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Abstract 

Innovation adoption in primary sectors—agriculture, horticulture, forestry, and aquaculture—is 

essential for addressing pressing global challenges including climate change, resource degradation, 

and food security. However, a persistent gap exists between innovation potential and actual 

implementation, with many promising technologies failing to achieve widespread adoption despite 

substantial research investments. This paper presents the Extended Integrated Adoption Model 

Framework (EIAMF), a systemic approach that addresses critical gaps in adoption theory by 

integrating four quadrants: technologies, users, finance, and institutions. The EIAMF explicitly 

recognizes adoption as a systemic process requiring alignment across multiple dimensions. The 

framework’s distinctive contribution lies in its emphasis on inter-quadrant relationships, revealing 

how variables across different domains interact, compound, and cascade to create either enabling 

conditions or barriers. We demonstrate how the framework can enable practitioners to proactively 

identify potential adoption barriers early in the innovation development process by providing 

structured diagnostic protocols that reveal when barriers in multiple quadrants compound to create 

obstacles, when cascade effects amplify constraints across the system, and where strategic 

interventions can address multiple barriers simultaneously. We discuss theoretical contributions 

and practical implications for practitioners and policy designers, highlighting how the EIAMF 

provides stakeholders with a tool for designing more effective adoption strategies. 

Keywords: innovation adoption; primary sector; business models; institutional readiness; financial 

enablers; systems approach 

 

1. Introduction 

Innovation adoption in the primary sector is essential to addressing pressing global challenges. 

Climate change, resource degradation, evolving market demands, and sustainability imperatives 

have placed unprecedented pressure on agriculture, forestry, and aquaculture to innovate rapidly 

and effectively [1]. From precision agriculture technologies that optimize resource efficiency to 

sustainable forestry practices that balance production with ecosystem services, innovations across 

these sectors hold great potential for addressing contemporary challenges. 

However, the reality of innovation adoption in primary sectors reveals a persistent and 

problematic gap between innovation potential and actual implementation. Despite substantial 

investments in research and development, many promising innovations fail to achieve widespread 

adoption or require decades to diffuse through industry networks [2]. This adoption gap reflects not 

only the inherent complexity of primary production systems but also the inadequacy of existing 

theoretical frameworks to capture the multifaceted nature of adoption decisions in these contexts [3,4]. 

While numerous theoretical models exist to explain innovation adoption, their application in 

primary sector contexts is often constrained by fragmentation and insufficient integration of key 

variables [5]. Traditional adoption models, while foundational, frequently focus primarily on 

technology characteristics and individual user attributes, overlooking critical financial mechanisms, 
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institutional arrangements, and business model innovations that enable or constrain adoption in 

practice. 

Recent reviews highlight this theoretical fragmentation and call for more integrated frameworks 

that reflect the realities of adoption in complex, networked value chains [6]. The primary sector, 

characterized by long investment cycles, substantial capital requirements, regulatory complexity, and 

interdependent value chains, exemplifies these challenges, and demands more sophisticated 

analytical approaches. 

This paper addresses these gaps by presenting an Extended Integrated Adoption Model 

Framework (EIAMF) that builds upon established theoretical foundations while incorporating 

insights from business model innovation theory, institutional economics, and financial adoption 

literature. Our framework extends traditional models by explicitly integrating four key constructs 

that capture the full complexity of primary sector adoption decisions. Through systematic synthesis 

of empirical evidence and detailed sectoral applications, we evaluate both the theoretical validity and 

practical utility of this integrated approach. 

2. Theoretical Foundations and Empirical Evidence Base 

Innovation adoption in the primary sector is a multifaceted phenomenon influenced by a 

complex interplay of technological, individual, financial, and institutional factors. While 

foundational theories have provided significant insights, their application to capital-intensive, 

networked primary production systems often reveals critical gaps. This section expands on the 

theoretical underpinnings of innovation adoption, integrating additional perspectives to address 

these complexities. 

2.1. Foundational Theories in Innovation Adoption 

Innovation adoption research has been profoundly shaped by several core theoretical 

perspectives. Everett Rogers’ Diffusion of Innovations (DOI) theory remains the most influential 

framework, positing that the spread of new ideas and technologies occurs through a social system 

over time [7]. DOI identifies five key attributes of innovations that influence their adoption rate: 

relative advantage, compatibility, complexity, trialability, and observability [6,8]. These 

characteristics have been extensively validated across diverse contexts and continue to offer 

fundamental insights into how innovations are perceived and adopted by individuals and 

organizations. Complementing Rogers’ work, Tornatzky and Klein’s meta-analysis further 

emphasized the consistent importance of compatibility, relative advantage, and complexity in 

predicting innovation adoption [9,10]. 

The Theory of Reasoned Action (TRA) [11] and its extension, the Technology Acceptance Model 

(TAM) [12], focus on the cognitive and social psychological processes underlying adoption decisions. 

These models suggest that an individual’s intention to adopt a technology is influenced by their 

attitude toward using the technology and subjective norms (perceived social pressure). Perceived 

usefulness and perceived ease of use are central constructs in TAM, shaping attitudes and intentions. 

Both TRA and TAM have seen additional extensions to further explain adoption within, particularly, 

our increasingly technological and social-media oriented lifestyles. 

The Concerns-Based Adoption Model (CBAM) offers a developmental perspective, recognizing 

that users progress through different stages of concern and use as they engage with innovations [13]. 

CBAM’s emphasis on implementation stages and the evolving support needs of users provides 

valuable insights for designing effective adoption interventions. 

Institutional theory provides a lens for understanding how formal and informal rules, norms, 

and cognitive frameworks shape adoption behaviors within organizational and sectoral contexts [14]. 

This perspective highlights that adoption decisions are not made in a vacuum but are embedded 

within broader institutional environments that can either facilitate or constrain innovation uptake. 

Institutional pressures, such as coercive (e.g., regulations), mimetic (e.g., imitation of successful 
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peers), and normative (e.g., professional standards) forces, can significantly influence the adoption 

trajectory of innovations. 

2.2. Emerging Perspectives: Business Models and Financial Enablers 

Recent scholarship has increasingly recognized the limitations of individually-focused adoption 

models, calling for greater attention to systemic, organizational, and institutional factors. Business 

model innovation theory emphasizes that successful innovation adoption often necessitates 

complementary changes in how value is created, delivered, and captured [15,16]. This perspective is 

particularly relevant in primary sectors, where innovations frequently require new partnerships, 

contractual arrangements, and governance structures to be viable. A novel technology might fail to 

gain traction if it does not align with or enable a viable business model for the adopter. 

Financial adoption barriers have received growing attention, particularly in studies of climate-

smart agriculture and digital technology adoption [17]. Research indicates that financial constraints, 

risk perceptions, and misaligned incentive structures often represent primary barriers to adoption in 

agricultural contexts. Similarly, studies on digital financial services highlight how transaction costs, 

affordability, and access to appropriate financing mechanisms critically influence adoption outcomes 

[18]. The inherent capital intensity and long investment cycles in primary production systems make 

financial considerations paramount, often overshadowing purely technical or individual-level 

factors. Some theories and research areas related to business model and finance are: 

Investment Theory: This theory provides a framework for understanding how individuals and 

organizations make decisions about allocating capital to various assets, considering factors such as 

expected returns, risk, and time horizons. In the primary sector, adoption of new technologies often 

involves significant upfront investment, making investment theory crucial for analyzing financial 

readiness and the decision-making process. 

Corporate Finance/Innovation Finance: This area of finance focuses on how companies fund their 

operations and growth, including investments in innovation [19]. It considers various financing 

mechanisms (e.g., debt, equity, grants), capital structure, and the valuation of innovative projects. 

Understanding innovation finance is critical for analyzing how primary sector businesses secure the 

necessary capital for adopting new technologies, especially those with long payback periods or high 

initial costs. 

Risk Management/Insurance Economics: These fields of research address how individuals and 

organizations identify, assess, and mitigate risks [20]. In agriculture, various risks (e.g., weather, 

market price volatility, disease) can significantly impact the perceived financial viability of an 

innovation. The availability and cost of insurance, as well as producer’s risk aversion, play a crucial 

role in adoption decisions. This perspective helps explain why innovations that reduce risk or offer 

risk-sharing mechanisms might be more readily adopted. 

Tax Policy: Government tax policies, such as depreciation allowances, investment tax credits, or 

carbon taxes, can significantly influence the financial attractiveness of innovations [21]. 

Understanding how tax policy interacts with investment decisions is vital for assessing financial 

enablers and barriers to adoption. 

Market Formation Theory: This theory examines how new markets emerge and evolve, often 

driven by technological innovations. It considers the roles of various actors (e.g., innovators, users, 

regulators, investors) and the institutional arrangements that facilitate or hinder market 

development. For primary sector innovations, understanding market formation is crucial for 

assessing the readiness of the broader ecosystem to support the new technology. 

Policy Mix/Systems of Innovation: This perspective emphasizes that innovation is not an isolated 

event but a systemic process influenced by a combination of policies (e.g., R&D subsidies, regulations, 

extension services) and institutional arrangements [22]. Analyzing the coherence and effectiveness of 

the policy mix is essential for understanding the institutional readiness for innovation adoption in 

the primary sector. 
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Institutional Entrepreneurship: This area of research focuses on how actors (individuals or 

organizations) actively shape and change institutional environments to facilitate new practices or 

innovations. In the context of primary sector innovation, institutional entrepreneurs might advocate 

for new regulations, create new industry standards, or establish new collaborative platforms to 

overcome institutional barriers to adoption. 

Network Theory: This theory examines the structure and dynamics of relationships between 

entities. In the primary sector, innovation adoption often depends on strong networks among 

producers, researchers, extension services, suppliers, and buyers. Network theory helps understand 

how information flows, trust is built, and collective action is facilitated, all of which are critical for 

diffusion and adoption [23]. 

3. The Extended Integrated Adoption Model Framework 

Building upon established theoretical foundations while addressing identified gaps, we defined 

an Extended Integrated Adoption Model Framework, as represented in Figure 1. The EIAMF is 

structured around four interrelated constructs (referred also as quadrants) that capture a fuller 

picture of the complexity of primary sector adoption decisions. The framework explicitly recognizes 

adoption as a systemic process requiring alignment across multiple dimensions rather than a linear 

individual decision process. 

 

Figure 1. The Extended Integrated Adoption Model Framework. 

3.1. Empirical Support for Individual Quadrants: Strengths and Limitations 

This section includes an analysis of the theoretical foundation for each quadrant and an 

assessment of their strengths and limitations. We also identify empirical gaps regarding their inter-

quadrant integration and propose further research for a systemic analysis of adoption and diffusion. 

We also identified a set of variables for each quadrant that could be operationalized for 

integrated studies, presented in Appendix A. The Technology Characteristics and the User 

Characteristics and Learning Capacity quadrants include well established and researched variables but 

also include some less researched variables to reflect on the evolving nature of new technologies. On 

the other hand, variables in the Financial Readiness and Enablers and the Business Models and 

Institutional Readiness quadrants have not been widely researched in adoption studies, yet appear to 

have strong anecdotal relevance to uptake and use behavior. 
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3.1.1. Technology Characteristics: Robust but Evolving Empirical Base 

Empirical support for the influence of Technology Characteristics on innovation adoption is 

arguably the most robust and well-established. Decades of research, stemming from Rogers’ 

Diffusion of Innovations theory and meta-analyses like Tornatzky and Klein, consistently 

demonstrate the predictive power of attributes such as relative advantage, compatibility, and 

complexity [24]. In the primary sector, studies frequently confirm that innovations offering clear 

economic benefits (e.g., increased yield, reduced costs) and fitting existing practices are more readily 

adopted [25,26]. 

Technology Characteristics represent the foundation of adoption analysis, capturing perceived 

innovation attributes that influence attractiveness and feasibility for potential users. This quadrant 

draws primarily from Diffusion of Innovations theory, which identifies core attributes influencing 

adoption. These factors remain foundational across contexts and have been validated in meta-

analyses [4,30]. The Concerns Based Adoption Model (CBAM) further refines understanding of how 

users move through levels of use, with variables such as reversibility, security concerns and technical 

performance emerging from this literature [13]. 

However, empirical research on technology characteristics is evolving. With the advent of digital 

and data-intensive innovations in the primary sector (e.g., precision agriculture, IoT sensors), new 

characteristics like data security, interoperability, and technical fit with complex digital ecosystems 

are gaining prominence [27]. While some studies have begun to explore these, comprehensive 

empirical evidence on their specific impact across diverse primary sector contexts (agriculture, 

forestry, aquaculture) is still emerging. For instance, while the importance of data security is 

acknowledged, there is less empirical work quantifying its direct impact on adoption rates compared 

to traditional factors like relative advantage. Table A1 shows the variables included in this quadrant. 

3.1.2. User Characteristics and Learning Capacities: Well-Explored but Context-Specific Nuances 

The empirical evidence for User Characteristics and Learning Capacities is also substantial, drawing 

from psychology, sociology, and economics. Studies consistently show that factors like risk aversion, 

openness to change, prior knowledge, and learning orientation significantly influence adoption 

decisions [28,29]. The role of social networks and peer influence, often termed social contagion or 

imitation, is empirically well-documented in agricultural contexts, where farmers learn from and are 

influenced by their neighbors and opinion leaders [23]. 

Despite this strong empirical base, a gap exists in understanding the context-specific nuances of 

these characteristics within the primary sector. For example, while risk aversion is a known barrier, 

the specific types of risks (e.g., production risk, market risk, financial risk) that most influence 

adoption of particular innovations in different primary sub-sectors (e.g., aquaculture vs. extensive 

pastoral farming) require more granular empirical investigation. Similarly, we don’t know much 

about cultural identity and value alignment’s impact on adoption in diverse indigenous or culturally 

sensitive primary production systems. Table A2 shows the variables included in this quadrant. 

3.1.3. Financial Readiness and Enablers: Increasingly Recognized but Under-Quantified 

The empirical recognition of Financial Readiness and Enablers as critical determinants of 

adoption has grown significantly, particularly in capital-intensive sectors like primary production 

[17]. Studies highlight that upfront capital requirements, access to credit, and the availability of 

subsidies are major barriers or enablers [30]. The concept of payback time and return on investment 

(ROI) is empirically shown to be a key decision metric for adopters. 

However, a significant empirical gap lies in the detailed quantification and modeling of these 

financial factors. While many studies qualitatively identify financial constraints, fewer provide robust 

empirical models that integrate various financial variables (e.g., cost structure fit, revenue model fit, 

transaction costs, and risk-sharing mechanisms) into a comprehensive framework predicting 

adoption [17,18]. There is also a need for more empirical work that disentangles the relative 
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importance of different financial enablers (e.g., grants vs. low-interest loans vs. insurance schemes) 

for different types of innovations and adopter profiles [20,31]. Furthermore, the empirical impact of 

specific tax policies on innovation adoption in the primary sector remains an area requiring more 

dedicated research [21]. Table A3 shows the variables included in this quadrant. 

3.1.4. Business Models and Institutional Readiness: Emerging but Complex Empirical Landscape 

Empirical support for the influence of Business Models and Institutional Readiness is emerging but 

represents a more complex and less uniformly quantified landscape [14]. Studies increasingly 

demonstrate that institutional environments, policy support, and the presence of viable business 

models are crucial for successful innovation uptake [32]. The importance of key partnerships, 

governance structures (e.g., cooperatives), and trust in institutions is empirically supported in 

various contexts [33]. 

Despite this growing recognition, the empirical measurement and causal inference regarding 

business models and institutional factors are challenging. Many studies are qualitative or case-based, 

providing rich insights but lacking the ability to be generalized. 

There is a need for more quantitative empirical research that measures the impact of specific 

institutional alignments (e.g., regulatory frameworks, certification standards) or business model 

innovations (e.g., new value capture mechanisms, novel distribution channels) on adoption rates 

across larger samples. The dynamic and multi-level nature of institutional factors makes empirical 

isolation of their effects difficult, leading to a gap in robust, generalized empirical findings compared 

to the more individual-focused quadrants. Table A4 shows the variables included in this quadrant. 

3.2. Lack of a Systemic View of Adoption 

While each quadrant demonstrates a critical aspect of innovation adoption, the focus of study 

within technology-related adoption is heavily skewed towards ensuring relative advantage. For too 

long, extension programs have sat at the end of the R&D pipeline, where a more holistic study of the 

system of adoption in terms of technology, user, and the financing and business constraints the 

technology will enter into could lead to more transdisciplinary methods for technology development 

and adoption readiness [34]. We contest that many adoption practitioners focus also on the user 

intention to adopt, rather than looking towards the wider capability to adopt, much of which is 

centered on the bottom hemisphere functions in our EIAMF, incorporating Financial Readiness and 

Business Models and Institutional Readiness under which the actors operate. 

Where practitioners have been promoting a technology or behavior change for many years with 

little success, the problem may not lie with either the technology nor the user-oriented compatibility 

or willingness to adopt, but the ability to adopt given the complexity in the wider system [14]. Land 

management is a business. In the case of many farmers, orchardists and forestry contractors, it is also 

a lifestyle choice and tied to family [35,36]. Many adoption frameworks focus on the farmer and the 

decision-making process of the farmer alone, but fail to identify aspects of the business that impact 

farmer decisions [3]. Decision-making in a land management context is one of the more complex 

operating environments in which to purchase and use technology, and where adoption decisions 

need to deal with the inherent complexity [2]. Like industrial adoption, it is not a personal decision, 

so any adoption model that places heavy emphasis on the individual user as decisionmaker, and 

characteristics of the technology itself without equal consideration to the systemic complexity of the 

decision environment is likely to have limited success [6,37]. 

There appear to be a limited number of papers that speak to the practice of adoption as part of 

a systemic decision, with ecosystem impacts [14,17]. In addition, each practice change a producer 

makes has its own unique pattern of adoption which is not usually a binary decision (there can be 

dis-adoption and then a later return to the practice as factors change), and whereby different 

technologies and behaviors are adopted either early of late dependent not solely on the user’s 

character, but on externalities [38,39]. The complexity of adoption pathways reflects the dynamic 

nature of farming systems where economic conditions, institutional support, market access, and 
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environmental factors continuously evolve, creating windows of opportunity or constraint that vary 

over time [23,29]. 

The EIAMF heavily draws from adoption lessons in the forestry sector. While frameworks and 

models of adoption in agriculture have been extensively researched, there are very few relating 

specifically to adoption practices in forestry [40,41]. Forestry has similar complexity in the adoption 

system to agricultural systems, but also suffers from a low user-base of potential adopters, high 

investment capital requirements as well as different adoption decision roles within stakeholders 

(depending on if they are landowners, forest managers, Timber Investment Management 

Organizations (TiMO) executives or forestry contractors) [42,43]. In Southern Hemisphere plantation 

forestry, such as New Zealand, forestry contractors take on most of the risk in capital investment and 

upgrades, while the power base in contractual arrangements sits largely with the forestry 

management companies [35]. Many of the models that work well for adoption in other primary 

sectors do not appear to translate well for forestry adoption. Reasons that explain the nuances of 

forestry adoption include the divergence in contractor versus company-level risk orientation; that 

decisions around technology uptake are made in light of upcoming contractual arrangements, 

accessibility of labor, and forestry investment cycles [36]; that forestry goes through boom and bust 

cycles that impact on the ability to finance and service long-term loans; the high degree of 

mechanization and increasing automation that has been driving investment in the sector, meaning 

large sunk costs in existing equipment and technology lock-in [44.] 

Risks of adoption can often be lower in an integrated value chain arrangement where business 

models can provide risk sharing arrangements throughout the chain [45]. In contrast, separate 

businesses often find it more difficult to share the risk across the chain, particularly where an 

imbalance in power occurs between actors [46]. There is a recognized need for employing different 

adoption strategies depending on the level of risk sharing and value chain integration in the system, 

due to the sharp contrast in identified barriers and motivations between highly integrated and highly 

separated value chains. The fragmented nature of plantation forestry businesses within the Southern 

Hemisphere requires some level of risk sharing to improve adoption of technology innovation in the 

sector [47]. Fragmentation occurs due to consolidated plantations versus smaller enterprises, limited 

integration between large players and smaller growers, insufficient coordination, and a strong 

reliance on exporting raw or semi-processed materials, low market confidence. 

While the decision for adoption by a farmer can occur fairly rapidly, the speed of diffusion across 

a sector at scale may be quite slow. Most diffusion models look towards locking in early adopters, 

and reaching the tipping point to drive wider diffusion via the social system. Downes & Nunes [48] 

emphasize the compression of Roger’s adoption curve into 2 main user classes – initial trial users, 

and the rest of the market, which can lead to an emphasis on initial adoption rather than ensuring a 

technology is well embedded in the system to avoid later dis-adoption, through after-sales service 

and ensuring a focus on continued downstream competitive advantage in the next version of a 

technology offering [39]. 

With peak adoption occurring after an average of 16 years in agriculture, this can mean a long 

lag time before the adoption becomes embedded within the system [2]. Few adoption frameworks 

account for aspects such as duration of adoption, the extent and frequency of use by the adopter or 

the degree of intensity of use and also fail to measure and monitor dis-adoption across time [49]. 

Agribusiness and technology specialists seek fast adoption rates and shorter product life cycles of a 

product or technology, particularly in the service sector [50]. 

The significance of the EIAMF’s lower hemisphere quadrants—namely, Financial Readiness and 

Business Models and Institutional Readiness—in the adoption of innovations within the forestry 

sector is underscored by their respective roles in mitigating barriers to implementation. Financial 

Readiness and its associated enablers serve to reduce financial risk for end-users, while Business 

Models and Institutional Readiness address broader systemic and institutional constraints that may 

impede sector-wide diffusion. 
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3.3. Exploring Inter-Quadrant Relationships with the EIAMF 

While a varied degree of empirical support exists for individual quadrants, a critical gap remains 

in the integrated understanding of their interplay, particularly within the unique context of capital-

intensive, networked primary production systems. Few adoption models consider explicitly the 

interplay between variables in different quadrants, such as the ADOPT model, and generally, 

empirical studies often focus on one or two quadrants, neglecting the systemic nature of innovation 

adoption in the primary sector. This section further explores these empirical gaps, highlighting areas 

where further research is needed to provide a more holistic understanding of innovation adoption. 

One of the critical benefits of the EIAMF is the ability to provoke thinking to investigate 

interquadrant connectivity, particularly between the top and bottom hemispheres. Inter-relationships 

between quadrants can elicit important questions relating to how the criteria from one quadrant will 

impact or speak to criteria in other quadrants. In particular: 

• How can you link variables from different quadrants to understand how they interact, 

compound, and cascade to create either enabling conditions or barriers? 

• Can adoption practitioners use the EIAMF as a diagnosis tool to see interlinked aspects that 

could hinder adoption of a technology, earlier in the technology development process? 

• Can adoption practitioners identify where strategic interventions can address multiple barriers 

simultaneously? 

Often practitioners/business/research community wait until we encounter a problem with 

technology uptake/adoption before taking action with the stakeholders to find a solution around the 

barrier or constraint. A major benefit in the EIAMF is that it can be used to identify early in time the 

possible barriers that might arise, particularly where quadrants intercept, and therefore enable us to 

ask the right questions from a systemic viewpoint, not quadrant-specific questions. For instance: 

Technology-Finance Interplay: While the cost of technology is acknowledged, empirical studies 

rarely quantify how specific financial mechanisms (e.g., trial financing, risk-sharing) directly mitigate 

the perceived financial risk or upfront capital requirements of a given technology, thereby influencing 

its adoption [17]. How does the perceived technical performance of an innovation empirically affect 

its access to capital or the willingness of financial institutions to provide loans? Research on precision 

agriculture adoption demonstrates that equipment leasing and pay-per-use models can significantly 

improve adoption rates by converting capital investments to operational expenses, yet these 

financing innovations remain underutilized in many primary sector contexts [51,52]. 

User-Institutional Dynamics: How do user characteristics (e.g., risk aversion, learning orientation) 

empirically interact with institutional factors (e.g., extension services, policy support) to shape 

adoption outcomes [22]? For example, does strong institutional support for training empirically 

reduce the impact of low learning capacity on adoption? Or how do social norms within user groups 

empirically influence the effectiveness of new policies aimed at promoting sustainable practices, and 

perceptions about transaction cost [23]? Studies of conservation practice adoption reveal that 

extension support can partially compensate for low initial farmer knowledge, but cannot fully 

overcome cultural resistance or peer network effects that reinforce traditional practices [30]. 

Business Model-Technology Alignment: While business model innovation is theoretically linked to 

technology adoption [16], there is a lack of empirical studies that quantify how the design of a new 

business model (e.g., a service-based model for precision agriculture) empirically influences the 

adoption of the underlying technology by overcoming barriers related to its cost or complexity. How 

does the strength of a value proposition empirically translate into higher adoption rates, and how is 

this mediated by the technology’s characteristics [32]? 

Business Model-Finance Alignment: Business model innovation can arise from new financing 

arrangements, and conversely may enable the arrangement of innovative financing methods utilizing 

the individual strengths of the business partners [31]. Deeply held industry-level norms might in fact 

constrain the ability to move outside of accepted financing arrangements. Do deep institutional 
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norms in an industry impact on the language and terms of contracts, or the ability of a partner to 

explore and adopt novel financing arrangements for a recent technology? Would a policy change 

enable the emergence of new financial products that would drive successful earlier adoption [14]? 

Cross-Quadrant Feedback Loops: The integrated model suggests dynamic feedback loops. For 

example, successful early adoption (influenced by technology and user characteristics) can 

empirically lead to policy changes or the emergence of new financial products, which in turn facilitate 

broader adoption [50]. However, empirical studies that track and quantify these multi-directional 

influences over time are lacking. In general, empirical work provides a snapshot rather than a 

dynamic analysis of these complex interactions [38]. 

3.4. The EIAMF as a Structured Diagnosis Tool 

Addressing empirical gaps in innovation adoption research requires a shift towards more 

integrated, multidisciplinary research designs. This includes the use of longitudinal studies, mixed-

methods approaches that combine quantitative surveys with qualitative case studies, and 

econometric models capable of capturing complex interactions and feedback loops. By empirically 

investigating inter-quadrant relationships, researchers can offer a more comprehensive and 

actionable understanding of innovation adoption, ultimately supporting more effective strategies for 

accelerating the uptake of critical innovations in the primary sector. 

More critically, applying the EIAMF to a set adoption issue enables practitioners to 

conceptualize the innovation system holistically. This approach facilitates the identification of key 

inter-quadrant linkages that influence adoption rates, the success of barrier mitigation strategies, and 

the development of creative, interconnected solutions. By posing the right questions early in the 

research, development, and adoption cycle, practitioners can better anticipate and address adoption 

challenges [3]. 

For example, recognizing a high level of risk aversion due to the complexity of a technology may 

necessitate targeted learning support from identified actors to demonstrate its applicability across 

diverse contexts. However, without concurrent institutional support for training and trialability, 

actors may lack the confidence to effectively utilize the technology, potentially resulting in elevated 

rates of dis-adoption [39]. Establishing peer-learning opportunities across use-case scenarios and 

creating clear pathways for correct technology usage. 

Thinking more holistically at the interplay between quadrants can also enable practitioners to 

identify novel ways to pivot when the adoption path hits a barrier due to any one of the quadrant 

areas. For example, when “power imbalance” (Institutional) cascades into “risk aversion” (User) and 

“Cost Structure Fit” (Financial). This allows for better understanding of the complexity of drivers 

leading to the barrier, and therefore the level of agility and flexibility present in the RD&E system 

that could be employed to overcome it [34]. 

3.5. Examples of EIAMF in the Primary Sector 

3.5.1. Agriculture: Precision Agriculture Technologies 

The adoption of precision agriculture technologies, including GPS-guided equipment, variable 

rate application systems, and sensor-based monitoring, illustrates the complex interplay among all 

four EIAMF constructs. 

From a Technology Characteristics perspective, these innovations offer clear relative advantage 

through improved input efficiency and yield optimization. However, their complexity and high 

observability requirements create adoption challenges, particularly for smaller operations where 

results may be less visible to peers [27]. 

User Characteristics play a critical role in precision agriculture adoption. Research demonstrates 

that adoption is strongly correlated with education levels, technical orientation, and participation in 

professional networks [51,53]. Farmers with prior experience with computer-based systems and those 

embedded in progressive peer networks show significantly higher adoption rates. Risk aversion 
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remains a barrier, particularly given the substantial learning investments required for effective 

implementation [29]. 

Financial Readiness often represents the primary constraint for precision agriculture adoption 

[54]. Initial capital requirements for comprehensive systems is very significant, and ongoing software 

and service costs add substantial annual expenses. However, innovative financing mechanisms 

including equipment leasing, pay-per-use models, and government cost-share programs have 

emerged to address these barriers. The development of service-based business models, where 

technology providers offer precision agriculture services rather than selling equipment, has 

significantly improved adoption rates among smaller operations [52]. 

Business Models and Institutional Readiness factors critically influence precision agriculture 

success. Adoption is facilitated by strong dealer networks that provide technical support, data 

management services that help farmers utilize information effectively, and industry partnerships that 

integrate precision agriculture data with broader farm management systems. Institutional factors 

including data privacy regulations, equipment standards, and extension service support also 

significantly influence adoption outcomes [22]. 

A potential mitigation solution: There is a clear financial readiness barrier in initial capital 

requirements. The barrier could be reduced through utilizing strong dealer networks that would 

allow joint equipment leasing arrangements. 

3.5.2. Forestry: Sustainable Forest Management Certification 

The adoption of sustainable forest management certification systems, such as Forest 

Stewardship Council (FSC) or Program for the Endorsement of Forest Certification (PEFC), 

demonstrates how institutional and business model factors can drive adoption even when technology 

characteristics are relatively neutral. 

From a Technology Characteristics perspective, certification systems involve moderate complexity 

and limited trialability, as forest management changes must often be implemented comprehensively 

to achieve certification. However, observability is high, as certified operations can clearly 

demonstrate their commitment to sustainable practices to customers and stakeholders [55]. 

User Characteristics strongly influence certification adoption. Forest owners with strong 

environmental orientations and those embedded in professional networks that emphasize 

sustainability show higher adoption rates [40]. However, adoption also occurs among economically-

motivated owners when market incentives are sufficient. Learning orientation is critical, as 

certification requires understanding of complex ecological and social standards [23]. 

Financial Readiness considerations are complex for forest certification. While direct certification 

costs are moderate, compliance may require significant management changes that affect operational 

costs and revenue timing [36]. However, certified products could command price premiums that can 

offset these costs. The availability of group certification schemes has reduced costs for smaller forest 

owners by enabling cost-sharing and administrative efficiencies [55,56]. 

Business Models and Institutional Readiness factors are decisive for certification adoption. Strong 

market demand from environmentally-conscious consumers and corporate buyers creates economic 

incentives for certification [57]. Institutional support from government agencies, environmental 

organizations, and industry associations facilitates adoption by providing technical assistance and 

market development [22,58]. Trust relationships between forest owners and certification bodies are 

essential for successful implementation [59]. 

A potential mitigation solution: Leaning on government agencies to marry the shared values 

between actors in industry, consumer and brokerage agencies through a set of common policy 

instruments and trading schemes. 

3.5.3. Aquaculture: Recirculating Aquaculture Systems (RAS) 

The adoption of recirculating aquaculture systems represents a particularly complex case where 

all four constructs interact to influence adoption outcomes. RAS technology offers substantial 
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environmental advantages by reducing water use and waste discharge while enabling year-round 

production in controlled environments. 

Technology Characteristics present both opportunities and challenges for RAS adoption. The 

relative advantage is substantial for operations facing water restrictions or environmental 

regulations, and the technology offers excellent observability through demonstration facilities. 

However, complexity is high, requiring sophisticated monitoring and control systems, and 

trialability is limited due to the substantial infrastructure investments required [60,61]. 

User Characteristics critically influence RAS adoption success. The technology requires high 

technical competence and learning orientation, as operators must understand complex biological and 

engineering systems [37,61]. Former cage or hatchery managers are not necessarily sufficiently 

qualified to operate commercial scale RAS fattening farms without minimum 6-10 months training 

on the job, highlighting the specialized knowledge requirements. Additionally, risk tolerance is 

essential given the substantial investments and operational risks involved. Peer networks play 

important roles in knowledge sharing and problem-solving, with successful adopters often serving 

as mentors for new users [61]. 

Financial Readiness represents a major constraint for RAS adoption. Capital requirements are very 

significant for commercial-scale systems, and ongoing operating costs are substantially higher than 

traditional pond-based systems. Table-fish RAS remain far more sensitive to market prices and rising 

feed and energy input costs than conventional production systems, with unit production costs higher 

for saltwater than freshwater systems [61]. However, innovative financing approaches including 

public-private partnerships, equipment leasing, and outcome-based financing have emerged to 

address these barriers [19,31]. The development of modular systems and shared infrastructure 

models has also improved financial accessibility [60]. 

Business Models and Institutional Readiness factors strongly influence RAS viability. Success 

requires strong partnerships with equipment suppliers, technical service providers, and market 

outlets. However, many RAS technology suppliers continue to avoid highlighting outstanding 

technical and economic issues, leaving investors to discover challenges through costly experience 

[61]. Institutional support through research programs, regulatory frameworks that recognize RAS 

environmental benefits, and extension services providing technical assistance facilitates adoption 

[14]. Trust relationships among value chain participants are essential given the technology’s 

complexity and interdependencies, yet, the poor track record of commercial RAS ventures globally, 

with many failures occurring within 2-3 years of operation, underscores the importance of 

comprehensive business planning and realistic economic projections [61]. 

A potential mitigation solution: The EIAMF in this context highlights the need for increased focus 

on financial innovations rather than improving on the technological and user related variables to 

further adoption pathways. Given the expense and risk of such systems, provide an emphasis on 

innovative leasing arrangements via public -private partnerships, as demonstrated by some 

European initiatives [31,45,61]. The ability to overcome complexity and high capital cost for adoption 

introduces the potential for new business models and financing arrangements whereby “mini 

adoption” might occur through partial trialing of the system. This could be through partnership 

models allowing a wider range of business partners across the value chain able to invest in the 

technology, and financial arrangements that provide greater flexibility in securing a portion of an 

asset at a time [33,56]. 

3.5.4. Horticulture: Precision Irrigation and Fertigation Systems 

The adoption of precision irrigation and fertigation systems in horticultural operations 

demonstrates the interplay of all four EIAMF constructs, particularly highlighting how water scarcity 

and regulatory pressures drive innovation adoption while financial and technical barriers constrain 

implementation. 

From a Technology Characteristics perspective, precision irrigation and fertigation systems offer 

substantial relative advantage through improved water use efficiency, optimized nutrient delivery, 
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reduced fertilizer waste, enhanced crop quality, and potential yield increases [27,62]. However, the 

technology presents high complexity, requiring integration of multiple components including 

sensors, controllers, variable rate application equipment, and decision support software. 

Compatibility varies significantly across different horticultural operations, soil types, and crop 

systems, with the technology demanding substantial changes to existing irrigation infrastructure and 

management practices. Despite over 20 years of research and development on site-specific variable 

rate irrigation systems, adoption by producers has remained at very low levels, with fewer than 200 

advanced systems installed in the USA by 2013 [62]. 

User Characteristics significantly influence adoption patterns. Growers with strong 

environmental orientations and those facing water scarcity or regulatory restrictions show higher 

adoption rates. Risk aversion presents a complex dynamic: while the technology reduces production 

risks associated with water stress and nutrient deficiencies, it introduces new risks related to system 

failures and dependence on sophisticated equipment [30,62]. Prior knowledge and technical 

competence in troubleshooting equipment significantly facilitate adoption, as does learning 

orientation for continuous improvement in sensor interpretation and data-driven decision making 

[53]. 

Financial Readiness represents a major constraint, particularly for smaller operations. Upfront 

capital requirements are substantial, with ongoing costs for sensor maintenance, software 

subscriptions, and technical support. The relatively high capital cost per hectare may deter adoption, 

though equipment costs are declining due to technological advances. However, innovative financing 

mechanisms including equipment leasing, pay-per-use models, and government cost-share 

programs have emerged to address barriers [21]. Producers generally perceive a lack of sustainable, 

consistent economic advantages from precision agriculture technologies, with research generally not 

providing sufficient evidence to support claims of expected benefits [62]. 

Business Models and Institutional Readiness factors increasingly influence adoption success. Value 

proposition strength depends heavily on whether water scarcity, regulatory requirements, or market 

demands create compelling drivers beyond pure economic returns [27,62]. Market infrastructure 

including equipment dealers, irrigation consultants, and technical service providers significantly 

facilitates adoption. Key partnerships between growers, equipment suppliers, and water 

management agencies are critical [33]. Regulatory frameworks addressing water use efficiency and 

environmental protection create both mandates and incentives for adoption. However, sound 

decision-making tools for defining management zones, writing prescriptions, and optimal sensor 

placement remain underdeveloped, representing a critical research gap [62]. 

A potential mitigation solution: The EIAMF reveals that adoption requires integrated interventions 

addressing multiple constraint areas simultaneously. Financial barriers could be addressed through 

innovative service-based business models where specialized providers install, own, and manage 

systems, charging growers based on water savings achieved rather than requiring upfront capital 

investment [17]. Public-private partnerships could combine government cost-share programs with 

equipment supplier financing. Institutional support should prioritize development of regional 

irrigation management services providing comprehensive technical assistance. Extension programs 

should facilitate peer learning networks where experienced users mentor new adopters. Policy 

coherence ensuring that water pricing, environmental regulations, and agricultural support 

programs align to incentivize water conservation investments is essential. However, addressing these 

challenges will require substantial research investment to develop the basic tools and decision 

support systems needed to encourage sustained adoption [62]. 

Table 1 shows a brief analysis of a selection of studies to illustrate how the model could be 

operationalized by identifying variables from all quadrants that could be used to have a more 

systemic perspective of adoption.
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Table 1. Illustrative sectoral examples of the application of the EIAMF. 

Technology Example Technology 

Characteristics 

User Characteristics Financial Readiness Business Models & 

Institutional Readiness 

Potential mitigation solution 

Agriculture: Precision 

Agriculture 

Technologies 

Sources: [27,51–54] 

• Relative advantage: 

Clear benefits 

• Complexity: High 

complexity creates 

adoption challenges 

• Education: Strongly 

correlated with adoption 

• Technical orientation: 

Critical factor 

• Networks: Participation 

increases adoption 

• Experience: Prior computer 

system experience beneficial 

• Risk tolerance: Risk aversion 

creates barriers 

• Barriers: Primary 

constraint: initial capital 

requirements 

• Solutions: Equipment 

leasing, pay-per-use 

models, government cost-

share programs 

• Innovation: Service-based 

business models 

• Support systems: Strong 

dealer networks providing 

technical support 

• Partnerships: Industry 

partnerships integrating data 

• Institutional factors: Data 

privacy regulations, 

equipment standards, 

extension service 

Financial barriers could be addressed through innovative 

financing mechanisms leveraging dealer networks to create 

cooperative equipment leasing arrangements and 

subscription-based service packages that convert capital 

expenditures into manageable operational expenses. 

Extension services could develop simplified decision 

support tools reducing perceived complexity. 

Business model innovation could include data-sharing 

cooperatives pooling precision agriculture information for 

robust management recommendations, and supply chain 

incentives rewarding efficient resource use. 

Forestry: Sustainable 

Forest Management 

Certification 

Sources: [36,40,55–59] 

• Relative advantage: 

Moderate/neutral 

• Complexity: Moderate 

complexity with limited 

trialability 

• Environmental orientation: 

Strong environmental values 

increase adoption 

• Networks: Professional 

sustainability-focused 

networks important 

• Learning orientation: 

Critical for understanding 

complex standards 

• Costs: Potential 

significant management 

changes affecting 

operational costs 

• Benefits: Certified 

products can command 

price premiums 

• Solutions: Group 

certification schemes enable 

• Market demand: Strong 

demand from 

environmentally-conscious 

consumers and corporate 

buyers 

• Institutional support: 

Government agencies, 

environmental organisations, 

industry associations provide 

technical assistance 

• Trust: Essential relationships 

between forest owners and 

certification bodies 

Government agencies could facilitate multi-stakeholder 

partnerships that align shared sustainability values across 

industry, consumer, and brokerage sectors through 

integrated policy instruments including payment for 

ecosystem services, carbon credit schemes, and preferential 

procurement policies. 

Financial barriers could be addressed through expanding 

group certification schemes that enable cost-sharing among 

smaller forest owners, combined with green financing 

mechanisms offering preferential loan rates for certified 

operations. 

Institutional support through cooperative governance 

structures could facilitate collective action, knowledge 

exchange, and shared technical assistance, reducing 

individual adoption barriers. 
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Aquacultre: 

Recirculating 

Aquaculture Systems 

(RAS) 

Sources: 

[14,19,60,61,63] 

• Relative advantage: 

Substantial 

environmental 

advantages 

• Complexity: High - 

requires sophisticated 

monitoring and control 

systems 

• Observability: 

Excellent through 

demonstration facilities 

• Trialability: Limited 

• Technical competence: High 

level required 

• Learning orientation: Must 

understand complex biological 

and engineering systems 

• Risk tolerance: Essential 

• Networks: Peer networks 

important 

• Barriers: Very significant 

capital requirements and 

higher ongoing operating 

costs 

• Solutions: Public-private 

partnerships, equipment 

leasing, outcome-based 

financing 

• Innovation: Modular 

systems and shared 

infrastructure models 

improve accessibility 

• Partnerships: Strong 

partnerships needed with 

equipment suppliers, technical 

service providers 

• Institutional support: 

Research programs, regulatory 

frameworks recognising 

environmental benefits, 

extension services 

• Trust: Essential relationships 

among value chain 

participants 

Given the expense and risk of RAS systems, innovative 

leasing arrangements via public -private partnerships are 

required.  

The ability to overcome complexity and high capital cost for 

adoption introduces the potential for new business models 

and financing arrangements whereby “mini adoption” 

might occur through partial trialling of the system. This 

could be through partnership models allowing a wider 

range of business partners across the value chain able to 

invest in the technology, and financial arrangements that 

provide greater flexibility in securing a portion of an asset 

at a time. 

 

Horticulture: 

Precision irrigation 

and Fertigation 

Systems 

Sources: 

[21,27,30,33,62] 

• Relative advantage: 

substantial relative 

advantage through 

improved water use 

efficiency 

• Complexity: high 

complexity, requiring 

integration of multiple 

components 

• Compatibility: 

substantial changes 

required to existing 

irrigation infrastructure 

and management 

practices 

• Environmental orientation: 

Strong environmental values 

increase adoption 

• Risk tolerance: while the 

technology reduces production 

risks associated with water 

stress and nutrient deficiencies, 

it introduces new risks related 

to system failures and 

dependence on sophisticated 

equipment 

 

• Technical competence: High 

level required 

• Learning orientation: 

continuous improvement in 

sensor interpretation and data-

driven decision making 

• Barriers: Upfront capital 

requirements are 

substantial, with ongoing 

costs for sensor 

maintenance, software 

subscriptions, and technical 

support 

• Solutions: innovative 

financing mechanisms 

including equipment 

leasing, pay-per-use 

models, and government 

cost-share programs have 

emerged to address barriers 

• Research gap: Producers 

generally perceive a lack of 

sustainable, consistent 

economic advantages from 

precision agriculture 

technologies 

• Value proposition: depends 

heavily on whether water 

scarcity, regulatory 

requirements, or market 

demands create compelling 

drivers beyond pure economic 

returns 

• Market infrastructure: 

coordinated equipment 

dealers, irrigation consultants, 

and technical service providers 

significantly facilitates 

adoption 

• Partnerships: key 

partnerships between growers, 

equipment suppliers, and 

water management agencies 

are critical 

Financial barriers could be addressed through innovative 

service-based business models where specialised providers 

install, own, and manage systems, charging growers based 

on water savings achieved rather than requiring upfront 

capital investment. 

Public-private partnerships could combine government 

cost-share programs with equipment supplier financing. 

Institutional support should prioritise development of 

regional irrigation management services providing 

comprehensive technical assistance.  

Policy coherence ensuring that water pricing, 

environmental regulations, and agricultural support 

programs align to incentivise water conservation 

investments is essential. 
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4. Discussion 

4.1. Theoretical Contributions 

The EIAMF provides an analytical perspective that captures the multidimensional nature of 

adoption decisions in complex, networked production systems. By explicitly incorporating financial 

and institutional dimensions alongside traditional technology and user characteristics, the 

framework addresses significant gaps identified in recent literature reviews [6,37]. 

The EIAMF also recognizes adoption as a systemic process that requires alignment across 

multiple dimensions rather than a linear individual decision process. This perspective is particularly 

valuable for understanding adoption in business-to-business contexts where multiple actors must 

coordinate their decisions and investments for successful innovation diffusion. 

We suggest the EIAMF can be used to design research methodologies and lead to model 

development that can include a more relevant set of variables, and to quantitatively measure (e.g. 

through path analysis, Structural Equation Modeling etc.) the strengths and co-dependencies 

between factor variables and quadrants that influence adoption for specific technologies and contexts 

[5]. 

The framework also contributes to business model innovation theory by demonstrating how 

business model alignment represents a critical but often overlooked determinant of technology 

adoption in primary sectors [16,32]. Traditional adoption models focus primarily on technology 

characteristics and user attributes, implicitly assuming that viable business models will emerge 

naturally if technologies are effective and users are motivated. The EIAMF reveals that business 

model innovation—including new partnership structures, value capture mechanisms, and 

governance arrangements—often represents a prerequisite for adoption rather than a consequence of 

it, particularly for innovations requiring fundamental changes to value chain relationships or market 

structures [17]. 

Lastly, the EIAMF provides operational specificity that supports empirical research and practical 

application. The detailed variable specifications and measurement approaches enable researchers to 

operationalize the framework across diverse contexts while maintaining theoretical coherence. The 

systematic diagnostic protocols emerging from the framework offer a structured methodology for 

conducting comprehensive adoption assessments that can be standardized across studies while 

remaining adaptable to context-specific conditions. 

4.2. Implications for Practitioners 

For practitioners working to accelerate innovation adoption in primary sectors, the EIAMF offers 

several insights. First, it emphasizes that successful adoption support requires attention to all four 

construct areas rather than focusing solely on technology development or user education [64]. 

Adoption barriers may arise from financial constraints, institutional misalignment, or business model 

inadequacies even when technologies are technically superior and users are motivated. 

Second, the EIAMF provides practitioners with a diagnostic tool for conducting adoption 

assessments that systematically evaluate each quadrant and their interactions before initiating 

technology promotion efforts. Traditional adoption approaches typically identify barriers after 

adoption failures have occurred, leading to costly pivots, wasted resources, and discouraged 

potential adopters [34]. The framework enables practitioners to identify potential adoption obstacles 

early in the innovation development and dissemination process, before substantial investments are 

committed to promoting technologies that face systemic constraints. This proactive diagnostic 

capability transforms adoption support from reactive problem-solving to strategic system 

development. 

Third, the EIAMF highlights the importance of network and partnership development in 

facilitating adoption [65]. Many of the variables identified in the institutional readiness construct 

emphasize relationship quality, trust, and coordination among multiple actors. This suggests that 
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adoption support should focus on building collaborative capacity rather than simply providing 

information or incentives to individual users. The framework reveals that many adoption barriers 

cannot be overcome by individual actors regardless of their capabilities or motivations, but require 

collective action, coordinated investments, and institutional innovation that can only emerge through 

effective partnerships and governance structures [33]. 

4.3. Implications for Policy and Intervention Designers 

The EIAMF has highlighted implications for policy makers and intervention designers working 

to support innovation adoption in primary sectors. Traditional approaches that focus primarily on 

technology development and transfer may be insufficient if financial, institutional, or business model 

barriers are not addressed [14]. 

Policy interventions should be designed to address multiple framework dimensions 

simultaneously. For example, agricultural innovation programs should combine research and 

development support with financing mechanisms, regulatory reform, and market development 

initiatives [66]. Similarly, environmental programs that seek to promote sustainable practices should 

address not only technical and educational needs but also financial incentives and institutional 

arrangements that enable adoption [4]. 

5. Conclusions 

This paper has presented the Extended Integrated Adoption Model Framework that extends 

traditional adoption models to better capture the complexities of innovation adoption in primary 

sector contexts. By incorporating four key constructs—Technology Characteristics, User 

Characteristics and Learning Capacities, Financial Readiness and Enablers, and Business Models and 

Institutional Readiness—the framework provides a more comprehensive analytical lens for 

understanding and supporting innovation diffusion in agriculture, horticulture, forestry, and 

aquaculture. 

The EIAMF’s theoretical foundations draw from established innovation adoption theory while 

incorporating insights from business model innovation, institutional economics, and financial 

services literature [14–16]. This integration addresses important gaps in existing models that have 

limited their applicability in complex, networked production systems where financial constraints, 

institutional arrangements, and business model innovations play decisive roles in adoption outcomes 

[6]. 

The operational specifications provided for each construct enable empirical application while 

maintaining theoretical coherence [37]. The sectoral examples demonstrate the framework’s practical 

utility for understanding adoption dynamics across diverse primary sector contexts and highlight the 

importance of integrated approaches that address multiple constraint areas simultaneously [30]. 

For researchers, the EIAMF provides a foundation for more comprehensive adoption studies 

that can capture the full range of factors influencing innovation diffusion in primary sectors. For 

practitioners and policy makers, it offers guidance for designing more effective adoption support 

interventions that address systemic barriers rather than focusing solely on technology development 

or user education [22,64]. 

The primary sector faces unprecedented challenges that demand rapid innovation adoption and 

adaptation [1]. By providing more comprehensive analytical tools for understanding and supporting 

adoption processes, the EIAMF contributes to efforts to accelerate beneficial innovation diffusion 

while ensuring that adoption support interventions address the full range of factors that influence 

success in complex, networked production systems [14]. 

6. Future Directions 

Several important limitations should be acknowledged in the EIAMF development. First, while 

the EIAMF provides comprehensive variable specifications, future research should focus on 
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empirical validation across diverse contexts, development of measurement instruments for key 

variables, and exploration of dynamic adoption processes including adaptation, dis-adoption, and 

re-innovation [67]. Additionally, testing and adaptation of the EIAMF in both developed and 

developing countries contexts represents an important priority for expanding its global applicability. 

We acknowledge that the EIAMF’s complexity may limit its practical application in resource-

constrained settings where comprehensive assessments across all four constructs may not be feasible. 

Future work should explore simplified versions of the EIAMF that maintain analytical value while 

reducing assessment requirements. This might include development of rapid assessment protocols 

that focus on critical inter-quadrant relationships most relevant for specific innovation types, or tiered 

assessment approaches where initial screening identifies priority areas for detailed analysis [34]. 

The EAIMF also assumes that adoption is generally desirable, but some innovations may have 

negative social or environmental consequences that make non-adoption preferable. Future research 

should explore how the EAIMF can be adapted to assess not just adoption likelihood but also 

adoption desirability from broader social perspectives. This might involve adding evaluative 

dimensions that assess who benefits and who bears costs from adoption, and whether adoption 

patterns exacerbate or reduce existing inequalities [2]. 

Finally, while the EAIMF acknowledges that adoption is an ongoing process, it does not fully 

capture the dynamics of adaptation, dis-adoption, and re-innovation that characterize many 

innovation pathways [38,39]. Future research should explore how the EIAMF can be extended to 

capture these dynamic processes. This temporal dimension is particularly important in primary 

sectors where adoption often involves long-term commitments, substantial learning curves, and 

evolving institutional and market conditions that may fundamentally alter the viability of 

innovations over time. 
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Appendix A. Proposed Variables 

Table A1. Technology Characteristics variables. 

Variable Description/Example Example Measure Notes 

Relative 

Advantage 

Perceived improvement 

over current practice, 

including economic, social, 

or environmental benefits. 

“Compared to current practices, 

this innovation will improve 

productivity/profitability/sustainab

ility”; Return on Investment (ROI); 

Payback Period; Carbon footprint 

reduction (%); Yield increase. 

Crucial for initial interest and 

sustained adoption. Can be 

quantitative (e.g., yield increase) 

or qualitative (e.g., improved 

quality of life). Measured in terms 

that matter to the specific users.  

Compatibility Perceived consistency with 

existing values, needs, prior 

experiences, infrastructure, 

and operational practices. 

“This innovation fits well with my 

existing equipment and 

values/farm management system”; 

Degree of change required in 

current practices (qualitative 

assessment); Integration cost with 

existing systems. 

High compatibility reduces 

perceived disruption and 

facilitates easier integration. 

Innovations incompatible with 

existing values or practices will 

not be adopted as rapidly.  

Complexity Perceived difficulty of 

understanding, learning, 

and using the innovation. 

“This innovation is difficult to 

understand and use”; Training 

hours required; Number of steps in 

implementation process; Perceived 

ease of use.  

High complexity can be a 

significant barrier, especially for 

resource-constrained adopters. 

Trialability Ease of experimenting with 

the innovation on a limited 

basis before full adoption. 

Percentage of users able to test 

innovation at small scale; 

Availability of pilot programs or 

demonstration sites; Cost of trial.  

Reduces perceived risk and 

allows adopters to gain direct 

experience. 

Observability Visibility of the results and 

benefits of the innovation 

to others. 

“I can easily see the results of this 

innovation on other 

farms/forests/aquaculture sites”; 

Number of demonstration farms; 

Peer-to-peer learning 

opportunities.  

Facilitates social learning and 

reduces uncertainty for potential 

adopters. 

Reversibility Ease of switching back to 

prior practices if the 

innovation proves 

unsatisfactory. 

“I could easily revert to prior 

practices if needed”; Cost of dis-

adoption; Time required to revert.  

Low reversibility increases 

perceived risk and can deter 

adoption. 

Cost (Upfront 

& Ongoing) 

Initial investment costs, 

operational costs, 

maintenance costs, and 

potential hidden costs. 

Upfront and ongoing financial 

cost; Total Cost of Ownership 

(TCO); Cost per unit of output.  

A critical financial barrier, 

especially in capital-intensive 

primary sectors. 

Security Concerns over data 

privacy, cybersecurity risks, 

and physical security 

implications of the 

innovation. 

“Using this innovation exposes me 

to data/security risks”; Number of 

reported security breaches (if 

applicable); Compliance with data 

protection regulations.  

Increasingly important for digital 

technologies and data-driven 

innovations. 

Uncertainty/R

isk 

(Technical) 

Perceived operational risk, 

reliability, and consistency 

of the innovation’s 

performance. 

“I am uncertain about the 

consistent performance of this 

innovation”; Variance in 

performance metrics; Frequency of 

technical failures.  

High uncertainty can deter risk-

averse adopters. 
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Technical 

Performance 

Objective measures of the 

innovation’s efficiency, 

reliability, quality of 

results, and output. 

Objective measures of performance 

reliability (e.g., uptime, yield 

increase, disease reduction); Error 

rate; Throughput.  

Directly impacts the perceived 

benefits and effectiveness of the 

innovation. 

Environmenta

l and Social 

Impact 

Perceived positive or 

negative impacts on the 

environment and 

community. 

“This innovation has positive 

impacts on the 

environment/community”; 

Reduction in greenhouse gas 

emissions (%); Water usage 

reduction (%); Job 

creation/displacement.  

Growing importance due to 

sustainability concerns and 

corporate social responsibility. 

Technical 

Fit/Interopera

bility 

Compatibility and seamless 

integration with existing 

technical systems, 

equipment, and software. 

“This innovation integrates 

seamlessly with my current 

systems”; Number of interfaces 

required; Compatibility standards 

met.  

Essential for avoiding system 

fragmentation and ensuring 

smooth operations. 

Adaptability/

Scalability 

Ease with which the 

innovation can be 

modified, expanded, or 

adapted to different scales 

of operation or changing 

conditions. 

Ease of customization (qualitative); 

Scalability potential (e.g., small 

farm to large enterprise); 

Modularity of components.  

Important for long-term relevance 

and broader applicability across 

diverse primary sector operations. 

Table A2. User characteristics and Learning Capacities variables. 

Variable Description/Example Example Measure Notes 

Profit Orientation The degree to which an adopter 

prioritizes financial gains and 

economic efficiency in decision-

making. 

Focus on financial outcomes; 

Investment in profit-maximizing 

technologies; Use of financial 

planning tools.  

Highly influential in 

capital-intensive 

primary sectors. 

Environmental 

Orientation 

The degree to which an adopter 

prioritizes environmental 

sustainability and ecological 

stewardship. 

Focus on sustainability outcomes; 

Adoption of eco-friendly 

practices; Certification in 

environmental standards.  

Growing importance 

due to climate change 

and consumer 

demand for 

sustainable products. 

Risk Aversion Tendency to avoid or minimize 

exposure to uncertainty and 

potential losses. 

“I prefer practices with 

guaranteed outcomes over 

potentially higher but uncertain 

returns”; Insurance uptake; 

Diversification of activities.  

High risk aversion 

can deter adoption of 

novel, unproven 

innovations. 

Openness to Change General receptiveness to new 

ideas, practices, and 

technologies. 

“I am generally open to trying 

new practices and technologies”; 

History of early adoption; 

Participation in innovation 

workshops.  

A key psychological 

trait influencing 

willingness to 

innovate. 

Prior 

Knowledge/Experience 

Familiarity with similar 

innovations, technologies, or 

management practices. 

Years of experience with related 

technologies; Scores on 

knowledge tests; Participation in 

training programs.  

Reduces perceived 

complexity and 

uncertainty, 

facilitating adoption. 

Learning Orientation Willingness and capacity to 

invest time and effort in 

“I am willing to invest in learning 

new skills for this innovation”; 

Crucial for adapting 

to complex 
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acquiring new knowledge and 

skills. 

Participation in extension 

services; Engagement in peer 

learning groups.  

innovations and 

continuous 

improvement. 

Cultural 

Identity/Value 

Alignment 

The extent to which the 

innovation aligns with the 

adopter’s cultural values, 

beliefs, and social norms. 

Alignment with cultural practices 

(e.g., Māori governance, 

traditional practices); Perceived 

impact on community values. 

Particularly relevant 

in diverse cultural 

contexts within the 

primary sector. 

Social Identity/Peer 

Group Influence 

The influence of belonging to 

specific social or professional 

groups on adoption decisions. 

Alignment with identity groups 

(e.g., industry peer groups, 

farmer associations); Perceived 

adoption by opinion leaders.  

Strong influence of 

social networks and 

demonstration 

effects. 

Peer Network 

Embeddedness 

The degree of participation and 

integration within informal and 

formal peer networks. 

Number of active memberships 

in farmer groups; Frequency of 

interaction with peers; Role as an 

opinion leader.  

Facilitates knowledge 

exchange, social 

learning, and trust 

building. 

Social Norms Perceived expectations and 

behaviors of important others 

(e.g., family, neighbors, industry 

leaders). 

“Most farmers in my area are 

adopting this innovation”; 

Perceived social pressure to 

adopt.  

Can significantly 

drive or hinder 

adoption through 

conformity. 

Subjective Norms The perceived social pressure to 

perform or not perform a 

behaviors, influenced by specific 

individuals or groups. 

Influence from key opinion 

leaders; Recommendations from 

trusted advisors.  

Similar to social 

norms but focuses on 

specific influential 

figures. 

Attitudes toward 

Innovation 

General positive or negative 

predisposition towards 

innovations in general or a 

specific innovation. 

“I have a positive attitude 

towards new technologies in 

farming”; Affective (emotional) 

and cognitive (belief) 

components.  

Directly impacts 

adoption intention 

and behaviors. 

Trust in 

Technology/Providers 

Degree of trust in the 

innovation’s reliability, the 

provider’s credibility, and the 

information sources. 

“I trust the information provided 

about this innovation”; 

Reputation of technology 

provider; Perceived 

transparency.  

Reduces perceived 

risk and uncertainty. 

Self-Efficacy Perceived ability to successfully 

perform the actions required to 

use the innovation. 

“I am confident in my ability to 

use this innovation successfully”; 

Prior success with similar tasks; 

Access to training and support.  

A strong predictor of 

adoption and 

sustained use. 

Access to Information The availability and accessibility 

of relevant, timely, and 

trustworthy information about 

the innovation. 

Number of information sources 

accessed; Perceived quality of 

information; Participation in 

extension programs.  

Crucial for reducing 

uncertainty and 

building knowledge. 

Decision-making 

power 

Accountability level for the 

decision 

“I am accountable for decisions 

made within my family/ 

company” 

Perceived behavioral 

control and perceived 

accountability 

Table A3. Financial readiness and Enablers variables. 

Variable Description/Example Example Measure Notes 

Upfront Capital 

Requirements 

The amount of initial investment 

needed to acquire and 

implement the innovation. 

Initial investment cost; 

Percentage of total farm 

assets required.  

A major barrier, especially 

for small and medium-sized 
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enterprises (SMEs) in the 

primary sector. 

Availability of 

Subsidies/Incentives 

Presence and accessibility of 

financial supports from 

government, industry, or other 

organizations. 

Amount of grant/subsidy 

available; Eligibility criteria 

met; Ease of application 

process.  

Can significantly de-risk and 

incentivize adoption. 

Trial Financing/Pilot 

Funding 

Availability of specific financial 

support for testing or piloting 

the innovation on a limited 

scale. 

Availability of dedicated 

trial funds; Success rate of 

pilot projects.  

Reduces the financial risk 

associated with initial 

experimentation. 

Cost Structure Fit Whether the innovation’s cost 

structure aligns with the 

adopter’s existing cash flow, 

revenue cycles, and financial 

planning. 

Alignment with seasonal 

cash flow (qualitative); 

Impact on working capital; 

Need for external financing.  

Mismatch can lead to 

liquidity issues, even if the 

innovation is profitable long-

term. 

Revenue Model 

Fit/Value Capture 

How the innovation generates 

revenue or cost savings for the 

adopter, and how well this 

aligns with their existing 

business model. 

New revenue streams 

generated; Cost savings 

achieved; Impact on 

existing revenue streams.  

Ensures the innovation is not 

just technically viable but 

also economically 

sustainable. 

Risk Sharing 

Mechanisms 

Availability of mechanisms to 

mitigate financial risks 

associated with the innovation 

(e.g., insurance, guarantees, joint 

ventures). 

Availability of crop 

insurance, price insurance; 

Participation in risk-sharing 

cooperatives; Public-private 

partnerships (PPPs). 

Crucial for reducing 

perceived financial risk, 

especially for novel or 

climate-sensitive 

innovations. 

Perceived Financial 

Risk 

The adopter’s subjective 

assessment of the financial 

uncertainty and potential losses 

associated with the innovation. 

“I am uncertain about the 

financial returns of this 

innovation”; Perceived 

variability of returns; 

Likelihood of financial loss.  

Influenced by objective risk 

but also by individual risk 

aversion. 

Transaction Costs 

(Financial) 

Costs associated with accessing 

finance, such as application fees, 

legal costs, and time spent on 

administrative processes. 

Time spent on loan 

applications; Fees for 

financial services; 

Complexity of financial 

agreements.  

Can be a hidden barrier, 

especially for small-scale 

producers. 

Affordability/Budget 

Constraints 

The perceived ability of the 

adopter to bear the financial 

burden of the innovation within 

their current budget. 

Perceived affordability; 

Debt-to-equity ratio; 

Available discretionary 

income.  

Even if profitable, an 

innovation might be 

unaffordable if capital is 

constrained. 

Payback 

Time/Return on 

Investment (ROI) 

The expected period to recoup 

the initial investment, or the 

financial return generated 

relative to the investment. 

Payback period (years); ROI 

(%); Net Present Value 

(NPV); Internal Rate of 

Return (IRR).  

Key metrics for evaluating 

the financial attractiveness 

and viability of an 

investment. 

Access to 

Credit/Capital 

The availability of and ability to 

secure loans, equity, or other 

forms of capital for innovation 

adoption. 

Loan approval rates; 

Interest rates; Collateral 

requirements; Relationship 

with financial institutions.  

Direct access to funding is 

fundamental for capital-

intensive innovations. 

Government 

Financial Support 

Direct financial assistance or tax 

incentives provided by 

government bodies to encourage 

specific innovation adoption. 

Tax credits for innovation; 

Subsidies for sustainable 

practices; Grants for R&D.  

Policy instruments that 

directly influence the 

financial landscape for 

adopters. 
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Table A4. Business Models & Institutional Readiness variables. 

Variable Description/Example Example Measure Notes 

Value Proposition 

Strength 

The clarity, attractiveness, and 

distinctiveness of the value 

offered by the innovation to 

various stakeholders in the 

value chain. 

Perceived value by 

customers/partners; Market 

demand for the innovation’s 

output; Differentiation from 

alternatives.  

A strong value proposition 

is essential for market 

acceptance and business 

model viability. 

Portfolio alignment The fit with current strategic 

direction and portfolio 

Relatedness to current 

objectives and product 

stable 

A strong portfolio 

alignment reduces risk and 

effort required to reposition 

in order to adopt 

Channels/Distribution How effectively the innovation 

is promoted, delivered, and 

made available to target 

adopters and markets. 

Number and effectiveness of 

distribution channels; 

Accessibility of the 

innovation; Marketing 

reach.  

Efficient channels reduce 

friction in adoption and 

market penetration. 

Customer 

Relationships 

The nature and quality of 

interactions between the 

innovation provider/adopter 

and their 

customers/stakeholders. 

Level of customer support 

and engagement; Customer 

satisfaction scores; Repeat 

business.  

Strong relationships build 

trust and facilitate feedback 

for innovation refinement. 

Key Partnerships The presence and effectiveness 

of collaborations with aligned 

partners across the value chain 

(e.g., suppliers, processors, 

retailers, research institutions). 

Number and quality of 

strategic partnerships; Joint 

ventures; Collaborative 

agreements.  

Crucial for sharing 

resources, knowledge, and 

risks in complex value 

chains. 

Governance 

Structures 

The formal and informal rules, 

decision-making processes, and 

power dynamics within 

organizations and networks 

that influence innovation 

adoption. 

Role of cooperatives, 

industry associations, iwi 

trusts, catchment groups; 

Centralized vs. 

decentralized decision-

making.  

Can facilitate or hinder 

collective action and 

resource allocation for 

innovation. 

Contractual 

Security/Legal 

Framework 

The existence of clear, 

enforceable contracts and a 

supportive legal framework 

that secures market access, 

intellectual property, and 

investment. 

Presence of formal contracts; 

Legal protection for new 

practices; Regulatory clarity.  

Reduces uncertainty and 

encourages investment in 

new business models. 

Certification & 

Standards Barriers 

Requirements, certifications, or 

standards that may restrict 

market access or increase the 

cost/complexity of adoption. 

Number of certifications 

required; Cost of 

compliance; Time to achieve 

certification.  

Can act as significant non-

tariff barriers or enablers 

depending on alignment. 

Actor Network 

Dynamism/Flexibility 

How open, flexible, and 

adaptive the network of actors 

(e.g., farmers, researchers, 

policymakers) is to new ideas 

and collaborations. 

Degree of network 

openness; Speed of 

information flow; 

Adaptability to change.  

Dynamic networks foster 

innovation and rapid 

diffusion. 

Institutional 

Alignment/Policy 

Support 

Whether public agencies, 

policies, and regulatory 

frameworks actively support 

Presence of supportive 

policies (e.g., R&D funding, 

extension services, land use 

Government and 

institutional support can 
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and enable the adoption of the 

innovation. 

regulations); Policy 

coherence; Regulatory 

burden.  

significantly de-risk and 

accelerate adoption. 

Trust in Partners & 

Institutions 

The level of trust among actors 

within the value chain and in 

the governing institutions. 

Perceived trustworthiness of 

suppliers, buyers, 

government agencies; 

Reputation of industry 

bodies.  

High trust reduces 

transaction costs and 

facilitates collaboration. 

Market Infrastructure 

Readiness 

The availability and quality of 

physical and digital 

infrastructure necessary to 

support the innovation (e.g., 

broadband, processing 

facilities, transport). 

Access to high-speed 

internet; Availability of 

specialized processing 

plants; Logistics efficiency.  

Essential for scaling up and 

integrating innovations into 

the broader economy. 

Social License to 

Operate 

The ongoing acceptance of an 

innovation or project by local 

communities and stakeholders. 

Community acceptance 

(qualitative); Public 

perception surveys; Absence 

of social opposition.  

Crucial for long-term 

sustainability and avoiding 

social conflicts. 
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