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Abstract: This study seeks to analyze the innovation activities within the production, 

distribution, and commercialization processes of specialty coffee in Colombia, aiming to 

design an innovation model that highlights key factors necessary for enhancing the sector's 

competitiveness. The innovation model developed in this research is grounded in a logistic 

regression statistical framework, which identified critical variables for sustainable coffee 

production, such as comprehensive waste management across all stages, the adoption of 

digital technologies, and adaptability to change. This model is intended to advance the 

sector’s knowledge base and foster greater efficiency and benefits for stakeholders 

throughout the specialty coffee supply chain in Colombia. 

 

Keywords: Innovation, process innovation, agro-industrial innovation, sustainable 

specialty coffee 

 

Resumen: Esta investigación tiene como objetivo analizar las actividades de innovación 

desarrolladas en los procesos de producción, distribución y comercialización del café 

especial en Colombia, con el fin de diseñar un modelo de innovación que permita identificar 

los factores clave para mejorar la competitividad del sector. El modelo propuesto se 

fundamenta en un análisis de regresión logística, mediante el cual se identificaron variables 

críticas para la producción de café sostenible, incluyendo: la identificación y gestión 

integral de residuos en todas las etapas del proceso, la adopción de tecnología digital y la 

flexibilidad ante el cambio. Se espera que este modelo contribuya al conocimiento del 

sector y promueva mayores niveles de eficiencia y beneficios para los actores involucrados 

en la cadena de suministro de café especial en Colombia. 
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1. INTRODUCTION 

 

The coffee sector plays a pivotal role in Colombia's 

economy, accounting for 22% of the country’s 

agricultural Gross Domestic Product (GDP) and 

serving as the primary source of income for more 

than 550,000 Colombian families [1]. The National 

Federation of Coffee Growers of Colombia [2] 

identifies coffee as the cornerstone of the economy 

in the Huila department, as it supports 

approximately 84,000 rural families who cultivate 

144,895 hectares, producing up to two million 60-

kg bags of Arabica coffee. These are comprised of 

various varieties, such as Castillo, Colombia, 

Caturra, and Bourbon [3]. 

 

It is noteworthy that the Huila department holds the 

distinction of being Colombia’s leading coffee 

producer, supplying both green and dried coffee 

beans [4]. This achievement can be attributed to 

policies that effectively align international market 

demands with local production and 

commercialization practices [5], thereby 

underscoring the pivotal role of coffee as an 

economic and political driver [6]. 

 

The coffee production process is hampered by 

several constraints that negatively impact product 

quality. For example, green coffee producers are 

unable to optimize production due to insufficient 

infrastructure, lack of farmer associations, and 

limited access to credit [7]. On the other hand, dry 

coffee producers face challenges in enhancing their 

product quality as they often do not meet the 

standards set by marketing cooperatives, the criteria 

required for global fair-trade certifications, or the 

stringent demands of key international buyers [7]. 

 

A detailed analysis of coffee production emphasizes 

the close link between this crop and environmental 

health [8]. The study also cautions that climate 

change poses a serious threat, as it undermines soil 

fertility and heightens the risk of pests and diseases 

that can damage crops and hinder coffee production 

[8]. Similarly, it has been shown that climate change 

leads to a decline in both the intention to cultivate 

coffee and the willingness to recommend areas for 

its cultivation [9]. Moreover, rising temperatures 

have been proven to disrupt coffee cherry flowering, 

ultimately leading to reduced yields [10]. 

 

Moreover, research has concluded that inadequate 

management of the coffee cultivation process leads 

to unfavorable impacts, particularly in terms of low 

productivity and substandard coffee quality [11]. 

Generally, coffee produced under these 

circumstances is sold at significantly low prices, 

adversely affecting producers and diminishing 

competitiveness in the market [12]. 

 

These environmental conditions, along with 

deficiencies in cultivation techniques and the 

management of coffee marketing and distribution, 

highlight the necessity for innovative processes to 

be implemented at all stages of the coffee supply 

chain. Such innovations are crucial for adapting to 

the evolving landscape, enhancing resource 

efficiency, and improving profitability for all 

stakeholders within the supply chain. 

 

Aligned with these concerns, it is posited that the 

intricacies of coffee quality are influenced by 

physical, chemical, sensory, and environmental 

factors that occur during the pre-harvest phase. 

Furthermore, it has been demonstrated that coffee 

quality is impacted by factors related to roasting and 

milling techniques employed in the post-harvest 

process [13]. 

 

These elements are essential for production 

efficiency, coffee quality, and commercial 

recognition, underscoring the urgent need to adopt 

sustainable practices and to identify and evaluate the 

factors that determine coffee quality in the current 

industry landscape [14]. Undoubtedly, the 

integration of innovative approaches in coffee 

production processes is crucial for achieving 

optimal levels of quality, efficiency, productivity, 

and profitability within the Colombian coffee [15]. 

 

In the global coffee market, there is an increasing 

emphasis on production models that combine fair 

trade and organic agriculture, as these approaches 

have been shown to yield superior results, enhance 

producer incomes, and sustain traditional 

agroforestry systems [16]. This relevance is 

heightened by the recent surge in coffee prices, 

which has led to unprecedented earnings for 

Colombian coffee growers. This increase has been 

driven by rising prices on the New York commodity 

exchange, fluctuations in Colombia's exchange rate, 

and frost events impacting Brazil's major coffee-

producing regions [17]. 

 

Figure 1 illustrates the trends in both domestic and 

international coffee prices over the past decade, 

revealing a significant correlation between these 

two pricing dynamics [18]. Notably, Figure 1 

highlights a marked improvement in coffee prices 

beginning in 2020, enabling producers to realize 
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greater profits. This period of elevated coffee prices 

presents a critical opportunity to promote and 

implement innovative practices in the coffee 

production process. Current market conditions 

facilitate the transformation of coffee into a high-

quality specialty product, thus better positioning 

both producers and marketers to navigate future 

periods of less favorable pricing. 

 

 
Fig. 1. Domestic and external coffee prices over the last 10 

years. 

Source:  Prepared by the authors based on information from 

the archive on coffee prices, areas and production [18]. 
 

2. METHODOLOGY 

 

According to the National Federation of Coffee 

Growers of Colombia (FNC), coffee cultivation in 

the country is significant due to its substantial 

positive impact on the social and economic aspects 

of producing regions, with these benefits also 

extending to environmental sustainability and the 

overall health of the territory [19]. Sustainable 

specialty coffee constitutes 15% of the national 

market in Colombia [20]. 

 

The first phase of the methodology established for 

this research focused on identifying the types of 

innovation outlined in the Oslo Manual [21], 

specifically those related to improvements in 

business processes (IPN). These innovations are 

categorized into functional areas, including: 1) 

product or service development, 2) distribution and 

logistics, 3) marketing and sales, 4) information and 

communication systems, 5) management and 

administration, and 6) product and process 

development. 

 

In the second phase, we analyzed the most 

frequently cited innovation criteria in the literature, 

as well as the elements considered for granting 

certifications in sustainable and fair-trade coffee. 

These elements include: 1) the 4C Code of Conduct 

[22], 2) Starbucks practices [23], 3) Rainforest 

Alliance [24], 4) Fairtrade [25], and 5) organic 

certifications from IFOAM [26]. Consequently, we 

identified and selected the factors and innovation 

variables most associated with process efficiency 

and coffee quality. 

 

Subsequently, a survey-based data collection 

instrument was designed to gather information 

related to the seven factors of innovation identified 

in this study: economic, social, environmental, 

production, knowledge management, technology, 

and change management. The questions were 

formulated in a closed format using a four-point 

Likert scale. 

 

The validation of the data collection instrument was 

conducted through expert judgment, a method 

supported by scientific literature [27]. Additionally, 

the Cronbach's alpha method was employed to 

validate the instrument, yielding an indicator of 

0.97. According to Shi et al. [28], the Cronbach's 

alpha index is a measure that analyzes data from the 

perspective of internal consistency; results above 

0.7 indicate good reliability of the scale utilized in 

the validated instrument, which holds true in the 

context of this research.  

 

For the fieldwork related to data collection, the 

sampling unit was defined as the special coffee-

producing farm in Colombia. Given that Huila is the 

most significant department for coffee production in 

Colombia [4], data collection was conducted on 

coffee farms located in the Guacacallos and Acacos 

districts within this department. 

 

To determine the composition and size of the 

sampling frame, the national agricultural census 

conducted by the National Department of Statistics 

(DANE) [29] was used as a reference. This census 

indicates that the Guacacallos district has 169 farms 

and the Acacos district has 44, totaling 213 coffee-

producing farms. Due to the uniformity of the 

sampling elements, a simple random sampling 

(SRS) design was employed. Since the selected 

farms share the common characteristic of coffee 

production, each element of the population has an 

equal probability of being selected for the sample in 

the SRS [30]. To calculate the sample size for this 

research, Equation 1 was applied [31]: 
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𝑛 =
𝑁 (𝑍1−𝛼)2𝜎2

𝑁𝑒2 + (𝑍1−𝛼)2𝜎2
                    (1) 

 

Where:  

N= Total farm owners = 213. 

Z= Confidence level, 95% = 1.96 

ỽ (p,q)= Value of proportions = 0.50 

e= Error = 10%. 

 

By applying Equation 1 for simple random sampling 

(SRS), a representative sample comprising sixty-six 

(66) coffee-producing farms was determined. The 

owners of these randomly selected farms were 

administered the data collection instrument in 

October 2023. 

 

With the collected data, an analysis of the dataset 

was performed using statistical methods such as 

Analysis of Variance (ANOVA) and heatmaps to 

identify variables with a significant impact on the 

target variable. For this study, the target variable 

was defined as the probability that each coffee-

producing farm would be considered innovative 

based on its production and marketing practices. 

 

Once the independent variables with the greatest 

predictive impact on the dependent variable were 

identified, the regression model that best suited the 

nature of the data was selected. In this case, the 

characteristics of the variables led to the choice of a 

logistic regression model, which is widely 

recognized as an effective method for data 

processing in classification and prediction tasks 

[32]. The statistical analyses required to implement 

this model on the dataset were conducted using R 

software. 

 

Subsequently, a quantitative analysis of the results 

obtained from the proposed model was carried out 

to generalize the findings to a broader group or 

segment (the sample) or a larger population [33]. 

Additionally, the model was validated against its 

underlying assumptions. Validating these 

assumptions is crucial to ensuring the reliability and 

accuracy of the results [34]. The indicators from the 

validation tests of these assumptions must be 

significant to confirm that the logistic regression 

model is robust, thereby ensuring that the prediction 

results obtained from the model are valid and 

reliable. 

 

3. RESULTS 

 

The analysis of the literature related to innovation 

factors in coffee production processes, along with 

the examination of elements considered for 

international fair trade certifications in the coffee 

production and marketing sector, resulted in the 

identification of a total of seven innovation factors 

to be addressed in this research: 1) economic factor, 

2) social factor, 3) environmental factor, 4) 

production factor, 5) knowledge factor, 6) 

technological factor, and 7) management factor. 

These seven innovation factors are associated with 

the variables that evaluate the innovative capacity of 

production processes in coffee farms. A total of 54 

variables were identified and categorized within 

these seven innovation factors. However, variables 

X5, X11, X20, X28, X44, X49, and X55 were 

excluded from the statistical analyses, as they are 

confirmatory variables used in the survey 

questionnaire for each of the seven innovation 

factors. 

 

Table 1 presents each innovation factor along with 

the corresponding variables, including their 

respective identification labels (Xi), which were 

utilized for both data analysis and the design of the 

logistic regression model. 

 
Table 1: Innovation variables grouped by factors 

 

Economic factor F1 

X1- Long-term profitability and productivity 

X2- Record keeping 

X3- Market and trade information 

X4- Product quality traceability 

Social factor F2 

X6- Free from discrimination 

X7- Freedom from forced and compulsory labour 

X8- Child labour and child protection 

X9- Freedom of association and collective bargaining 

X10- Conditions of employment 

Environmental factor F3 

X12- Biodiversity conservation 
X13- Plant health management 

X14- Soil conservation 

X15- Soil fertility and nutrient management - Organic 
matter X16- Water - Water sources 

X16- Water - Water sources 

X17- Water - Wastewater 
X18- Waste identification and management 

X19- Climate change management 

Production factor F4 

X21- Sowing and rotation 
X22- Pruning and Tree Crop Renovation 

X23- Genetically Modified Organisms 

X24- Management of agrochemicals 
X25- Management of production practices 

X26- Evaluation of conservation areas 

X27- Organic production 

Knowledge factor F5 

X29- Hazardous substances 

X30- implementation of improvements to reduce risks from 

hazardous substances 
X31- Soil erosion 

X32- Implementation of improvements to reduce soil 

erosion X33- Fertiliser management 
X33- Fertiliser management 

X34- Implementation of improvements for proper disposal 
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of fertilisers X35- Sustainable water use 

X35- Sustainable water use 

X36- Implementation of measures to improve water quality 
X37- Wastewater and risks to human health and the 

environment 

X38- Implementation of improvements to reduce 
wastewater risks X39- Use of PPE and other measures to 

reduce health risks 

X39- Use of PPE 
X40- Implementation of improvements for the use of PPE 

X41- Use of Tools and machinery 

X42- Implementation of improvements for the use of tools 
and machinery  

X43- Emergency management 

F6 Technology 

X45- Management and monitoring 
X46- Energy 

X47- Digital adoption 

X48- Digital platform 

Change management F7 

X50- Human resource management 

X51- Flexibility to change 

X52- Leveraging resource plans  
X53- Integrated process management  

Source: Own elaboration. 

 

Once the relevant variables were identified, the next 

step was to determine which of these significantly 

drive innovation in sustainable specialty coffee 

production processes on Colombian farms. Figure 2 

presents a correlation map, a powerful visualization 

tool for two-dimensional data that reveals patterns 

shared by subsets grouped in rows and columns 

[35]. In this study, the two dimensions represented 

in the map correspond to each of the identified 

innovation variables and the likelihood that each 

coffee-producing farm is regarded as innovative 

based on its production and marketing practices. 

 

 
Fig. 2. Heat map correlation between innovation variables and 

the probability of a farm being considered innovative. 
Source: Own elaboration using R software R. 

 

In Figure 2, the innovation variables that most 

significantly influence the specialty coffee 

production processes on the Colombian farms 

participating in the study are highlighted with dark-

colored rectangles. These variables are as follows: 

1) Product quality traceability (X4); 2) Pesticide 

application (X13); 3) Comprehensive waste 

identification and management (X18); 4) 

Knowledge of first aid (X43); 5) Adoption of digital 

technology (X47); 6) Human resource management 

(X50); 7) Flexibility in the face of change (X51); 8) 

Resource leveraging (X52); 9) Process management 

(X53); and 10) Internal inspection and self-

evaluation (X54). 

 

The results of the correlation analysis were 

subjected to multivariate statistical analysis to 

quantitatively determine which variables 

significantly influence the likelihood of classifying 

a farm as innovative. This involved conducting an 

Analysis of Variance (ANOVA), defined by 

Andrade [36] as a statistical procedure used to 

compare the means of two or more groups. 

 

Table 2 presents the results of the ANOVA, where 

the p-value statistically supports the conclusion that 

the variables 1) comprehensive waste identification 

and management from the environmental 

innovation factor, 2) digital technology adoption 

from the technological innovation factor, and 3) 

flexibility in the face of change from the change 

management innovation factor significantly 

contribute to the likelihood of classifying a coffee-

producing farm as innovative. The findings in Table 

2 allow for the identification, with 95% confidence, 

of the three innovation variables that most 

significantly enhance the potential for innovation in 

the coffee production processes of the farms. 
 

Table 2: Result of the ANOVA analysis of variables with a 

significant impact on the probability of innovation in a coffee 
farm. 

 
Variables Chisq Df Pr(>Chisq) NS 

Identification and 

integrated waste 

management  

19.451 1 0.000010322 *** 

Adoption of 

digital technology  

15.16 1 0.000098775 *** 

Flexibility to 
change 

19.758 1 0.000008789 *** 

Source: Own elaboration using R software R. 

 

Upon identifying the variables that significantly 

impact the likelihood of innovation in coffee 

production processes on the farms, a logistic 

regression model was proposed. Logistic regression 

simulates the effects of independent variables on the 

outcome variable, generating a binary probability 

[37]. In this research, the binary results enable the 
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prediction of a specific specialty coffee farm's 

inclination towards innovation, classifying it as 

either innovative or non-innovative. 

 

Table 3 presents the results of the logistic model, 

utilizing the variables 1) comprehensive waste 

identification and management, 2) digital 

technology adoption, and 3) flexibility in the face of 

change—each of which was statistically identified 

as having a significant impact on classifying coffee 

farms with innovative elements in their processes. 

 

The p-value results in Table 3 indicate, with 95% 

confidence, that these three independent variables 

included in the logistic regression model exhibit a 

statistically significant relationship with the 

dependent variable, specifically the likelihood of 

classifying a specialty coffee-producing farm as 

either innovative or non-innovative. 

 
Table 3: ANOVA analysis of variables with a significant impact 

on the probability of innovation. 
 

Description Estimated Std. 
Error 

z 
value 

Pr(>|z|)    NS 

Intercept -26.6951 7.939 -

3.363 

0.000772 *** 

  
Identification 

and integrated 

waste 
management 

4.861 1.5995 3.039 0.002373 ** 

Adoption of 

digital 

technology 

2.1631 0.7833 2.762 0.005752 ** 

Flexibility to 

change 
2.0838 0.7098 2.936 0.003328 ** 

Source: Own elaboration using R software R. 

 

The innovation model to produce specialty coffee, 

developed through the analyses conducted in this 

study, facilitates the identification of the innovation 

variables that coffee farms should integrate into 

their production processes to generate sustainable 

specialty coffee. Equation 2 summarizes the 

innovation model for specialty coffee-producing 

farms in Colombia, which was derived from this 

study based on a logistic regression framework. 
 

𝑌 =  −26.6951 + 4.861 ∗ 𝑋18 + 2.1631 ∗ 𝑋47 + 2.0838
∗ 𝑋51 (2) 

 

Where: 

Y = Innovation Probability. 

X18 = identification and integrated waste 

management.  
X47 = adoption of digital technology. 

X51 = flexibility in the face of change. 

 

The innovation model derived from this research, 

mathematically represented by Equation 2, indicates 

that farms producing conventional coffee have an 

intercept of -26.6951. To enhance their production 

processes, these farms should prioritize variable 

X18 from the environmental innovation factor, 

which has a significant impact on the probability of 

innovation, quantified at 4.861. Additionally, they 

should implement variable X47 from the 

technological innovation factor, which affects the 

probability of innovation with a coefficient of 

2.1631 and adopt variable X51 from the change 

management innovation factor, which has an impact 

on the probability of innovation with a coefficient of 

2.0838. 

 

Validation of this proposed innovation model is 

conducted by verifying compliance with the 

underlying assumptions through a parametric 

approach. Figure 3 illustrates the results of 

validating the assumptions of homogeneity, 

linearity, normality, and independence for the 

innovation model developed in this study. The 

outcomes of the parametric validation, presented in 

Figure 3, indicate that the proposed model 

demonstrates a robust fit, confirming that its 

predictions are both reliable and accurate, as 

evidenced by the absence of discernible patterns and 

a uniform distribution of residuals. 
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Fig. 3. Results of validation assumptions using the parametric 

method. 
Source: Own elaboration using R software R. 

 

4. CONCLUSIONS 

 

The innovation model proposed in this research 

introduces novel, original, and highly relevant 

insights into the production and marketing processes 

of coffee. Based on the literature review conducted, 

no prior contributions have been identified that 

relate to a model integrating various types of 

innovation associated with specialty coffees from a 

sustainable perspective. 

 

The analysis reveals that the primary variables 

driving innovation in specialty coffee farms in 

Colombia are: 1) waste identification and 

management, associated with the environmental 

innovation factor; 2) digital adoption, linked to the 

technological innovation factor; and 3) flexibility to 

change, corresponding to the change management 

innovation factor. According to the logistic 

regression model developed in this study, these 

three variables are pivotal in determining whether a 

coffee farm can be classified as innovative, 

particularly with regard to the integration of 

innovative elements in its production and marketing 

processes. 

 

The findings of this research indicate that the key 

innovation factors shared across various 

international certifications for sustainable trade in 

the coffee sector are predominantly associated with 

environmental considerations, technology, and 

change management. These three factors should be 

integrated into the supply chain processes of coffee 

farms to foster innovation and promote the 

sustainable production of specialty coffee. 
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