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This study aimed to develop and empirically test a conceptual model for identifying the factors
associated with the effectiveness of commercialization strategies for nanotechnology-based
products in Iranian industries and to determine the relative priority of these factors. This applied
quantitative study employed a cross-sectional survey design. Data were collected from 385
questionnaires comprising 23 items rated on a five-point Likert scale and measuring six predictor
constructs—marketing capabilities and strategies, technological capabilities and advantages,
organizational and managerial capabilities, financial and economic resources, environmental and
institutional conditions, and market and customer factors—along with commercialization
strategy effectiveness as the outcome construct. The measurement model was evaluated using
confirmatory factor analysis, while the structural relationships were examined through latent-
variable structural equation modeling with maximum likelihood estimation. Bootstrap
procedures and regression analysis based on composite scores were used to assess the robustness
of the findings, and Johnson’s relative weights analysis was employed to determine the relative
contribution of the predictors. The structural model explained 64.1% of the variance in
commercialization strategy effectiveness. Technological capability had the strongest positive
and significant effect (3=0.383), followed by market and customer factors ($=0.239), marketing
capabilities (B=0.215), and organizational and managerial capabilities ($=0.189). The
environmental—institutional dimension did not show a significant effect in the latent-variable
model ($=0.103), although it became significant in the composite-score analysis, whereas the
direct effect of financial and economic factors was not significant (3=0.009). Relative weights
analysis showed that technological factors accounted for 29.8% of the explained variance,
followed by marketing (21.5%), market and customer factors (20.0%), organizational factors
(13.9%), environmental—institutional factors (11.0%), and financial factors (3.8%). The
effectiveness of nanotechnology commercialization strategies is primarily associated with
technological strength, marketing capabilities, and market and customer conditions; therefore,
firms should prioritize technological maturity and demonstrable product advantages alongside
market-oriented capabilities and customer responsiveness, while recognizing that financial
resources alone may not directly ensure commercialization effectiveness.

Keywords: Technology Commercialization, Nanotechnology, Commercialization Strategy,
Marketing Capability, Technological Capability, Structural Equation Modeling, Relative Importance.
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Extended Abstract

Introduction

Technology commercialization represents the critical transition through which scientific
knowledge, technological capability, and innovative ideas are transformed into marketable products and
economically sustainable value. This transition is particularly complex in emerging and knowledge-
intensive technologies because technical superiority alone does not guarantee successful market
introduction. Nanotechnology exemplifies this challenge because nanotechnology-based products are
frequently characterized by high research and development intensity, technical complexity, specialized
production requirements, uncertain demand, regulatory concerns, and difficulties in communicating their
functional advantages to potential customers. Accordingly, commercialization should be regarded as a
multidimensional strategic process involving technological readiness, market understanding,
organizational capabilities, financial resources, institutional conditions, and the ability to create and
communicate customer value. Models developed specifically for the commercialization of
nanotechnology products and services emphasize the necessity of coordinating technological
development, feasibility assessment, market evaluation, business modeling, and market-entry decisions
rather than treating commercialization as a final stage occurring after technological development (Aithal
& Aithal, 2016). The particular characteristics of nanotechnology also generate concerns regarding safety,
environmental consequences, and public acceptance. Evidence concerning the release of nanoscale silver
from commercially available products illustrates how the commercialization of nanotechnology may
simultaneously generate functional benefits and environmental or safety concerns, thereby increasing the
importance of regulation, transparency, and public trust (Benn & Westerhoff, 2008). Earlier studies in Iran
have similarly demonstrated that nanotechnology commercialization is influenced by a combination of
technological, managerial, economic, institutional, and market-related factors (Borzouei et al., 2011), while
efforts to develop indicators for assessing nanotechnology commercialization have highlighted the need
for systematic multidimensional evaluation (Safa et al., 2013). More recent commercialization research has
increasingly conceptualized commercialization as an ecosystem-based process in which firms interact
with universities, investors, accelerators, policymakers, suppliers, and customers. Successful
commercialization in accelerator programs, for example, has been shown to vary according to the
characteristics of the surrounding entrepreneurial ecosystem (Eslamloo et al., 2025). Likewise, research and
commercialization offices in higher education institutions can facilitate the translation of research outputs
into development and market-oriented activities (Zahra, 2024), while practical university
commercialization models demonstrate the importance of coordinating technology development,
intellectual property, market assessment, and external partnerships (Dzakiy et al., 2024). System-dynamics
analyses further indicate that commercialization is affected by interacting feedback mechanisms and that
isolated interventions may be insufficient when other elements of the commercialization system remain
weak (Pujotomo et al., 2025). The ecosystem perspective is also consistent with the view that
commercialization outcomes depend on complementarities between multiple actors and resources rather
than on the focal innovation alone (Jacobides et al., 2016). Technological capability nevertheless remains a
fundamental component because customers are more likely to adopt technologies that provide
demonstrable performance advantages, reliability, usability, and compatibility with existing processes.
Evidence from technology-intensive sectors suggests that technological innovation can improve
organizational performance when supported by appropriate organizational and managerial mechanisms
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(Kiyambade et al., 2024; Mbuthia & Datche, 2023; Nabipour Afrouzi et al., 2023). At the same time, innovative
organizational culture and employee-level innovative behavior contribute to organizations' ability to
translate technology into performance outcomes (Marampa et al., 2025; Tam, 2025), while leadership,
organizational citizenship behavior, and innovative work behavior further demonstrate the importance of
human and managerial capabilities in realizing innovation outcomes (Bui et al., 2025). Commercialization
also requires strong marketing capabilities because technologically complex products must be translated
into understandable economic and operational benefits for customers. Digital technologies have
transformed audience perception and commercial communication, making effective communication
increasingly important for complex innovative products (Hosseini & Emamifar, 2025). Evidence from
commercialization in other industries similarly demonstrates the importance of adapting innovation to
changing market conditions and customer expectations (Khramova et al., 2024). In Iran, commercialization
models developed in sectors such as air-navigation services have also emphasized the joint contribution
of internal capabilities, market factors, and environmental conditions (Fallah Tabar Malekshah et al., 2024).
Legal and institutional environments provide another layer of influence because commercial activities
depend on predictable regulations, contractual frameworks, standards, and enforcement mechanisms;
changes in commercial rules may therefore create both opportunities and constraints for innovative firms
(Karimi & Hadi, 2024). Furthermore, commercialization involves multiple stakeholders whose expectations
and assessments of value may differ, making stakeholder alignment an additional determinant of effective
commercialization (Arikpo & Musta'amal, 2025). Although financial resources are necessary for research,
testing, certification, scale-up, production, and market development, commercialization research
increasingly suggests that financial resources should be evaluated alongside technological, organizational,
and market capabilities rather than treated as an independent guarantee of success. Studies prioritizing
commercialization success factors support this multidimensional perspective (Olawore et al., 2023).
Consequently, there remains a need for an integrated empirical model that simultaneously evaluates
technological, marketing, organizational, financial, institutional, and market/customer dimensions and
determines their relative importance in explaining commercialization strategy effectiveness in Iranian
nanotechnology industries.

Methods and Materials

The study employed an applied guantitative approach and a cross-sectional survey design. Data
were obtained from 385 respondents using a structured questionnaire consisting of 23 items measured on
a five-point Likert scale. The instrument operationalized seven latent constructs, including six predictor
dimensions and one outcome construct. The predictor dimensions were marketing capabilities and
strategies, technological capabilities and advantages, organizational and managerial capabilities, financial
and economic resources, environmental, institutional, and legal conditions, and market and customer
factors. The outcome variable was the effectiveness of commercialization strategy. The measurement
model was evaluated through confirmatory factor analysis to examine construct reliability, convergent
validity, discriminant validity, and overall model fit. Structural relationships between the six predictors
and commercialization strategy effectiveness were then estimated using latent-variable structural equation
modeling with maximum likelihood estimation. Bootstrap resampling with 1,000 repetitions was
employed for the latent-variable analysis. To assess the robustness of the findings, an additional regression
analysis was conducted using composite construct scores with 5,000 bootstrap repetitions.
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Heteroskedasticity-consistent standard errors and residual diagnostic procedures were also examined.
Johnson's relative weights analysis was subsequently employed to determine how much each predictor
contributed to the explained variance in commercialization strategy effectiveness, with 3,000 bootstrap
samples used to evaluate uncertainty and rank stability. Additional item-level analyses were performed to
identify particularly influential subcriteria while controlling for the simultaneous effects of the remaining
indicators.

Findings

The measurement model demonstrated satisfactory reliability and excellent overall fit, with
Cronbach's alpha coefficients ranging from 0.77 to 0.87. The structural model explained 64.1% of the
variance in commercialization strategy effectiveness, indicating substantial explanatory power.
Technological capability emerged as the strongest positive predictor of commercialization strategy
effectiveness ($=0.383). Market and customer factors were the second strongest significant predictor
(B=0.239), followed by marketing capabilities and strategies ($=0.215) and organizational and managerial
capabilities (f=0.189). The environmental-institutional dimension produced a smaller coefficient
(B=0.103) and was not statistically significant in the primary latent-variable model, although the
corresponding relationship was small but significant in the composite-score robustness model. Financial
and economic factors demonstrated virtually no direct effect (3=0.009) and were nonsignificant. The
financial dimension nevertheless had a positive bivariate correlation with commercialization
effectiveness, indicating that its negligible multivariate effect resulted from its limited unique contribution
after the other dimensions were controlled. Testing a quadratic financial term produced no significant
nonlinear effect, further supporting the absence of a detectable direct financial contribution. Relative
weights analysis showed that the technological dimension accounted for 29.8% of the explained variance,
marketing for 21.5%, market and customer factors for 20.0%, organizational and managerial capability
for 13.9%, environmental—institutional factors for 11.0%, and financial and economic factors for only
3.8%. Together, technological, marketing, and market/customer dimensions accounted for 71.3% of the
explained variance. The technological dimension ranked first in 84.4% of bootstrap samples and appeared
among the three highest-ranked dimensions in 99.7% of samples. By contrast, the financial dimension
ranked last in 96.5% of bootstrap samples. The relative ordering of marketing and market/customer factors
was not sufficiently stable to justify a definitive ranking between them. At the subcriterion level, relative
performance advantage had the largest contribution, accounting for 11.8% of the explained variance.
Relative performance advantage, market awareness, ease of use, and public trust were the only subcriteria
with statistically detectable unique effects when all indicators were simultaneously considered.

Discussion and Conclusion

The findings demonstrate that the effectiveness of commercialization strategies for
nanotechnology-based products is primarily determined by the integration of technological strength with
market-oriented capabilities rather than by the availability of resources alone. Technological capability
occupied the most prominent position, indicating that commercialization begins with a technology capable
of delivering a demonstrable and economically meaningful advantage under real operating conditions.
The particularly strong contribution of relative performance advantage suggests that managers should not
evaluate nanotechnology merely in terms of scientific novelty. A commercially promising technology
must solve a recognizable customer problem, outperform available alternatives, demonstrate reliable
performance, and be sufficiently easy to incorporate into existing customer processes. Nevertheless,
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technological capability should not be interpreted as an isolated determinant. Its effect was not statistically
distinguishable from those of marketing and market/customer dimensions in all comparative analyses, and
these three dimensions collectively constituted the dominant cluster of commercialization predictors. This
pattern indicates that technological value must be complemented by market awareness and the capability
to communicate and deliver that value. Customers must understand the benefits of the technology,
perceive its relevance to their needs, and have adequate confidence to adopt it. Marketing activities
therefore perform a translation function by converting technically complex product attributes into
recognizable customer benefits through appropriate positioning, pricing, distribution, communication, and
market education. Organizational and managerial capability also made a significant independent
contribution, confirming that technology and market opportunity require internal coordination to produce
effective commercialization. Integration among research and development, production, marketing, sales,
and management can reduce the organizational fragmentation that commonly separates technological
development from commercial implementation. The comparatively weak direct effect of financial
resources is particularly noteworthy. The finding should not be interpreted as evidence that financing is
unnecessary. Instead, it indicates that financial resources alone do not produce commercialization
effectiveness once technological, marketing, organizational, and customer-related capabilities are taken
into account. Financial resources may primarily function as enabling inputs whose value is realized
through investments in technological maturity, market development, organizational capabilities, testing,
production scale-up, or distribution. Similarly, the small and estimation-sensitive environmental—
institutional effect suggests that institutional conditions may operate more as contextual or moderating
influences than as strong direct drivers. The unique contribution of public trust within this dimension
nevertheless highlights the importance of credibility, transparency, safety communication, and
confidence-building in the commercialization of advanced technologies. Overall, the study provides an
integrated empirical perspective on nanotechnology commercialization in Iranian industries. It
demonstrates that commercialization effectiveness is best understood as the result of coordinated
technological, market, marketing, and organizational capabilities. For firms with limited resources, the
evidence supports prioritizing the demonstration of technological performance, development of market
knowledge, customer education, and market-oriented capabilities while ensuring that financing is
allocated to clearly defined technological and commercial milestones. The results also suggest that
commercialization policy should extend beyond financial support and include facilities for industrial
testing, technology validation, standardization, market development, and collaboration between
technology producers and potential users. By simultaneously estimating structural effects and relative
predictor importance, the study provides a more differentiated basis for allocating managerial attention
and policy support across the multiple dimensions of nanotechnology commercialization.
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