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Abstract

In today's fast-paced tech world, understanding investment strategies is crucial for driving innovation and gaining
a competitive edge. This article explores how organizations integrate technological advancements using
evolutionary game theory, which analyzes strategies in competitive environments. Key concepts include the
evolutionarily stable strategy (ESS) and replicator dynamics, emphasizing the importance of adopting new
investment strategies and staying updated on technology. The article provides a summary of the existing literature
on this topic and focuses on establishing the fundamental model and acknowledging the presence of two core
strategies. The study also attempts to identify the existence of an evolutionary stationary strategy. The results of
the study reveal that trust in technological development, conformity, and the social and legal order are the primary
driving forces behind comprehensive integration.
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Ozet

Giinlimiiziin hizli tempolu teknoloji diinyasinda, yatirim stratejilerini anlamak yeniligi tesvik etmek ve rekabet
avantaji elde etmek agisindan son derece 6nemlidir. Bu makale, rekabet¢i ortamlardaki stratejileri analiz eden
evrimsel oyun teorisini kullanarak, organizasyonlarin teknolojik gelismeleri siireclere nasil entegre ettiklerini
incelemektedir. Calismanin temel kavramlari olan evrimsel kararl strateji (ESS) ve ¢ogaltict dinamik, yeni yatirim
stratejilerinin benimsenmesinin ve teknolojiye ayak uydurmanin dnemine vurgu yapmaktadir. Makale, bu konudaki
literatiiriin bir dzetini sunmakta ve temel modeli ortaya koymaya, ayrica iki temel stratejinin varligini ele almaya
odaklanmaktadir. Calisma ayrica, evrimsel bir duragan stratejinin varligmi belirlemeye de caligmaktadir.
Calismanin sonuglari teknolojik gelisime duyulan gilivenin, konformizmin ve sosyal ve hukuki diizenin kapsamli
bir entegrasyonun birincil itici giicii oldugunu ortaya koymaktadir.
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1.Introduction

Investors operating in highly volatile financial markets need to adopt new investment
strategies to deal with the complexity of the markets. New strategies have been increasingly
used recently. Developments in behavioral finance increase the diversity of these strategies.
These new strategies differ from traditional investment methods. Adaptive strategies that
integrate quantitative and qualitative analysis more comprehensively stand out. These new
strategies are becoming more applicable with the advancement of technology.

The impact of technology on daily life continues to increase. Therefore, it is important to
examine its effects on investment strategies because investments are made not only at the
individual level but also at the corporate level. In this respect, as an important actor of
economic development, enterprises can integrate technological innovations into their
investment strategies to produce high-value-added products and gain a competitive advantage.
This integration may involve the exogenous inclusion of technological developments or the
direct endogenous acceptance of technological developments and separate investment for
technological development.

Technological development offers enterprises varied advantages. These include reduced
transaction costs, improved product quality, production of higher-quality products at lower
costs, efficiency in resource allocation, reduced inventory costs, improved operational
decision-making efficiency, and enhanced corporate reputation.

On the other hand, there is a need to investigate the barriers that prevent enterprises from
integrating technological developments. These barriers may stem not only from internal
factors but also from legal regulations, economic conjuncture and political developments. In
this respect, patent rights, industrial property, insufficient government incentives, or global
tension stand out as important obstacles. All these problems reduce the potential of enterprises
to make new investments.

The main research question of this study can be stated as

“How do firms integrate technological developments and what conditions lead to the
emergence of evolutionarily stable equilibria?”.

Based on the literature and the proposed evolutionary model, the following hypotheses are
examined:

e Firms that integrate technological advancements into their investment strategies will
achieve higher evolutionary stability in the long run compared to firms that do not.

e [f a society holds the belief that technological investment yields long-term benefits,
then technological investment will not diminish even when there is a return advantage
for enterprises that do not invest in technology.

e A positive segmentation that encourages investments in technological exploration can
lead to increased interaction among these firms, thus diminishing the positive external
effects on imitating firms and impacting their frequency.

e The presence of imitation strategies within a population reduces the overall
equilibrium level of innovation investment unless segmentation (e.g., IP protection,
R&D incentives) is sufficiently strong.
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e As conformity within an industry increases, the influence of payoff differences on
strategy selection diminishes, leading to a more stable but potentially less efficient
technological equilibrium.

The study utilizes evolutionary game theory to answer the question. Evolutionary game theory,
which emerged in the 1970s with the pioneering work of John Maynard Smith and George R.
Price (Smith & Price, 1973), is now widely used in the social sciences, mathematics, and
medicine. The evolutionary stationary equilibrium concept means that the equilibrium
achieved is robust to small deviations. In other words, the equilibrium strategy cannot be
eliminated by other strategies.

This period also stands out as a period when the basic principles of behavioral economics were
integrated into evolutionary game theory. In particular, Camerer and Fehr (2002) made
important studies on human altruism and analyzed social preferences (Camerer & Fehr, 2002).
Alger and Weibull (2016), on the other hand, found that human behavior, which is called
Homo-moralis (moral human) and acts with moral norms, is evolutionarily stable.

Technological advances in the 2010s have made the use of evolutionary game theory even
broader. The theory is now used in modeling cancer treatment, developing post-pandemic
teaching systems and network models (Han et al., 2020; Muiliz, et al., 2023; Bayer et al., 2021;
Bauch & Bhattacharyya, 2012).

The choice of evolutionary game theory as the modeling framework for technological
integration is grounded in both the nature of the problem and the limitations of alternative
approaches. Traditional static models often assume fully rational agents and equilibrium
conditions that remain fixed over time. However, the diffusion of technological investment is
inherently dynamic: firms continually adjust their strategies in response to shifting market
signals, competitors’ actions, and institutional environments. Evolutionary game theory offers
a natural and well-established approach for capturing such dynamics, as it enables strategies
to evolve through processes of adaptation, imitation, and selection, rather than relying solely
on the assumption of instantaneous optimization.

Moreover, technological integration decisions are rarely made in isolation. Firms are
embedded in networks where social learning, conformity, and local interactions significantly
influence behavior. Evolutionary models explicitly incorporate these features through
mechanisms such as replicator dynamics, which describe how the prevalence of strategies
changes over time based on their relative success. This framework enables the analysis of how
certain behaviors—such as persistent investment despite uncertainty—can become
evolutionarily stable strategies (ESS) and how market segmentation or conformity can
influence the path toward or away from innovation. In summary, evolutionary game theory is
particularly well-suited for modeling technological integration because it captures the
adaptive, path-dependent, and socially embedded nature of firm decision-making.

The paper will emphasize the importance of adopting innovative investment strategies and
following technological developments, present a systematic literature review, develop an
evolutionary game theoretical model with two basic strategies and search for the existence of
evolutionary stationary equilibrium.

2. The Importance of Adopting the Technological Progress

The pace of technological advancement in the corporate environment has increased
dramatically. As a result, enterprises design new processes that will increase their operational
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efficiency. It is essential for enterprises to keep up with technological developments to stay
ahead of the curve and gain competitive advantage. Here, the importance of keeping up with
the technological revolution will be discussed.

As enterprises strive to remain competitive in the corporate competitive environment, they
integrate complex systems, streamline operational decisions, increase efficiency and achieve
cost savings. For instance, enterprises that adopt automation technologies can reduce the
completion time of routine transactions and thus provide a faster service for their customers.

Performing routine tasks with automation systems has led to significant increases in
productivity. Employees can engage in creative and high-value-added activities by automating
repetitive processes. Technologies such as cloud computing, big data analytics, and artificial
intelligence are the main factors influencing this transformation. These technologies help
employees with instant access to large databases, strategic planning, and analysis. Making
strategic decisions quickly ensures that opportunities are not missed.

Moreover, today's consumption behavior is emerging through the technology channel. E-
commerce platforms, interactive chatbots and mobile applications stand out as attractive for
consumers. These tools provide instant support, increase customer satisfaction and facilitate
access to products and services. In addition, the feedback obtained through these technologies
helps enterprises to improve their services. Acting in line with customer expectations is no
longer an extra advantage; it has become a corporate imperative. Enterprises that fail to adapt
to these changing demands risk losing market share to competitors that use technology more
effectively.

In this era of dizzying technological advancement, adaptability and agility have become
essential qualities for organizations. Enterprises need to invest in innovative solutions that not
only meet today's challenges but also ensure their future success. Continuous investment in
new technologies prevents becoming obsolete and enables companies to proactively adapt to
market changes. The competitiveness of enterprises that cannot keep up with technological
developments is decreasing. For this reason, being open to change encourages innovation
culture for the long-term sustainable success of the enterprises.

In summary, it is essential to integrate technological developments into corporate operations.
This integration provides many benefits such as competitive advantage, increased efficiency
and enrichment of customer experience. Enterprises need to ensure this integration to survive
in the digitalizing ecosystem. Therefore, digital transformation should be at the center of their
operational processes. Moreover, innovative thinking should transform the corporate structure
as a culture.

The market leaders of the future will be those who succeed in internalizing this technological
transformation. Enterprises that complete their investments by considering the changing
corporate structure will strengthen their market position with the competitive advantage they
gain, establish deeper relationships with their customers, changing corporate structure will
strengthen their market position with the competitive advantage they gain, establish deeper
relationships with their customers, and ensure their long-term growth in an economic
environment full of uncertainties. (Baden-Fuller & Haefliger, 2013).

2.1 Literature Review



Aydin Adnan Menderes Universitesi, Sosyal Bilimler Enstitiisii Dergisi, Yil: 2025, Cilt: 12, Sayt: 2 (Sf. 1-20)

Aydin Adnan Menderes University Journal of Institute of Social Sciences, Year: 2025, Vol: 12, No: 2 (pp. 1-20)

Recent research have extensively analyzed the influence of technological advancements on
enterprises. Huff and Munro (1985) provide a comprehensive definition of information
technology, encompassing a range of technologies involved in processing and managing
information, such as computer hardware, software, telecommunications, and office
information systems. As stated by Keen (1991), IT has transitioned from its traditional
supportive role to become a key component of enterprise strategies. The fundamental concept
of IT now revolves around using technology to attain sustainable competitive advantages and
to support an organization's competitive strategy.

Windrum and Berranger's (2002) study focused on the primary factors influencing firms'
adoption of Internet and e-trade technology. These factors were identified as network
externalities and endogenous factors. The timing of technological investments is critical for
enhancing productivity and should be approached strategically. Early investments enable
enterprises to gain a competitive advantage by leveraging network externalities. This is
consistent with Rogers' (2003) diffusion of innovation theory, which underscores the critical
influence of early adopters in shaping the dynamics of technology adoption and market
behavior.

Drew (2003) conducted a study on the impact of technological developments and advances on
various enterprises in the United Kingdom. The study found that high-tech and knowledge-
oriented firms are more willing to integrate technological developments. The study also found
that enterprises of all sizes and structures have incorporated the transformative impact of e-
commerce into their strategic planning and that Internet technology plays a central role in their
growth strategies (Drew, 2003).

In a study conducted in Nigeria - a developing country - in 2004, Aruwa examined the
contribution of enterprises to regional development and sustainable economic growth. The
research emphasized that the development and adoption of indigenous technologies is of great
importance in achieving long-term development. Aruwa argued that the effective utilization
of indigenous knowledge and innovations is a critical element for economic development and
the sustainable future of the country (Aruwa, 2004).

The study conducted in Finland by Jalava et al., in 2005 analyzed the effects of Information
and Communication Technologies (ICT) on the volume of production and labor productivity.
The study showed that ICT advances, especially since the 1990s, have significantly increased
labor productivity and economic growth and that these developments have strengthened the
competitive advantage of enterprises in the international arena (Jalava et al., 2015).

Another study conducted by Chen (2006) in China evaluated the historical development and
current situation of enterprises in the country in detail. Chen argued that firms need to be
supported to establish and maintain the industrial structure and emphasized the importance of
the state taking an active role in this process. He also emphasized the need to integrate state
support into policy instruments to encourage the internalization of technological progress.

Finally, Liu (2008) stated that the decisive factor in the success of enterprises in the global
competitive environment is their capacity to create innovation and their ability to implement
technological developments. It is recommended that local governments establish a financing
and innovation framework to facilitate the integration of technological advancements into the
structure of small and medium-sized enterprises. Suggestions include allocating a dedicated
state budget for firms, tax incentives, establishing SME development funds, and providing
special innovation funds for technology-based enterprises.



Aydin Adnan Menderes Universitesi, Sosyal Bilimler Enstitiisii Dergisi, Yil: 2025, Cilt: 12, Sayt: 2 (Sf. 1-20)

Aydin Adnan Menderes University Journal of Institute of Social Sciences, Year: 2025, Vol: 12, No: 2 (pp. 1-20)

Pipitone's (2009) study thoroughly analyzed the relationship between technological
development, enterprise performance, and economic growth using the total factor productivity
method. Research findings reveal that the impact of physical capital and technological
advances on the performance of enterprises and economic growth is more decisive than that
of human capital. In particular, total factor productivity, which is driven by technological
advances, stands out as a key factor in achieving high growth rates. This conclusion is in line
with Arrow's (1962) view that learning by experience and accumulation of knowledge play a
key role in increasing productivity over time.

De Vrande and De Jong (2009) conducted an analysis of a database comprising 605 innovative
companies in the Netherlands. They focused on two key technological innovation components:
technology utilization (exploitation) and technology discovery. Technology utilization refers
to the ability of firms to leverage the initiatives and knowledge of their non-R&D employees
to derive benefits, thereby enhancing their existing technological capacity. On the other hand,
technology discovery involves engaging customers in the innovation process to gain insights
into product modifications and acquire knowledge related to technological advancements,
ultimately leading to improvements in product quality and design. This process encourages
companies to pursue product technology research, leading to the acquisition of valuable
technological discoveries that can confer a competitive advantage and support sustainable
growth.

Daude and Fernandez-Arias (2010) highlighted the significance of technological
advancements. They attributed the failure of firms in developing countries, as opposed to those
in developed countries, to inadequate human capital, limited technological progress, and
financial constraints. These challenges hinder the possibility of achieving uniform enterprises
success across different countries.

Teece (2010) emphasized the pivotal role of firms in driving innovation and technological
advancement. The traditional large industrial research facilities have been replaced by more
dispersed sources of technology, placing greater emphasis on managers' coordination skills.
Dynamic capabilities encompass the skills, processes, organizational structures, and decision-
making frameworks that firms employ to generate and exploit value. Managers must possess
the ability to identify opportunities, develop suitable enterprise models, and adapt their
organizations and industries to evolving enterprise environments and technological
landscapes. The key players in this context are experts (both literary and numerate) whose
effective management necessitates minimal hierarchical constraints, flexible teams, and
performance-driven incentives. The dynamic capabilities articulated in Nelson and Winter's
(1985) framework are fundamental to understanding firm behavior, which they conceptualize
as evolving routines influenced by processes of innovation and natural selection.

To adequately address these dynamics, the theory of the firm should be expanded to
encompass both opportunity and opportunism, coordination within and outside the firm,
variations in capabilities among firms, and the frequent advantage of firms over markets in
creating, transferring, and safeguarding intangible assets. Furthermore, the concepts of
complementarities and specialization are proposed as significant elements in a theory of
innovative enterprises that realize superior returns.

Baden-Fuller and Haefliger (2013) developed a model that includes knowing customers,
interacting with customers, ensuring customer satisfaction and turning positive opinions into
revenue. This model reveals the causal relationship between interconnected parts. The authors
also noted the bidirectional relationship between technology and the enterprise model. The
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first aspect of this relationship is that enterprise models act as a bridge between technology
and enterprise performance. The second aspect is that the selection and implementation of
technology is a strategic decision for the enterprise model, especially in the context of
openness and user involvement. The study raises new research questions in technology
management, innovation, and strategy.

Herliana (2015), Bayargelik et al. (2016), and Bonito and Pais (2018) show that participating
in technological innovation processes facilitates enterprises to gain a lasting competitive
advantage and can increase market stability by adapting to rapid technological changes with
shorter production cycles. Technological innovation is an important tool for increasing
productivity, using resources (primarily labor and capital) more efficiently, mitigating growth-
limiting effects such as diminishing marginal returns, and raising economic output. In this
context, technological progress is made effectively in realizing innovation through social
networks, unlimited access to information (e.g., the internet), and integrating industrial
machinery into production processes.

In the study conducted by Hau (2016) in South Korea, an innovation-oriented model was
developed in the light of data obtained from 2000 firms. The model results show that the
technological network diversity of firms has a strong and positive effect on the
commercialization of technological developments. The research emphasizes that the diversity
of enterprises external knowledge networks plays a decisive role in increasing their
technological impact and adapting and utilizing these technologies to the domestic market.

Almeida and Terra (2018) analyzed the technological strategies and sustainable management
practices followed by small enterprises operating in Brazil's biotechnology, pharmaceutical,
petroleum, and shipbuilding sectors. The study aims to show these enterprises structures, their
preferred investment instruments, their partnerships, and the importance they attach to
sustainable economies as important actors in their decision-making processes. The findings
show that innovation has a substantial impact on enterprises development and that this impact
is influenced by many factors, such as the institutional environment, the structural
characteristics of the sector, sustainability management, and the enterprises network created.

Drejeris and Ozeliené (2019) sought to gain a deeper understanding of the structure of this
concept by focusing on the relationship between different dimensions of sustainability. By
comparing various academic views, their research aimed to identify the most critical
knowledge related to sustainable technology, explain the relationships between the
technological dimension and other sustainability elements, evaluate the technological
processes of enterprise products in terms of sustainability, and draw attention to the importance
of technology in sustainable practices. The article concluded that sustainable development
comprises a technological dimension alongside the four traditional dimensions, and it plays a
pivotal role in shaping the content of other sustainability components.

In a study by Haseeb et al. (2019), the social and technological barriers faced by small and
medium-sized enterprises (SMEs) in Malaysia in achieving sustainable competitiveness and
enterprises performance were addressed. Five hundred managers were contacted via e-mail,
and data were collected using simple random sampling. The results reveal that strategic
adaptive behavior plays a decisive role in integrating technological developments.

Prasanna et al. (2019) examined the relationship between technology and sustainable growth
in small and medium-sized enterprises (SMEs). Based on the predictions of Romer (1986),
they emphasized that technological innovations are one of the main factors that enable these
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enterprises to grow. It was revealed that financing allocated to R&D is of great importance in
determining the growth direction of enterprises. The study also emphasized the innovative
contributions of SMEs to the economy. It stated that technological advances are essential for
these enterprises to compete in the global market and survive in the long run.

Khuan et al. (2023) conducted a bibliometric analysis to assess the effects of technology on
innovation and growth in startups. A systematic review of academic publications identified
the main trends, important research topics, and influential studies in this field. The analysis
used co-citation relationships, author and institution maps, journal analysis, and keyword
clusters. The study highlights the importance of open innovation, digital transformation, and
disruptive innovation and reveals the multifaceted relationship between technology and startup
success.

Shahadat et al. (2023) investigated the effects of environmental and organizational factors on
the digital technology adoption process of SMEs in developing countries. In the study, a new
theoretical framework was developed under the title of “technology-organization-
environment”, with particular emphasis on the internalization of digital technologies and the
diffusion process of innovations. Data was gathered through a structured questionnaire
administered to a purposive sample of 535 top and middle managers from SME firms and
subsequently analyzed. The findings indicate that factors such as relative competitive
advantage, institutionalization, observability, accurate cost analysis, top management support,
top management innovation, competitive pressure, and government support are critical
determinants of ICT adoption in SMEs.

In addition to these applied studies, theoretical research in evolutionary economics and game
theory offers a solid foundation for modeling strategic behavior in innovation. Nelson and
Winter (1985) highlight the importance of firm heterogeneity and the evolution of capabilities,
while Young (1998) examines how institutional norms and social learning influence strategy
selection. These insights support the application of replicator dynamics and conformist
behavior modeling in making decisions related to enterprise innovation.

The research cited demonstrates that companies can gain a competitive edge and achieve
sustainable growth by embracing technological advancements. Developed countries possess a
human capital advantage that increases the likelihood of technological innovations. In contrast,
developing nations primarily receive technological advancements externally. However,
challenges such as insufficient government support, legal frameworks, organizational issues,
lack of institutionalization, and environmental factors can escalate the costs associated with
the technology transfer process. Consequently, firms may struggle to keep up with
technological progress.

In conclusion, while the majority of the literature emphasizes the positive relationship between
technological integration and firm performance, opposing views highlight that such integration
is not universally beneficial. Some studies argue that over-investment in technology without
complementary capabilities can lead to resource misallocation or technological lock-in
(Windrum & Berranger, 2002). Furthermore, the effectiveness of integration strategies varies
across economic contexts. In developed economies, strong institutional frameworks, advanced
R&D ecosystems, and mature markets facilitate the translation of technological investments
into competitive advantage (Teece, 2010; Almeida & Terra, 2018). In contrast, firms in
developing countries often encounter structural barriers, such as limited human capital, weak
intellectual property protections, and volatile policy environments, which can constrain the
expected gains from innovation (Aruwa, 2004; Haseeb et al., 2019). A critical assessment of
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these differing contexts highlights that the dynamics of replicators and the emergence of
evolutionary equilibria are highly sensitive to the institutional and economic environment.

3. Main Model

Assuming that the p is the fraction that invests for technological development (strategy i) and
and that the enterprises are return-oriented, the stationary condition can be written as ;) =

Ty (z)- When the fraction p chooses strategy i, the expected returns of strategies a and b will
be m,) and my,respectively. Here strategy y shows insensitivity to technological
development for political, economic or other important reasons. This fraction denotes as
z,(p+z=1).

The decisions made by enterprises can be influenced by various factors, including the current
political and legal landscape, the long-term goals of senior management, and the
responsiveness to technological advancements. In such instances, companies might choose not
to pursue investments, even if those investments are projected to yield positive returns. The
behavior described above in the model will be represented by conformism (K, K € [0,1)). As
the level of conformism increases, firms will increasingly take into account other firms'
strategies and general market conditions rather than focusing solely on returns.

Investing in any opportunity carries inherent risks, and this is especially true in the realm of
technological investments. When considering the right timing and investment platform, firms
must weigh potential risks against the anticipated benefits. Enterprises must make rational and
informed decisions on how to use their resources when investing, as these decisions can have
decisive effects on aggregate productivity. In a model explaining investment behavior, the
symbol y represents the proportion of firms that continue to invest even in the face of high
risks and possible financial losses. Such stable firms do not stop investing despite uncertainty
in returns. In this scenario, evolutionary multiplicative dynamics can be formulated.

To make the theoretical framework more accessible to readers outside the field of economics,
it is essential to connect the model's parameters to practical, real-world phenomena. Each
symbol in the model represents a tangible aspect of enterprise decision-making and industry
dynamics.

e p = This variable (the fraction that invests for technological development) captures
the overall level of commitment to technological advancement within a given market
or industry. For example, if p = 0,7, this indicates that 70% of firms have adopted a
strategy of allocating resources to technological innovation, while the remaining 30%
rely on existing methods or avoid investment due to risk considerations or regulatory
constraints. A rising p over time reflects increasing market confidence in
technological development.

* 1, and my,) = These payoffs measure the average financial or operational
outcomes associated with each strategic choice. Strategy i represents active
technological investment, while strategy y represents non-investment or a more
conservative approach. If ;) > my(,), then firms investing in technology are
expected to enjoy higher profits, lower production costs, or enhanced market share.
Conversely, if 7;p) < 7y (5 firms may perceive technology adoption as too costly or
risky in the short run.

e K= Not all firms base their decisions solely on financial calculus. The
parameter K represents the weight of conformity, meaning the extent to which firms
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imitate others in their industry. A high K (high conformism) implies that firms are
highly sensitive to prevailing norms—adopting technology because “everyone else is
doing it,” or refraining from adoption because their peers have not yet taken that step.
For example, in tightly networked sectors such as automotive supply chains,
conformity can significantly delay or accelerate the diffusion of innovations. In
empirical terms, conformism refers to the tendency of firms to align their strategic
decisions—such as investment in technological development—not solely with their
own expected payoffs but with the observed behavior of other firms in the same
environment. It is measured by the degree to which a firm’s actions are explained by
prevailing industry norms or peer behavior rather than by independent cost—benefit
analysis. In practice, conformism can be identified when a statistically significant
portion of firms adopt or abandon an innovation after observing similar moves by
competitors, even when controlling for their own financial indicators. For example,
empirical studies detect conformism when regression analyses show that a firm’s
probability of investing in R&D is strongly and positively associated with the
proportion of peer firms that have already done so, independent of that firm’s internal
profitability metrics (Bikhchandani et al., 1992). Thus, conformism operationalizes
the idea that firms are socially embedded decision-makers: their strategies are not
shaped in isolation but are influenced by the collective behavior within their network
or industry. This behavioral parameter is critical in evolutionary models because it can
amplify or dampen the diffusion of technological investments regardless of direct
economic incentives.

e x = Inthe model, y captures the proportion of firms that maintain their technological
investment strategies even under difficult circumstances. These firms continue to
allocate resources to innovation despite facing high risks, periods of low profitability,
or uncertainty about future returns. Rather than reacting immediately to short-term
market signals, they exhibit a form of strategic persistence, trusting that their
investments will generate long-term advantages such as stronger market positions,
unique capabilities, or barriers to entry for competitors. From a behavioral standpoint,
firms represented by y tend to be long-term oriented and resilient. They are not driven
solely by immediate payoffs; instead, they invest based on a vision of future growth
and technological leadership. This persistence often stems from factors such as
established R&D infrastructures, organizational cultures that value innovation, or
expectations of future regulatory and market changes that will reward early adopters.
Even when returns fluctuate, these firms sustain their commitment, serving as
stabilizers in the broader population of enterprises. In practical terms, a high y reflects
industries or regions where firms are willing to absorb temporary setbacks to sustain
innovation. It indicates environments in which trust in technological development and
institutional support is strong enough to maintain investment even during downturns.
Conversely, a low y suggests a fragile system where most firms quickly abandon
innovation when conditions worsen, making technological progress more vulnerable
to economic cycles or shocks.

3.1 Replicator Dynamics

Replicator dynamics is one of the basic building blocks of evolutionary game theory, which
mathematically expresses how the distribution of strategies in a population changes over time
and how this change is shaped by the relative success of the strategies. This approach helps to
understand how strategies evolve in competitive systems and how this evolution affects
population structure.
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In this theoretical framework, individuals adopt a variety of strategies, and interactions with
other individuals determine the success of these strategies. Replicator dynamics shows which
direction individuals prefer will evolve and which strategies will spread or decline based on
their payoffs.

This dynamic structure is a powerful model that allows us to study evolutionary processes
based on the success of strategies. Thanks to its wide range of applications, it provides a
theoretical basis for research in many disciplines and explains the mechanisms behind strategy
change.

Replicators can be written as follows
Ty = [KQ) + (1= K)(myp) — Ty))] (1)

o) = [L=K) Ty — )] (2)

The technological investment rate of the population is determined by the frequency of
replicators 1 and 2. The first faction must possess significant dominance over the other to adopt
a new technology. This dominant faction will influence the acceptance and integration of the
technology within the relevant industry or community. So, we must write a new equation as
below

' = KO+ (1= K)(migp) = Ty() (3)
Under these conditions the replicator can be dynamically generated.
pt*t=pt+8p(1 —p)ri, 4
pt*t —pt =2p=6p(1 —p)r, (4.1)

The replicator dynamics 4.1 can be read as follows. An organization that invests in technology
during period t will continue to do so in period t + 1 if the r'(p) = 0. Note that if r'(p) =0
than pt*1 = pt € [0,1]. Conversely, an organization that decides not to invest in period t will
change its strategy with a probability of p(1 — p) and commence investing in technology in
period t + 1 if the r'(p) > 0. Here, the fraction § € [0,1] indicates enterprises that are ready

to change strategy.

Enterprises financial performance is commonly assessed through their balance sheets and
income statements. Peer evaluation is instrumental in gauging company performance, while
independent research organizations produce sector-specific performance reports. The impact
of technological investments on financial success is widely documented and easily accessible.
As can be easily seen, when conformism is in full effect and with this effect, enterprises that
continue to invest in technology under all circumstances dominate the population p = y = 1.
In this scenario, a stable equilibrium state is reached, causing the replicator dynamics to cease

(p™* —p* =0).

Other points that prevent the replicator dynamics from working, in other words, which can be
characterized as equilibrium, are as follows.

[} 5:0
e p=10
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! f—
* Ty =0

The first of these scenarios involves situations in which enterprises are not willing to alter their
strategies. In such cases, the significance of payoff differentials or the power of conformism
diminishes, leading to the termination of the game without any impact from the replicator
dynamic. In one another scenario, every single enterprise in the population made the choice to
either invest in technology or not invest at all. In both situations, all the enterprises were
captured, and the replicator didn't function dynamically. The final enterprises state, denoted as
r'(p) = 0, occurs for several reasons. One example is complete conformism, in which no

institution invests in all circumstances. When there is no conformism and the focus is on
returns, equilibrium is reached by equalizing the financial returns of both strategies.

The most general condition for equilibrium can be expressed as follows.

K
T—x = (m@-mie) ©)

The equilibrium y mentioned in the text represents an evolutionary stationary equilibrium.
This evolutionary stationary y is a balance between the influences of conformism and the
effect of the return differential. For instance, if a society holds the belief that technological
investment yields long-term benefits, then technological investment will not diminish even
when there is a return advantage for enterprises that do not invest in technology. This
equilibrium reflects the interplay between societal attitudes towards technological investment
and the economic incentives associated with it. This will be discussed in more detail in the last
section.

3.2 R&D and Imitation

In the preceding section, the analysis operated under the assumption that enterprise
relationships between enterprises were random. Nonetheless, it is conceivable that enterprises
have more frequent relationships, possibly due to similarities in their respective sectors or
enterprise approaches. Consequently, there may be a need to modify the matching mechanism
within the model to account for these non-random relationships.

In our study, we emphasize the critical role of technological initiatives and investments in
driving competitive advantages and higher returns on investment for companies. Firms that in
developed countries prioritize the discovery and development of new technologies over simply
keeping up with advancements. This strategic focus has revealed that countries excelling in
technology discovery gain a substantial competitive edge in the global market.

Technological development typically demands substantial upfront investments before any
tangible returns can be realized. These investments encompass a wide spectrum of
expenditures, including the recruitment and retention of specialized research teams, the
establishment and maintenance of advanced laboratories, the acquisition of cutting-edge
equipment, and the iterative processes of prototyping and product testing. Such commitments
are not merely financial; they also involve allocating time, managerial attention, and
organizational resources toward uncertain innovation pathways. Firms pursuing this route
often operate with a long-term perspective, recognizing that the costs incurred in the early
stages are essential for securing future competitive advantages, intellectual property, and
market differentiation.
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In contrast, firms that adopt an imitation strategy often avoid many of these initial expenses,
as they rely on replicating or adapting technologies that have already been developed and
validated by others. While this approach can offer cost savings and reduce the risks associated
with unproven innovations, it comes with its own set of challenges. Imitative firms are
typically dependent on the timing of knowledge spillovers and may face delays in accessing
the latest technological breakthroughs. Furthermore, the knowledge they acquire is often
incomplete or fragmented, limiting their ability to fully replicate the performance or efficiency
of the original innovators. Legal and institutional barriers, such as intellectual property
protections, patents, and trade secrets, can further constrain their capacity to imitate
effectively, potentially leading to litigation risks or the need to negotiate costly licensing
agreements. As a result, while imitation may appear to be a less resource-intensive strategy in
the short term, its vulnerabilities can hinder long-term sustainability and limit the firm’s ability
to shape technological trajectories proactively.

Hence, in the upcoming model, we will again be implementing two primary strategies.
Enterprises aiming to drive technological advancement (strategy a, implemented by fraction
x) allocate resources towards research and development, incurring a specific cost to achieve
technological progress. In this scenario, let's assume that the cost of research and development
is 1 unit, and the return upon attaining technological breakthrough is 2 units. Enterprises that
make technological advancements can generate returns that surpass the initial cost of the
technological investment. By embracing and implementing technological progress, enterprises
can gain a competitive edge and enhance their overall performance.

A second strategic approach that we will be considering is imitation. When a firm adopts an
imitation strategy (strategy b, implemented by fraction e), it does not have to incur additional
costs. Instead, it can generate returns by imitating technologically advanced enterprises.
Imitators can gain a competitive advantage by strategically imitating others' innovations at the
right time. Despite allocating a smaller budget for research and development (R&D) than
innovative enterprises, imitators can effectively position themselves as formidable competitors
by making well-timed and strategic moves.

When two companies collaborate on an investment, they can achieve a mutual return of 2 —
a(a > 1). In this scenario, the symbol a represents the expenses associated with adapting to
technological advancements, responding to environmental fluctuations, and managing
uncertainty. This joint investment allows both enterprises to share the costs and benefits of
addressing these factors.

The probability of the fraction x, representing firms in agreement about the necessity of
technological investment, interacting with a successful firm keeping pace with technological
developments, is given by the equation ¢ + (1 — @)x > x. Similarly, the probability of the
fraction of firms favoring non-technology due to short-run return disadvantage or exogenous
reasons being matched with a firm making technological investments can be expressed as (1 —
Q)x < x.

The difference between these two probabilities, denoted by ¢ € [0,1], is referred to as the
segmentation (homogenization) coefficient. ¢ captures how clustered or separated firms are
in terms of their technological behavior. When segmentation is high, firms that invest in
technology are more likely to interact, trade, or form networks with other technology-investing
firms, creating a relatively homogeneous subgroup. Conversely, low segmentation implies a
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more mixed environment in which investors and non-investors frequently interact and
influence one another (Vega-Redondo, 2007).

Empirically, this coefficient can be interpreted as an index of market structure or network
configuration. For example, in regions with specialized industrial clusters—such as Silicon
Valley in the United States or the Shenzhen technology cluster in China—firms often engage
with partners, suppliers, and competitors who also prioritize technological development. In
such settings, the segmentation coefficient would be high because interactions
overwhelmingly occur within a homogeneous set of innovation-oriented firms (Porter, 1998).
In contrast, in markets where innovative firms are dispersed among many conservative or
resource-constrained firms, interactions are more random and cross-cutting, resulting in a low
segmentation coefficient.

The practical implications of this parameter are also significant. A high segmentation
coefficient can strengthen the diffusion of innovation within the cluster by allowing
specialized knowledge to circulate rapidly and by reducing the influence of non-investing
firms (Breschi & Malerba, 2001). However, this same segmentation can also limit broader
knowledge spillovers to the rest of the economy. Firms outside these clusters may find it more
challenging to access frontier knowledge, and imitation strategies may become less effective
due to restricted information flows. In contrast, low segmentation encourages more diverse
interactions, which can facilitate the spread of new ideas across the entire population but may
dilute the intensity of innovation within any one subgroup.

Lastly, in evolutionary modeling terms, the segmentation coefficient directly affects
equilibrium outcomes. When segmentation is high, the replicator dynamics show a tendency
toward stable clusters of innovation, as firms interact primarily with peers that reinforce
similar strategies. When segmentation is low, equilibrium points are influenced more by the
broader payoff landscape, and imitation or mixed strategies can spread more easily.

The general equilibrium condition of the updated model can be written as follows.
* — d — 1 6
x /(1= p)a ©

As can be easily seen, 0x / da >0 is obtained. In keeping with expectations, companies that

imitate or produce imitations are forgoing this approach due to rising costs and greater
environmental uncertainty. Conversely, the quantity of technological innovators will rise in an
atmosphere where imitation expenses and environmental uncertainties mount. The escalating
environmental uncertainties create challenges for enterprises in pinpointing their customer
base. Therefore, it is crucial to ascertain the customer structure accurately through research
and development expenditures.

Moreover, ax* / 99 > 0 is obtained. Higher levels of segmentation can raise the equilibrium

point for firms that are making investments in technology. A positive segmentation that
encourages investments in technological exploration can lead to increased interaction among
these firms, thus diminishing the positive external effects on imitating firms and impacting
their frequency. Key factors of positive segmentation may involve enhanced protection of
copyright and intellectual property rights, government incentives, and tax benefits.
Nevertheless, an increase in positive segmentation might potentially lower productivity and
average returns. This could result in a slower flow of information from technological explorers
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to imitators, as well as challenges in accessing current information, ultimately reducing the
effectiveness of imitators and firms looking to capitalize on existing information before
investing in exploration.

The following section will present a more comprehensive analysis.

3.3 Evolutionary Points

Asymptotic stationarity refers to a state where a system tends towards equilibrium over time.
In the context of evolutionary dynamics, this means that an evolutionary equilibrium is
attainable. When the system is in this state, small deviations from the equilibrium point are
not permanent and the system returns to the old equilibrium point due to corrective effects.
This property implies that mutant strategies are unable to permanently eliminate this
equilibrium, as the system tends to return to its former point. The necessary condition for

asymptotic stationarity is 9hp / dp <0.

oA '
?/3p = 8Tipe(1=2p) (7)

The scenarios required to meet this condition can be summarized. First, let us to examine two
extreme cases. In the first case p = 1. This is an extreme equilibrium. Throught which we get

dA /
?lap =~ ®

The state of equilibrium is evolutionary stationary when all enterprises within the population
allocate their resources towards technological advancements. This is achieved when
companies that invest in technology experience a competitive advantage, or when the majority
of enterprises in the population prioritize technological investment under all circumstances,
thus dominating the fully conformist case. In a payoff-oriented game (i.e. K = 0), if the
entire population invests in technology (p = 1) but does not realize the expected payoff
difference ( Ti(p) — ny(z)), the equilibrium where the entire population prefers technological
investment is not evolutionarily stable and can be overtaken by another strategy, such as not
investing in technology.

The same analysis can be applied to another extreme equilibrium, where p = 0. The population
will stay in a state of equilibrium if none of the enterprises within it decide to make any
technological investments and if the current returns are deemed satisfactory. Alternatively, the
equilibrium can be sustained if the market is largely dominated by enterprises that either have
no intention of investing in technology or are unable to do so due to external factors such as
conformism, political and legal issues, or other constraints.

Other balances are § = 0, ¢ = 0, r'( p) =0andp = % The stationarity condition is not met by
any of these equilibria. If there is a minor adjustment in the relevant parameters and variables
in the next period, it will set off a cumulative process, guiding the system towards new
equilibrium points. The most general condition for stationarity can be written as follows.

e Ifp< %, KC) > [ = K)( i) — Ty())]

e Ifp> %, KC) < [ = K)( i) = Ty())]
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Adaptive pressure can lead to the persistence and resilience of low-return strategies within a
population. This suggests that population structure may be influenced by the motivation to
adapt rather than by material returns. The persistence of low-return strategies despite the
presence of return-dominant strategies is attributed to the inability of the latter to eliminate the
former. As a result, low-return strategies can continue to exist for extended periods.

Upon analyzing the contrast between random and non-random (endogenous) preferences, we
arrive at the following inequality.

x* < p™max (9)

In equilibrium-level random matches, there is a greater presence of companies involved in
technological exploration and investment. This is since imitating companies benefit from
positive externalities. The insights and knowledge gained by firms that invest in technological
discovery are shared with imitating enterprises through their interactions, allowing the spread
of valuable information within the business ecosystem.

4. Conclusion and Discussion

This research reveals that an evolutionary balance can emerge through the interaction between
conformity and returns in the decision-making processes of enterprises. Suppose there is a
strong belief in long-term technological investments in society. In that case, some firms may
prefer to stick to innovation activities even if they make less profit in the short term than those
who do not invest. In such environments, the trust in the long-term benefits of technology may
be more effective than short-term profits, which encourages permanent investments.

In this context, it is seen that social conformity plays a decisive role. As the level of conformity
increases, firms' sensitivity to return differences decreases, and enterprises tend to act by social
norms rather than individual profitability analysis. This situation may cause firms to remain
loyal to technology investments despite some economic, legal, or structural obstacles. On the
other hand, in environments where the level of conformity is low, enterprises evaluate more
based on financial returns. Nevertheless, some companies may be reluctant to switch to
technology due to permanent obstacles.

The study also draws attention to the differences between innovative enterprises and imitators.
While innovative companies bear the entire cost of R&D activities, imitators can benefit from
these innovations and gain a competitive advantage without incurring the same costs.
However, as environmental uncertainty increases and imitation costs increase, the imitation
strategy loses its sustainability. In these conditions, innovation becomes both more attractive
and a strategic necessity, and more firms turn to active technology production.

However, the increasing emphasis on technological developments brings about stronger
collaborations among innovative firms. This may reduce the competitive advantage of
imitators. This process can be encouraged by various policy instruments, especially protection
of intellectual property, tax reductions and public support. However, the increase of such
innovative clusters may cause the flow of knowledge and technology to be limited, which may
negatively affect the overall efficiency of the system and total returns.

To solve this problem in developing or underdeveloped countries, intellectual property rights
should be strengthened, state incentives should be increased, and innovation funds should be
established. In addition, enterprises need to strengthen their information technology
infrastructures and develop training programs on innovative leadership skills so that they can
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follow global technology trends. Improving the education system is also of great importance
in order to increase long-term innovation capacity.

Enterprises are the basic building blocks of economic development. Increasing the skills to
integrate technology into enterprises processes positively affects not only firm-level
productivity, but also employment, foreign trade, financial stability, and general economic
resilience. Therefore, technology-based transformation policies should be placed at the center
of national development strategies, especially in developing countries.

4.1. Note on Empirical Support

This study primarily advances a theoretical contribution by developing an evolutionary
game-theoretic model that explains how firms integrate technological development into their
investment behavior. The model formalizes key mechanisms—such as conformity effects,
segmentation structures, and the stabilizing influence of persistent investors —to shed light on
the conditions under which innovation becomes evolutionarily stable.

In its current form, the study does not incorporate a detailed empirical dataset or a full case
study. The main reason lies in the limited availability of consistent, longitudinal firm-level
data that simultaneously capture technological investments, behavioral influences such as
conformity, and structural variables like segmentation across different economic contexts.
Existing data sets are often fragmented, sector-specific, or lack the necessary variables to
estimate the parameters proposed in this model (Teece, 2010). Furthermore, some firm
behaviors, such as the persistence of investment despite low short-term returns, are not
systematically recorded in publicly available databases, which constrains immediate empirical
calibration.

Nonetheless, future researchers could use panel data from innovation surveys to estimate the
payoff differentials between investing and non-investing firms and to identify the proportion
of persistent investors within specific industries. While such visuals and data are beyond the
scope of the current paper, acknowledging this limitation and pointing to future work is
essential for academic rigor. Future research should thus aim to test the model against real-
world data or develop illustrative simulations that replicate the dynamics described herein.
Policymakers and industry analysts could then use such validated models to design
interventions—such as targeted R&D incentives, improved intellectual property frameworks,
or cluster-based development strategies—that actively shape the parameters of conformity,
segmentation, and persistent investment behavior.

However, there are some important empirical studies that provide evidence that is highly
consistent with the mechanisms and outcomes described in the model. One key conclusion of
this study is that a subset of firms continues to invest in technological development even under
conditions of high risk or temporary losses, and that these persistent investors stabilize
innovation within an industry. Empirical research supports this conclusion. For example, Hall
and Lerner (2010) demonstrate that firms maintaining R&D expenditures over time tend to
achieve superior long-term productivity growth. Similarly, Peters et al., (2017) provide
evidence from German manufacturing firms showing that those who sustained innovation
activities during economic downturns outperformed peers in subsequent periods. These
findings align with the model’s prediction that persistent investors play a crucial stabilizing
role, ensuring that innovation trajectories do not collapse during adverse market conditions.
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Another important theoretical insight is the role of conformity in shaping investment behavior.
The model suggests that as conformity levels rise, firms become less sensitive to short-term
differences in returns and more inclined to align with prevailing industry norms. Empirical
studies have observed similar patterns. Bikhchandani et al., (1992) present influential evidence
of herd behavior, showing that firms and investors often follow the decisions of others even
when private signals suggest alternative strategies. Aghion et al. (2014) also find that trust is
an important factor in increasing conformity (strengthening conformism) in firm preferences.

The model further highlights the impact of market segmentation and clustering on the diffusion
of technological investment. High segmentation, as captured by the model’s homogenization
coefficient, indicates that firms primarily interact within a subgroup of innovators, amplifying
knowledge circulation within that cluster but restricting broader spillovers. This is supported
by empirical research on industrial clusters and geographic innovation hubs. Porter (1998)
documents how concentrated clusters such as Silicon Valley foster intense collaboration
among technology-oriented firms, while Breschi and Malerba (2001) and Audretsch and
Feldman (2004) show that such clustering enhances localized knowledge spillovers and
accelerates innovation cycles. These findings align closely with the model’s assertion that
segmentation shapes evolutionary dynamics by determining who firms interact with and learn
from.

Taken together, these empirical studies provide strong indirect validation for the theoretical
mechanisms developed in this article. While the current work does not include its own dataset
or case study, the convergence between the model’s predictions and documented patterns in
innovation behavior suggests that the framework is well-grounded in observable reality. Future
research can build on these insights by explicitly testing the model’s parameters with
firm-level data, thereby strengthening the bridge between theoretical development and
empirical application.
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