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Objective: This study aimed to systematically identify and synthesize the factors and mechanisms
affecting technological innovation from a system dynamics perspective and to develop an
integrated conceptual framework based on causal relationships, feedback loops, and time delays.
Methodology: This study employed a systematic review design, qualitative synthesis, and a system
dynamics approach. The research population comprised Persian- and English-language studies
published between 2010 and 2025 on technological innovation, innovation capability, technology
development, research and development, and innovation ecosystems. Major international and
Persian databases were systematically searched. Of the 1,847 records initially identified, 42 studies
were included in the final synthesis after duplicate removal, title and abstract screening, full-text
assessment, and methodological quality appraisal. Data were collected using a researcher-
developed extraction form and analyzed through thematic synthesis, directed content analysis, and
the identification of causal relationships, feedback structures, and temporal delays.

Findings: The synthesis indicated that technological resources and investment, human capital,
absorptive capacity and knowledge management, dynamic capabilities, managerial support,
innovation culture, collaborative networks, market conditions, institutional support, digital
infrastructure, and commercialization capability were the principal determinants of technological
innovation. The analysis further indicated that the effects of research and development investment
were largely transmitted through absorptive capacity, organizational learning, dynamic capabilities,
and commercialization processes. Seven reinforcing feedback loops, six balancing feedback loops,
and three major time delays were identified. Market success, knowledge accumulation, skill
development, and network trust activated reinforcing processes, whereas resource limitations,
technological complexity, excessive competition, and pressure for short-term returns constrained
the growth of innovation.

Conclusion: Technological innovation is a dynamic, multilevel, and path-dependent phenomenon
emerging from interactions among resources, organizational capabilities, environmental
conditions, and feedback mechanisms. Sustainable innovation requires coordinated interventions
in human capital, learning systems, technological infrastructure, collaborative networks,
institutional support, and commercialization capacity. Increasing research and development
expenditure alone is therefore insufficient to produce sustained innovative performance.
Keywords: Technological innovation, system dynamics, systematic review, feedback loops,
absorptive capacity, dynamic capabilities, innovation ecosystem
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EXTENDED ABSTRACT
Introduction

Technological innovation has become a central mechanism through which organizations,
industries, and national economies improve productivity, strengthen competitiveness, respond to
environmental pressures, and pursue sustainable development. It is no longer viewed merely as the
introduction of a new product or production technique. Rather, technological innovation is increasingly
understood as a complex and cumulative process involving opportunity recognition, research and
development, knowledge acquisition, capability building, experimentation, commercialization, market
feedback, and continuous organizational learning. The growing interdependence of these processes means
that technological innovation cannot be adequately explained through isolated variables or simple linear
relationships. Instead, it emerges from interactions among financial resources, human capital, leadership,
organizational culture, digital infrastructure, institutional support, market demand, collaborative networks,
and commercialization capabilities.

Recent studies have emphasized the close relationship between innovation, entrepreneurship, and
sustainable development. Entrepreneurship education has been identified as an important means of
developing problem-solving skills, creativity, opportunity recognition, and innovation-oriented behavior
in educational systems (Reimers, 2024). Similarly, the integration of digital competencies into vocational
and entrepreneurial education has been shown to improve individuals’ readiness to participate in
technology-driven economic activities (Purnawirawan et al., 2025). Entrepreneurial competency
development is also increasingly regarded as a long-term foundation for innovation, particularly when
educational systems cultivate creativity, initiative, teamwork, and responsibility from an early stage (Jalali
Chimeh et al., 2025). These findings indicate that technological innovation depends not only on access to
technologies but also on the gradual accumulation of individual and collective capabilities.

At the organizational level, entrepreneurial and ethical leadership can influence innovation by
legitimizing experimentation, allocating resources, supporting risk-taking, and facilitating the strategic
reconfiguration of organizational assets. Leadership traits have been associated with corporate sustainable
development and firm performance through the effective deployment of valuable organizational resources
(Razzaque et al., 2024). Ethical entrepreneurial leadership may further strengthen sustainable competitive
advantage by combining opportunity orientation with responsibility, trust, and long-term commitment
(Atobishi & Podruzsik, 2025). Such findings are particularly relevant to technological innovation because
innovative projects often involve substantial uncertainty, delayed returns, and a high probability of failure.
Under these conditions, managerial commitment and organizational tolerance for learning-oriented failure
can determine whether innovation initiatives are sustained or prematurely abandoned.

Technological innovation also depends on the quality of entrepreneurial and innovation
ecosystems. Research on information and communication technology start-ups has shown that access to
finance, skilled labor, digital infrastructure, institutional support, professional networks, and market
opportunities jointly shape the sustainability of technology ventures (Lee & Kim, 2025). Likewise, the
development of start-up ecosystems requires coordinated strategies that address education, financing,
networking, technological infrastructure, and market creation rather than relying on a single policy
instrument (Smachylo et al., 2024). This ecosystem perspective suggests that the performance of each actor



is influenced by the availability and effectiveness of other components in the system. Therefore, increasing
financial support without improving absorptive capacity, market access, or institutional coordination may
generate only limited or temporary outcomes.

The commercialization of technology represents another critical stage in the innovation process.
Technically successful projects may fail to generate economic or social value when organizations lack
effective teamwork, market knowledge, business modeling, intellectual property management, or scaling
capability. A technology commercialization model based on teamwork highlights the need for
coordination among technical, managerial, financial, and marketing specialists (Amiri et al., 2025).
Entrepreneurial marketing also helps organizations identify emerging opportunities, interact with
stakeholders, and align technological offerings with changing market needs (Pourjavad et al., 2024). From
a dynamic perspective, successful commercialization does more than generate revenue; it reinforces future
innovation by creating financial resources, organizational legitimacy, experience, and investor confidence.

Digital transformation has added new layers of complexity to innovation systems. Artificial
intelligence technologies can strengthen the relationship between international entrepreneurship and
sustainable organizational goals by improving data analysis, opportunity identification, and strategic
decision-making (Xu et al., 2024). Digital financial capability can also facilitate entrepreneurial activity by
improving access to finance and supporting more efficient resource allocation, although its effects remain
dependent on regulatory compliance and institutional trust (Urooj et al., 2025). At the same time, frugal
innovation demonstrates that resource scarcity does not necessarily prevent innovation. Under appropriate
knowledge and entrepreneurial conditions, constraints may stimulate the development of affordable and
context-sensitive technological solutions (Rambe, 2025). Intellectual capital, shared value creation, and
organizational agility similarly contribute to sustainable entrepreneurial capability by improving the
organization’s ability to learn and respond to environmental change (Somwethee et al., 2025).

Institutional and sectoral contexts also shape technological innovation. Renewable energy
entrepreneurship, for example, is influenced by policy support, financing, infrastructure, regulatory
arrangements, and collaboration among public and private actors (Rostami et al., 2024). The future of
industries such as sport is likewise affected by technological transformation, economic change, evolving
consumer behavior, and new business models (Rahmani et al., 2024). Regional evidence indicates that
entrepreneurship and innovation do not produce uniform employment effects across territories because
outcomes are conditioned by economic structure, infrastructure, and spatial disparities (Sepidbar et al.,
2024). Furthermore, inclusive innovation requires attention to institutional barriers affecting participation.
Policy pathways supporting women in technology must address access to capital, professional networks,
training, and leadership opportunities (Komodromos & Michaelidou, 2026). Social entrepreneurship research
also demonstrates that innovation can contribute to sustainable community development when local
participation and shared value are incorporated into business and technological models (Wang et al., 2025).
In educational and cultural settings, entrepreneurial models may also need to be adapted to local values
and institutional traditions to achieve legitimacy and sustainability (Mutmainnah et al., 2025). Innovation-
oriented entrepreneurship has similarly been linked to the development of new methodologies in sports
education within the broader framework of sustainable development (Al-Hasnawi et al., 2026).

Despite this growing body of literature, existing studies frequently examine innovation
determinants in isolation. Financial resources, leadership, human capital, digitalization, institutional

E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

m) Sarafzadeh Jahromi et al. Dynamic Management and Business Analysis 6:2 (2027) 1-29

support, and commercialization are often modeled as independent predictors, while feedback
relationships, time delays, nonlinear effects, and cross-level interactions receive limited attention. System
dynamics provides an appropriate framework for addressing this gap because it focuses on causal
structures, reinforcing and balancing feedback loops, accumulations, flows, and delays. Accordingly, the
present study aimed to systematically review and synthesize the factors and mechanisms influencing
technological innovation from a system dynamics perspective and to develop an integrated conceptual
framework based on causal relationships, feedback structures, and temporal delays.

Methods and Materials

This study was conducted as a systematic review with a qualitative synthesis and system dynamics
orientation. The study population consisted of Persian- and English-language peer-reviewed articles
published between 2010 and the end of 2025 on technological innovation, innovation capability,
technology development, research and development, innovation ecosystems, and system dynamics.
Searches were conducted in Web of Science, Scopus, ScienceDirect, SpringerLink, IEEE Xplore, Emerald
Insight, ProQuest, Scientific Information Database, Magiran, NoorMags, and Civilica. Reference lists of
eligible studies were also manually examined.

The initial search identified 1,847 records. After removing 521 duplicate records, 1,326 titles and
abstracts were screened. A total of 1,132 records were excluded because they did not directly address
technological innovation, lacked a systemic or causal orientation, focused exclusively on non-
technological innovation, or did not correspond to the study objectives. The full texts of 194 studies were
evaluated, of which 152 were excluded because of insufficient information, methodological weakness,
lack of extractable causal relationships, absence of full text, or limited conceptual relevance. Ultimately,
42 studies were included in the final synthesis.

A researcher-developed extraction form was used to record publication characteristics, country,
industrial context, research design, level of analysis, innovation determinants, mediators, moderators,
causal directions, delays, outcomes, and feedback mechanisms. Methodological quality was evaluated by
examining the clarity of the research question, appropriateness of the design, adequacy of the data source
or sample, transparency of the analytical procedure, consistency between findings and conclusions, and
usefulness of the study for conceptual synthesis. The included studies were classified as high, moderate,
or acceptable quality.

Data analysis combined thematic synthesis, directed content analysis, and system dynamics logic.
Extracted concepts were coded, grouped into subcategories, and organized into broader dimensions.
Causal relationships were then identified according to their direction, level, directness, and temporal
characteristics. Repeated causal chains were synthesized into reinforcing and balancing feedback loops.
Relationships supported by at least two independent studies or by strong theoretical and empirical
evidence were incorporated into the core conceptual framework.

Findings

The 42 included studies showed a clear increase in publication frequency over time. Twenty-three
studies, equivalent to 54.76 percent of the final sample, were published between 2019 and 2025.
Geographically, 11 studies were conducted in Europe, 10 in East and Southeast Asia, 7 in Iran, 6 in North
America, 4 in other Asian countries, 2 in Latin America, and 2 used multinational data. The organizational
level was the dominant level of analysis, represented in 17 studies, followed by interorganizational and



network analysis in 9 studies, institutional and ecosystem analysis in 8 studies, multilevel analysis in 5
studies, and individual-level analysis in 3 studies.

Fifteen major categories of technological innovation determinants were identified. The most
frequently reported category was technological resources and investment, identified in 34 studies,
followed by human capital and specialized competencies in 32 studies, absorptive capacity and knowledge
management in 31 studies, dynamic capabilities in 29 studies, managerial support and innovation culture
in 28 studies, and interorganizational collaboration in 27 studies. Market conditions were identified in 25
studies, institutional support in 24 studies, technological and digital infrastructure in 22 studies, and
commercialization capability in 21 studies. Organizational structure, entrepreneurial orientation, learning
from failure, environmental uncertainty, and intellectual property protection were also repeatedly
identified.

The analysis showed that research and development investment was the most frequently reported
causal mechanism, supported by 30 studies. However, its effect was rarely direct or immediate. Its
influence depended on the organization’s ability to convert financial and technical inputs into knowledge,
prototypes, marketable technologies, and commercial outcomes. Absorptive capacity was supported by
28 studies and emerged as the main mediating mechanism between external knowledge and innovation
performance. Organizational learning, supported by 26 studies, reduced repeated errors and shortened
development cycles. Dynamic capabilities, identified in 25 studies, enabled organizations to detect
technological opportunities, reallocate resources, and adapt to environmental change.

The synthesis identified seven reinforcing feedback loops, six balancing feedback loops, and three
major time delays. The central reinforcing loop connected research and development investment,
technological knowledge, innovation performance, market success, and reinvestment. Other reinforcing
loops involved human capital and absorptive capacity, collaboration and trust, innovation culture and
experimentation, commercialization and resource accumulation, and digital infrastructure and
development speed. A negative reinforcing loop was also identified in which project failure reduced
managerial trust, restricted innovation resources, weakened experimentation, and increased the probability
of further failure.

Balancing loops were associated with resource scarcity, technological complexity, product
diversification, excessive competition, limited policy capacity, and overly restrictive intellectual property
protection. Three principal delays were identified between training and capability development, policy
support and observable economic outcomes, and research and development expenditure and financial
returns. These delays were found to be particularly important because premature evaluation could result
in the early termination of potentially successful innovation initiatives.

Discussion and Conclusion

The findings demonstrate that technological innovation should be understood as a dynamic,
multilevel, and path-dependent system rather than as a direct outcome of investment or technological
access. Financial resources, research and development, and infrastructure are necessary inputs, but their
effects are mediated by human capital, absorptive capacity, learning, dynamic capabilities, leadership, and
organizational coordination. In other words, resources generate innovation only when the organization
possesses the capabilities required to interpret, combine, and commercialize them.
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The results also show that technological innovation is shaped by feedback. Successful innovation
improves revenue, reputation, and access to resources, which in turn increase the capacity for future
innovation. Conversely, poorly managed failure may reduce managerial confidence, shrink
experimentation budgets, and create a self-reinforcing cycle of declining innovation capacity. These
feedback structures explain why organizations with similar initial resources may follow sharply different
innovation trajectories over time.

Collaboration and ecosystem quality were also found to be essential. Networks expand access to
knowledge, finance, expertise, infrastructure, and markets, but their benefits depend on trust, governance,
absorptive capacity, and clearly defined ownership arrangements. Similarly, policy support is most
effective when it is stable, coordinated, long-term, and aligned with the actual capability level of
organizations. Isolated financial interventions may have limited effects when human capital, market
access, or commercialization capacity remain weak.

The final conceptual framework consists of five interconnected layers: system inputs,
organizational conversion capabilities, environmental and institutional conditions, innovation processes,
and innovation outcomes. Inputs include finance, knowledge, human resources, and technological
infrastructure. Conversion capabilities include learning, absorptive capacity, dynamic capabilities,
coordination, and research and development management. Environmental conditions include competition,
demand, networks, policy, regulation, and uncertainty. Innovation processes include technology
development, prototyping, process and product innovation, and commercialization. Outcomes include
productivity, market performance, competitive advantage, social value, and the accumulation of resources
for subsequent innovation cycles.

Overall, the study concludes that effective technological innovation management requires
coordinated intervention at multiple leverage points. Increasing research and development expenditure
alone is insufficient. Organizations must simultaneously strengthen human capital, learning systems,
digital infrastructure, network governance, managerial commitment, and commercialization capability.
Policymakers should also account for delays, nonlinear effects, and unintended consequences when
designing innovation policies. The system dynamics perspective therefore provides a more comprehensive
explanation of technological innovation by revealing how resources, capabilities, institutions, and
feedback mechanisms jointly shape innovation trajectories over time.
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