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Introduction 

Technology commercialization has increasingly become one of the most essential drivers of national competitiveness, 

economic growth, and innovation ecosystems in both developed and developing countries. As emerging technologies 

advance at an unprecedented pace, transforming scientific knowledge into commercial products and services has become a 

strategic priority for research universities, technology-based firms, and national innovation systems [1]. The 

commercialization process is widely recognized not merely as a linear transfer of technology from laboratory to market but 

as a multidimensional, dynamic, and interactive system shaped by organizational structures, institutional conditions, market 
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AB ST R ACT  

This study aims to design an indigenous and comprehensive model for technology 

commercialization in Iranian technology-based and knowledge-based firms using a grounded 

theory approach. This qualitative research employed grounded theory using an interpretive 

paradigm and inductive reasoning. Data were gathered through semi-structured interviews with 

13 experts selected through purposive and snowball sampling until theoretical saturation was 

achieved. Interview durations ranged from 25 to 60 minutes. Data analysis followed Strauss and 

Corbin’s open, axial, and selective coding procedures. Through line-by-line coding, 38 initial 

categories emerged and were systematically grouped into six main components: causal 

conditions, the core phenomenon, contextual conditions, intervening conditions, strategies, and 

consequences. The analysis was conducted concurrently with data collection to ensure theoretical 

sensitivity, iterative refinement, and the emergence of a coherent paradigmatic model. The 

analysis revealed that technology commercialization is influenced by key causal factors such as 

market needs identification, technological innovation, and market foresight. Contextual 

conditions including the technology ecosystem, regulatory frameworks, cultural and social 

dynamics, and financial capabilities significantly shape commercialization readiness. Intervening 

conditions—particularly international sanctions, regulatory instability, and financial shortages—

were found to either facilitate or hinder commercialization trajectories. Effective 

commercialization strategies were identified, such as marketing, branding, networking, 

collaboration with universities, standardization, export planning, the use of emerging 

technologies, and feasibility analysis. These strategies collectively lead to desirable outcomes 

including profitability, market expansion, customer satisfaction, sustainable production, and 

competitive advantage. The study presents a comprehensive grounded theory model that 

explains how technological, institutional, market-based, and strategic factors interact to shape 

technology commercialization in knowledge-based firms. The model highlights the need for 

ecosystem strengthening, regulatory stability, and capability-building to enable successful 

commercialization outcomes in emerging economies. 
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dynamics, and policy interventions [2]. In this context, universities and research institutions play a pivotal role in fostering 

knowledge creation and enabling commercialization pathways, especially through university–industry collaboration 

frameworks that accelerate technology transfer and support entrepreneurial activities [3]. 

Recent empirical studies show that the commercialization of emerging technologies is affected by technological maturity, 

organizational readiness, environmental uncertainty, and institutional arrangements [4]. Moreover, the increasing complexity 

of technologies—ranging from biotechnology to digital platforms and renewable energy systems—necessitates robust 

commercialization strategies that balance technological capability with market demand [5]. This complexity underscores the 

importance of innovation intermediaries and ecosystem actors that facilitate knowledge exchange, reduce uncertainty, and 

support startups in achieving product innovativeness [6]. At the same time, sustainability considerations, such as the 

environmental performance of emerging technologies, shape commercialization viability in modern markets [7]. 

Global evidence highlights that commercialization success is heavily influenced by institutional quality, ecosystem 

maturity, and strategic flexibility, particularly for firms operating in volatile, competitive, or resource-constrained 

environments [8]. The outsourcing of university commercialization activities to sophisticated technology transfer offices 

(TTOs) has also demonstrated significant performance improvements, especially in countries with established research 

infrastructures [9]. In parallel, methodological advances—such as fuzzy logic and multi-criteria decision-making approaches—

have enhanced the ability of researchers and policymakers to evaluate commercialization performance and prioritize critical 

success factors [10]. 

From a broader perspective, the emergence of the global knowledge economy has reshaped how nations view the role of 

universities and research institutions in technology-driven economic development. System dynamics research underscores 

that technology commercialization is part of a larger socio-technical system influenced by feedback loops and dynamic 

interactions among market forces, technological capability, and institutional pressures [11]. These system-level perspectives 

are particularly important in developing countries where resource limitations, environmental uncertainty, and policy 

inconsistencies pose barriers to efficient commercialization [12]. 

The existing literature further highlights that forecasting and long-term planning play a pivotal role in commercialization, 

especially in environments where technologies evolve rapidly [13]. For countries dealing with institutional transitions and 

evolving innovation systems, policy models and ecosystem-level frameworks are essential to guide commercialization 

pathways across different sectors [14]. Recent research also shows that long-term forecasting accuracy can significantly 

enhance commercialization strategies by anticipating market trends, competitive pressures, and technological risks [15]. 

Furthermore, intellectual property (IP) management has become a critical dimension of commercialization success, especially 

for small knowledge-based firms navigating patenting strategies and global competitive pressures [16]. As patenting trends 

reveal, university TTOs in technologically advanced nations such as the US and China have developed sophisticated tools for 

accelerating technology transfer and commercialization outcomes [17, 18]. 

In addition to institutional and policy factors, technological capability is a major determinant of commercialization 

performance. Studies indicate that asymmetric technological capabilities across firms can drive differences in supply chain 

innovation and commercialization potential [19]. Policy instruments and policy mixes can also support universities in bringing 

emerging technologies to market, especially when combined with ecosystem-based strategies that address firm-level and 

industry-level challenges [20]. Moreover, strategic flexibility and alliances have been shown to significantly enhance 
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commercialization outcomes in technology-based entrepreneurship contexts [21]. These findings align with conceptual 

frameworks suggesting that open innovation capacity plays a crucial role in enabling universities and firms to absorb external 

knowledge and accelerate the commercialization process [22]. 

However, commercialization efforts in developing countries often face structural, financial, and institutional constraints. 

Research shows that bioenergy commercialization, for instance, remains hindered by technology dissemination challenges, 

financial barriers, and institutional weaknesses in many developing regions [23]. These challenges extend to small and 

medium-sized enterprises (SMEs) that struggle to develop technological capabilities, thereby limiting their commercialization 

performance despite possessing high innovation potential [24]. Prior studies also note that forecasting models, market 

analysis, and strategic decision-making tools are essential to mitigate commercialization risks and enhance product readiness 

levels [25]. Furthermore, in context-specific environments such as Iran, open technology commercialization models have 

been proposed to address ecosystem deficiencies, institutional gaps, and industry-specific needs [26-29]. 

In addition, earlier studies emphasize that commercialization performance is directly linked to the creation of sustainable 

competitive advantage, particularly for knowledge-based firms operating in volatile and competitive markets [30]. Strategic 

barriers and drivers—such as market readiness, institutional support, and technological capability—have historically shaped 

commercialization outcomes across defense, energy, ICT, and biotechnology sectors [31, 32]. While international evidence 

demonstrates the importance of university support systems, incubators, venture financing, and innovation partnerships [33], 

more recent studies highlight the need to design context-sensitive commercialization models tailored to national innovation 

system characteristics [34]. 

Despite extensive literature on commercialization frameworks, several gaps remain—particularly regarding the 

development of indigenous commercialization models for countries with unique structural, institutional, and market 

conditions. In Iran, knowledge-based firms play a critical role in national economic diversification and technological self-

sufficiency. However, these firms face persistent challenges including institutional instability, limited financing mechanisms, 

market uncertainty, technology diffusion barriers, and limited integration with global value chains. Existing models developed 

in Western or East Asian contexts cannot be fully transplanted without considering local ecosystem dynamics, regulatory 

structures, cultural factors, and the constraints imposed by international sanctions. Therefore, formulating an indigenous, 

grounded, and context-sensitive commercialization model is essential for strengthening Iran’s capability to transform 

technological innovations into competitive market offerings. 

Accordingly, the aim of this study is to design an indigenous and comprehensive model for technology commercialization 

in Iranian technology-based and knowledge-based firms using grounded theory. 

Methodology 

Given the exploratory nature of the models and frameworks in the present study, the research method is qualitative with 

an inductive approach. Additionally, based on its purpose, the study is applied, and in terms of research philosophy, it is 

interpretive. The qualitative method employed is grounded theory, as this approach is the most suitable for data collection 

considering the research title and stated objectives. This method has a predictive orientation. In other words, grounded 

theory is used in studies where precise information and specific statistics on the issue under investigation are lacking; 

therefore, a group of experts in the research domain is consulted to reach consensus and final conclusions. This method 
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includes multiple stages, and the validity of the final results depends entirely on the degree of expertise and mastery of the 

participants regarding the research topic. 

Grounded theory is a qualitative research method used to develop theory about the phenomenon under study. This 

approach is applied when the existing research literature on the topic lacks sufficient depth, and the aim is to propose a new 

theory that has not yet been addressed in scholarly communities. The primary method of data collection in grounded theory 

is interviewing. Through the analysis and coding of interview texts, a paradigmatic model is developed. In grounded theory, 

a theory is generated inductively from a set of data, such that it explains a process, action, or interaction at a broad conceptual 

level. In this paper, an effort is made to elaborate on the foundational principles of the grounded theory method. 

Accordingly, in this study, to identify the requirements for technology commercialization, semi-structured interviews were 

conducted with knowledgeable individuals, including university professors. By asking various questions, the researchers 

sought to deeply assess their perceptions, attitudes, and beliefs regarding the research subject. Using purposive sampling, 

interviews were conducted with 13 experts in the field of technology and technology commercialization, as well as managers 

of knowledge-based firms, to discuss new product development, its necessities, and its requirements. The synthesis of these 

interviews resulted in a compiled list of dimensions related to technology commercialization in technology-based and 

knowledge-based companies. 

Regarding the validity and reliability of the interviews, it is stated that the most common definition of validity is whether 

the instrument measures what it is intended to measure. This question emphasizes the extent to which the measurement 

tool assesses the intended characteristic. Validity refers to the purpose for which the test is designed. The most important 

types of validity include content validity and face validity. In this study, the validity of the derived codes was confirmed by 

several interviewees (participants). 

On the other hand, trustworthiness or reliability is one of the technical characteristics of measurement tools. Reliability is 

strengthened when the researcher uses high-quality audio recording equipment and, through transcribing the recordings, 

produces detailed field notes. The recorded audio must be transcribed in a manner that captures pauses and subtle verbal 

interactions, which are often crucial. 

Findings and Results 

To analyze the interview data using the grounded theory method, the first step is open coding. In this stage, the data are 

examined line by line, phrase by phrase, or paragraph by paragraph, and each unit of analysis is assigned a concept or code. 

These codes must fully capture the underlying meaning of the data and saturate their conceptual space. 

Grounded theory is one of the most important qualitative research approaches that, through an inductive process, enables 

the development of theory based on empirical data. This method allows the researcher to identify patterns and general 

characteristics of the phenomenon under study by analyzing the data and subsequently proposing a coherent theory. Strauss 

and Corbin (1998), in their book Basics of Qualitative Research, introduced three types of coding: open coding, axial coding, 

and selective coding, all of which were used in the present study for data analysis. 

To develop an indigenous model of technology commercialization with a focus on technology-based and knowledge-based 

firms, a qualitative research method and semi-structured interviews were used. This method enables an in-depth examination 

of experts’ perspectives and experiences and assists in discovering the hidden concepts and patterns within the phenomenon 
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under investigation. In this study, face-to-face interviews were conducted with 13 experts in the field of technology 

commercialization. Each interview lasted between 25 and 60 minutes, and the questions were designed in an open-ended 

format to allow participants to express their views freely. In some cases, interviews were repeated or supplementary 

questions were asked to enrich the data and validate the initial findings. 

For selecting participants, purposive sampling and snowball sampling techniques were used. These methods enabled the 

researcher to gradually access individuals with sufficient knowledge and experience in technology commercialization through 

initial recommendations from participants. Snowball sampling is particularly effective in specialized subjects where accessing 

the target population is challenging. In this study, this method facilitated the identification of experts and specialists with 

relevant expertise. 

Qualitative data analysis began simultaneously with data collection. This approach—known as concurrent analysis—

allowed the researcher to achieve a deeper understanding of the data, conduct more accurate coding, and adjust the research 

direction if necessary. The participants in this study were selected from experts in the field of livestock equipment, who, due 

to their extensive knowledge and experience, provided valuable insights. The purposive selection of these individuals was 

based on their specialization in the study domain. 

In the open coding stage, initial themes were identified and categorized through a careful review of interview transcripts. 

These codes, directly extracted from the text, represent the concepts, ideas, and key expressions present in the participants’ 

responses. 

To extract codes using the grounded theory method, interview statements were first broken down into initial concepts 

(open codes), which were subsequently grouped into broader conceptual categories (axial codes). A sample table of open 

and axial codes extracted from the interviews is presented below: 

Table 1 

Open and Axial Codes 

Axial Code Open Code 

Market Analysis Identifying market needs 

 Competitor assessment 

 Market foresight 

Technology Development Technology localization 

 Technological innovation 

 Technology upgrading 

Project Management Project management tools 

 Strategic decision-making 

Human Resources Team building 

 Specialized human resources 

Financial Resources Investment attraction 

 Profitability 

Technology Ecosystem Collaboration with universities 

 Networking 

 Institutional support 

Marketing and Sales Branding 

 Advertising 

 Distribution channels 

Legal Challenges Regulatory instability 

 Licensing and customs 

Sanctions International sanctions 

Open Innovation Open innovation 

Standardization Product standardization 

Export Export markets 

 Export strategies 
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Emerging Technologies Artificial intelligence 

 Internet of Things 

Sustainability Sustainable technologies 

Customer Experience Customer satisfaction 

 After-sales services 

Research and Development R&D expenditures 

 R&D units 

Competition Competitive advantage 

 Unfair competition 

Communications Customer relations 

 Social networks 

Culture-building Culture-building 

Technology Assessment Feasibility analysis 

 

In the grounded theory method, to categorize the initial codes into open and axial codes, the initial codes must first be 

grouped based on shared and related concepts. The initial codes extracted from the detailed analysis of interview data 

represent the specific and granular concepts present in participants’ responses. These codes are then organized into broader 

conceptual categories, known as axial codes. Axial codes present more general and comprehensive concepts that reveal the 

relationships among the initial codes and provide the foundation for developing the theoretical model. 

Selective coding is a key and final stage in qualitative data analysis using the grounded theory method. The purpose of this 

stage is to develop a coherent and comprehensive theoretical model capable of explaining the complexities of the 

phenomenon under study. After open and axial coding, the researcher is faced with a large set of coded data that requires 

careful integration and organization. In this stage, axial codes are reviewed, and through identifying their relationships, a 

coherent theoretical narrative is developed that fully and systematically explains the studied phenomenon. 

In the present study, with the aim of presenting a comprehensive model for technology commercialization, the data 

obtained from the interviews and documents were categorized into 38 initial categories. Then, based on the grounded theory 

framework, these categories were organized into six main groups: causal conditions, the core phenomenon, contextual 

conditions, intervening conditions, strategies, and consequences. As shown in Figure 1, the paradigmatic model demonstrates 

that the core phenomenon (i.e., technology commercialization) is influenced by various factors. Causal conditions act as the 

primary drivers of this phenomenon, while contextual and intervening conditions influence how it is formed and realized. The 

identified strategies serve as tools for managing and directing this process, and finally, the consequences reflect the outcomes 

of technology commercialization. 

Core Phenomenon: Technology Commercialization 

The core phenomenon of this study is “technology commercialization” in technology-based and knowledge-based 

companies, referring to the process of transforming developed technologies into marketable products or services. This 

phenomenon includes stages such as market needs assessment, product development, marketing, and sales, with the goal of 

creating economic value from innovative technologies. Based on the data, technology commercialization in these companies 

is not limited to product development but also requires extensive interactions with stakeholders (customers, government 

agencies, universities) and aligning technology with market needs. For example, labels such as “product commercialization” 

and “commercializable technology offerings” reflect the interviewees’ emphasis on this process as the central focus of their 

activities. 

This phenomenon occurs within Iran’s technology ecosystem, where knowledge-based companies face challenges such as 

financial constraints, sanctions, and legal complexities. As a dynamic process, technology commercialization requires 
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coordination among technical aspects (e.g., technology development), managerial aspects (e.g., strategic decision-making), 

and marketing activities (e.g., branding). Success in this process depends on a company’s ability to identify market 

opportunities, attract resources, and create competitive advantage, which is reflected in labels such as “market creation” and 

“competitive advantage.” 

Causal Conditions 

Causal conditions include factors that initiate or stimulate technology commercialization in knowledge-based companies. 

These factors include identifying market needs, technological innovation, market foresight, customer experience and 

demands, and high technological capability. For example, identifying market needs (labels such as “identifying market needs” 

and “domestic market demand”) directs companies toward developing products that meet real demand. Technological 

innovation and market foresight (labels such as “new innovations” and “market foresight”) also act as drivers encouraging 

companies to develop new technologies or improve existing ones to compete in domestic and global markets. 

These causal conditions emerge from companies’ interactions with customers, analysis of global trends, and internal 

technical capabilities. For instance, the label “customer experience and demands” illustrates how customer feedback can 

generate ideas for product development. Similarly, high technological capability (label “high technological capability”) 

enables companies to produce technologies with strong commercial potential. Together, these factors provide the motivation 

and direction needed to initiate the commercialization process and play a key role in determining the technology 

development pathway. 

Contextual Conditions 

Contextual conditions refer to the environmental settings in which technology commercialization occurs and include the 

technology ecosystem, government regulations, social factors, cultural factors, and financial/equipment capabilities. The 

technology ecosystem (labels such as “collaboration with universities” and “location in a technology park”) serves as a key 

setting that provides access to scientific resources, institutional networking, and institutional support. Government laws and 

regulations (label “government laws and regulations”) also define a framework that may facilitate (e.g., tax exemptions) or 

restrict (e.g., bureaucratic processes) commercialization efforts. 

Social and cultural factors (labels such as “social factors” and “culture-building”) influence societal acceptance of 

technology. For example, Western-consumerist culture or distrust of domestic products (label “Western-oriented culture”) 

may hinder adoption of knowledge-based products. Financial and equipment capabilities (label “financial capability”) also 

serve as essential infrastructure determining companies’ ability to invest in research, development, and production. These 

contextual factors create the environment in which the commercialization process is either facilitated or challenged. 

Intervening Conditions 

Intervening conditions are factors that either facilitate or hinder the technology commercialization process. These include 

international sanctions, regulatory instability, lack of financial resources, unhealthy competition, and weak customer 

knowledge. International sanctions (label “sanctions”) in particular create significant limitations on access to global markets, 

procurement of raw materials, and international collaborations. Regulatory instability (label “regulatory instability”) also 

creates uncertainty in long-term planning, impeding company progress. Lack of financial resources (label “insufficient credit”) 

is one of the major challenges that restricts product development and marketing. 
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Unhealthy competition (label “unhealthy competition”) and weak customer knowledge (label “weak customer 

understanding of product value”) act as internal and external barriers to commercialization. For example, unhealthy 

competition—such as imitation or rent-seeking—can weaken companies’ competitive advantage. Weak customer knowledge 

also calls for greater efforts in culture-building and customer education. These intervening conditions are dynamic variables 

whose impact may vary based on environmental circumstances and require strategic management. 

Strategies 

Strategies refer to the actions taken by knowledge-based companies to manage technology commercialization and 

overcome challenges. These include marketing and sales, branding, networking, university collaborations, product 

standardization, export strategy formulation, the use of emerging technologies, and feasibility analysis. Marketing and sales 

(labels such as “advertising” and “distribution channels”) help companies introduce their products and increase market share. 

Branding (label “branding”) and product standardization (label “compliance with global standards”) are essential for building 

trust and enhancing competitiveness in the market. 

Networking (label “communication networks”) and collaboration with universities (label “collaboration with universities”) 

allow access to scientific resources and commercial partners. Export strategy formulation (label “export strategy 

formulation”) and the use of emerging technologies such as artificial intelligence (label “use of artificial intelligence”) help 

companies strengthen their position in global markets. Feasibility analysis (label “economic and technical feasibility”) serves 

as a prerequisite strategy to prevent investment in technologies with low commercial potential. These strategies, when 

employed in an integrated and coordinated manner, strengthen the success of technology commercialization. 

Consequences 

Consequences represent the outcomes of implementing strategies and the overall technology commercialization process. 

These include profitability, market expansion, customer satisfaction, creation of competitive advantage, sustainable 

production, and market leadership. Profitability (label “profitability level”) serves as a key indicator of economic success and 

provides the resources needed for further development. Market expansion (label “export markets”) strengthens a company’s 

position through penetration into domestic and international markets. Customer satisfaction (label “customer satisfaction 

level”) and competitive advantage (label “creation of competitive advantage”) contribute to long-term sustainability in the 

market. 

Sustainable production (label “sustainable production”) and market leadership (label “market pioneering”) are additional 

positive outcomes indicating a company’s ability to consistently respond to market needs and maintain a competitive 

position. However, potential negative outcomes—such as product stagnation in the market (label “product stagnation”)—

may occur if challenges are not properly managed. These consequences provide feedback to the commercialization process 

and can be used to enhance future strategies. 
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Figure 1 

Proposed model for technology commercialization with a focus on technology-based and knowledge-based companies 

 

Discussion and Conclusion 

The purpose of this study was to develop an indigenous grounded theory model of technology commercialization in 

technology-based and knowledge-based firms. The findings revealed a multifaceted paradigm consisting of causal conditions, 

contextual conditions, intervening conditions, strategies, and consequences. The discussion interprets these findings in light 

of the existing body of knowledge and demonstrates how the present results align with or extend previous studies. The 

central phenomenon—technology commercialization—was shown to be a dynamic, iterative, and ecosystem-dependent 

process shaped by technological capabilities, institutional environments, market readiness, and strategic organizational 

practices. 

The identification of market needs, technological innovation, market foresight, and customer-driven insights as causal 

factors aligns with prior research suggesting that technology commercialization is initiated when firms effectively match 

technological functionality with real market demands [1]. Studies within university–industry collaboration frameworks 

similarly emphasize that commercialization success begins with accurate market sensing and innovation alignment, 

Causal 
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consistent with the emphasis on foresight capabilities found in system dynamics research [2]. Moreover, the recognition of 

technology maturity as a driver of commercialization reiterates findings in Indonesian university models, which highlighted 

the need for readiness at the early stages of commercialization [3]. As noted in recent analyses of emerging technologies, 

readiness involves not only technological feasibility but also strategic anticipation of market evolution [4]. 

The results emphasize technological capability and innovation as essential stimuli driving commercialization. This is 

consistent with earlier literature demonstrating that strong technological capability increases firms’ ability to pursue process 

innovations within supply chains [5]. Innovation intermediaries, as conceptualized in recent configurational studies, play an 

enabling role by helping startups and knowledge-based firms overcome technological uncertainty and enhance their product 

innovativeness [6]. Additionally, sustainability-oriented commercialization models—most notably in energy storage 

technologies—highlight technological capability as a foundation of commercialization viability [7]. This intersection of 

innovation, capability, and commercialization was also observed in the present study, particularly in the emphasis on 

advanced technology readiness and customer-driven adaptation. 

A key contribution of this study is the role of contextual conditions—such as technology ecosystems, institutional 

regulations, cultural factors, and financial capacity. Prior research confirms that commercialization outcomes are strongly 

shaped by the surrounding ecosystem. For instance, studies on strategic flexibility and alliances demonstrate how ecosystem 

relationships strengthen entrepreneurial commercialization outcomes in technology sectors [8]. Similarly, research on 

outsourcing university commercialization activities in Australia underscores the importance of ecosystem sophistication and 

well-developed technology transfer structures [9]. The significance of financial capability and institutional support discovered 

in the present study mirrors earlier findings regarding fuzzy analytical models for evaluating resource allocation in decision-

making environments [10]. 

The model’s emphasis on regulatory frameworks and governmental policies as contextual drivers also aligns with system-

level research. System dynamics studies confirm that institutional environments powerfully shape the speed and 

effectiveness of knowledge transfer and commercialization [11]. In Iran and similar innovation systems, institutional 

complexity, policy fluctuations, and bureaucratic obstacles have long been documented as structural barriers to 

commercialization efforts [12]. Furthermore, general system dynamics literature notes that contextual conditions must be 

considered in commercialization modeling, particularly in countries where policy uncertainty affects strategic decision-

making [13]. These insights support the present study’s findings regarding the centrality of contextual and regulatory 

conditions for technology transfer and commercialization. 

The study also identified intervening conditions, which include sanctions, regulatory instability, financial shortages, 

unhealthy competition, and limited customer awareness. These findings are consistent with studies examining 

commercialization in emerging economies and biotechnology industries, which frequently highlight unstable regulatory 

systems and weak financial infrastructures as major inhibitors [14]. Long-term forecasting research further emphasizes that 

uncertainty—whether economic, institutional, or technological—undermines commercialization decisions, a finding strongly 

reflected in pandemic-related forecasting studies [15]. For small knowledge-based firms, IP management challenges and 

institutional constraints directly affect commercialization viability, with research showing that small firms must navigate 

complex regulatory and market challenges to protect their intellectual property [16]. Comparative studies of US and Chinese 
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TTOs likewise reveal that supportive institutional structures mitigate such challenges and enable more effective technology 

transfer and commercialization [17, 18]. 

The strategies identified in this study—marketing, branding, networking, university collaboration, product 

standardization, export strategy formulation, emerging technologies, and feasibility analysis—are strongly supported by prior 

research. Several studies highlight the importance of policy instruments, strategic communication, and market-oriented 

initiatives for commercialization. For example, analyses of university policy mixes demonstrate that mixed policy instruments 

enhance commercialization when aligned with strategic initiatives and market-based incentives [20]. Strategies rooted in 

strategic flexibility and alliances, as seen in entrepreneurial commercialization models, further explain how firms can leverage 

relational networks to navigate uncertainties [21]. Open innovation capacity, which the present study identifies through 

networking and collaboration with universities, is similarly emphasized as a key facilitator of commercialization in academic 

innovation systems [22]. 

Moreover, the role of standardized products and global compliance reflects past findings showing that cross-national 

technology products require strong regulatory alignment and quality assurance mechanisms—particularly in bioenergy and 

biotechnology industries operating in developing countries [23]. The influence of technological capability on 

commercialization performance among SMEs further reinforces the importance of emerging technologies and technological 

readiness, consistent with prior analyses of SME technology capability models [24]. This integration of branding, marketing, 

and technological readiness is also echoed in forecasting and new product development literature, which emphasizes the 

need for robust market analysis and product readiness forecasting [25]. 

The consequences identified in the study—profitability, market development, customer satisfaction, competitive 

advantage, sustainable production, and market leadership—are highly consistent with existing commercialization outcome 

frameworks. In studies of Iranian knowledge-based companies, commercialization performance has been shown to directly 

shape competitive advantage and long-term sustainability [30]. Drivers and inhibitors identified in earlier research on 

technology commercialization also validate the dual nature of consequences, where successful commercialization yields 

economic benefits while failure leads to market stagnation [31]. Additionally, foundational studies on university startup 

performance demonstrate that effective commercialization outcomes are closely tied to institutional support, intellectual 

property management, and resource mobilization [32, 33]. The current study’s findings reinforce these long-standing 

theoretical perspectives by mapping commercialization outcomes onto ecosystem, capability, and regulatory dimensions. 

The present findings also align strongly with prior Iranian studies emphasizing indigenous commercialization models 

adapted to national ecosystem constraints. Iranian research has historically stressed the need for customized frameworks 

that account for cultural factors, regulatory challenges, financial limitations, and technology diffusion barriers [26-29]. More 

recent Iranian research similarly highlights the need to integrate innovation capability, commercialization readiness, and 

ecosystem maturity into a holistic framework for knowledge-based firms [35]. The meta-synthesis of pharmaceutical and 

biological product commercialization models also emphasizes the importance of designing context-specific commercialization 

frameworks tailored to sectoral needs [34]. These findings closely mirror the contextualized and indigenous orientation of 

the present model. 

In summary, the discussion confirms that the grounded theory model developed in this study is strongly connected to 

international and national literature on technology commercialization. The alignment with past studies across multiple 
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methodological and contextual settings demonstrates the robustness of the model and its suitability for addressing 

commercialization challenges in developing economies, particularly Iran. The integration of technological, market, 

institutional, and strategic dimensions provides a comprehensive understanding of commercialization processes and 

contributes meaningfully to the field. 

This study, like most qualitative grounded theory research, is limited by its sample size and dependence on expert 

perspectives. Although theoretical saturation was achieved, the inclusion of participants from other industries or regions 

might have yielded additional insights. The context-specific nature of commercialization challenges in Iran, especially under 

international sanctions, may also limit the generalizability of the findings to other national ecosystems. Furthermore, the 

reliance on interview data may introduce subjective biases, despite rigorous coding and cross-validation procedures. 

Future research should employ mixed-methods designs to validate and operationalize the constructs identified in this 

study. Quantitative studies could develop measurement scales for the causal, contextual, and intervening factors in the 

model. Comparative cross-country studies would also be valuable for understanding how national innovation systems and 

institutional environments shape commercialization pathways. In addition, further research could explore commercialization 

dynamics in specific high-tech sectors such as biotechnology, AI, clean energy, and advanced materials. 

Practitioners should focus on strengthening ecosystem collaboration, improving regulatory stability, and enhancing access 

to financial resources. Emphasis should be placed on developing strategic foresight capabilities, building technological 

readiness, and investing in branding and global standardization. Policy-makers should prioritize supporting knowledge-based 

firms through targeted incentives, innovation-friendly regulations, and investment in research infrastructures. 
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