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CrossMark

The present study aimed to design and validate a strategic model of human—autonomous
intelligent agent synergy for developing entrepreneurial capabilities and organizational
innovation in knowledge-based businesses. This applied-developmental study employed an
exploratory sequential mixed-methods design. In the qualitative phase, 18 academic and
professional experts from Tehran with expertise in strategic management, artificial intelligence,
digital transformation, entrepreneurship, innovation, and knowledge-based business
management were selected through purposive sampling. Data were collected through semi-
structured interviews until theoretical saturation and analyzed using MAXQDA. In the
quantitative phase, a researcher-developed questionnaire derived from the qualitative findings
was administered to 384 managers and experts working in knowledge-based businesses in
Tehran. Data were analyzed using SPSS and partial least squares structural equation modeling
in SmartPLS. Strategic Al orientation ($=0.24, t=5.31, p<0.001), data and infrastructure
readiness (f=0.21, t=4.78, p<0.001), human and cognitive capabilities ($=0.27, t=5.94,
p<0.001), and trust, transparency, and control ($=0.23, t=5.17, p<0.001) had significant positive
effects on human-autonomous intelligent agent synergy. Synergy significantly predicted
entrepreneurial capabilities (f=0.61, t=15.42, p<0.001) and organizational innovation ($=0.46,
t=10.87, p<0.001). Entrepreneurial capabilities also significantly predicted organizational
innovation (=0.34, t=7.91, p<0.001). The indirect effect of synergy on organizational
innovation through entrepreneurial capabilities was significant (f=0.21, t=6.38, p<0.001).
Human-autonomous intelligent agent synergy can strengthen entrepreneurial capabilities and
organizational innovation when it is supported by strategic Al orientation, adequate
technological and data infrastructure, strong human capabilities, and effective mechanisms of
trust, transparency, and human control.

Keywords: Human-Al synergy, autonomous intelligent agents, entrepreneurial capabilities,
organizational innovation, knowledge-based businesses, artificial intelligence.



https://www.journaltesm.com/
http://creativecommons.org/licenses/by-nc/4.0
https://www.journaltesm.com
https://orcid.org/0009-0001-2150-5791
http://creativecommons.org/licenses/by-nc/4.0
https://portal.issn.org/resource/ISSN/3041-8585

Extended Abstract

Introduction

The rapid advancement of artificial intelligence (Al) is fundamentally transforming organizational
structures, decision-making processes, innovation systems, and the mechanisms through which firms
recognize and exploit entrepreneurial opportunities. In knowledge-based businesses, where competitive
advantage depends heavily on intellectual capital, technological knowledge, learning capacity, and rapid
adaptation, Al is increasingly moving beyond its traditional role as a decision-support tool toward more
autonomous forms of organizational participation. From a resource-based perspective, competitive
advantage does not arise merely from possessing valuable technological resources; rather, it depends on
the organizational ability to combine, deploy, and leverage those resources in ways that produce superior
outcomes (Newbert, 2008). Similarly, the strategic human capital perspective emphasizes that the value of
human resources is contingent on how effectively knowledge, skills, and capabilities are integrated with
organizational objectives and performance processes (Ployhart, 2021). Therefore, the strategic significance
of autonomous intelligent agents lies not simply in their technological sophistication, but in how
effectively their computational capabilities can be combined with human judgment, creativity, contextual
understanding, and strategic decision-making.

Dynamic capabilities provide a particularly relevant theoretical foundation for understanding this
transformation. Organizations operating in volatile and technology-intensive environments need to sense
emerging opportunities and threats, seize valuable opportunities, and continuously reconfigure their
resource base (Teece, 2007). Resource orchestration further suggests that competitive advantage depends
on the deliberate structuring, bundling, and leveraging of organizational resources rather than on their
mere availability (Sirmon et al., 2011). In technology-oriented firms and startups, dynamic capabilities such
as organizational learning, adaptability, innovation, and resource reconfiguration have similarly been
identified as critical foundations for sustained development (Daryani et al., 2020). Autonomous intelligent
agents can potentially strengthen these processes by continuously scanning environments, analyzing large
volumes of data, generating alternatives, learning from feedback, and performing complex multistep tasks.
However, such benefits depend on organizational mechanisms that enable human and machine capabilities
to complement rather than substitute for one another.

The concept of human-Al synergy is increasingly central to this discussion. Hybrid intelligence
proposes that superior performance can emerge when human and artificial intelligence are deliberately
combined so that the strengths of one compensate for the limitations of the other (Dellermann et al., 2019).
In organizational decision-making, Al can contribute speed, scalability, pattern recognition, and analytical
consistency, while humans remain particularly important for contextual interpretation, ethical judgment,
intuition, creativity, and dealing with ambiguity (Jarrahi, 2018). This relationship is also reflected in the
automation-augmentation paradox, according to which Al simultaneously creates possibilities for
replacing human activities and enhancing human capabilities (Raisch & Krakowski, 2021). Effective Al
integration therefore requires organizations to determine which tasks should be delegated, which should
remain under direct human control, and which should be performed collaboratively. Recent research on
human-Al teaming further indicates that value creation depends on dynamic organizational capabilities
that support role configuration, coordination, continuous learning, and adaptive interaction between
humans and Al systems (Simén et al., 2024).
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The relevance of such synergy is especially pronounced for entrepreneurship and innovation.
Autonomous agents can enhance creative semantic discovery in human groups by expanding search spaces
and exposing individuals to novel combinations of information (Ueshima et al., 2024). Al may also
strengthen opportunity recognition through environmental scanning, rapid information processing, trend
detection, and the identification of previously unnoticed patterns (Schoneseiffen et al., 2024). The adoption
of generative Al technologies has likewise been associated with increased digital entrepreneurial activity
by supporting knowledge acquisition, ideation, and opportunity exploration (Duong & Nguyen, 2024).
Nevertheless, close collaboration with Al does not automatically lead to greater innovation. Excessive
reliance on Al may constrain originality under certain conditions, particularly when users become
cognitively dependent on machine-generated alternatives (Mascarefio et al., 2026). Consequently, the
strategic value of Al depends on calibrated trust, human oversight, explainability, complementary task
allocation, and the preservation of independent human judgment.

Human capabilities are therefore indispensable to successful Al-enabled innovation. Human-Al
skills have been shown to positively influence organizational innovation, while a supportive digital
organizational culture can further strengthen this relationship (An et al., 2024). At the same time,
technological capabilities, resilient infrastructures, high-quality data, and integrated information systems
provide the structural foundations necessary for reliable Al deployment (Bustinza et al., 2019; Toorajipour
et al., 2021). Strategic alignment between business and information technology is also essential because
technology investments that are disconnected from organizational priorities are unlikely to generate
sustainable value (Khaleghi & Zarandi, 2021; Mechman Slima et al., 2021).

These developments are directly related to strategic entrepreneurship, which integrates
opportunity-seeking and advantage-seeking behaviors in order to create competitive value (Hitt etal., 2011;
Ireland & Webb, 2007). Strategic entrepreneurship requires firms to recognize emerging opportunities,
mobilize resources, develop innovative responses, and simultaneously protect or enhance competitive
advantage (Ketchen et al., 2007; Kraus et al., 2011). Al-supported technology intelligence can improve
environmental monitoring and technological learning (Ranjbar et al., 2017; Tahaian & Ghasim, 2013), while
Al-enabled innovation capabilities can facilitate new products, services, processes, and business models
(Akter et al., 2023; Haefner et al., 2021; Parida et al., 2019; Sjodin et al., 2023). Organizational innovation itself
is multidimensional and includes product, process, managerial, and structural innovations (Crossan &
Apaydin, 2010). Moreover, digital technologies increasingly facilitate shared and co-created value across
organizational ecosystems (El Manouar & El Hilali, 2020; Hossein-Nia et al., 2016; Kajouri et al., 2021; Minerbo
et al., 2021), while intellectual capital can strengthen organizational resilience and adaptive capacity
(Mubarik et al., 2022). Despite these advances, the literature remains fragmented across Al integration,
dynamic capabilities, human-Al collaboration, entrepreneurship, and organizational innovation.
Accordingly, the present study aimed to design and validate a strategic model of human-autonomous
intelligent agent synergy for developing entrepreneurial capabilities and organizational innovation in
knowledge-based businesses.

Methods and Materials

This applied-developmental study employed an exploratory sequential mixed-methods design
consisting of qualitative and quantitative phases. In the qualitative phase, 18 academic and professional
experts from Tehran were selected through purposive sampling. Participants had expertise in strategic
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management, artificial intelligence, digital transformation, entrepreneurship, organizational innovation,
research and development, technology management, or knowledge-based business management.
Eligibility required at least a master's degree, a minimum of five years of relevant professional or academic
experience, and sufficient familiarity with Al applications or innovation processes. Semi-structured in-
depth interviews were conducted until theoretical saturation was achieved. Interviews were recorded with
participants' consent, transcribed verbatim, and analyzed through iterative coding and constant
comparison using MAXQDA. Initial codes were progressively condensed into concepts, components, and
higher-order dimensions.

The qualitative findings were subsequently used to construct a researcher-developed questionnaire
for the quantitative phase. The instrument measured strategic Al orientation, data and infrastructure
readiness, human and cognitive capabilities, trust, transparency and control, human-autonomous
intelligent agent synergy, entrepreneurial capabilities, and organizational innovation. Items were rated on
a five-point Likert scale ranging from strongly disagree to strongly agree. Face and content validity were
evaluated by experts, and the instrument was pilot-tested before final administration. The quantitative
population consisted of senior and middle managers, R&D and innovation personnel, digital
transformation and technology specialists, and entrepreneurship and business development experts
working in knowledge-based businesses in Tehran. Complete responses from 384 participants were
analyzed. SPSS was used for descriptive analyses, while SmartPLS was used to evaluate the measurement
and structural models through partial least squares structural equation modeling. Reliability, convergent
validity, discriminant validity, path coefficients, coefficients of determination, predictive relevance,
indirect effects, and overall model fit were assessed. Statistical significance was evaluated at the 0.05 level
using bootstrapping.

Findings

The qualitative analysis generated 426 initial codes. Following the elimination of redundancies,
conceptual integration, and continuous comparison, 118 concepts were retained and organized into 23
components and seven major dimensions. These dimensions were strategic Al orientation, data and
infrastructure readiness, human and cognitive capabilities, trust, transparency and control, human-
autonomous intelligent agent synergy, entrepreneurial capabilities, and organizational innovation.
Human-autonomous intelligent agent synergy emerged as the central mechanism of the model and
consisted of capability complementarity, dynamic task allocation, joint decision-making, and mutual
learning. Entrepreneurial capabilities comprised opportunity recognition, opportunity exploitation, and
entrepreneurial agility, while organizational innovation included product and service innovation, process
innovation, business model innovation, and managerial innovation.

In the quantitative phase, the mean scores of all major constructs were above the midpoint of the
five-point scale. Strategic Al orientation had the highest mean score (M=3.86, SD=0.64), followed by
human-autonomous intelligent agent synergy (M=3.82, SD=0.63), human and cognitive capabilities
(M=3.79, SD=0.61), entrepreneurial capabilities (M=3.76, SD=0.67), organizational innovation (M=3.73,
SD=0.65), data and infrastructure readiness (M=3.71, SD=0.69), and trust, transparency and control
(M=3.68, SD=0.66).

The measurement model demonstrated satisfactory reliability and validity. Factor loadings ranged
from 0.70 to 0.90. Cronbach's alpha coefficients ranged from 0.86 to 0.93, composite reliability values
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ranged from 0.90 to 0.94, and average variance extracted values ranged from 0.60 to 0.67. The Fornell-
Larcker criterion also supported discriminant validity.

Structural model results showed that strategic Al orientation had a significant positive effect on
human-autonomous intelligent agent synergy (f=0.24, t=5.31, p<0.001). Data and infrastructure readiness
also positively predicted synergy (B=0.21, t=4.78, p<0.001), as did human and cognitive capabilities
(B=0.27, t=5.94, p<0.001) and trust, transparency and control (f=0.23, t=5.17, p<0.001). Human and
cognitive capabilities represented the strongest direct antecedent of synergy.

Human-autonomous intelligent agent synergy had a strong positive effect on entrepreneurial
capabilities (B=0.61, t=15.42, p<0.001) and a significant direct effect on organizational innovation
(B=0.46, t=10.87, p<0.001). Entreprencurial capabilitiecs also positively predicted organizational
innovation (=0.34, t=7.91, p<0.001). The indirect effect of synergy on organizational innovation through
entrepreneurial capabilities was significant (B=0.21, t=6.38, p<0.001), indicating partial mediation. The
indirect effects of strategic Al orientation, data and infrastructure readiness, human and cognitive
capabilities, and trust, transparency and control on entrepreneurial capabilities through synergy were
likewise significant.

The model explained 67% of the variance in human-autonomous intelligent agent synergy, 48%
of the variance in entrepreneurial capabilities, and 59% of the variance in organizational innovation.
Predictive relevance values were positive for synergy (Q%=0.43), entrepreneurial capabilities (Q2=0.31),
and organizational innovation (Q2=0.39). Overall model fit was also acceptable, with SRMR=0.061 and
NFI=0.91.

Discussion and Conclusion

The findings indicate that human-autonomous intelligent agent synergy should be understood as
an organizational capability rather than merely as the adoption of an advanced technological tool.
Effective synergy emerges when strategic direction, technological infrastructure, human competence, and
governance mechanisms operate together. Among these antecedents, human and cognitive capabilities
had the strongest direct effect, emphasizing that technological sophistication alone cannot ensure
productive collaboration with autonomous agents. Employees must be able to understand Al-generated
outputs, assess their reliability, exercise contextual judgment, and adapt their roles as task boundaries
between humans and intelligent systems evolve.

The strong effect of human-Al synergy on entrepreneurial capabilities suggests that autonomous
intelligent agents can substantially improve the organization's ability to identify and exploit emerging
opportunities when their analytical strengths are combined with human creativity and strategic judgment.
Autonomous agents can continuously monitor markets, identify patterns, generate alternatives, and
accelerate information processing, while humans can evaluate contextual relevance, assess strategic
desirability, and make decisions under uncertainty. This complementary configuration appears
particularly valuable for knowledge-based businesses, in which entrepreneurial competitiveness depends
on rapid sensing and exploitation of technological and market opportunities.

The significant direct and indirect effects on organizational innovation further show that synergy
contributes to innovation through two mechanisms. First, it directly improves innovation by increasing
analytical capacity, accelerating experimentation, supporting idea generation, and enabling more flexible
organizational processes. Second, it strengthens entrepreneurial capabilities, which subsequently facilitate
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the conversion of technological and market opportunities into new products, services, processes, business
models, and managerial arrangements. The partial mediating role of entrepreneurial capabilities therefore
indicates that opportunity-oriented organizational action is an important mechanism through which
human-Al collaboration becomes tangible innovation.

Overall, the validated model demonstrates that sustainable value from autonomous intelligent
agents does not arise from replacing humans but from deliberately designing complementary human-agent
systems. Knowledge-based businesses should therefore approach autonomous Al as a strategic partner
whose contribution depends on appropriate task allocation, joint decision-making, mutual learning,
calibrated trust, explainability, and continued human oversight. The study concludes that organizations
capable of strategically integrating human judgment and creativity with the speed, scalability, analytical
power, and adaptive capacity of autonomous intelligent agents can develop stronger entrepreneurial
capabilities and achieve higher levels of organizational innovation.
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