, such
as manuals, archives, patents, and licensing in businesses. Given the location and presence
of knowledge, it is sometimes referred to as conserved knowledge or a firm’s organizational
capital. Previous research has shown the significance of organizationally stored informa-
tion and its use in formative and recurring activities (Bayraktaroglu et al. 2019). The effect of
stored information is predicted to grow as it is networked via partnerships and interactions
among the people who work with it. Groups and teams, for instance, have been discovered to
deploy knowledge in businesses, and their performance may be improved by networking,
information interchange, and knowledge dissemination (Buenechea-Elberdin 2017).

Several studies have linked intellectual capital with technological innovation. Ac-
cording to Donate et al. (2016), human capital brings diverse knowledge, ideas and skills,
which, in turn, leads to product innovation. The development of human capital is a gradual
process and is key to an organization’s innovation (Donate et al. 2016). On the other hand,
the relational capital is considered a significant contributor to the technological innovation
through enhancing the knowledge-based business environment. Its helps in adjusting
and improving the business practices, in order to enhance efficiency and competitiveness
(McNamara 2008). Relational capital has also been considered a critical aspect toward
technological innovation through driving performance. By creating relations, the firms
expand their learning network and acquires new knowledge and updated techniques. The
firms improve their levels of innovation by learning from others (Barykin et al. 2021d).

Social capital also promotes the efficacy of group work and the complexity of informa-
tion sharing among team members. Social capital enhances the intensity of contacts and
the flow of knowledge (Igbal et al. 2021; Martin-de Castro et al. 2019). However, numerous
related studies on fundamental human capital, the impact on economic development and
the effect of knowledge-based human capital on economic progress deserve special empha-
sis, which are primarily investigated here. Input soliciting is crucial in linking leadership
and performance outcomes between duty and discursive power. Xu et al. (2017) state
that although there are several studies on the significance of basic human capital and the
influence on economic growth, emphasis should also be placed on the influence of human
intellectual capital on innovation development.

2.3. Hypothesis Development

Numerous publications in the literature present several approaches for recognizing
and categorizing the idea of intellectual capital. Nevertheless, one or more elements of in-
tellectual capital have variable degrees of influence on organizational success. Nonetheless,
it is critical for companies to thoroughly comprehend the notion of intellectual capital and
investigate the components of their intellectual capital in businesses.

2.3.1. Structural Capital

Organizational structural capital (STC) encompasses all non-human knowledge stor-
age facilities, such as databases, organizational charts, initiatives, routines, procedure
guidelines, and regulations (Xu et al. 2017). As a result, Buenechea-Elberdin et al. (2018b)
define structural capital as “what stays in the firm when workers go home after work.”
Taking technological innovation into account, structural capital has been transformed from
analog paper records and charts to digital initiatives that are deployed to organizational
strategy to improve work efficiency. Kalkan et al. (2014) add that in some instances, techno-
logical innovation could lead to improved firm performance across a variety of performance
metrics. Yusliza et al. (2020) argue that companies do not have distinct human capital, but
that structural capital pertains to the entire company and may be copied and distributed.
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From the viewpoint of Nicolo et al. (2020), structural capital is information developed by
an organization inextricably linked to the entity. Nevertheless, structural capital creates
an environment where people may spend their human capital to generate and exploit
knowledge (Secundo et al. 2017a). On this premise, Zhang and Lv (2015) note that the
knowledge and institutional capital stored in the company’s database has a great capacity
to promote technological innovation. Secundo et al. (2017b) further argue that structural
capital is primarily concerned with an organization’s system and structure. Ramirez et al.
(2017) point out that if a company lacks structural capital, it will be challenging to fully use
its entire intellectual capital. A company’s strong structural capital leads to the maximum
exploitation of its intellectual capital (Secundo et al. 2017a). As per the research, structural
capital comprises infrastructure, data and information, processes, and regulations. Based
on these arguments, the following hypothesis is developed:

Hypothesis 1 (H1). Organization’s structural capital has a positive effect on technological innovation.

2.3.2. Human Capital

Dabic¢ et al. (2018) describe the primary subcomponents of an organization’s human
capital (HC) as the areas of expertise, depth of knowledge, and wealth of exposure of its staff.
They further elucidate that human resources are the living and thinking components of
intellectual capital resources. On the other hand, Poh et al. (2018) state that human capital is
at the core of intellectual capital. It is concerned with employees’ knowledge, expertise, skill,
capacity, and inventiveness (Hussinki et al. 2017). Alrowwad et al. (2020) argue that workers
develop intellectual capital due to their expertise, attitude, and intellectual flexibility.
According to Igbal et al. (2019), employees” human capital encompasses their skills and
abilities, their knowledge in certain disciplines critical to the success of the firm, as well
as their aptitudes and attitudes. Regarding the same, Trequattrini et al. (2018) assert that
employee retention, motivation, and adaptability are often important considerations since a
firm’s skill and experience pool develops with time with the improvement of organizational
processes. A high degree of worker turnover may indicate that a company is squandering
these critical components of intellectual capital. This establishes a relationship between
human capital and technological innovation and how they can affect an organization’s
trajectory (Andreeva and Garanina 2016; Haris et al. 2019; Ting and Lean 2009). Based on
these arguments, the following hypothesis is developed:

Hypothesis 2 (H2). An organization’s human capital has a positive effect on technological innovation.

2.3.3. Social Capital

Another significant element of intellectual capital is social capital (SC). Stacchezzini
et al. (2019) define social capital as the “total of available and particular resources integrated
into, accessible in, and developed from an individual’s or societal unity’s network of
interactions”. Regarding this, Massaro et al. (2018) define the term “social” as “the adhesive
that keeps communities together”. In response, Zhang et al. (2018) stress that social
capital is the value of human ties based on trust and personal networks. Despite this,
Xu et al. (2019) emphasize that knowledge exchange and efficiency in organizations
may be significantly diminished without social capital innovation. Social capital consists
of relationships, attitudes, and values that govern interpersonal interactions and add
to a society’s economic and social growth (Buenechea-Elberdin et al. 2018b). O’Reilly
and Tushman (2004) highlight the ability of two companies to adopt and apply social
capital in exploration and exploitation at the same time. The purely symbolic physical co-
location of businesses within clusters nurtures industry contacts and the sharing of market
information (Malmberg 2003). As a result, social networks incorporating an elevated level
of social capital push companies to standardize their competitive knowledge bases through
technological innovation (Rogers 1995). This enhances the network’s market expertise
and knowledge acquisition, which improves the potential to recognize, integrate, and
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utilize vital business knowledge accessible within the network by adopting technologically
innovative methods (Murovec and Prodan 2009). Based on the foregoing, organizations
must use the knowledge and experience of their environment’s intermediaries to observe
the developments of their industries (Jantunen et al. 2005). Furthermore, Xu and Wang
(2018) argue that social capital serves a critical function in the growth of intellectual capital
in a company. Social capital is a significant value addition in organizations and is built on
social networks, informal relationships, formal relationships, and confidence. Based on
these arguments, the following hypothesis is proposed:

Hypothesis 3 (H3). An organization’s social capital has a positive effect on technological innovation.

2.3.4. Relational Capital

Despite the notion that relational capital has emerged to gain a competitive edge in a
changing global context, it has received little attention. There is evidence of reference to
relational capital from various viewpoints and conceptual frameworks in the literature’s
frameworks for monitoring and evaluating intellectual capital (Ginesti et al. 2018). Re-
lational capital is mirrored in the “client viewpoint,” which examines how to generate
value for the customer, match their needs, and why the customer is spending (Nielsen and
Dane-Nielsen 2019). Agostini and Nosella (2017) are contemporary authors who allude
to relational capital as “customer capital”, emphasizing their focus on consumer loyalty
to the firm and trust in connections. In previous publications, the authors broadened the
idea of relational capital to include, in addition to connections with consumers, interactions
with vendors, competitors, partners, allies, and public bodies and institutions, and these
interactions have been enhanced by technological innovation in communication. The latter
is the case with Secundo et al. (2020), who broaden the study of organizational-customer in-
teractions, alluding to this kind of intellectual capital as consumer and relationship capital,
which have both been boosted by technological innovation.

Along these lines, other authors, such as Alvino et al. (2020), examine its ties with
its rivals, suppliers, organizations, and the government in its so-called customer capital.
Meanwhile, Cabrita et al. (2017) suggest categorizing according to three core dimensions:
customer connections, supplier ties, and alliances. Similar to Obeidat et al. (2017) and Agos-
tini and Nosella (2017), other authors have expanded relational capital outside interactions
with consumers and other agents, including reputation and corporate image. Xu and Li
(2019) characterize “market assets” as those produced from a favorable interaction between
the firm and its market and the organization and its consumers. Examples are product
brands, repeat purchases, distribution networks, corporate name and image, and other
characteristics that provide a competitive edge. In response, Januskaite and UZziene (2018)
include interactions with customers and suppliers in addition to commercial brands and
the business reputation or image in their so-called “external structure”. More recently, Xu
and Liu (2020) allude to relational capital via the concept of customer capital, which alludes
to the organization’s links and ties with external forces—for example, interactions with
consumers and other players considering the available technological innovation that has
fostered the process. These authors incorporate client and supplier connections, business
image in this investment and technological innovation in basing their arguments. The
following hypothesis is proposed based on these arguments:

Hypothesis 4 (H4). An organization’s relational capital has a positive effect on technological
innovation.

Absorption capacity (AC) was introduced in research from the postulations of Cohen
and Levinthal (1990), which referred to an organization’s capacity to recognize, incorporate
and utilize available information within its environment. Additionally, Zahra and George
(2002) classified AC as “a set of organizational routines and processes by which firms
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acquire, assimilate, transform and exploit knowledge to produce a dynamic organizational
capacity” (p. 186).

The mediating role of absorptive capacity between human capital and technological
innovation is seen when the organization provides a good working environment, space,
and effective database, which in turn reduce time wastage and promote the prevailing
knowledge toward innovation (Subramaniam and Youndt 2005). Absorptive capacity
mediates the relationship between intellectual capital and technological innovation though
involving its external parties in its enhanced production of superior products and process
innovation (Santos-Rodrigues et al. 2015). The absorptive capacity is considered to mediate
the effects of intellectual capital on technological innovation through the adoption of
enhanced ICT techniques, which are critical in the development of new products and
adjusting the existing ones toward reduction in cost. It also allows firms to adjust their
strategies based on the existing business situation.

Intellectual capital is identified as a critical factor in driving external knowledge
assimilation (Hagemeister and Rodriguez-Castellanos 2010). Moreover, the capacity for
this incorporation is dependent on previous understanding of the industry (Lane et al.
2006), which is regarded as more important than the individuals” sum knowledge (Cohen
and Levinthal 1990). According to Mariano and Walter (2015), empirical studies on AC
within the domains of intellectual capital and knowledge management should be oriented
toward examining and clarifying the advances of intellectual capital factors to the dynamic
processes of firms. Lin et al. (2016) investigated the correlation between knowledge loss
and declining AC, offering empirical evidence on the effects of knowledge loss, as well as
declining performance. Based on these assumptions, the following hypothesis is tested:

Hypothesis 5 (H5). Absorptive capacity positively mediates the relationship between intellectual
capital and technological innovation.

2.4. Intellectual Capital as a Driver of Technological Innovation

7

All businesses must develop and utilize innovation. The term “innovation generation’
pertains to creating a new product, method, or expertise for the market, while “innovation
adoption” refers to adapting current knowledge from outside the company. In other words,
created innovations are novel to a company and its market, but accepted innovations are
novel exclusively to the company that accepts them (Manzaneque et al. 2017). Absorptive
capacity is an organization’s capacity to recognize, absorb, change, and use external knowl-
edge, studies, and experience. Absorptive capacity is defined by Obeidat et al. (2017) as the
rate at which a corporation can acquire and apply scientific, technological, or other external
knowledge. It assesses an organization’s capacity to learn. Some debate the degree of
novelty, such as Secundo et al. (2018), differentiating between radical and gradual novelty.

In another case, Buenechea-Elberdin (2017) refers to “creative followers” who generate
incremental innovation by using any radical invention as a starting point. Studies by Xu
et al. (2017) and Martin-de Castro et al. (2019) have tackled the widespread misunderstand-
ing regarding the breadth of innovation (generation versus adoption) by concentrating on
the magnitude of innovation. Cassol et al. (2016) point out that the innovations combine
new and adapt to current information with intellectual capital. For instance, the production
and acquisition of new knowledge is required to form innovation, and the newly acquired
knowledge is a direct result of human capital and social capital. Still, the acceptance of
innovation is based on the duplication of already existing information. In this setting,
companies that generate new knowledge may depend on intellectual capital, while the
development of new knowledge is an experimental process characterized by variety, search,
experimentation, unpredictability, and discovery (Mention 2012). Innovation generation
and adoption provide various chances for enterprises to obtain market newness.
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3. Methodology
3.1. Population and Sample Size

To investigate the study objectives and put the hypotheses identified in the previous
section to the test, this study used data collected from firms operating in the Russian
transportation sector. The motivation that led to choosing this sector was its importance
to the Russian economy, and the role the transportation sector plays in the daily life of
people and society as a whole. The sector’s technological innovations, as well as its levels
of innovation, have improved and increased.

The study’s empirical analysis was conducted using a construct relationship and data
from 455 respondents. These respondents consist of firms and companies specializing in
transportation services in Russia. The specific interest was companies using different levels
of technology to offer transportation services to their customers. The data were collected
from the various categories of workers, such as general managers, marketing managers,
executive officers, R&D officers, production managers, and drivers among other workers
occupying important positions in the transportation industry.

The data were collected using a structured closed-ended questionnaire. The question-
naire contained two sections: the demographic section in which the data for information,
such as age, education, and work experience, of the respondents were collected, and the
section where data regarding the constructs of the study were collected. The questionnaire
was sent to the respondents through email. The questionnaire was also hosted online on
Google sheet, and the link was shared with the targeted respondents on social media.

3.2. Measurement

The measurement variables contained three major variable categories—the indepen-
dent variable, mediating variable, and dependent variable. The independent variables
include structural capital, human capital, social capital, and relational capital. The mediat-
ing variable is an absorptive capacity, and the dependent variable is technical innovation.
The four aspects of intellectual capital were adopted from Subramaniam and Youndt (2005).
The items of human capital used include overall skills, expertise, and individual knowl-
edge levels. The items of social capital include leverage knowledge among employees,
customers, suppliers, and alliance partners. The organization capital was measured using
the ability of the organization to store knowledge in physical repositories, such as databases,
patents, and manuals. The dependent variable measurement variables were adopted from
Pérez-Lufo et al. (2014). From the literature review, various aspects of each construct were
adopted to the questionnaire. For human capital, the aspects adopted in the questionnaire
included knowledge skills and abilities exploited by individual employees. They entail
education, experience, skills, and training. For relational capital, the aspects included
were interrelationships and networks, individual interactions, customer and suppliers’
relationships, strategic allowance and customer knowledge. For structural capital, the as-
pects included in the questionnaire were system and program, research and development,
intellectual property rights (IPRs). The absorptive capacity factors included were the ability
of the firm to assimilate and exploit technology, as well as knowledge management. The
technological innovation aspects include the ability to adopt and develop new technologies.
The model adopted for the study is presented in Figure 1.

The instruments and model used for the study were validated using confirmatory
factor analysis (CFA), reliability analysis, and validity analysis via Amos SPSS. The data
were analyzed using structural equation modeling (SEM). This technical analysis was
considered suitable because it enables the simultaneous analysis of multiple variables
(Hair et al. 2009; Malhotra 2012). The analysis of descriptive statistics and correlation
analysis was conducted using SPSS.
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Figure 1. Conceptual framework of the study.

4. Results
4.1. Descriptive Statistics

This section evaluated the demographic characteristics of the respondents—age, ed-
ucation, and work experience (Table 1). From the results, the age group with the most
respondents was 31-40 years (44.6%). This was followed by those in the age range of
21-30 years (26.8%). This indicates that the sector was dominated by younger people.
Regarding the educational qualification of the respondents, the highest level of education
is those who have reached college level (37.4%) followed by those at the graduate level
(27.3%). For work experience, the highest experience level was above 10 years (28.4%)
followed by 5-10 years (27.3%), implying that the respondents have significant experience
in the transportation sector.

Table 1. Demographic information of respondents.

Variables Frequency (n) Percent (%)
21-30 122 26.8
Age 31-40 203 44.6
: 41-50 86 18.9
Above 50 44 9.7
High School and Below 89 19.6
Educati Colleges 170 374
ucation Graduates 124 27.3
Post-Graduate 72 15.8
1-2 years 106 23.3
. 3-5 years 96 21.1
Work Experience 5-10 years 124 27.3
Above 10 years 129 28.4

Source: Researchers’ data.

4.2. Reliability and Validity

The reliability and validity analysis of this study was conducted using various tech-
niques, including Cronbach’s alpha, standardized loadings, composite reliability, and
average variance extracted (AVE). These statistics are presented in Table 2. The validity of
the study—Dboth discriminant and convergent validity of the study constructs—was evalu-
ated using confirmatory factor analysis. The recommended threshold for factor loading
constructs should be more than 0.50. This threshold was satisfied because all the standard-
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ized factor loadings were above 0.5. The requirement for the average variance extracted
(AVE) threshold to be above 0.50 was also fulfilled as all the values of AVE were above 0.5
(Tabachnick and Fidell 2001).

Table 2. Reliability and validity analysis.

Constructs St;ﬂ:ggig:d Ezﬁl a%(;;ltt; AVE Cronbach’s «
Absorptive Capacity 091 0.63 091
ABC1 0.823
ABC2 0.813
ABC3 0.806
ABC4 0.787
ABC5 0.729
ABC6 0.784
Human Capital 0.88 0.55 0.88
HUC1 0.723
HUC2 0.783
HUC3 0.752
HUC4 0.766
HUC5 0.733
HUC6 0.707
Relational Capital 0.88 0.59 0.88
REC1 0.755
REC2 0.776
REC3 0.799
REC4 0.767
REC5 0.737
Social Capital 0.84 0.67 0.85
SOC1 0.676
SOC2 0.723
SOC3 0.71
SOC4 0.62
SOC5 0.654
SOC6 0.74
Structural Capital 0.90 0.61 0.90
STC1 0.779
STC2 0.804
STC3 0.771
STC4 0.797
STC5 0.732
STC6 0.796
Technological Capital 0.89 0.55 0.90
TEC1 0.719
TEC2 0.756
TEC3 0.721
TEC4 0.73
TEC5 0.729
TEC6 0.791
TEC7 0.732

Note: CFI = 0.934, TLI = 0.928, IFI = 0.934, NFI = 0.809, RMSEA = 0.053, PCMIN/DF = 2.277.

The internal consistency was evaluated using convergent validity and Cronbach’s
alpha. The threshold for the two metrics is that composite reliability and Cronbach’s alpha
should be 0.70 or more (Nunnally and Bernstein 1994). Based on the findings presented in
Table 2, the CR and Cronbach’s alpha were both above 0.70, which satisfied this criterion.
The satisfaction of the above four criteria confirmed that the validity and reliability of the
constructs used in the study were satisfactory. The applied model was evaluated using
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CFA and the model fitness indexes. According to Hu et al. (1992), TLI, IFI, and GFI should
be greater than 0.90, while Shevlin and Miles (1998) recommend that NFI should be above
0.90. Based on the CFA results, the recommended threshold was satisfied. MacCallum and
Hong (1997) recommend that RMSEA should be <0.080, while X2/df should be <5.0, and
these thresholds were satisfied.

4.3. Evaluation of Hypotheses

This section describes evaluation of the study hypotheses based on the structural
equation modeling (SEM) results. The results are presented in Table 3.

Table 3. SEM analysis.

Estimate S.E. C.R. P
Direct Effects
H1 STC — TEC 0.144 0.045 3.211 0.001
H2 HUC — TEC 0.389 0.050 7.762 *HE
H3 SOC — TEC 0.387 0.062 6.197 hiid
H4 REC — TEC 0.088 0.027 3.257 0.001
Indirect Effects
STC — ABC — TEC 0.085 0.05 9.869 *Hx
He HUC — ABC — TEC 0.065 0.017 7.702 id
SOC — ABC — TEC 0.108 0.04 9.997 *HE
REC — ABC — TEC —0.008 0.057 —1.373 0.170

Note: *** = significant at 5% significant level, STC = structural capital, TEC = technological innovation,
HUC = human capital, SOC = social capital, REC = relational capital, ABC = absorptive capacity.

The first hypothesis of the study evaluated the relationship between an organization’s
structural capital (STC) and technological innovation (TEC). The relationship between
the two variables was significant (3 = 0.144, p < 0.05), which supports hypothesis 1 (H1).
The relationship between human capital and technological innovation was significant and
positive (3 = 0.389, p < 0.05), which confirmed the second hypothesis (H2) of the study.
The results also indicated a positive and significant relationship between social capital and
technological innovation (3 = 0.387, p < 0.05), which confirms the third hypothesis (H3).
The fourth hypothesis of the study evaluated the relationship between an organization’s
relational capital (REC) and technological innovation (TEC). The results indicate a positive
and significant relationship between the two variables (3 = 0.226, p < 0.05), which confirm
the fourth hypothesis (H4) of the study. The last hypothesis was evaluating the mediating
effect of absorptive capacity between the intellectual capital variables and technological
innovation. This was evaluated by estimating the SEM with bootstrapping. The results
indicate that the absorptive capacity significantly mediated the effect of structural capital,
human capital, and social capital on technological innovation but did not significantly
mediate the effect of relational capital on technological innovation. As a result, hypothesis
five (H5) was partially confirmed.

5. Discussion

In our research, we developed a conceptual model to investigate how four aspects of
intellectual capital (human capital, relational capital, social capital, and structural capital)
influence the generation and adoption of innovation in Russia’s transportation sector. Simi-
lar studies on a related issue have been carried out in different research areas, applying
different research aspects. The result that structural capital has a positive effect on techno-
logical innovation was supported by a number of studies (Kalkan et al. 2014; Nicolo et al.
2020; Secundo et al. 2017a; Zhang and Lv 2015). Structural capital was found to have a
significant and positive influence on the technological innovation in transport firms. This
implies that, as suggested by Zhang and Lv (2015), the knowledge and institutional capital
stored in the company’s database has a great capacity to promote technological innovation.
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Additionally, well-equipped organizations in the sector with databases, operating pro-
cesses, procedures, and better production planning could help leverage a better platform
for developing continued technological innovation. The positive effect of structural capital
if maximally exploited according to Secundo et al. (2017a) will lead to improving the
intellectual capital of the firm.

It is also a suggestion that transport firms’ investment in non-physical capital, such
as systems and procedures, could bear great benefits in terms of their technological ad-
vancement. These findings are supported by Ting and Lean (2009), Haris et al. (2019), and
Andreeva and Garanina (2016), who found that structural capital significantly influences
technological innovation efforts. Relational capital was found to have a significant and
positive influence on technological innovation. These findings prove that the relation-
ships maintained by a company with other different agents and competitive environments,
such as those with customers, suppliers, allies, and other firms and intuitions, are im-
portant in developing important information toward its innovation (Barykin et al. 2021e).
The importance of absorptive capacity comes from the fact that firms ought to have the
ability to recognize, assimilate, and adopt new external innovation knowledge for their
commercial purposes.

The second hypothesis also uncovered a significant and positive relationship between
human capital and technological innovation. With the identification of human capital as
the living and thinking components of intellectual capital by Dabi¢ et al. (2018), HC are
thus essential to technological innovation because they are the components that would
execute the innovations that will advance the organization in their quest for sustainability.
Applying this to the Russian transportation sector, innovations in the transportation sector
will depend on the interpretation and integration of technological innovations by the
human capital component of intellectual capital. Human capital according to Igbal et al.
(2019), encompasses their skills, abilities, attitude, intellectual flexibility and expertise, and
this is best measured in how innovative employees are in utilizing these core attributes.
Employing them in the Russian transportation sector will lead to massive transformation
and development, which can only be made possible by harnessing the human capital
component of intellectual capital.

Similarly, H3 also finds a positive and significant correlation between social capital
and technological innovation. This is seen in examples of Pérez-Lufio et al. (2014), O'Reilly
and Tushman (2004). The findings of Pérez-Lufo et al. (2014) suggest that technological
innovation and its adoption in the transport sector in Russia are influenced by several
factors. The findings of technological innovation indicate that social capital has a significant
and positive influence on technological innovation. These findings are in line with that of
O'Reilly and Tushman (2004), who investigated the ability of two companies to adopt and
use the techniques for exploration and exploitation at the same time. From the relational
perspective, it is suggested that it shows that customers and suppliers are the crucial part
of an organization. Companies can generate innovative ideas from their customer’ choices,
because the customers are the ultimate buyers of products and their knowledge is quite
imperative for organizations (Hormiga et al. 2011).

This implies the importance of developing social capital as the basis of technological
innovation. The findings of Subramaniam and Youndt (2005) indicate that incremental and
radical innovations capabilities in companies are significantly and positively influenced by
social capital. By confirming the hypothesis in their study, human capital was found to have
a significant influence on technological innovation. This suggests that individual skills,
expertise, and professional experiences could promote the harnessing of efforts toward
the development and adoption of technological innovations in an organization through
sharing ideas.

H4 follows the tradition of the previous three hypotheses by affirming a positive
relationship of the effect of relational capital on technological innovation. This is supported
by the views by Agostini and Nosella (2017) that alluded about RC being mainly concerned
with the client—customer relationship and how the cordiality will enhance productivity for
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the firm. Relating this to the transportation sector in Russia, the ability of the relational
component of the intellectual capital that is anchored on the relationship between the
client and the customers, and how using technological innovations to meet customer needs.
The relational nexus could be seen from the point of view of maintaining and upgrading
transportation facilities with what is obtainable in developed societies, and also build
on the client—customer relationship by providing more feedback and adopting digital
channels to disseminate information that customers consider valuable and time saving,
which Secundo et al. (2020) describe as a technology innovation booster. The findings
are also supported by the postulations of Alvino et al. (2020) and Cabrita et al. (2017),
who analyzed the relevance of relational capital to innovation to include the relationship
with competitors, suppliers, other businesses and the government. These variables can
be important sources of technological innovations which can be applied to improve the
operations of the transportation sector in Russia, and, in the process, maintain cordiality
between the firm and its customers.

The results of H5 show that the absorptive capacity partially mediated the effect of
structural capital, human capital, and social capital on technological innovation but did
not significantly mediate the effect of relational capital on technological innovation. This
is supported by Subramaniam and Youndt (2005) who acknowledge that the mediating
role of the absorptive capacity between human capital and technological innovation is
seen when the organization provides a good working environment, space, and effective
database, which, when applied to the organizational process, leads to the optimal and
effective running of the firm’s business, as it reduces time wastage and promotes the
prevailing knowledge toward technological innovation. The transportation sector is one
that hosts a variety of individuals who need to arrive at their destinations safely and on
time. Santos-Rodrigues et al. (2015) introduced the significance of building intellectual
capital by seeking out external parties in the delivery of quality services and products
and optimizing the innovation process to ensure satisfaction. The transportation sector no
doubt can benefit immensely by applying the findings of this study into their operations
and to position the transportation sector in Russia to effectively service its external and
internal clients and partners toward the growth toward sustainability.

6. Conclusions

This research investigated the independent effects of four aspects of intellectual
capital—human, social, relational, and structural—on technological innovation practices in
the transportation sector in Russia. The study provides critical empirical evidence that firms
operating in the dynamic Russian transportation industry adopt technological innovation
through the application of a wide range of knowledge. The study confirms that all the con-
sidered dimensions of intellectual capital—human capital, social capital, relational capital,
and structural capital—have a significant influence on transport sectors firms’ technological
innovation in Russia. Among them, human capital was found to have the highest influence
on technological innovation, followed by social capital. This implies that specialized knowl-
edge, skills, expertise, experiences, and abilities are embedded within an organization’s
personnel, which are its greatest assets as far as technological innovation is concerned.
In addition, social capital aspects, such as effective communication, the laid down mech-
anisms of coordination and communications within the organization, human ties, trust,
relationships, attitudes, and values that govern interpersonal interactions, are critical in
fostering technological innovation. Additionally, the ability of a company to assimilate
new knowledge in its organization operations—or its absorptive capacity—determines the
effectiveness and speed of its technological innovation.

7. Limitations and Future Study Suggestions

Though this study was considered successful from its inception to its conclusion, some
limitations can be highlighted. The first limitation is that this study was carried out on
one specific sector—the transportation sector in Russia. Therefore, the generalization of
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the results obtained in this research should be handled with this aspect in consideration.
Another limitation is that absorptive capacity had an independent positive and significant
influence on technological innovation, but the study did not offer a hypothesis for this. A
similar study but in different sectors should be considered in future, with comparison of
the outcomes.

8. Implications

The findings of this study offer important implications that are useful in terms of the
existing theoretical knowledge, management knowledge, as well as managerial practices.
From the theoretical perspective, the existing literature is limited in aspects of intellectual
capital. This study has attempted to expound the existing theory by adding the element
of social capital to the intellectual capital discourse in developing the resultant model.
Additionally, the paper adds value to the existing knowledge by evaluating an extended
model with four intellectual capital factors—structural, relational, human, and social factors
and their effects on the technological innovation in Russia’s transport sector with consid-
eration of the absorptive capacity as a mediating variable. For the practical managerial
implications, with a focus on the transport sector in Russia, the four aspects of intellec-
tual capital—human, relational, structural, and social—were considered positively and
significantly important as far as adoption and implementation of technological innovation
is concerned.

Therefore, firms operating in the transportation industry should align these aspects
of intellectual capital in a manner that they would effectively and sufficiently supplement
and complement each other to facilitate the generation and adoption of technological
innovation. More importantly, the firm’s absorptive capacity, implying its ability to take
advantage of and leverage available capital and associated knowledge, would influence its
technological adoption. In the case of Russia’s transport sector firms, they should majorly
leverage on human capital aspects, such as knowledge, skills, expertise, experiences,
and abilities embedded within organizations personnel as well as social capital, such as
effective communication, the laid down mechanisms of coordination and communication
within the organization, human ties, trust, relationships, attitudes, and values that govern
interpersonal interactions within the organization.
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