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Empowering SMEs “Harnessing the Potential of Gen
AI for Resilience and Competitiveness”

Elias G. Carayannis , Member, IEEE, Roman Dumitrescu, Tommy Falkowski , and Nikos-Rigert Zota

Abstract—This study investigates how generative artificial intel-
ligence (Gen AI) can enhance the resilience and competitiveness
of small and medium enterprises (SMEs). The central question
addressed is: How can SMEs leverage Gen AI to navigate challenges
and capitalize on opportunities in an evolving digital landscape?
We argue that Gen AI offers transformative potential for SMEs
by automating processes, enhancing decision-making and fostering
innovation, thereby improving their ability to adapt and thrive
amidst market uncertainties. Through a comprehensive analysis
of SMEs and Gen AI, this article underscores the importance of
strategic AI integration, addresses the associated challenges, and
provides policy recommendations to support SMEs in harnessing
AI for sustainable growth. By exploring real-world examples and
theoretical insights, we aim to equip SMEs with the directions,
actions, and strategies necessary to succeed in the Gen AI era.

Index Terms—AI-driven innovation, AI integration, generative
artificial intelligence (Gen AI), small and medium enterprise (SME)
growth, SME resilience, technological adaptation.

I. INTRODUCTION

IN TODAY’s rapidly evolving economic landscape, the ca-
pacity of small and medium enterprises (SMEs) to adopt and

leverage technological advancements is pivotal for innovation
and growth. SMEs, often considered the backbone of global
economies, play a crucial role in driving innovation, creating
jobs, and fostering economic dynamism. These enterprises,
with their agility and adaptability, form the foundation of en-
trepreneurial ecosystems, significantly contributing to GDP and
employment generation [1].

However, the landscape in which SMEs operate is undergoing
a profound transformation with the emergence of generative
artificial intelligence (Gen AI). Gen AI represents a paradigm
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shift in artificial intelligence (AI), characterized by machines
capable of not only mimicking human intelligence but also
autonomously generating new ideas, solutions, and innovations.
This transformative technology holds immense potential to rev-
olutionize various sectors, from healthcare to manufacturing, by
unlocking unprecedented levels of efficiency, productivity, and
innovation [2].

The integration of Gen AI into SME operations introduces
a new frontier of possibilities and challenges. On the one
hand, it offers SMEs unparalleled opportunities to enhance
competitiveness, streamline processes, and tap into new mar-
kets. Gen AI-powered tools and solutions enable SMEs to op-
timize resource allocation, personalize customer experiences,
and unlock new revenue streams. Furthermore, Gen AI fa-
cilitates the use of data-driven insights and predictive analyt-
ics, supporting informed decision-making and strategic plan-
ning. SMEs can gain significant performance improvements by
embracing digital transformation, provided they strategically
manage their digital orientation and develop essential digital
competencies [3].

Conversely, the adoption of Gen AI presents SMEs with
a myriad of complexities and considerations. The integration
of advanced technologies necessitates substantial investments
in infrastructure, talent acquisition, and skills development.
Moreover, SMEs must navigate ethical, regulatory, and so-
cietal implications associated with AI-driven automation and
decision-making processes. Key barriers to digital adoption in-
clude risk-averse cultures, reliance on outdated legacy systems,
and the scarcity of digital skills among employees. Ensuring
transparency, accountability, and ethical use of AI technologies
becomes paramount to building trust among stakeholders and
fostering sustainable growth [4].

In this context, understanding the utilization of Gen AI in
the SME resilience and competitiveness is crucial. The dy-
namic nature of digital transformation and the significant im-
pact of digitalization on SME performance cannot be over-
stated. The importance of strategic digital orientation, appro-
priate technologies, and workforce digital skills in navigating
digital transformation is paramount [3]. This article explores
how SMEs can harness the transformative potential of Gen AI
while mitigating associated risks and challenges. By delving
into real-world case studies, theoretical frameworks, and prac-
tical insights, this research aims to provide a comprehensive
understanding of the evolving landscape and equip SMEs with
the knowledge and strategies needed to thrive in the era of
Gen AI [5].
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II. DEFINITION AND CURRENT CHALLENGES OF SMES

A. Definition and Characteristics of SMEs

SMEs are crucial to global economies, driving growth, em-
ployment, and innovation. Typically defined by workforce size
and annual revenue, SMEs usually employ fewer than 250
employees, although thresholds vary by region and industry
[6]. Despite their smaller scale, SMEs excel in agility and en-
trepreneurial spirit, often operating in niche markets and swiftly
responding to market changes. They are vital for job creation and
poverty alleviation, especially in emerging economies. Recog-
nizing the importance of SMEs is essential for policymakers and
stakeholders to foster their growth and sustainability, thereby
enhancing economic prosperity and social development.

B. Challenges Faced By SMEs

SMEs face a multitude of challenges that can impede their
growth and sustainability. One of the primary obstacles is re-
source constraints, which encompass not only financial limita-
tions but also shortages in human resources, technology, and
infrastructure [7]. These constraints can hinder SMEs’ ability to
invest in necessary innovations and scale their operations effec-
tively. Kallmuenzer et al. [3] emphasize that resource scarcity
often forces SMEs to make tradeoffs that can compromise their
competitive edge and resilience.

Market volatility presents another significant challenge.
While SMEs are known for their flexibility and adaptability,
rapid and unpredictable changes in market conditions can strain
their limited resources and operational capacity. The ability to
swiftly pivot in response to market demands is an advantage,
but it also requires a level of resource availability and strategic
foresight that many SMEs struggle to maintain [8]. Conz and
Magnani [4] discussed how market volatility can test the re-
silience of SMEs, highlighting the importance of robust strategic
planning and adaptive capabilities to navigate such uncertainties.

Competitive advantage and resilience are closely intertwined
yet distinct concepts in the context of SMEs. Competitive ad-
vantage refers to the ability of a firm to outperform its rivals,
often through unique value propositions, cost leadership, or
differentiation strategies. Resilience, on the other hand, is the
capacity of absorbing shocks, recovering from setbacks, and
adapting to changing environments [9]. Conz and Magnani [4]
suggested that resilient firms may not always pursue aggressive
competitiveness but instead focus on sustainable practices that
ensure long-term viability.

The relationship between resilience and competitiveness is
complex. Resource constraints can limit an SME’s ability to
pursue both simultaneously. A firm may choose to focus on
resilience, developing strong adaptive capabilities and strategic
reserves to weather market fluctuations. Conversely, a compet-
itive firm that aggressively pursues market share might neglect
resilience, leaving it vulnerable to shocks. Kallmuenzer et al. [3]
highlighted that SMEs need to balance these aspects, leveraging
their flexibility and innovation capabilities while ensuring that
they have sufficient resources and strategies to sustain their
operations in the face of adversity.

In conclusion, SMEs must navigate a delicate balance be-
tween achieving competitive advantage and maintaining re-
silience. Addressing resource constraints, preparing for market
volatility, and strategically managing their operations are crucial
for their long-term success. By understanding and mitigating
these challenges, SMEs can better position themselves to thrive
in an ever-changing economic landscape.

III. GEN AI: DEFINITION AND CHARACTERISTICS

A. Introduction to Gen AI

Gen AI represents a transformative leap in the field of AI,
heralding a new era of innovation, creativity, and autonomy.
Unlike traditional AI systems that rely on preprogrammed rules
and algorithms, Gen AI possesses the remarkable ability to
generate new ideas, solutions, and innovations autonomously,
mimicking human creativity and ingenuity [10].

At the heart of Gen AI lies generative models, a class of
machine learning algorithms that learn from vast amounts of
data to create new content, including images, text, music, and
even entire virtual worlds. These models, powered by advanced
neural networks such as generative adversarial networks and
variational autoencoders, can generate highly realistic and novel
outputs that are indistinguishable from human-created content.

The emergence of Gen AI has profound implications across
various domains, from art and entertainment to healthcare and
finance. In the creative industries, Gen AI is revolutionizing
the process of content creation, enabling artists, writers, and
musicians to explore new artistic horizons, collaborate with
intelligent algorithms, and push the boundaries of creativity
beyond human limitations [11].

Moreover, in healthcare, Gen AI holds immense potential
to accelerate drug discovery, personalized medical treatments,
and improve patient outcomes. By analyzing vast datasets of
genomic, clinical, and imaging data, Gen AI algorithms can
uncover hidden patterns, identify novel biomarkers, and develop
targeted therapies for complex diseases, ushering in a new era
of precision medicine [12].

Furthermore, in finance and business, Gen AI is reshaping
decision-making processes, risk management strategies, and
customer interactions. By leveraging predictive analytics, natu-
ral language processing, and automated trading algorithms, Gen
AI enables financial institutions to make faster, more informed
decisions, optimize investment portfolios, and enhance customer
experiences [13].

1) Phenomenon of ChatGPT: On November 30th, 2022,
OpenAI released chatGPT and triggered an enormous hype
around AI—more specifically Gen AI. In contrast to previous
AI approaches, which focused mostly on narrow use cases such
as classifying data, Gen AI can be used to generate new content
(cf., Fig. 1).

In addition to chatGPT, which specializes in text, there are
now also models that can process different modalities. For
example, OpenAI’s Stable Diffusion, Midjourney, and Dall-E
have been published as AI models that can generate images
based on text input (text-to-image). The quality of the images and
models generated in this way could be significantly improved
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Fig. 1. Types of Gen AI. Source: own illustration.

Fig. 2. Roadmap of AI process transformation. Source: own illustration.

within a year so that, in some cases, the results can no longer
be distinguished from real photos. Another broad field is the
processing and generation of human-spoken language. For ex-
ample, audio recordings can now be transcribed with very high
accuracy within a short time using models, such as OpenAI’s
Whisper (speech-to-text). The reverse way, i.e., the conversion
of written text into spoken language (text-to-speech), is now
also possible with high quality. With a generative pretrained
transformer (GPT) vision, OpenAI has also published a model
that can describe images in detail (image-to-text). In the further
development of the models, the focus is now on the combination
of the different modalities, resulting in multimedia forms of
interaction [14] (cf., Fig. 2).

In the case of chatGPT, a large language model (LLM), or
more precisely a GPT, is used to generate new content. This is
a neural network based on a transformer architecture [14]. The
models have been trained with text from all over the Internet
and 250 000 books and are able to generate authentic-looking
texts on many different topics (Brown et al. [77]). In doing so,
the model calculates the probability of words or word fragments
(tokens) that should follow the input. Based on these probabil-
ities, the model selects the tokens one by one and, thus, forms
the text to be issued piece by piece. In the case of GPT3.5 and
especially GPT4, the output is sometimes of very high quality.
Currently, there is no exact explanation as to why these models
produce such good results, although the basic functionality is
known [14].

B. Characteristics of Gen AI

Gen AI stands out from traditional AI systems due to its
unique ability to autonomously create new content, innovate,
and adapt to diverse contexts. Unlike conventional AI, which
typically relies on predefined rules and data, Gen AI generates
novel ideas by combining existing information and patterns,

TABLE I
KEY CHARACTERISTICS OF GEN AI
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Fig. 3. Potential benefits of Gen AI for SMEs. Source: own illustration.

Fig. 4. Evolution and parameters of resilience.

guided by probabilistic principles. This approach allows it to
synthesize new formulations and solutions that may not have
been explicitly programmed, making it an exceptionally pow-
erful tool across a wide range of applications and domains [15]
(cf., Table I).

On the other hand, the systems are not yet perfect. It is
possible that they produce output that sounds convincing but is
entirely false. These so-called “hallucinations” occur because
the system builds up the texts successively based on internal
probability calculations. The system knows neither true nor false
but only calculates which word fragment should be used next in
the text. This works surprisingly well due to mechanisms, such
as self-attention, but there are also some wrong answers. One
solution is to link a chatbot with a verified knowledge base,
which can be used to check the expenses and, for example, to
store them with references. In principle, however, you should
always check whether the sources are trustworthy and correct.
However, the problem basically existed even before the advent
of ChatGPT and Co [16].

Another interesting aspect of LLMs is the evaluation of their
capabilities, more specifically determining at what tasks they ex-
cel and where they still lack compared to humans. In their study
“Navigating the Jagged Technological Frontier,” Dell’Acqua
et al. [17] have shown that it is not intuitively possible to know

where the capabilities of LLMs lie compared to a person with a
known skill set.

C. Potential Benefits for SMEs

SMEs stand to gain substantial benefits from leveraging Gen
AI technologies, as these advancements offer transformative
opportunities for growth, innovation, and competitiveness [18],
[19].

One significant benefit for SMEs is enhanced productivity and
efficiency. Gen AI tools can automate repetitive tasks, streamline
workflows, and optimize resource allocation, enabling SMEs to
accomplish more with fewer resources. By automating routine
processes such as data entry, customer support, and inventory
management, SMEs can free up valuable time and resources to
focus on core business activities and strategic initiatives [20].

Moreover, Gen AI enables SMEs to unlock new levels of
creativity and innovation. With the ability to generate novel
ideas, designs, and solutions autonomously, SMEs can explore
new product concepts, develop unique marketing strategies, and
differentiate themselves in competitive markets. By leveraging
Gen AI-powered creativity tools, such as image generation
algorithms or natural language processing models, SMEs can ac-
celerate the innovation process and stay ahead of the curve [21].

In addition, Gen AI facilitates personalized customer ex-
periences and targeted marketing efforts. By analyzing vast
amounts of customer data and preferences, SMEs can use Gen AI
algorithms to create highly tailored products, services, and mar-
keting campaigns that resonate with individual customers. This
personalized approach not only enhances customer satisfaction
and loyalty but also increases sales and revenue opportunities
for SMEs [22].

Furthermore, Gen AI empowers SMEs to make data-driven
decisions and strategic insights. By leveraging predictive an-
alytics and machine learning algorithms, SMEs can analyze
market trends, forecast demand, and identify growth opportuni-
ties with greater accuracy and precision. This enables SMEs to
adapt quickly to changing market conditions, mitigate risks, and
capitalize on emerging trends, positioning them for long-term
success and sustainability [23].

The potential benefits of Gen AI for SMEs are vast and
multifaceted. From improving productivity and efficiency to
fostering innovation and personalized customer experiences,
Gen AI technologies offer SMEs the tools and capabilities they
need to thrive in today’s fast-paced and competitive business
environment. By embracing Gen AI, SMEs can unlock new op-
portunities, drive growth, and create value for their stakeholders
(cf., Fig. 3).

IV. RESILIENCE IN THE CONTEXT OF SMES

A. Importance of Resilience for SMEs

Resilience is paramount for the success and sustainability
of SMEs in today’s dynamic and unpredictable business en-
vironment. As SMEs face a myriad of challenges, disruptions,
and uncertainties, cultivating resilience enables them to navigate
through adversity, adapt to changing circumstances, and thrive
in the face of adversity [24].
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One of the primary reasons resilience is crucial for SMEs is its
role in ensuring business continuity and sustainability. SMEs are
particularly vulnerable to disruptions, such as economic down-
turns, supply chain disruptions, and natural disasters, which can
have devastating consequences for their operations and survival.
Resilient SMEs are better equipped to withstand such shocks,
maintaining operations, serving customers, and preserving jobs
even in the face of adversity [25].

Moreover, resilience is essential for fostering innovation and
growth within SMEs. In today’s fast-paced and competitive
business landscape, SMEs must continually innovate, adapt to
market changes, and seize new opportunities to stay ahead of
the curve. Resilient SMEs embrace change as an opportunity
for growth, leveraging setbacks and challenges as catalysts
for innovation and transformation. By fostering a culture of
resilience, SMEs can unlock creativity, inspire entrepreneurial
spirit, and drive sustainable growth over the long term [26].

Furthermore, resilience is crucial for building trust and cred-
ibility among stakeholders. In times of crisis or uncertainty,
stakeholders such as customers, suppliers, and investors look to
SMEs for leadership, stability, and reliability. Resilient SMEs
demonstrate their commitment to stakeholders by proactively
managing risks, communicating transparently, and delivering on
promises even in challenging times. This fosters trust, loyalty,
and long-term relationships, enhancing SMEs’ reputation and
competitive advantage in the marketplace.

In addition, resilience is vital for ensuring the well-being and
resilience of SMEs’ employees. In times of crisis or upheaval,
employees look to SMEs for stability, support, and guidance.
Resilient SMEs prioritize the health, safety, and welfare of their
employees, providing a supportive work environment, opportu-
nities for professional development, and access to resources and
support services during difficult times [27].

In conclusion, the importance of resilience for SMEs cannot
be overstated. Resilience is essential for ensuring business conti-
nuity, fostering innovation, building trust with stakeholders, and
supporting employee well-being. By cultivating resilience as a
core organizational value, SMEs can navigate through adversity,
adapt to change, and thrive in today’s dynamic and uncertain
business landscape (cf., Fig. 4).

B. Factors Affecting Resilience in SMEs

Resilience in SMEs is influenced by a complex interplay of
internal and external factors that shape their ability to adapt,
withstand, and recover from adversity. Understanding these fac-
tors is crucial for SMEs to enhance their resilience and navigate
through challenging times effectively [28].

Internal factors play a significant role in determining the re-
silience of SMEs. Leadership and management practices are crit-
ical internal factors that influence resilience. Strong, visionary
leadership fosters a culture of resilience, empowering employees
to overcome challenges, make informed decisions, and drive or-
ganizational change. Effective risk management strategies, such
as diversification of revenue streams, investment in technology,
and prudent financial planning, also contribute to SME resilience
by mitigating the impact of potential threats and disruptions.

TABLE II
STRATEGIES FOR BUILDING RESILIENCE

Organizational culture and employee engagement are other
internal factors that impact resilience. A supportive and cohesive
organizational culture, characterized by open communication,
collaboration, and trust, fosters resilience among employees,
enabling them to adapt to change, innovate, and work together
to overcome challenges. Investing in employee training and
development enhances their skills, knowledge, and capabilities,
enabling them to respond effectively to changing circumstances
and contribute to organizational resilience [29].

External factors also play a crucial role in shaping SME
resilience. The business environment, including market condi-
tions, regulatory frameworks, and competitive pressures, can
significantly impact SME resilience. SMEs operating in highly
competitive or regulated industries may face greater challenges
in adapting to change and maintaining resilience. Moreover,
access to resources and support networks, such as financial
assistance, mentoring programs, and industry associations, can
enhance SME resilience by providing access to expertise, infor-
mation, and opportunities for collaboration [30].

In addition, external shocks and disruptions, such as eco-
nomic downturns, natural disasters, and geopolitical instability,
can pose significant challenges to SME resilience. Building
relationships with suppliers, customers, and other stakeholders
can help SMEs navigate through such crises, leverage collective
resources, and mitigate the impact of external shocks on their
operations [31].

C. Strategies for Building Resilience

Building resilience is essential for SMEs to navigate through
challenges, adapt to changing circumstances, and thrive in to-
day’s dynamic business environment (cf., Table II). Implement-
ing effective strategies can help SMEs enhance their resilience
and position themselves for long-term success and sustainability.

One key strategy for building resilience in SMEs is fostering
a culture of innovation and adaptability. Encouraging creativity,
experimentation, and risk-taking enables SMEs to explore new
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opportunities, develop innovative solutions, and adapt to chang-
ing market conditions. Embracing a growth mindset, where
setbacks are viewed as learning experiences and opportunities
for improvement, fosters resilience among employees and drives
continuous innovation within the organization [32].

Effective risk management practices are also essential for
building resilience in SMEs. Identifying potential threats and
vulnerabilities, such as supply chain disruptions, economic
downturns, or regulatory changes, allows SMEs to develop
proactive strategies to mitigate risks and minimize their impact.
Diversifying revenue streams, building contingency plans, and
establishing partnerships with suppliers and other stakeholders
can help SMEs weather unforeseen challenges and maintain
business continuity [33].

Moreover, investing in technology and digital transforma-
tion is crucial for enhancing resilience in SMEs. Leveraging
technology enables SMEs to streamline operations, improve
efficiency, and adapt to remote work environments, reducing
their vulnerability to disruptions such as natural disasters or
pandemics. Implementing cloud-based solutions, cybersecurity
measures, and digital communication tools enhances SMEs’
ability to operate flexibly and securely in a rapidly evolving
digital landscape.

Building strong relationships and networks is another effec-
tive strategy for enhancing resilience in SMEs. Cultivating part-
nerships with suppliers, customers, industry associations, and
government agencies provides SMEs with access to resources,
expertise, and support networks that can help them navigate
through challenges and seize opportunities. Participating in
industry forums, networking events, and mentorship programs
facilitates knowledge sharing, collaboration, and peer support
among SMEs, strengthening their resilience collectively [26].

In summary, building resilience in SMEs requires a multi-
faceted approach that encompasses fostering innovation, effec-
tive risk management, technology adoption, and building strong
relationships and networks. By implementing these strategies,
SMEs can enhance their ability to adapt, withstand, and recover
from adversity, positioning themselves for long-term success
and sustainability in an increasingly uncertain and competitive
business environment [34].

V. COMPETITIVENESS OF SMES

A. Importance of Competitiveness for SMEs

Competitiveness is paramount for the success and sustain-
ability of SMEs in today’s dynamic and competitive business
environment. As SMEs operate in markets characterized by
intense competition, globalization, and rapid technological ad-
vancements, the ability to remain competitive is essential for
their survival, growth, and long-term viability [35].

One key importance of competitiveness for SMEs lies in
its impact on market positioning and differentiation. In highly
competitive markets, SMEs must distinguish themselves from
rivals by offering unique value propositions, innovative products
or services, and superior customer experiences. Competitiveness
enables SMEs to carve out a niche in the marketplace, attract

TABLE III
FACTORS INFLUENCING COMPETITIVENESS OF SMES

customers, and build brand loyalty, thereby gaining a competi-
tive edge over competitors [36].

Moreover, competitiveness is essential for driving business
growth and profitability. SMEs that are competitive can capture
market share, expand their customer base, and increase sales
revenues. By continuously improving operational efficiency,
optimizing resource allocation, and maximizing productivity,
competitive SMEs can achieve economies of scale, reduce costs,
and enhance profitability, ensuring sustainable growth and finan-
cial success [37].

Furthermore, competitiveness is crucial for fostering re-
silience and adaptability in SMEs. In today’s rapidly evolv-
ing business landscape, SMEs must be agile and responsive
to changes in market conditions, consumer preferences, and
technological advancements. Competitive SMEs can quickly
adapt to emerging trends, seize new opportunities, and overcome
challenges, enabling them to thrive in dynamic and uncertain
environments.

In addition, competitiveness is vital for attracting investment,
accessing financing, and expanding market opportunities for
SMEs. Investors and lenders are more likely to support SMEs
with strong competitive advantages, robust growth prospects,
and proven track records of success. Moreover, competitiveness
enables SMEs to enter new markets, forge strategic partnerships,
and capitalize on global trade opportunities, thereby expanding
their reach and generating new revenue streams.

B. Factors Influencing Competitiveness

SMEs play a critical role in the global economy, yet their
competitiveness is influenced by a variety of factors. A deeper
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analysis of these factors can provide insights into how SMEs
can enhance their competitive edge in the market (cf., Table III).

1) Resource availability [28]
a) Financial resources: Access to capital is a signifi-

cant determinant of competitiveness. SMEs with bet-
ter financial resources can invest in new technolo-
gies, expand operations, and enter new markets. Lim-
ited access to funding can constrain growth and
innovation.

b) Human resources: Skilled workforce availability is
crucial. SMEs need employees with the right skills
and expertise to innovate and maintain competitive
operations. Talent acquisition and retention strategies
are essential for sustaining competitiveness.

c) Technological resources: Investment in modern tech-
nology can improve efficiency, productivity, and in-
novation. SMEs that leverage advanced technologies
such as AI, Internet of things (IoT), and automation
can gain a substantial competitive advantage.

2) Innovation and R&D [38]
a) Innovation capacity: SMEs that continuously innovate

in terms of products, services, and processes are more
likely to sustain a competitive advantage. Innovation
can differentiate SMEs from larger competitors and
enable them to cater to niche markets effectively.

b) Research and development (R&D): Investment in
R&D helps SMEs to develop new products and im-
prove existing ones. This proactive approach can lead
to better market positioning and long-term competi-
tiveness.

3) Market orientation and adaptability [39]
a) Customer focus: Understanding and responding to cus-

tomer needs is vital. SMEs that prioritize customer
satisfaction and engagement are more likely to retain
loyalty and attract new customers.

b) Market adaptability: The ability to adapt to changing
market conditions quickly is a hallmark of competitive
SMEs. This includes responding to economic shifts,
evolving customer preferences, and technological ad-
vancements.

4) Strategic management [40]
a) Strategic planning: Effective strategic planning helps

SMEs set clear goals, allocate resources efficiently, and
navigate market challenges. A well-defined strategy
can guide SMEs in making informed decisions that
enhance competitiveness.

b) Leadership and vision: Strong leadership that pro-
vides clear vision and direction is critical. Leaders
who inspire innovation, foster a positive organizational
culture, and make strategic investments can drive SME
competitiveness.

5) Networking and collaboration [41]
a) Business networks: Building robust networks with sup-

pliers, customers, and other stakeholders can provide
SMEs with valuable resources, information, and sup-
port. Collaborative networks can enhance market reach
and operational efficiency.

b) Partnerships and alliances: Strategic alliances with
other firms, including larger corporations, can provide
SMEs with access to new markets, technologies, and
expertise. Such partnerships can amplify competitive
capabilities.

6) Regulatory and institutional environment [42]
a) Regulatory compliance: Navigating regulatory re-

quirements efficiently can save SMEs from legal chal-
lenges and enhance their market reputation. Support-
ive regulatory environments that reduce bureaucratic
barriers can significantly boost SME competitiveness.

b) Institutional support: Access to government programs,
grants, and incentives can help SMEs overcome
resource limitations. Institutional support can
facilitate growth and innovation, enhancing overall
competitiveness.

7) Market intelligence and analytics [39]
a) Data-driven decision making: Utilizing market intel-

ligence and analytics enables SMEs to make informed
decisions. Understanding market trends, competitor
strategies, and customer behaviors can help SMEs
position themselves more effectively.

b) Predictive analytics: Tools that predict market trends
and customer preferences can provide SMEs with a
competitive edge by allowing them to proactively ad-
dress market demands.

8) Brand and reputation [39]
a) Brand strength: A strong brand can differentiate an

SME from its competitors, build customer loyalty, and
attract new clients. Investing in brand development and
marketing can significantly enhance competitiveness.

b) Reputation management: Maintaining a positive rep-
utation through quality products, excellent customer
service, and ethical practices can sustain an SME’s
competitive position in the market.

C. Strategies for Enhancing Competitiveness

SMEs face unique challenges in maintaining and enhanc-
ing their competitiveness in a dynamic market. The following
strategies can help SMEs bolster their competitive edge (cf.,
Table IV).

1) Innovation and R&D investment [43]
a) Encouraging continuous innovation: SMEs should

foster a culture of innovation where new ideas are
encouraged and implemented. This can be achieved
through regular brainstorming sessions, innovation
workshops, and incentivizing creative solutions.

b) Allocating funds for R&D: Even with limited re-
sources, dedicating a portion of the budget to R&D can
lead to the creation of unique products and services that
differentiate SMEs from their competitors. Collaborat-
ing with academic institutions or other businesses for
joint R&D projects can also be beneficial.

2) Leveraging technology [44]
a) Adopting advanced technologies: SMEs should in-

vest in modern technologies such as AI, IoT,
and automation to streamline operations, enhance
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TABLE IV
STRATEGIES FOR ENHANCING COMPETITIVENESS OF SMES

productivity, and reduce costs. Utilizing cloud comput-
ing and data analytics can help SMEs make informed
decisions based on real-time data.

b) Implementing digital transformation: Embracing dig-
ital transformation by integrating digital tools and
platforms can improve efficiency and customer en-
gagement. This includes developing an online presence
through e-commerce platforms and using social media
for marketing and customer interaction.

3) Strategic planning and management [45]
a) Developing a clear strategic plan: SMEs should es-

tablish a clear strategic plan that outlines their vision,
mission, and goals. This plan should be regularly re-
viewed and updated to reflect changes in the market
environment.

b) Enhancing leadership and management skills: Invest-
ing in leadership training and management develop-
ment programs can equip SME leaders with the skills
necessary to drive their businesses forward. Effective
leadership can inspire innovation and motivate em-
ployees to perform at their best.

4) Building strong networks and alliances [41]
a) Forming strategic alliances: Collaborating with other

businesses, including larger corporations, can provide
SMEs with access to new markets, technologies, and
resources. These partnerships can help SMEs over-
come resource constraints and expand their reach.

b) Participating in business networks: Joining industry
associations and business networks can provide SMEs
with valuable opportunities for collaboration, knowl-
edge sharing, and advocacy. These networks can also

offer support and resources that SMEs might not have
access to independently.

5) Focus on customer orientation [46]
a) Enhancing customer experience: SMEs should prior-

itize understanding and meeting customer needs. This
can be achieved through personalized services, respon-
sive customer support, and continuously improving
product quality.

b) Leveraging customer feedback: Actively seeking and
incorporating customer feedback can help SMEs im-
prove their offerings and build stronger relationships
with their customers. Tools such as surveys, social
media interactions, and customer reviews can provide
valuable insights.

6) Resource optimization [47]
a) Efficient resource management: SMEs should focus

on optimizing their use of available resources. This in-
cludes managing cash flow effectively, reducing waste,
and maximizing the productivity of their workforce.
Implementing lean management practices can help
streamline operations and reduce costs.

b) Securing financial resources: Access to financing is
crucial for growth and competitiveness. SMEs should
explore various financing options, including bank
loans, venture capital, government grants, and crowd-
funding. Developing a solid business plan can improve
the chances of securing funding.

7) Developing a skilled workforce [48]
a) Investing in employee training: Providing regular

training and development opportunities can help em-
ployees acquire new skills and stay updated with in-
dustry trends. A skilled workforce is more capable of
driving innovation and maintaining high performance
levels.

b) Fostering a positive work environment: Creating a
supportive and inclusive work culture can enhance
employee satisfaction and retention. Happy and mo-
tivated employees are more productive and contribute
positively to the business’s competitive advantage.

8) Enhancing brand and market presence [39]
a) Building a strong brand identity: SMEs should invest

in building a strong brand that reflects their values
and differentiates them from competitors. Consistent
branding across all marketing channels can enhance
brand recognition and loyalty.

b) Expanding market reach: Exploring new markets and
expanding the customer base can drive growth. SMEs
should consider entering international markets, either
through online platforms or by establishing partner-
ships with local businesses.

Enhancing competitiveness in SMEs requires a multifaceted
approach that includes innovation, strategic planning, resource
optimization, and customer focus. By leveraging technology,
building strong networks, and developing a skilled workforce,
SMEs can navigate market challenges and achieve sustainable
growth. Implementing these strategies will help SMEs not only
survive but thrive in a competitive business environment.
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VI. UTILIZATION OF GEN AI, RESILIENCE, AND

COMPETITIVENESS FOR SMES

A. How Gen AI Impacts Resilience in SMEs

Gen AI has the potential to significantly impact the resilience
of SMEs by enhancing their ability to adapt, recover, and thrive
amidst challenges. Here’s a detailed analysis of how Gen AI
contributes to SME resilience [49] (cf., Table V).

Gen AI significantly enhances the resilience of SMEs by
improving decision-making, operational efficiency, innovation,
customer relationship management, risk mitigation, financial
stability, and workforce capabilities. By leveraging these bene-
fits, SMEs can better navigate uncertainties, adapt to changes,
and sustain long-term growth. Implementing Gen AI thought-
fully and strategically will enable SMEs to build a robust foun-
dation for resilience in an increasingly dynamic and competitive
business environment.

B. Key Barriers of Gen AI Integration

The integration of Gen AI in SMEs holds significant promise
but faces several interconnected barriers [55]. Financial con-
straints are a primary challenge, as implementing Gen AI re-
quires substantial investments in technology, infrastructure, and
training. Beyond the initial costs, ongoing expenses for main-
taining and upgrading AI systems further strain SMEs’ limited
budgets (cf., Table VI).

A critical barrier is the lack of technical expertise. Many
SMEs do not have in-house AI specialists and face high costs
and competition in hiring skilled professionals. Existing staff
often require extensive training to manage AI technologies
effectively, which SMEs may struggle to provide. In addition,
effective Gen AI systems need large volumes of high-quality
data, which SMEs often lack. Ensuring data privacy and security
is crucial, and navigating complex regulatory environments can
be resource-intensive.

Resistance to change within organizations can significantly
hinder AI integration. Employees and management may be
reluctant to alter established workflows or fear job displacement
due to automation. Implementing effective change manage-
ment strategies is essential but often beyond the capacity of
many SMEs. Ethical and regulatory concerns present further
challenges, including bias in AI algorithms, transparency in
decision-making, and the impact on employment. Staying com-
pliant with evolving regulations related to AI use and data pro-
tection requires dedicated resources that SMEs might not have.

Scalability issues also pose significant barriers. AI solutions
need to scale with business growth, but ensuring efficiency
during expansion is challenging. Integrating AI with existing IT
infrastructure and business processes can present compatibility
issues and necessitate system upgrades. Uncertain return on in-
vestment (ROI) can deter SMEs from committing to AI projects,
as measuring ROI for AI initiatives is difficult and benefits may
take time to materialize.

Vendor dependence is another concern. SMEs often rely on
external vendors for AI solutions due to a lack of in-house

TABLE V
IMPACTS OF GEN AI IN RESILIENCE OF SMES
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TABLE VI
KEY BARRIERS OF GEN AI INTEGRATION

TABLE VII
EXAMPLES OF GEN AI IMPLEMENTATION IN SMES

expertise, leading to issues such as lack of control and vendor
lock-in. Customizing AI solutions to meet specific needs can
also be costly and complex (cf., Table VII).

C. Case Studies and Examples of Gen AI Implementation in
SMEs

Implementing Gen AI strategies within SMEs has become
imperative for staying competitive in the digital age. Examining
case studies and examples of Gen AI implementation provides
valuable insights into the diverse ways SMEs are leveraging this
generation’s unique characteristics and digital fluency to drive
innovation, enhance productivity, and achieve business success.

One notable example of Gen AI implementation in SMEs is
the adoption of AI-powered customer service solutions. Com-
panies such as ChatGPT, a virtual assistant powered by AI, have

revolutionized customer service for SMEs by providing auto-
mated responses to customer inquiries, troubleshooting common
issues, and offering personalized recommendations. By inte-
grating ChatGPT into their websites or messaging platforms,
SMEs can provide round-the-clock support, improve response
times, and enhance customer experiences without the need for
extensive human intervention [56].

Another example is the use of AI-driven analytics platforms to
optimize marketing strategies and improve customer targeting.
Companies such as Cortex, an AI-based marketing platform,
enable SMEs to analyze customer data, identify trends, and
predict consumer behavior to tailor marketing campaigns more
effectively. By leveraging Cortex’s predictive analytics capabil-
ities, SMEs can optimize ad spend, target high-value customers,
and maximize ROI in their marketing efforts [57].

Furthermore, Gen AI implementation extends to talent ac-
quisition and workforce management within SMEs. Companies
such as HireVue, an AI-powered recruiting platform, utilize
machine learning algorithms to assess job candidates’ skills,
personalities, and cultural fit based on video interviews and
behavioral analysis. By incorporating HireVue into their hiring
processes, SMEs can streamline recruitment, identify top talent,
and build high-performing teams that drive business growth and
innovation [58].

Moreover, Gen AI implementation in SMEs encompasses
collaborative tools and platforms that facilitate remote work and
virtual collaboration. Companies such as Slack, a cloud-based
messaging platform, enable SMEs to connect teams, share files,
and collaborate in real-time from anywhere in the world. By
adopting Slack and similar tools, SMEs can enhance commu-
nication, foster collaboration, and boost productivity among
remote and distributed teams.

1) Case Studies:
Case Study 1: Simplifying surgical consent forms with Gen

AI at Lifespan [59]
Background: Lifespan, one of Rhode Island’s largest health-

care systems, faced a significant challenge with their surgical
consent forms. These documents, often filled with complex
medical jargon, were written at a college reading level, despite
over half of Americans reading at or below the sixth-grade
level. This discrepancy created anxiety and confusion among
patients, as they struggled to understand the procedures they
were consenting to.

Implementation: Dr. R. Ali and Dr. F. Mirza recognized the
critical need for clearer communication. They explored the
potential of the GPT-4 version of ChatGPT to simplify these
forms. Using carefully crafted prompts, the AI was tasked with
rewriting the consent forms to be comprehensible to a middle
school reader (cf., Table VIII).

Conclusion: The implementation of ChatGPT at Lifespan
highlights the transformative potential of Gen AI in healthcare.
By simplifying surgical consent forms, Lifespan not only im-
proved patient comprehension but also enhanced overall patient
experience and outcomes. This case study underscores the im-
portance of clear communication in medical settings and show-
cases how AI can bridge the gap between complex information
and patient understanding.
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TABLE VIII
CHALLENGES AND BENEFITS OF GEN AI AT LIFESPAN

TABLE IX
CHALLENGES AND BENEFITS OF GEN AI AT LUCY

Case Study 2: Enhancing Data Accessibility with Gen AI at
Lucy [60]

Background: Lucy, a cutting-edge search tool, enables com-
panies to access their own data through straightforward natural
language queries within popular chat systems such as Microsoft
Teams or Slack. Positioned as an “answer engine” rather than a
traditional search engine, Lucy aims to help companies uncover
information they didn’t even know they had.

Implementation: Initially, Lucy’s AI platform efficiently an-
swered queries. However, as customer data stores grew, the vol-
ume of data exceeded Lucy’s capacity of searching effectively.
Recognizing the need for a more robust solution, Lucy’s team
collaborated with Microsoft Azure services to construct a new
AI infrastructure capable of handling vast amounts of data (cf.,
Table IX).

Results:
1) Customer adoption: The updated tool has been adopted

by 100% of customers who tried the new video indexer.

Fig. 5. Number of first-hand experience in using Gen AI.

Fig. 6. Relevance of specific AI applications.

Fig. 7. AI applications: usage or planning.

2) Improved efficiency: Users can find specific answers in
various data formats swiftly, enhancing overall productiv-
ity and data utilization.

Conclusion: The revamp of Lucy’s AI infrastructure demon-
strates the transformative power of Gen AI in managing and
utilizing large-scale data. By enhancing data accessibility and
search capabilities, Lucy provides companies with a powerful
tool to leverage their own data more effectively, fostering better
decision-making and operational efficiency.

D. Challenges and Opportunities of Integrating Gen AI for
SMEs

Integrating Gen AI into SMEs presents both challenges
and opportunities that shape the adoption and implementation
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Fig. 8. Phase of AI utilization (Papenkordt et al. [78]).

Fig. 9. Concerns Regarding the implementation of AI solutions.

process. Analyzing these aspects provides insights into the com-
plexities and potential benefits associated with leveraging Gen
AI in SME operations [61], [62].

1) Challenges
a) Digital divide: Despite Gen AI’s digital fluency, there

may be disparities in access to technology and digital
literacy skills among SMEs. Addressing the digital
divide requires investments in infrastructure, training
programs, and support services to ensure equitable
access to Gen AI tools and resources.

b) Privacy and security concerns: The widespread use
of AI technologies raises concerns about data privacy,
cybersecurity, and ethical use of personal information.
SMEs must navigate regulatory requirements, imple-
ment robust security measures, and uphold ethical stan-
dards to safeguard sensitive data and protect customer
trust.

c) Cost and resource constraints: Integrating Gen AI
solutions into SME operations often requires signif-
icant investments in technology infrastructure, talent
acquisition, and training programs. Limited financial
resources and expertise may pose barriers to adoption
for smaller SMEs, requiring strategic planning and
resource allocation to overcome these challenges.

d) Change management and cultural shift: Embracing
Gen AI entails organizational changes, including shifts
in workflows, job roles, and employee mindsets.

Resistance to change, cultural inertia, and fear of job
displacement may impede adoption efforts and hinder
the realization of Gen AI’s potential benefits within
SMEs.

2) Opportunities
a) Innovation and competitive advantage: Gen AI brings

fresh perspectives, digital skills, and creative insights
that drive innovation and differentiation within SMEs.
Leveraging Gen AI talent and expertise enables SMEs
to develop innovative products, services, and business
models that differentiate them from competitors and
capture market opportunities.

b) Efficiency and productivity gains: Gen AI’s famil-
iarity with technology and digital tools streamlines
processes, enhances productivity, and reduces opera-
tional costs within SMEs. By automating routine tasks,
optimizing workflows, and leveraging data analytics,
SMEs can achieve efficiency gains and improve overall
performance.

c) Collaboration and knowledge sharing: Gen AI’s col-
laborative mindset fosters teamwork, knowledge shar-
ing, and cross-functional collaboration within SMEs.
By creating inclusive work environments and leverag-
ing digital collaboration tools, SMEs can harness Gen
AI’s collective intelligence, drive innovation, and solve
complex problems more effectively.

d) Customer-centricity and personalization: Gen AI’s
understanding of digital platforms and consumer be-
haviors enables SMEs to deliver personalized experi-
ences and tailored solutions to meet customer needs.
By leveraging AI-driven analytics and customer in-
sights, SMEs can anticipate trends, personalize offer-
ings, and build deeper connections with their target
audience.

In conclusion, integrating Gen AI into SMEs presents a mix of
challenges and opportunities that require careful consideration
and strategic planning. Overcoming challenges such as the dig-
ital divide, privacy concerns, and resource constraints requires
proactive measures and collaborative efforts. However, embrac-
ing Gen AI’s potential for innovation, efficiency, collaboration,
and customer-centricity positions SMEs for sustainable growth,
competitiveness, and success in the digital age.

VII. EMPIRICAL FINDINGS ABOUT GEN AI AND SMES

On February 21st, 2024, we held a panel on Gen AI with repre-
sentatives from company members of the “it’s OWL” technology
network. The majority of the participants already had first-hand
experience with Gen AI but there was still a percentage of people
that had no prior experience with GenAI (cf., Fig. 5).

When asked about the relevance of specific application fields
for AI, the most common answer was process automation, fol-
lowed by marketing and communication. This is a very interest-
ing result, since AI in the area of marketing and communication
has only become apparent with the advent of ChatGPT and other
GenAI tools (cf., Fig. 6).

Even more interesting is the current use of AI: more than
50% of the companies already use AI in the area of marketing
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and communication, with only 25% using it for automating
processes (cf., Fig. 7).

A similar survey was carried out in 2021, involving 317
participants from 89 companies, spanning sectors such as electri-
cal engineering, machinery construction, and ICT. It addressed
various stakeholder groups: company leaders, HR departments,
and employees. The study found that most companies are in the
initial stages of AI adoption, with usage largely concentrated on
partially autonomous AI systems for execution and analytical
tasks, aiming at efficiency improvements, quality enhancements,
and decision-making optimization. However, challenges such as
lack of expertise and the complexity of AI are notable barriers
to its implementation. It shows a notable difference between the
results from the 2024 panel: Especially in the area of marketing,
we can see a substantial difference between 2021 and 2024 (cf.,
Figs. 8 and 9).

In which phase of AI utilization do you currently find the
following departments within your company?

VIII. POLICY IMPLICATIONS AND REGULATORY FRAMEWORK

A. Government Policies Supporting SMEs

Government policies play a crucial role in supporting SMEs in
the implementation of Gen AI. These policies can provide finan-
cial assistance, foster a conducive environment for innovation,
and ensure that SMEs have access to the necessary resources
and expertise. Here are some key government policies that can
support SMEs in Gen AI implementation [63].

1) Financial incentives and grants
a) Subsidies and grants: Governments can provide sub-

sidies and grants specifically for AI-related projects,
helping to offset the high initial costs associated with
Gen AI implementation. These financial aids can be
targeted toward R&D, infrastructure upgrades, and
employee training programs.

b) Tax incentives: Offering tax credits and deductions for
investments in AI technologies can encourage SMEs
to invest in Gen AI. This can include tax breaks on
the purchase of AI software and hardware, as well as
deductions for expenses related to AI R&D.

2) Access to funding
a) Venture capital and loans: Governments can facilitate

access to venture capital and low-interest loans for
SMEs looking to adopt Gen AI. Establishing public–
private partnerships can also help in providing the
necessary financial support for AI projects.

b) Innovation funds: Creation of innovation funds dedi-
cated to supporting AI initiatives in SMEs can provide
the necessary capital for startups and small businesses
to explore and implement Gen AI technologies.

3) Training and education programs
a) Skills development programs: Implementing training

programs and workshops focused on AI skills can help
SMEs develop the necessary expertise to manage and
utilize Gen AI technologies. Governments can partner
with educational institutions to provide these training
programs.

b) Certifications and courses: Offering certifications and
online courses in AI and related fields can help upskill
the existing workforce, making it easier for SMEs to
integrate Gen AI into their operations.

4) Research and development support
a) Collaborative research initiatives: Encouraging col-

laboration between SMEs, research institutions, and
universities can foster innovation and the development
of new AI technologies. Government-funded research
programs can help SMEs access cutting-edge AI re-
search and technologies.

b) Innovation hubs and incubators: Establishing innova-
tion hubs and incubators can provide SMEs with access
to resources, mentorship, and networking opportuni-
ties. These hubs can serve as centers of excellence for
AI R&D.

5) Regulatory frameworks
a) Supportive regulatory environment: Developing clear

and supportive regulatory frameworks for AI adoption
can help SMEs navigate legal and compliance issues.
This includes creating guidelines for data privacy, se-
curity, and ethical AI use.

b) Standardization and best practices: Governments can
establish standards and best practices for AI imple-
mentation, helping SMEs adopt AI technologies in a
consistent and efficient manner.

6) Infrastructure development
a) Digital infrastructure: Investing in robust digital in-

frastructure, such as high-speed Internet and cloud
computing services, can facilitate the adoption of Gen
AI by SMEs. Improved connectivity and access to ad-
vanced computing resources are essential for effective
AI implementation.

b) AI development platforms: Providing access to AI
development platforms and tools can lower the barriers
for SMEs to experiment with and deploy Gen AI
solutions.

Government policies can significantly enhance the ability of
SMEs to adopt and implement Gen AI. By providing financial
incentives, facilitating access to funding, offering training and
education programs, supporting R&D, establishing supportive
regulatory frameworks, and investing in digital infrastructure,
governments can create an environment where SMEs can thrive
with Gen AI technologies. These policies not only help SMEs
overcome the initial barriers to AI adoption but also ensure their
sustainable growth and competitiveness in the evolving digital
economy [64].

B. Regulatory Framework for Gen AI Integration

The integration of Gen AI into various aspects of society
requires a robust regulatory framework to ensure responsible and
ethical use while fostering innovation and competitiveness [65].
This section analyzes the complexities and challenges associated
with creating such a framework and explores potential strategies
to address them [66].

1) Rapid technological advancement: One of the primary
challenges in establishing a regulatory framework for Gen
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AI is the rapid pace of technological advancement. Gen
AI technologies, including machine learning algorithms,
natural language processing, and autonomous systems,
evolve quickly, making it difficult for regulatory bodies to
keep up. This rapid evolution can lead to a regulatory lag,
where outdated or inadequate regulations fail to address
new ethical, legal, and societal concerns. To mitigate this,
regulatory bodies need to adopt flexible and adaptive
approaches that can evolve alongside technological ad-
vancements.

2) Interdisciplinary collaboration: The interdisciplinary na-
ture of Gen AI integration necessitates collaboration
among various stakeholders, including government agen-
cies, industry experts, academia, and civil society. Effec-
tive regulations require input from diverse perspectives to
balance innovation with risk mitigation, protect consumer
rights and privacy, and ensure accountability and trans-
parency in Gen AI development and deployment. Col-
laboration can be facilitated through public consultations,
advisory committees, and partnerships that bring together
key stakeholders to contribute to the regulatory process.

3) Ethical and societal considerations: Regulatory frame-
works for Gen AI must address numerous ethical and
societal considerations, including bias and fairness, ac-
countability and transparency, privacy and data protection,
and safety and security. Bias in AI algorithms can lead to
discriminatory outcomes, while a lack of transparency can
obscure decision-making processes. Regulations should
establish clear guidelines and standards for ethical AI
design and behavior, mandating regular audits and assess-
ments to ensure compliance and ethical practices. Privacy
and data protection are also critical concerns. Gen AI
systems often require large amounts of data, raising issues
around data privacy and security. Regulatory frameworks
must ensure that data collection and processing comply
with privacy laws and ethical standards, safeguarding
individuals’ rights and preventing misuse of data.

4) Promoting innovation: Despite the challenges, regulatory
frameworks can also promote responsible Gen AI integra-
tion and unlock its potential for societal benefit. Proactive
regulation can foster trust and confidence in Gen AI
technologies, spur investment and innovation, and ensure
that AI benefits are equitably distributed across society.
Governments can implement regulatory sandboxes, pilot
programs, and regulatory impact assessments (RIAs) to
enable iterative and adaptive regulation.
a) Regulatory sandboxes: These provide a controlled

environment where new Gen AI technologies can be
tested under regulatory supervision. This approach
allows regulators to observe the impacts and risks of
Gen AI in real-time and make necessary adjustments
to policies.

b) Pilot programs: Small-scale implementations of Gen
AI technologies enable a better understanding of
their practical implications and necessary regulatory
adjustments.

c) Regulatory impact assessments: These assessments
evaluate the potential effects of new regulations
on innovation and societal well-being, helping
identify unintended consequences and ensuring that
regulations do not stifle technological advancement or
disproportionately burden specific groups.

5) International coordination: Gen AI technologies often
transcend national borders, making international coor-
dination crucial. Harmonizing regulations across coun-
tries can prevent regulatory arbitrage, where companies
move operations to jurisdictions with more lenient reg-
ulations. International bodies and agreements can help
establish common standards and guidelines, facilitating
cross-border cooperation and ensuring a consistent ap-
proach to Gen AI regulation.

6) Continuous monitoring and evaluation: Given the dy-
namic nature of Gen AI, continuous monitoring and evalu-
ation of regulatory frameworks are essential. Policymak-
ers should establish mechanisms for regular review and
update of regulations to reflect technological advance-
ments and emerging societal concerns. This can include
setting up dedicated AI regulatory agencies or task forces
that specialize in monitoring and assessing Gen AI devel-
opments.

7) Intellectual property (IP) protection: In addition to the
challenges and strategies outlined, the integration of Gen
AI into various sectors also raises significant concerns
regarding IP protection. As Gen AI systems are increas-
ingly used to create new content, designs, and inventions,
the question of who holds the rights to these creations
becomes more complex. Traditional IP frameworks, which
are based on human authorship and innovation, may not
adequately address the nuances of AI-generated content.
For instance, determining the ownership of a novel idea,
artwork, or invention produced by an AI system can be
challenging, especially when multiple entities—such as
developers, users, and AI systems themselves—contribute
to the final output. To address these complexities, regula-
tory frameworks must consider adapting existing IP laws
or developing new ones that specifically account for AI-
generated content. This could involve defining clear guide-
lines on the ownership, distribution, and commercializa-
tion of AI-generated works. In addition, there may be a
need for new forms of IP rights that recognize the role of AI
in the creative process, ensuring that both human creators
and AI developers receive appropriate recognition and
compensation. Protecting IP in the context of Gen AI not
only safeguards the rights of creators but also encourages
innovation by providing a clear legal structure that sup-
ports the development and use of AI technologies. Further-
more, international cooperation will be crucial in estab-
lishing harmonized IP standards, as Gen AI technologies
and their outputs often cross borders, making consistent
global IP protection necessary to prevent legal disputes
and ensure equitable treatment of AI-generated content
worldwide.
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C. Recommendations for Policy Development

Developing robust policies for the integration of Gen AI into
society is essential to harness the potential benefits of AI while
mitigating its risks and ensuring ethical and responsible use.
Drawing from insights into the challenges and opportunities
associated with Gen AI integration, the following recommen-
dations are proposed for policy development [67], [68].

1) Interdisciplinary collaboration: Policymakers should es-
tablish multistakeholder working groups or advisory
boards that include representatives from government
agencies, AI industry experts, academic researchers spe-
cializing in AI ethics, and civil society organizations. For
example, a national AI council could be formed to oversee
Gen AI integration, ensuring that diverse perspectives con-
tribute to policy formulation. This collaborative approach
will help to address various technical, ethical, and societal
impacts of Gen AI.

2) Agile regulation: Regulatory bodies should implement
flexible frameworks such as regulatory sandboxes and
pilot programs to test and refine AI regulations. For in-
stance, the U.K.’s Financial Conduct Authority has suc-
cessfully used regulatory sandboxes to innovate within
fintech. Similar sandboxes can be used for Gen AI to allow
real-world testing under regulatory supervision, providing
insights and feedback to refine policies before broader
implementation.

3) Ethical frameworks: Governments should develop and
mandate ethical guidelines for Gen AI, focusing on fair-
ness, transparency, accountability, and data privacy. This
could include creating a certification process for AI sys-
tems, akin to the European Union’s GDPR compliance for
data protection. Regular audits and assessments should be
required to ensure that Gen AI systems adhere to these
ethical standards, minimizing risks of bias and misuse.

4) Risk assessment and impact analysis: Policymakers
should perform comprehensive RIAs and technology im-
pact assessments (TIAs) for Gen AI projects. These as-
sessments should evaluate potential economic, social, and
environmental impacts. For example, prior to the deploy-
ment of autonomous vehicles, extensive impact analyses
can identify potential risks and inform mitigation strate-
gies.

5) Education and awareness: Governments should launch
national education campaigns to raise public awareness
about Gen AI. This could involve partnerships with ed-
ucational institutions to develop AI literacy programs
and incorporate AI ethics and applications into school
curricula. Public consultations and workshops can also
be organized to gather input and educate stakeholders on
Gen AI’s benefits and risks.

6) International collaboration: Countries should engage
in international forums such as the OECD AI Policy
Observatory and the Global Partnership on AI to harmo-
nize AI regulations. Collaborative efforts could include
developing international standards for AI ethics and in-
teroperability, ensuring that AI systems developed in one

country can be effectively regulated and used in another,
fostering global cooperation and consistency.

7) Inclusive governance: Governance structures for AI
should ensure representation from marginalized and vul-
nerable communities. For instance, policy development
processes can include public hearings and consultations
specifically targeting underrepresented groups. This in-
clusive approach ensures that AI policies consider diverse
impacts and promote social justice.

8) Monitoring and enforcement: Establish independent over-
sight bodies tasked with monitoring compliance with Gen
AI regulations. These bodies should have the authority
to investigate complaints and impose sanctions for non-
compliance. An example is the data protection authorities
under the GDPR, which oversee data privacy regulations
and enforce compliance.

Developing effective policies for Gen AI integration requires
a detailed and multifaceted approach. By implementing specific
measures such as interdisciplinary collaboration, agile regu-
lation, ethical frameworks, thorough risk assessments, public
education, international cooperation, inclusive governance, and
strong monitoring and enforcement mechanisms, policymakers
can create a regulatory environment that promotes responsible
AI innovation while safeguarding societal values [69]. This
comprehensive approach ensures that the benefits of Gen AI
are maximized and its risks are effectively managed, leading to
a more equitable and ethical integration of AI technologies into
society [70].

D. Policy Implementation Examples

In light of the discussed challenges and opportunities sur-
rounding Gen AI integration for SMEs, it is imperative to
delve into concrete policy recommendations that can effectively
support SMEs in harnessing the potential of Gen AI while
navigating its complexities. Here are some detailed policy rec-
ommendations.

1) Funding and support programs: Governments should es-
tablish funding initiatives specifically targeted at SMEs
to facilitate their adoption of Gen AI technologies. This
can include grants, subsidies, and low-interest loans aimed
at assisting SMEs in investing in AI infrastructure, train-
ing programs, and technology adoption. By providing
financial support, governments can lower the barrier to
entry for SMEs and encourage them to embrace Gen AI
innovation.

2) Skill development initiatives: Policymakers should prior-
itize the development of training and skill enhancement
programs tailored to SMEs, focusing on building AI lit-
eracy and technical capabilities among their workforce.
Collaborative efforts between governments, educational
institutions, and industry partners can provide accessible
training opportunities, workshops, and certifications to
equip SME employees with the necessary skills to leverage
Gen AI effectively.

3) Regulatory frameworks: Governments need to establish
clear and adaptable regulatory frameworks that balance
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innovation with ethical considerations and risk mitigation.
This entails developing guidelines for responsible Gen
AI development and deployment, ensuring data privacy
protection, addressing algorithmic bias, and promoting
transparency and accountability. By fostering a supportive
regulatory environment, policymakers can instill confi-
dence in Gen AI technologies while safeguarding societal
values and interests.

4) Access to infrastructure and resources: Policymakers
should prioritize initiatives to improve SMEs’ access to
AI infrastructure, cloud computing resources, and data
analytics tools. This can involve creating public–private
partnerships to provide affordable access to AI platforms,
fostering innovation hubs and incubators, and facilitat-
ing technology-sharing initiatives among SMEs. By en-
hancing access to essential resources, governments can
empower SMEs to leverage Gen AI for innovation and
growth.

5) International collaboration: Governments should engage
in international collaboration and knowledge-sharing ef-
forts to harmonize standards, regulations, and best prac-
tices related to Gen AI adoption for SMEs. Participation
in global forums and initiatives enables cross-border co-
operation, facilitates technology transfer, and promotes
learning from successful Gen AI integration strategies
implemented in other regions.

By implementing these policy recommendations, policymak-
ers can create an enabling environment for SMEs to harness the
potential of Gen AI while effectively addressing the challenges
and barriers they face. This proactive approach not only fosters
SME resilience and competitiveness but also contributes to
overall economic growth and innovation in the digital era.

IX. FUTURE OUTLOOK AND EMERGING TREND

A. Future Trends in Gen AI Adoption by SMEs

The adoption of Gen AI by SMEs represents a transformative
shift in how businesses operate, innovate, and compete in the
digital age. As Gen AI technologies continue to evolve and
mature, several future trends are expected to shape the landscape
of Gen AI adoption by SMEs, driving innovation, efficiency, and
competitiveness in various industries.

1) AI-powered automation: One of the most significant
trends in Gen AI adoption by SMEs is the widespread
integration of AI-powered automation across business
processes. SMEs are increasingly leveraging AI technolo-
gies, such as robotic process automation (RPA), machine
learning, and natural language processing, to automate
routine tasks, optimize workflows, and streamline oper-
ations. This trend is expected to accelerate in the future
as SMEs seek to improve efficiency, reduce costs, and
enhance productivity in the face of evolving market dy-
namics [71].

2) Personalized customer experiences: Another future trend
in Gen AI adoption by SMEs is the emphasis on deliver-
ing personalized customer experiences through AI-driven
insights and recommendations. SMEs are leveraging AI

technologies to analyze customer data, predict behavior,
and tailor products, services, and marketing efforts to
individual preferences and needs. This trend is expected to
continue as SMEs prioritize customer-centric strategies to
differentiate themselves in competitive markets and build
long-term customer relationships [72].

3) Predictive analytics and decision support: SMEs are in-
creasingly turning to predictive analytics and decision
support tools powered by Gen AI to make data-driven
decisions and anticipate future trends and opportunities.
By harnessing AI algorithms to analyze vast amounts of
data, SMEs can gain actionable insights, identify patterns,
and make informed decisions that drive business growth
and innovation. This trend is expected to grow as SMEs
recognize the value of data-driven decision-making in
navigating complex business environments and driving
competitive advantage.

4) AI-enabled innovation: Gen AI adoption by SMEs is
fueling a wave of innovation and creativity across indus-
tries, enabling SMEs to develop new products, services,
and business models that address emerging market needs
and trends. SMEs are leveraging AI technologies, such
as generative design, natural language processing, and
computer vision, to drive innovation, explore new oppor-
tunities, and stay ahead of the curve in rapidly evolving
markets. This trend is expected to accelerate as SMEs
embrace AI-enabled innovation as a key driver of growth
and competitiveness.

5) Collaborative AI ecosystems: Future trends in Gen AI
adoption by SMEs also include the emergence of col-
laborative AI ecosystems, where SMEs collaborate with
AI developers, technology providers, academia, and other
stakeholders to cocreate and share AI solutions and exper-
tise. By participating in collaborative ecosystems, SMEs
can access cutting-edge AI technologies, pool resources,
and leverage collective intelligence to drive innovation and
solve complex business challenges. This trend is expected
to foster a culture of open innovation and collaboration
among SMEs, driving collective progress and advance-
ment in AI adoption.

B. Generative AI Statistics and Future Outlook

The Gen AI market has experienced explosive growth, with
its global value skyrocketing from $29 billion in 2022 to approxi-
mately $50 billion in 2024—a 54.7% increase. This rapid expan-
sion is partly due to the release of ChatGPT in November 2022.
Currently valued at $44.89 billion, Gen AI has been adopted
by 92% of Fortune 500 firms and is used by 73% of marketing
departments. Nearly 70% of Gen Z has tried Gen AI tools, and
it is predicted that 95% of customer interactions will involve AI
by 2025. Gen AI could impact almost 90% of American jobs
and create up to 97 million new jobs by 2025 [73] (cf., Fig. 10).

In addition, the Gen AI market is poised for exponential
growth, with projections indicating a potential value of $1.3
trillion by 2032, according to Bloomberg Intelligence. Over
the next nine years, various segments within the Gen AI
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Fig. 10. Present statistics of Gen AI (2024 exploding topics).

Fig. 11. Gen AI adoption rates and trends (2024 exploding topics).

Fig. 12. Gen AI future projections (2024 exploding topics).

space are expected to contribute significantly to this growth.
Infrastructure-as-a-Service, digital ads, AI assistants, AI servers,
conversational AI devices, AI storage, and computer vision AI
products are all anticipated to play key roles in driving market
expansion. With demand for Gen AI products projected to grow
at a compound annual growth rate of 42%, the market could

see approximately $280 billion in new software revenue by
2032, highlighting the immense potential for innovation and
investment in this burgeoning sector [74].

Furthermore, Gen AI is rapidly gaining traction across
industries, with a notable 64% of executives expressing a desire
to adopt this technology, according to Google’s survey of 50
tech companies. Furthermore, OpenAI’s technology has seen
widespread adoption, with a staggering 92% of Fortune 500
companies leveraging it for various applications. Deloitte’s
survey of 2620 global businesses revealed that 94% of executives
believe AI is pivotal for future success, with applications ranging
from cloud pricing optimization to voice assistants and chatbots.
As a result, businesses are already witnessing significant
benefits, with Gartner reporting potential cost savings of 15.7%
through GenAI adoption, and HubSpot finding that chatbots
alone can save businesses an average of 2 h and 20 min daily [75].

Gen AI is experiencing widespread adoption across indus-
tries, with a notable 85% of business leaders expecting to inte-
grate it for low-value tasks by the end of 2024, according to a
joint study by MIT and Telstra. In addition, Gartner’s research
indicates that 45% of organizations are currently piloting Gen AI
programs, marking a significant increase from previous years.
Industries such as marketing and advertising are leading this
charge, with 37% already embracing Gen AI, as reported by
Statista. Furthermore, Salesforce’s State of IT report highlights
a growing recognition among IT leaders, with 86% acknowl-
edging the importance of Gen AI for their companies in the near
future. Despite concerns, 78% of executive leaders believe that
the benefits of Gen AI outweigh the risks, according to Gartner.
However, there is an interesting trend observed in workplace
behavior, with 68% of workers using ChatGPT at work choosing
not to disclose this usage to their superiors, as revealed by
Fishbowl’s survey (cf., Fig. 11).

The investment landscape in Gen AI is experiencing remark-
able growth, with private equity investment surging by 118%
from 2022 to 2023, as reported by S&P Global. Despite a
decrease in the number of deals, the total investment ballooned
to $2.18 billion, signaling strong confidence in the sector. CB
Insights further underscores this trend, revealing a staggering
407% increase in total investment from 2022 to 2023, reaching
$21.8 billion across 426 deals. This surge in investment, partic-
ularly in AI infrastructure, reflects a growing anticipation of the
technology’s transformative potential, with Goldman Sachs pre-
dicting AI investment to soar to $200 billion by 2025. According
to KPMG and WSJ, 43% of U.S. companies generating over $1
billion annually are poised to invest $100 million or more in
Gen AI, demonstrating a willingness to embrace the unknown
for future gains.

The future trajectory of Gen AI appears poised for exponential
growth and integration into various facets of daily life. Europol
suggests that by 2026, a staggering 90% of online content
creation could be driven by AI, revolutionizing workflows and
potentially reshaping content quality standards. McKinsey’s
projections are equally ambitious, envisioning GenAI’s annual
global GDP contribution rivaling or surpassing that of sev-
eral G8 countries, underscoring its profound economic impact.
Moreover, Gartner predicts a paradigm shift in application
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TABLE X
POTENTIAL CHALLENGES AND OPPORTUNITIES OF AI ADOPTION IN SMES

development, with AI potentially autonomously generating 15%
of new applications by 2027. Forrester forecasts widespread AI
adoption, with over half of the global population expected to
engage with AI technology by 2024, highlighting its increasingly
ubiquitous presence in society (cf., Fig. 12).

C. Potential Challenges and Opportunities

The integration of Gen AI into SMEs presents a myriad of po-
tential challenges and opportunities that shape the trajectory of
AI adoption and its impact on businesses [76]. In the following,
a comprehensive table is given (cf., Table X).

In conclusion, while Gen AI adoption by SMEs presents
challenges such as cost constraints, data quality issues, skills
shortages, and regulatory concerns, it also offers significant op-
portunities for efficiency gains, innovation, enhanced customer
experiences, data-driven decision-making, and collaboration.
By addressing key challenges and capitalizing on opportuni-
ties, SMEs can harness the transformative power of Gen AI
to drive business growth, competitiveness, and success in the
digital age.

D. Predictions for the Future of SMEs in the Era of Gen AI

The advent of Gen AI marks a pivotal moment in the evolution
of SMEs, promising transformative changes in how these busi-
nesses operate, innovate, and compete in the digital age. Looking
ahead, several predictions can be made about the future of SMEs
as they navigate the opportunities and challenges presented by
Gen AI.

1) Rapid adoption of AI technologies: As Gen AI tech-
nologies continue to mature and become more acces-
sible, SMEs will increasingly embrace AI-driven solu-
tions to enhance efficiency, productivity, and competi-
tiveness. Predictive analytics, machine learning, and RPA
will become integral components of SME operations, em-
powering businesses to automate routine tasks, optimize
workflows, and make data-driven decisions with greater
precision and speed.

2) Evolving business models: The proliferation of Gen AI
technologies will catalyze a shift in SME business models,
fostering innovation and enabling new modes of value
creation. SMEs will leverage AI to develop personal-
ized products and services, tailor customer experiences,
and unlock new revenue streams. Moreover, AI-enabled
platforms and marketplaces will facilitate collaboration,
resource sharing, and access to global markets, reshaping
traditional business ecosystems and leveling the playing
field for SMEs.

3) Enhanced customer experiences: AI-driven personaliza-
tion and predictive analytics will revolutionize the way
SMEs engage with customers, delivering tailored expe-
riences and anticipating their needs with unprecedented
accuracy. From personalized product recommendations
to proactive customer service, SMEs will leverage AI to
foster deeper connections, drive customer loyalty, and dif-
ferentiate themselves in increasingly competitive markets.

4) Augmented workforce: Rather than replacing human
workers, Gen AI technologies will augment and empower
SME employees, enabling them to focus on high-value
tasks that require creativity, critical thinking, and emo-
tional intelligence. AI-powered tools and platforms will
enhance employee productivity, facilitate collaboration,
and foster a culture of continuous learning and innovation
within SMEs.

5) Ethical and responsible AI use: As AI becomes more per-
vasive in SME operations, there will be a growing empha-
sis on ethical and responsible AI use. SMEs will prioritize
transparency, fairness, and accountability in AI algorithms
and decision-making processes, mitigating biases and en-
suring compliance with regulatory standards. Moreover,
SMEs will invest in AI governance frameworks, employee
training programs, and stakeholder engagement initiatives
to build trust and foster responsible AI adoption.

6) Collaborative innovation ecosystems: SMEs will increas-
ingly participate in collaborative innovation ecosystems,
partnering with AI developers, technology providers,
academia, and other stakeholders to cocreate and share
AI solutions and expertise. By leveraging collective

Authorized licensed use limited to: National Taipei Univ. of Technology. Downloaded on May 01,2026 at 13:38:09 UTC from IEEE Xplore.  Restrictions apply. 



14772 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 71, 2024

intelligence and pooling resources, SMEs will accelerate
innovation, address complex challenges, and unlock new
opportunities for growth and competitiveness.

The future of SMEs in the era of Gen AI is characterized by
rapid adoption of AI technologies, evolving business models,
enhanced customer experiences, augmented workforce, ethical
AI use, and collaborative innovation ecosystems. By embracing
AI-driven innovation and leveraging the transformative power
of Gen AI, SMEs can unlock new pathways to success, drive
economic prosperity, and thrive in the digital age.

X. CONCLUSION

In conclusion, this article has explored the intersection of Gen
AI with the resilience and competitiveness of SMEs, shedding
light on the transformative potential of AI technologies in shap-
ing the future of SMEs in the digital age.

Throughout this article, several key points have emerged.
We have discussed the definition and characteristics of SMEs,
highlighting their vital role as drivers of economic growth and
innovation. In addition, we have examined the concept of Gen
AI, its characteristics, and its impact on various sectors, empha-
sizing its potential to revolutionize SME operations and drive
sustainable growth.

The importance of Gen AI for SME resilience and compet-
itiveness cannot be overstated. By leveraging AI-driven solu-
tions, SMEs can enhance efficiency, productivity, and innova-
tion, enabling them to adapt to rapidly changing market dynam-
ics, anticipate customer needs, and differentiate themselves in
competitive landscapes. Moreover, AI technologies empower
SMEs to navigate challenges, mitigate risks, and capitalize on
emerging opportunities, positioning them for long-term success
in an increasingly digitalized world.

In light of these insights, it is clear that embracing Gen AI is
imperative for SMEs seeking to thrive and remain competitive
in today’s fast-paced business environment. As SMEs embark
on their AI journey, it is essential to prioritize ethical AI use,
foster a culture of innovation and collaboration, and invest in
employee training and development to maximize the benefits of
AI adoption.

In general, the future of SMEs lies at the intersection of
resilience, competitiveness, and Gen AI. By harnessing the
transformative power of AI technologies, SMEs can unlock new
pathways to success, drive economic prosperity, and shape a
more resilient and competitive business landscape.

Ultimately, it is through strategic investments in Gen AI and a
commitment to responsible AI adoption that SMEs can position
themselves as leaders in the digital economy, driving innovation,
growth, and sustainable development for years to come.
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