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Abstract: The prospective studies applied to the plantain sector are extensive, but they are not directly related 
to innovation models. Therefore, this article proposes an Innovation Management Model for this chain and, 
specifically, for the one located in the department of Quindío-Colombia. The methodology employed combines 
stakeholder engagement, prioritization of variables, a comprehensive literature review, and model validation. 
The study identifies critical variables essential for fostering agricultural and technological innovation across 
platforms and projects, enhancing capacity development, and promoting research, development, and 
innovation (R&D&I) activities. Furthermore, it examines supply chain dynamics, innovation management 
processes, knowledge and technology integration, and the adaptation of business models for sustainable 
development, alongside environmental impact assessments. Initially, 53 variables were identified in the input 
stage, 36 in the transformation component, and 31 in the output stage. The analysis of priority variables 
revealed significant gaps in leadership and strategic capacity, resource availability, agricultural innovation, 
market competitiveness, information and communication technologies, regulatory compliance, and network 
resilience. These gaps profoundly affect creativity, innovation, and sustainability within Colombia’s plantain 
sector. 

Keywords: innovation management model; plantain agro-industry; sustainable development; 
research and development 
 

1. Introduction 

The plantain and plantain sectors in Colombia are experiencing significant growth, underscoring 
their role as cornerstones of the national economy and exemplifying the country’s agricultural 
potential. Plantains (Musa paradisiaca, AAB) and plantains (Musa paradisiaca, AAA) are vital 
agricultural products, providing essential food sources and employment opportunities for many 
developing countries, including Colombia. This cultivation is crucial for the income of producers, as 
well as for the economic stability of other stakeholders and, in particular, suppliers and marketers. 

The importance of this agro-industrial chain is highlighted by its production and marketing 
statistics. According to data from the Greenland Group, Banacol—part of this conglomerate—
exported 14.1 million boxes of bananas and 770,000 boxes of plantains in 2023. Notably, banana 
production increased by 2% in 2020, with a corresponding rise in planted area by 1%, resulting in a 
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total output of 4,279,833 tons across 460,807 hectares. By 2021, production figures approached 4.4 
million tons over approximately 465,000 hectares, as reported by UPRA. The national average yield 
per hectare has also shown improvement, rising from 7.9 tons per hectare in 2007 to 10 tons per 
hectare in 2020, significantly exceeding the global average yield of 7 tons per hectare in 2018. 

 

Figure 1. Indicators of Production Area and Yield per Hectare Planted (left vertical axis) and 
Number of Tons (right vertical axis). Note: The blue line represents the total area planted in hectares, 
while the orange line represents total production in tons. Source: [3]. 

 

Figure 2. Yield in Tons per Hectare. Source: [3]. 

In Colombia, four primary regions are recognized as major producers of plantains: Urabá, 
Northeast Antioquia, the central region, and the Eastern Plains. Antioquia leads in production, 
accounting for 14% of the total area cultivated—approximately 61,000 hectares. The plantain crop is 
the most widely cultivated fruit in Colombia, constituting an integral part of the national food basket 
and serving as a cornerstone for food security. The dominant varieties include Dominico Hartón, 
Hartón, Dominico, and Cachaco. Current estimates for 2024 may vary based on the latest data from 
governmental and agricultural institutions; however, Colombia consistently ranks among the world’s 
top plantain producers, particularly in regions like Urabá, Magdalena, and Valle del Cauca. Recent 
analyses by the Colombian Horticultural Association indicate a notable 16% increase in plantain 
exports in January 2024, totaling 9,756 tons, production above January 2023. 

Amid these developments, there is a growing interest in applying concepts, methodologies, 
techniques, and tools related to innovation management within organizations. Innovation 
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Management Models (IMMs) have gained prominence, both in theoretical discourse and practical 
applications within businesses. This trend reflects an urgent need to align innovation strategies with 
organizational structures and management models, fostering a cohesive connection between 
research, development, and innovation processes with the functions inherent to innovative 
management. This dynamic is particularly salient for organizations within the agro-industrial chains 
in the Armenia-Quindío region, where effective integration of innovation is critical for success and 
sustainability. Consequently, the proposal of an IMM aimed at enhancing Science, Technology, and 
Innovation (CTEI) within the plantain sector emerges as a strategic initiative to bolster development 
and competitiveness in this field. 

2. Theoretical Framework 

2.1. The Context of the Plantain Agro-industrial Chain in Colombia 

The concept of a productive chain encompasses diverse interpretations and definitions [5–9]. It 
is crucial to clarify that a productive chain is distinct from a value chain or a supply chain. The term 
“productive chain” originated in Latin America during the 1990s, reflecting collaborative efforts 
among various production links, as well the development of State policies to support the actors in 
the chain [9]. In legal terms, it should be noted that Law 811 of 2023 established clear rules for the 
organization of agro-industrial chains in Colombia and defined that a chain corresponds to a series 
of interconnected economic and technical activities for the benefit of the different actors [10]. 

In Colombia, this agri-food chain is made up of various actors ranging from producers to 
research centers. Among the government actors, it is important to highlight two entities: the National 
Learning Service (SENA) and the Colombian Agricultural Institute (ICA). The latter entity has several 
agricultural development centers, distributed in different Colombian territories. In addition, the 
chain has the support of the International Center for Tropical Agriculture (CIAT), Asohofrucol, 
agricultural secretariats and regional autonomous corporations. 

The National Competitiveness Agreement for the Chain, signed in 2010 and subsequently 
updated for the period 2011-2020, established a mission and vision predicated on productivity 
indicators. In 2015, this production chain, thanks to research and genetic development, underwent 
significant changes, such as a greater increase in production per hectare (from 7.3 to 10.0 tons), a 
decrease in costs and greater productivity, which represented an increase of 4% to 10% in exports.  

Projections for 2025 indicate that the plantain production chain in Colombia is poised to reach 
unprecedented levels of productivity and competitiveness, with anticipated yields of 12 tons per 
hectare, a 10% reduction in production costs, a stabilized cultivated area of 750,000 hectares, and an 
allocation of 12% of production for international markets. These advancements are expected to 
significantly enhance the living and working conditions of producers. The chain is expected to advise 
the government on issues of continuous improvement in the sector, while serving as a facilitator and 
coordinator among stakeholders to strengthen business operations and achieve the outlined 
objectives for 2015 and 2025. 

Globally, and in terms of gross production value, plantain ranks fourth, with India as the largest 
producer (30.5 million tons per year). Ecuador is the main exporter and captures a substantial share 
of the global plantain trade. Colombia ranks fifth in global production, with the Dominican Republic 
achieving the highest yield worldwide at 21.7 tons per hectare. Africa accounts for approximately 
60% of global plantain production, totaling around 24 million tons, followed by the Americas, which 
produce 27%, equating to 10.5 million tons. 

In Colombia’s coffee-growing region of Quindío, there are around 30 plantain processing 
industries, which predominantly produce green and ripe plantain snacks, pre-cooked items, frozen 
products, and flours [11]. The plantain (Musa paradisiaca L.) is a cornerstone of Colombia’s 
agricultural economy, contributing approximately 0.4% to the nation’s Gross Domestic Product, 
ranking third after coffee and flowers [12]. According to the Colombian Banana Association -Augura-
, cited by [13], the main variety cultivated is the “hartón”, followed by others that are linked to local 
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and regional characteristics, such as “pelipita”, “dominico”, “cachaco”, “dominico hartón” and 
“popocho”. 

2.2. Foresight 

Foresight, as defined by [14], involves both preactive and proactive anticipation, which informs 
present actions by illuminating possible and desirable futures. This approach emphasizes the 
importance of preparing for anticipated changes, while still retaining the capacity to react in ways 
that can catalyze desired transformations. Furthermore, [15] suggests that technology foresight 
encompasses systematic efforts to not only identify emerging technologies, but also actions to 
address, in the near future, the volatilities and uncertainties of the sector.  

One of the most widely utilized methods for conducting future studies is the Delphi Method. 
Named after the ancient Greek town of Delphi, known for its oracle through which predictions from 
the god Apollo were conveyed, the Delphi Method has become synonymous with forecasting [16,17]. 
This technique gathers relevant and direct information through consultations with experts, typically 
via questionnaires or interviews, to achieve a reliable consensus of opinions [18]. 

According to [19], the DM originated between the years 1940 and 1960, and its origins 
correspond to the work of the Corporation in Research and Development -RAND-, located in Santa 
Monica, United States. This method was, in its beginnings, applied to military exercises and, 
specifically, during the Cold War, in order to avoid possible war actions by the Soviet Union [21–23]. 

The original Delphi method (DM) was developed to address a specific problem for the US Air 
Force, focusing on forecasting military potential by consulting experts [23]. Since its inception, the 
DM has been applied across various sectors, regions, countries, and organizations worldwide, 
particularly in the domains of technology and innovation [24,25]. Over time, the method has evolved, 
with recent applications often aligning more closely with a “modified Delphi” approach. This version 
is characterized by guaranteeing anonymity, presenting options and carrying out a smaller number 
of rounds for analysis [26]. The DM collects expert assessments on trending topics that are related to 
different themes. Finally, and in order to contrast the information, at least two rounds are carried out 
using questionnaires [27]. 

In its classical form, the DM facilitates efficient communication among experts who remain 
anonymous to one another, thus enabling the resolution of complex problems [28]. Furthermore, [29] 
identifies four foundational principles of the method: 1. Anonymity of participants; 2. Iterative 
rounds of questioning; 3. Controlled feedback, allowing participants to critique each other’s 
judgments; and 4. Statistical aggregation of group responses, providing descriptive statistics of 
quantitative judgments after each round. This anonymity empowers each expert to contribute their 
judgments freely, involving two rounds of inquiry accompanied by corresponding comments. 
Experts receive statistical results from the first round, which inform their responses in the second 
round, gradually moving towards consensus [30,31]. 

For [32], the DM “poses a question and invites a highly qualified group of experts to offer their 
opinions or solutions, with the process carried out anonymously” (p. 32). McKinnon et al. (2001), 
cited in [17], pointed out that this method is interactive, since it appeals to a panel of experts, and 
constitutes a flexible element to reach consensus and seek solutions to the problems or sectors where 
it is applied [33]. 

DM, according to Leon and Montero (2006), cited in [26] and [34], is a data collection method 
that allows geographically dispersed experts to converge on a topic of interest and involves the 
application of questionnaires for decision making on complex issues. Fitch et al., 2001 and Hunter, 
1995, cited in [35], emphasize that this is a method that facilitates a greater understanding of the issues 
addressed in research. DM identifies four key characteristics: interaction, anonymity, statistics and 
feedbackand [22] and [25]. 

Different authors mention a series of stages in the DM, which correspond to delimitation, 
document review, proposal of variables, sending and receiving responses for, in particular, the two 
rounds with their respective questionnaires, followed by statistical analysis and writing the final 
report [36]. The original DM overcomes discussions that do not lead to any result and structures the 
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debate around the processes and procedures, among which the two rounds stand out and the results 
are always the product of consensus [37]. 

Modifications to the DM can be specific to the project or adapted to specific circumstances, given 
that it seeks to achieve results that are the product of consensus and not imposition (Turolf, 1975, 
cited in [38]). A notable distinction of the MDM is its typically reduced number of rounds; while the 
original DM often involves three or more rounds, the modified version usually conducts only two. 
This adjustment addresses several practical considerations: the Delphi process can be lengthy and 
costly for both researchers and experts, each phase demands significant time investment, and 
maintaining an acceptable response rate becomes increasingly challenging. By limiting the process to 
two rounds, the MDM helps sustain panelists’ interest, focusing on reaction to a topic rather than its 
initial generation and aiming for agreement rather than topic construction [26]. 

3. Materials and Methods 

For this study it was necessary to apply different information gathering techniques, such as 
surveys, consultation with interest groups and comparison of results, based on secondary sources 
from specialized databases (Google Scholar and Scopus), as well as consultation of tertiary sources 
(reports, statistical documents, among others).  

The methodological framework unfolds across four fundamental phases, which are 
meticulously detailed in the accompanying figure (see Figure 3). 

 

Figure 3. Phases of the Proposed Methodology. Source: Developed from [39]. 

3.1. Phase 1: Specialized Literature  

At this stage, a comprehensive review of management and innovation models was carried out 
with emphasis on the chain studied. The inquiry utilizes various academic databases, including 
Scopus and Google Scholar. 

The search concentrated on innovation management models applicable to the plantain industry. 
For the review, the PRISMA protocol was used (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) This involved applying standardized steps that included defining research 
questions, establishing inclusion criteria, identifying information sources, outlining search strategies, 
executing selection processes, and evaluating the quality of the data obtained [40,41]. 

For this study, the following phases were proposed: the identification of Critical Monitoring 
Factors (CMFs), which encompass the proposed research questions, relevant descriptors or 
keywords, and the specific conditions of the study (see Table 1). 

Table 1. Critical monitoring factors. 

Topic Subtopics Key descriptors Conditioning factors 
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An innovation 
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developed for the 

plantain sector, focused 

on facilitating decision-

making in innovation 

and technology, and on 

generating ideas that 

drive significant 

changes in business 

strategy and structure.  

 

Identification of 

input variables, 

output 

transformation 

for the 
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MGI.  

Innovation 

management 

 

Innovation 

management models as 

a structural or 

conceptual framework 
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management of said 
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organization of 

resources and 

processes 

 

Agricultural sector 

(Plantain or Musa).  

 

 

 

Study only research on 

innovation management 

models and innovation 

models. 

 

Source: Own elaboration (2024). 

Table 2 (Search equation applied in Scopus for the banana sector) presents the equations 
formulated from the review of specialized literature, which covers a range of articles related to 
innovation management models and broader innovation frameworks.This collection of information 
allows us to establish relevant variables essential for the formulation of innovation management 
models that are classified into three components: input, transformation and output. 

Table 2. Search Equation Applied in Scopus for the Plantain Sector. 

Equations Number 

of 

Articles 

Related 

Articles 

TITLE-ABS-KEY (innovation AND model AND plantain AND 

plantain AND Musa) 

6 6 

TITLE-ABS-KEY (innovation AND management) AND (plantain) 

AND plantain AND Musa 

60 20 

TITLE-ABS-KEY (“innovation management”) AND plantain OR 

“musa” 

29 6 

Source: Developed by the authors, using Scopus (2024). 

Using the same keywords, additional searches were conducted on Google Scholar, which 
resulted in the following related articles (see Table 3). 
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Table 3. Search Equation in Google Scholar for the Plantain Sector. 

Key Words Number of 

Articles 

Related Articles 

Innovation management models and innovation 

models. 

40 10 

Source: Prepared by the authors, using Google Scholar (2024). 

The search for articles pertaining to innovation management models and innovation 
frameworks yielded a total of 40 publications, of which 10 were found to be directly relevant to the 
study (see Table 4). 

Table 4. Selection of inclusion and exclusion concepts. 

Inclusion criteria Exclusion criteria 

 

Research or texts that analyze key variables 

related to the plantain agro-industrial chain 

Research that focuses on other crops or agro-

industrial chains that are not directly related to 

plantains 

Studies that focus on the development or 

prioritization of an Innovation Management 

Mechanism (MGI) within the agro-industrial 

sector, specifically for plantains.  

 

Studies that do not address the prioritization of 

an MGI or that deal only with general aspects 

of the agro-industrial chain without a link to 

the CTEI. 

Articles or research that explore how MGI can 

influence Science, Technology and Innovation 

(STEI) within the agro-industrial chain. 

Texts that analyze only the production or 

commercialization of plantains, without 

including innovation or technological 

management approaches 

Source: Own elaboration (2024). 

3.2. Phase 2: Identification of variables with Likert Scale 

In this phase, the objective was to prioritize the variables identified for the innovation 
management model specific to the plantain sector through the application of a Likert scale. These 
variables were categorized into three groups: input, transformation, and output. This systematic 
approach enabled the identification of key variables deemed most significant by participants, thereby 
highlighting critical areas of focus within innovation management. 
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3.3. Phase 3: Prioritization of Variables for the IMM Using the Likert Scale and Analysis of Congruence  
and Relevance Indexes 

The goal of this phase was to assess the relevance and coherence of questions pertaining to key 
variables in the innovation management model for the plantain sector, employing specific indexes 
for evaluation. Additionally, three conceptual graphic models were developed to visually represent 
the relationships and outcomes associated with these variables across different performance levels: 
excellent, good, average, and poor. 

3.4. Phase 4: Development of the Proposal for the IMM Design 

This final phase focused on selecting the most suitable IMM for the plantain sector, guided by 
the prioritization of variables identified in the previous phases. Efforts were made to align these 
prioritized variables within the chosen innovation management model to ensure effective and 
coherent implementation. 

3.5. Selection of articles 

Equation 1, which employed specific terms such as “innovation,” “model,” “plantain,” and 
“Musa,” retrieved 6 articles, all of which were highly relevant but focused on a more limited area of 
research. In contrast, Equation 2, with a broader focus on “innovation” and “management” in relation 
to plantains, yielded 60 articles, of which only 20 were relevant, indicating lower precision. Finally, 
Equation 3, utilizing more general terms and the operator “OR,” generated 29 articles, but only 6 
were relevant, suggesting an even less precise search. 

Additionally, the search conducted in Google Scholar using the keywords “innovation 
management models” and “innovation models” for the plantain sector produced a total of 40 articles, 
of which only 10 were directly related to the topic of interest. 

Below, Figure 4 presents the PRISMA 2020 process flow to select the final documents. 

 

Figure 4. PRISMA flow diagram. Source: Own elaboration (2024). 

4. Results 

4.1. Phase 1 

After selecting relevant articles, a review was conducted to define variables that could influence 
the development of the model. The analysis of the specialized literature yielded 32 Scopus articles, 
which provided useful variables for the banana sector. Among the key aspects identified were the 
authors, titles, variables or characteristics of the model, as well as the publications [42–63]. 

The interconnected complexity of the agricultural sector and the multiple facets influencing its 
development and sustainability were emphasized. Fundamental aspects such as entrepreneurial 
skills and sustainable models for agricultural capacity development emerged as essential foundations 
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for enhancing efficiency and competitiveness. Both agricultural and technological innovations were 
identified as common threads. 

The inclusion of social and gender variables highlighted the importance of ethical and equitable 
considerations in agricultural innovation. Variables related to research and development, along with 
market strategies, indicated the importance of a solid knowledge base and effective connections 
between farmers, institutions, and markets. The creation of prototypes and virtual experimentation 
illustrated the necessity for innovative and technological approaches to enhance farming practices. 
Additionally, business development initiatives and international collaborations, along with a focus 
on sustainable practices, consolidated a comprehensive vision for equitable, sustainable, and 
innovative agricultural development. 

Conversely, the analysis of specialized literature in Google Scholar yielded 10 articles, 
recognizing similar aspects identified in Scopus [63,64]. The variables identified for the plantain 
sector within this database encompassed crucial dimensions for sustainable development, value 
chain efficiency, and innovative management. Government export policies, value addition, and 
quality were highlighted as key factors for international competitiveness. Comprehensive resource 
management emphasized the need for sustainable agricultural practices, while product 
diversification and social innovation sought new business opportunities through participatory 
approaches. 

In the technological domain, the adoption of advances was deemed essential for enhancing agro-
industrial efficiency. The human dimension—encompassing talent management and corporate social 
responsibility—was identified as crucial for the success of innovation and sustainable development. 
In agricultural innovation, practices related to crop management, new cultivars, and crop 
management systems were considered vital for addressing climate challenges. A variety of 
innovation approaches, including incremental, radical, and technological innovations, alongside 
creativity techniques, were noted as drivers of progress in the sector. Economic variables underscored 
the importance of the plantain agro-industry as a key engine for growth and employment. Social 
dimensions, such as social and environmental responsibility, social capital, and technology transfer, 
emphasized the need for ethical and community considerations in agricultural innovation. 
Collectively, these variables provide a comprehensive framework to guide strategies and policies 
toward effective development and innovation in plantain cultivation. 

4.2. Phase 2 

This section presents the analysis of results obtained from the initial survey, which included 
responses from six experts. The results were tabulated, and the following values were calculated: 
Winning-priority variables (mode 4 or 5 with consensus above the thematic group average), non-
winning variables (mode 0, 1, or 2 with consensus above the thematic group), and variables under 
discussion (the remaining variables). 

With respect to the variables collected during the input phase for the plantain sector, the data 
were organized (see Table 5), where the results obtained from the surveys carried out on the experts 
are presented, with a total of 27 variables evaluated. 

Table 5. Calculations for Input Variables for the Plantain Sector. 

Variables  Mode Modal Frequency Consensus 

Percentage (5) 

1) Creativity 4 3 50% 

2) Leadership 5 4 67% 

3) Financing, personnel, and facilities 

resources 

5 3 50% 

4) Competitiveness 5 4 67% 

5) Types of innovation 5 3 50% 
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6) Capacity development 4 4 67% 

7) Innovation Management System (IMS) 4 3 50% 

8) Innovation management models 5 3 50% 

9) Government policies and regulations 5 3 50% 

10) Technological development and key 

technologies 

5 3 50% 

11) Management functions 4 3 50% 

12) Customer and consumer demand 4 3 50% 

13) Benchmarking 4 4 67% 

14) Engagement 4 4 67% 

15) Product quality 5 3 50% 

16) Organizational innovation 4 3 50% 

17) Innovation culture 4 4 67% 

18) Product innovation 4 4 67% 

19) Monitoring methods 4 3 50% 

20) Technological surveillance 4 3 50% 

21) Competitive surveillance 4 3 50% 

22) Food security 4 4 67% 

23) Agriculture 4.0 and 5.0 4 5 83% 

24) Agroecology 4 4 67% 

25) Technological changes 4 4 67% 

26) Information and communication 

technologies 

4 3 50% 

27) Circular economy 4 3 50% 

Source: Prepared by the authors (2024). 

For the results obtained in the transformation phase, the data is presented in Table 6, which 
displays the outcomes achieved through the surveys conducted with the experts. 

Table 6. Calculations for the transformation variables for the plantain sector. 

Variables  Mode Modal Frequency Consensus 

Percentage (%) 

1) Production 

process  

5 3 50% 

2) Value-added 

transformation

  

5 3 50% 

3) Design 

thinking, lean 

processes, and 

agility 

4 2 40% 
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4) Value chain 5 3 50% 

5) Market 

validation 

5 3 50% 

Source: Own elaboration (2024). 

Following the analysis of the experts’ responses, a significant consensus emerged regarding the 
key variables for the innovation management model. Specifically, the production process, value-
added transformation, value chain, and market validation achieved a consensus level of 50%. 
Additionally, there was notable interest in methodologies such as Design Thinking, Lean processes, 
and Agility, which garnered support from 40% of participants. These findings provide a robust 
foundation for defining and prioritizing variables within the innovation management model. 

The data related to the variables identified in the output phase is presented in Table 7. In total, 
19 variables were evaluated based on the technical expertise of the participating experts. 

Table 7. Calculations for output variables in the plantain sector. 

Variables  Mode Modal Frequency Consensus Percentage (%) 

1) Competitive advantages 5 3 50% 

2) Know-how (acquired 

knowledge) 

5 3 50% 

3) Value creation 5 3 50% 

4) Financial and business results 4 3 50% 

5) Technological capability and 

intellectual property 

4 3 50% 

6) Environmental impact and 

sustainability 

5 3 50% 

7) Quality and performance 5 3 50% 

8) Economic and commercial 

impact 

5 4 50% 

9) Strategic and 

organizational impact 

5 3 50% 

10) Innovation in quality and 

sustainability 

5 3 50% 

11) Improvement in 

operational efficiency 

5 3 50% 

12) Customer satisfaction 5 4 50% 

13) Brand image 5 4 50% 

14) Organizational resilience 5 3 50% 
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15) Access to new markets 5 4 50% 

16) Improvement in the 

supply chain 

5 3 50% 

17) Development of new 

capabilities and adaptation to 

changes in the environment 

5 3 50% 

18) Compliance with 

regulations 

5 3 50% 

19) Participation in 

innovation networks 

5 3 50% 

Source: Own elaboration (2024). 

The analysis indicates a strong consensus among experts regarding several critical variables for 
the innovation management model, each receiving a support level of 50%. These key variables 
include competitive advantages, know-how, value creation, environmental impact and 
sustainability, quality, and performance. This agreement underscores the equal significance 
attributed to these dimensions in the context of innovation management. 

The next step involved formulating specific questions for each prioritized variable, followed by 
the administration of a survey to assess the relevance and coherence of these variables. The final 
phase included the construction of three conceptual models, which were presented for approval 
during the second workshop focused on co-developing the management model design proposal. This 
comprehensive methodological approach facilitated a thorough and participatory evaluation, 
ensuring the selection of the most suitable model for innovation in the plantain sector. 

4.3. Phase 3 

After determining the relevant variables, a second tool was developed, referred to as “definitive 
variables for the model,” drawing on various authors [64–82]. In this stage, each input, 
transformation and output variable was evaluated and questions were asked to clarify the priorities 
relevant to the companies or institutions in which the experts operate. 

4.4. Phase 4 

4.4.1. Proposed First Innovation Management Model: Linear 

The proposed analytical model adopts a linear approach, structured sequentially to clearly 
illustrate the roles of the variables in the input, transformation, and output processes of innovation 
management within the plantain sector. 

In the context of the first Innovation Management Model (IGM 1), the input variables constitute 
the foundation of the innovation management process, encompassing essential aspects necessary for 
initiating transformation. The input variables include: idea management and creativity, leadership, 
financial and human resources, facilities, types of innovation, competitiveness, engagement, capacity 
building, innovation management systems, Agriculture 4.0 and/or 5.0, agroecology, technological 
change, innovation management models, compliance with government policies and regulations, 
technological development and key technologies, management functions and strategic direction, 
customer and consumer demand, benchmarking, product quality, organizational innovation, 
innovation culture and climate, product innovation, technological and competitive intelligence, 
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compliance with Sustainable Development Goals, food security, information and communication 
technologies, and the circular economy. 

The input variables undergo transformation and evolution throughout the innovation process, 
facilitating technological development and manufacturing while also contributing to the 
commercialization of services. At this stage, key factors such as the production process, value-added 
transformation, design thinking, lean processes, agility, value chain management, and market 
validation become integral to the model. 

The output variables include competitive advantages, acquired knowledge (know-how), value 
creation, technological capability and intellectual property, environmental impact and sustainability, 
as well as quality and performance metrics. Additionally, the outputs encompass economic and 
commercial impacts, strategic and organizational advancements, innovations in quality and 
sustainability, improvements in operational efficiency, customer satisfaction, brand image, 
organizational resilience, and access to new markets. 

Furthermore, they reflect enhancements in the supply chain, the development of new 
capabilities, adaptation to environmental changes, compliance with regulations, participation in 
innovation networks, and various financial and business outcomes. 

4.4.2. Proposed Second Innovation Management Model: Generic-Interactive 

The review and adaptation of the second generic-interactive model for organizations in the 
plantain sector enabled a more precise and contextually relevant structuring of the variables. The first 
relationship connects the variables with policies and contextual needs. And the second highlights the 
interaction between input and transformation variables, while the third relationship underlines the 
integration of policies and contextual needs with variables that receive significant feedback. 

In the contributions of the second Innovation Management Model (IGM 2), the input variables 
encompass essential factors, resources, and initial conditions necessary to initiate the innovation 
management process. This phase emphasizes elements such as idea management, leadership, as well 
as the principles of Agriculture 4.0 and/or 5.0. These foundational components set the stage for 
innovation within the plantain sector. 

The transformation phase involves elements that undergo modifications or developments 
throughout the innovation management process. Key aspects in this phase include the production 
process, value-added transformation, design thinking, and market validation, highlighting the 
evolution and adaptation of critical variables. Finally, the output variables represent the results, 
impacts, and achievements derived from the implementation of innovative initiatives. These outputs 
range from competitive advantages and acquired knowledge to enhancements in operational 
efficiency, organizational resilience, and participation in innovation networks, collectively 
demonstrating the comprehensive impact of innovation management in the plantain sector. 

4.4.3. Proposed Third Innovation Management Model: Strategic Alignment and Innovation 

The third proposal (see Figure 5) introduces a model of strategic alignment and innovation, 
advocating for a more effective integration of the various phases of the innovation process. This 
model considers specific policies and contextual needs, aligning with studies on monitoring and 
foresight. 

The model’s foundation rests on the interlocking of variables within each process associated 
with innovation management, illustrating a deep understanding of the necessary interconnections 
among key elements.The inherent flexibility of each process allows for the sequential development 
of variables, adapting to the unique characteristics and objectives of the specific organization in which 
it is implemented. This adaptable approach offers a strategic advantage by aligning with the distinct 
policies and needs of each organizational context. 
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Figure 5. Proposed Third Model: Strategic Alignment and Innovation - MGI3 -.Source: Own 
elaboration (2024) 

In the context of the third Innovation Management Model (IGM 3), it is posited that the identified 
input variables constitute a comprehensive array of factors, resources, and initial conditions critical 
for initiating the innovation management process. In contrast, the transformation variables not only 
serve as foundational inputs but also adapt and evolve as the organization advances its innovation 
strategy. The output variables, therefore, effectively encapsulate the tangible and intangible results, 
impacts, and achievements that stem from the innovation process. 

The incorporation of clear definitions concerning the classification of variables based on their 
roles within the innovation process significantly bolsters the analytical rigor of this proposal. This 
conceptual clarity not only enhances comprehension of the proposed model but also lays a solid 
groundwork for its practical implementation and subsequent evaluation. IGM 3 presents an adaptive 
framework that regards these variables as interconnected elements within a dynamic process, thereby 
offering the potential to refine innovation management practices and yield outcomes.  

Moreover, by underscoring the interdependence of input, transformation, and output variables, 
the model advocates for a holistic approach to innovation management. Such a perspective cultivates 
a culture of continuous improvement and fosters responsiveness to emerging challenges and 
opportunities within the plantain sector. By aligning innovation strategies with organizational 
objectives, IGM 3 aspires to enhance both operational efficiency and competitive advantage, 
ultimately contributing to the sustainable growth of the industry. 

5. Discussion 

This section is structured around two primary axes of discussion. Axis 1 pertains to the proposal 
of the Innovation Management Model (IGM) within the plantain sector, contextualized through a 
comparison with foresight and open innovation frameworks. Axis 2 examines the alignment of key 
themes and technologies emerging from a prospective study of the plantain agro-industrial chain up 
to 2035. This latter axis underscores the significance of sustainability variables and their interplay 
with the chosen IGM as perceived by stakeholders within the chain. 

5.1. Axis 1 
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Given the critical role of industrial agro-chains in socio-economic contexts, numerous 
prospective studies have emerged within agro-industry to monitor and forecast trends and scenarios 
specific to various production chains [39]. Notably, the prospective analyses conducted by Grass 
Ramírez et al. on coconuts [87] and by Hincapié et al. related to the fishing agro-industry [91] serve 
as vital frameworks for organizations and policymakers to discern trends, guide decision-making, 
mitigate sector-specific uncertainties, and align strategies with available capacities and resources. 

The literature review indicates a paucity of significant references in the scholarly discourse 
regarding IGM specifically tailored for the plantain agro-industrial chain. For instance, a preliminary 
search in the Scopus database under the themes of foresight and the plantain agro-industrial chain 
revealed only one document, which, while relevant, did not align with the focus of this study. This 
document [86] addressed the recycling of low-value residual materials and explored the prospective 
applications of agro-industrial by-products in unconventional construction materials aimed at 
reducing housing costs. 

A second search criterion within the same database focusing on foresight and agro-industrial 
chains yielded four relevant documents. The first, authored by [87], involved a foresight study on 
coconuts (Cocos nucifera), aimed at identifying pertinent technologies. This study utilized the Delphi 
method across two rounds to prioritize these innovations, supplemented by technological monitoring 
through literature reviews and commercial surveillance. 

Other study, conducted by [88], examined fertilizers as essential inputs within agro-industrial 
chains. The authors suggested that strategic alliances could mitigate risks associated with price 
volatility and supply chain stability. A third article is a prospective analysis of the impact of the 
pandemic on the food industry in Italy, arguing that this unprecedented crisis might catalyze efforts 
toward greater sustainability in food systems, as framed by the European Green Deal [89]. Lastly, a 
fourth article by [90] performed a forecasting exercise for the Ministry of Agriculture of the Russian 
Federation, identifying key trends impacting supply and demand within the agriculture and food 
industry, thus providing actionable insights for policymakers. 

In relation to the IGM for plantains and open innovation models, existing studies and 
application cases suggest valuable contributions, particularly regarding best practices for stakeholder 
engagement. However, the literature addressing IGMs within the plantain sector remains limited. An 
intentional review of databases revealed that investigations into IGMs and their integration with 
open innovation models are often confined to specific themes, rather than encompassing the broader 
agro-industrial chain. For instance, research by [92] explored local open innovation frameworks as 
mechanisms for enhancing collaboration among small and medium enterprises (SMEs). The authors 
concluded that diverse open innovation models should be employed to foster regional development 
across various contexts. Similarly, [93] examined the multifaceted nature of open innovation, 
contrasting it with internal or closed innovation models, each presenting unique benefits and 
challenges. 

The open innovation paradigm promotes collaboration among a diverse array of stakeholders, 
enabling the flow of knowledge both within and beyond organizational boundaries. This approach 
is particularly advantageous in agro-industrial sectors, such as plantains, which rely heavily on the 
integration of local, scientific, and technological knowledge. Open innovation, therefore, facilitates 
the adoption of sustainable technologies and practices by fostering active participation from farmers, 
research institutions, and private enterprises. Its primary strength lies in its inherent flexibility and 
adaptability to the specific challenges faced by the agro-industrial chain, including genetic 
enhancement, pest management, and environmental sustainability. 

In contrast, linear innovation models, such as those proposed by [94], present a more rigid 
perspective on the innovation process, characterized by a unidirectional flow from basic research to 
commercial application. While this approach has significantly advanced technological innovations 
across various sectors, its applicability in the agro-industrial context may be constrained. Given the 
plantain sector’s dependence on climatic and social variables, a more flexible, iterative approach is 
essential for facilitating rapid responses to both local and global challenges. In conclusion, although 
linear models offer foundational insights for innovation, the complexity and dynamism inherent in 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 November 2024 doi:10.20944/preprints202411.0210.v1

https://doi.org/10.20944/preprints202411.0210.v1


 16 

 

the plantain agro-industrial chain necessitate the adoption of more flexible frameworks. These 
models not only enhance adaptability to localized conditions but also promote collaboration among 
various actors, ultimately leading to improved sustainability and long-term success. 

The discussions highlighted in the aforementioned studies reveal that, while the themes 
explored are pertinent, they do not directly correlate with the findings of this study, particularly as 
they have not been specifically applied to the plantain agro-industrial chain, which is central to the 
proposed IGM methodology involving stakeholders connected to the chain. 

5.2. Axis 2 

Within the framework established by the Colombian Ministry of Science and the General 
Royalty System, the development of the Innovation Management Model (IGM) utilized the Delphi 
method as a prospective tool to 2035, informed by consultations with industry experts and 
stakeholders [95–97]. This approach involved soliciting feedback from actors within the agro-
industrial chain to identify and prioritize themes and technologies that could serve as focal points for 
forthcoming projects, open innovation challenges, funding initiatives, and public policies relevant to 
the plantain sector. The Delphi study, conducted in two rounds and involving 27 experts, culminated 
in the identification of 64 themes and priority technologies, which were categorized into several 
domains: plantain varieties, plantain agro-industry, waste recycling, cultivation, research capacities, 
emerging opportunities, nutritional aspects, and genetics. Subsequently, a survey was administered 
to the same 24 actors who participated in the initial project, yielding four valid responses that aligned 
these 64 priority themes and technologies with the proposed innovation management model (See 
Figure 6). 

 
Figure 6. Prospective alignment innovation management model plantain chain. Source: Own 
elaboration (2024). 

The results from the Delphi 2035 study identified 23 themes and technologies with a notable 
degree of alignment to the Innovation Management Model (IGM). Key areas of focus concerning 
environmental impact and sustainability included biodegradable packaging, climate change 
adaptation, and food security. In relation to Information and Communication Technologies (ICT), the 
pertinent variable identified was “ICT for commercial activities associated with the Hartón plantain” 
Furthermore, the variables aligned within the innovation management process included: 
characterization of banana-based flours, use of native, resistant and modified starches derived from 
banana, application of banana cellulose and functional foods. 
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When compared to previous studies, such as that conducted by [98], which delineated 11 priority 
themes/technologies up to 2032 without reference to an innovation management model, the results 
of this research offer a novel opportunity for stakeholders in the agro-industrial chain. Our findings 
provide direct inputs to models of innovation processes and management that have been previously 
underrepresented in the literature. 

A similar lack of alignment with innovation management models is evident in earlier studies of 
agro-industrial chains [87], [97–103], which, while identifying priority themes and technologies for 
future horizons, failed to serve as inputs for innovation management frameworks within agro-
industrial enterprises. 

6. Conclusions 

The application of DM and the information gathering techniques used allow us to propose a 
tailored Innovation Management Model (IM) for the banana sector, called IM 3. This process involved 
identifying pertinent variables through a comprehensive bibliographic analysis, leading to the 
selection of 53 input variables, 36 transformation variables, and 31 output variables. This structured 
methodology serves as a guide to enhance innovation and technology within organizations in the 
sector, promoting the generation of novel ideas and strategies. 

The alignment of the 23 identified themes and technologies with the IGM will empower 
stakeholders in the supply chain to initiate new projects, innovate products and processes, and create 
opportunities for open innovation. This approach enables solvers from diverse regions and countries 
to contribute solutions that integrate innovative practices for the benefit of the sector. These themes 
and technologies are intricately related to the three core variables of the model: optimization of the 
production process, knowledge and technology acquisition, agile methodologies, market 
design/validation, and value addition. They also correlate with other variables within the innovation 
management model, including a sustainable focus, impact and sustainability metrics, ICT integration, 
idea management and creativity, operational efficiency, and regulatory compliance. 

The identification of priority variables reveals potential gaps in leadership capacity, strategic 
resource allocation, agricultural innovation, market competitiveness, ICT integration, regulatory 
compliance, and resilience within collaborative networks. These gaps may adversely affect creativity, 
innovation, and sustainability within the plantain sector. 

In this context, Proposal 3 introduces an IGM that effectively integrates various phases of the 
innovation process, considering specific policies and contextual needs while aligning with 
surveillance and foresight studies. This model emphasizes open innovation throughout its 
formulation and implementation, facilitating dynamic feedback among input, transformation, and 
output variables. Input variables such as creativity management and strategic leadership form the 
foundation for fostering innovation in the plantain sector, while transformation variables, including 
production process optimization, drive continuous improvement and competitive advantage. 
Output variables, such as enhanced competitiveness and the adoption of innovative technologies, 
reflect the positive outcomes achieved, demonstrating a substantial impact on the sector’s sustainable 
development.  

The relevance of the selected IGM for the Colombian plantain agro-industrial sector lies in its 
potential to transform a traditionally unsustainable industry into a more sustainable and competitive 
one. It is crucial for both public and private stakeholders to collaborate in overcoming existing 
barriers and nurturing an innovation culture focused on sustainability. The variables identified in 
this study are directly linked to the central variable of the business model: sustainable development, 
and should align with other relevant variables related to R&D. 

Developing an innovation management model for plantain cultivation in Colombia is fraught 
with challenges due to the complexity of the agricultural sector, the specific characteristics of the crop, 
and the prevailing socioeconomic conditions. Challenges include limited access to cutting-edge 
technology and knowledge, sustainability and environmental management issues related to the 
intensive use of agrochemicals and deforestation practices, fragmentation and lack of coordination 
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within the production chain, difficulties in accessing financing, climate change and variability, a 
deficit of an innovation culture, and inadequate regulatory frameworks. 

A comprehensive approach combining government support, collaboration between value chain 
actors and the development of sustainable technologies is needed to stimulate innovation in the 
Colombian plantain sector. 

7. Recommendations 

1. Application within Sector Companies: Focus on enhancing competitiveness and value addition, 
essential for achieving financial and commercial success. 

2. Adaptation to Sector Characteristics: Tailor the IM to the specific attributes of the plantain industry, 
fostering collaboration among value chain actors while promoting environmental and economic 
sustainability. 

3. Encouragement of Advanced Technology Adoption: Facilitate the integration of advanced 
technologies and develop the requisite capacities for their effective implementation. 

4. Monitoring and Evaluation Mechanisms: Establish systems to evaluate the proposed model and 
make any required adjustments.  

5. Indicators for Measuring Impact: Identify and incorporate indicators that measure benefits and 
impacts, including comprehensive risk and financial analyses. 

6. Open Innovation Approach: Embrace a collaborative model that engages various sources of 
innovation and integrates them into business processes. 

7. Technological Surveillance and Foresight Studies: Conduct ongoing surveillance and foresight 
analyses to anticipate opportunities and threats, thereby enhancing strategic planning, 
promoting innovation, and improving competitiveness. 
For effective implementation of the proposed IM in the plantain sector, organizations should 

also consider: 
1. Alignment with Business Strategy: Ensure that the IM is aligned with the organization’s long-term 

objectives to maximize its relevance and impact. 
2. Resource Allocation: Allocate appropriate financial and human resources to support both the 

implementation and ongoing operation of the IM. 
3. Progress Monitoring Systems: Develop effective systems for monitoring and evaluating the results 

achieved through the model, allowing for timely adjustments. 
4. Cultivation of an Innovative Culture: Promote a culture that values innovation and continuous 

learning, empowering employees to actively engage in the transformation process. 
5. Effective Communication Mechanisms: Establish strong communication and collaboration 

frameworks, both internally and with external partners, including universities and government 
entities, to fully leverage opportunities for synergy. 

6. Holistic Approach: Adopt a comprehensive strategy that encompasses training, strategic 
alignment, innovation culture, and effective collaboration with stakeholders. 
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