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Abstract

:

Currently, technology usage is a fundamental asset for creating, developing, and implementing innovations; however, these are not available to everyone, which is accentuated in women with agricultural occupations. The present study develops a proposal of technologies for mezcalilleras’ sustainability from Oaxaca, Mexico, based on a knowledge management methodology, through the application of questionnaires in face-to-face sessions, field visits, and statistical analysis to explore the imbalances enclosed in the agave–mezcal activity seen as its problems, failures, and barriers, as well as its correlation with the identified technological routes. The results reveal that a technological platform creation, the fabrication of fiber optic refractometer, a metal roof construction, the design of a horizontal distiller–fractionator, the employment of metal containers and production of glass bottles, and the generation of a software and an application, are the suitable technologies, according to the mezcalilleras’ requirements. This proposal can be important for academics, policymakers, and producers who wish to revitalize traditional knowledge of the small-scale sectors in Mexico through new ways of interaction with external agents and customers, new ways of production, and previous years’ production analysis.
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1. Introduction


Technology, defined as knowledge, methods, and equipment such as computers and the internet [1,2], has played a key asset in human performance for creating, developing, and implementing innovations over time [3,4,5]. The creation of computing technology in the 1940s [6], the inclusion of technologies in corporations in the 1970s and 1980s [7], passing to the use of the internet in the early 1990s [8], have been some of the benefits of technology over the past century. From this, at the beginning of the 21st century, digital transformation of physical products into virtual assets became present [9,10]; advancing to the fifth generation of 5G mobile technologies [11] is another example of technological evolution that is changing the way that the social, organizational, and industrial sector works in recent times [12], although with inequalities in the use and benefits for the male and female population [6,13,14,15].



In the present-day, disproportion in the use of technologies is evident, since we have only reached almost 50% of the world’s population through computers, smartphones, softwares, applications, and different platforms [16,17]; while the remaining little more than 50% still faces barriers and exclusion [18], denying them access to knowledge and personal opportunities [19], and exacerbating social inequalities among countries, communities, and individuals, mainly women [20,21,22,23].



This situation is evidenced in many studies, such as [24], exposing the inequalities related to internet and mobile device usage and online interaction in citizens from 28 member states of the European Union (EU-28); [25] showed the digital division in vulnerable groups from Bolivia, Brazil, Dominican Republic, Ecuador, Guatemala, Finland, and Poland; [26] revealed the separation of digital tools in the poorest zones in Mexico, registering that internet access and digital skills are not available for everyone. This is further supported by the digital adoption index, in which the discrepancies are manifest in people located in nations classified as high income such as Hong Kong, in which the sub-index of people is established as the highest in the world with 0.91—on a 0–1 scale—which means that the local population is adopting technologies to expand their opportunities and improving their welfare, comparing for example with Mexico—classified as an upper-middle-income economy—with 0.43, located in 89 position of 367 economies, making evident a significant heterogeneity [27,28].



As the second-most populous country in Latin America, Mexico has a total population of 126,014,024 inhabitants, of which 51.5% are women, with economic participation of 45% [29,30]. This proportion does not mean better personal and professional opportunities for the female gender in the country, but quite the opposite, since Mexico faces social and economic inequalities and disadvantages, in addition to high discrimination against women. This is evidenced in the 77% of men doing primary, secondary, and tertiary economic activities against 45% of women, demonstrating an inequality of 32% [31,32,33].



The agriculture activity of the primary sector in Mexico, which is the backbone of the economy, contributing 58% of the total value of production [34], is the most significant opportunity for the employment of 7.6 million rural men and women and represents 42% of total income [35,36]. Due to this, agriculture is considered a fundamental activity for the local population and national reservoir of the country’s culture; besides that, food production has its origin in this sector, almost entirely [37,38,39,40].



In January 2020, one of Mexico’s traditional agricultural products, mezcal, was registered as one of five goods with excellent commercial value, having exportations of 148 million dollars, an increase of 8.28% [41]. However, most of the benefits were concentrated mainly in the industrial units, relegating, punishing, and marginalizing the small-scale producer to only the supply of inputs [42,43,44], although they suffer the most from the country’s environmental, social, and economic problems [45].



The production of mezcal in Mexico has its home in Oaxaca, with 46.62% of agave cultivation and 90.1% of mezcal of the national output [46,47]. The mezcal has, in a cactus with rosettes, green leaves and, in the center, a tall with a flower on top, named agave plant, its primary raw material [48]. This plant has about 211 species worldwide, of which 159 are located in Mexico [49]. Its processing encloses an artisan system, sheltered by the experiences, beliefs, and traditional knowledge of rural peasants and indigenous peoples, for the proper utilization of natural resources [50,51,52,53], and the production of the so-called drink of the gods: mezcal [54].



In practice, agave–mezcal in Mexico is produced by mezcaleros masters or mezcalilleros—the small-scale male producers who own the pots and pans to transform the mature Agave plants into mezcal, using their traditional knowledge that is a thousand years old [55,56]—in a context of poverty, social exclusion, and reduced economic income of those who have inherited the tradition of its production. This activity is developed facing a set of barriers and difficulties in the organization and control of the process, the lack of articulation with markets, in addition to the absence of technology [57], causing contamination and the reduction of profits, forcing many to migrate [58,59,60]. This fact pushed the women, called mezcaleras masters or mezcalilleras—the woman who produces and likes mezcal—to care for agave cultivation and mezcal production in the present-day [61,62].



There are differences among mezcalilleros and mezcalilleras in the agave-mezcal process, due to their physical complexion. For instance, in the recollection of agave pineapples, due to its weight and diameter of 80 kg and 37 cm in average [63], or in the transfer by truck of these to the Palenque, because this activity was carried out by men [64].



Historically, the female gender is invisible and discriminated against daily in all areas with unequal treatment [65,66], this is also evident in the mezcalilleras’ productive context since they have received poor attention and support [61,67]; therefore, there is a risk that, derived from this exclusion, this ancient activity, including its traditional knowledge, will be lost. Due to this, it is essential to promote the inclusion of women and detect their needs [68,69,70,71], based on their experiences and perspectives for a sustainable technological and systemic change [72,73,74].




2. Literature Review


As the soul of entire worldwide agri-food systems, traditional knowledge becomes a fundamental activity enclosed in productive chains, not only for food production but also to face the significant challenges in the field of sustainability; therefore, it is essential to preserve it and revitalize it, and technologies are necessary for this [75,76].



The conjunction between knowledge and technology may have had its origin in Schumpeter’s economic theory. It was recorded that the innovation has evolved from widening to deepening, establishing the identification of technological opportunities, optimal conditions, and cumulative knowledge as a pattern-base [77]. The sense of knowledge has been the foundation in the evolution of the human being, since our first bipedal ancestor Lucy, in trying to adapt to the environment, until today, when it is considered the soul of innovation [78,79,80].



The knowledge in nature implies a process in a tacit–explicit sense, which goes from commitment, beliefs, and experiences of human reality to external assets, which, applied in an optimal time and space associated with the discovering of opportunities, generates new knowledge, innovations, and technologies [77,78,81,82,83,84,85]. This knowledge, combined with technologies, has been developed in research and practice studies [86,87], involving women located in productive food sectors worldwide to support decision making, build strategies, and create new management practices through digital tools. This is evident in [88], which evaluated the effect of knowledge and Information Technologies tools in supply chain management success. One study [89], showed the positive impact of knowledge on the innovation of women entrepreneurs. The research of [90] explored the significant relationship between knowledge and innovative performance in the service sector.



Additional studies such as [91] provided a gender experiment to improve new management practices of Ugandan women related to maize crops, sharing knowledge through informational videos which exposed an appropriate input use, and management practices using different strategies to obtain higher yields. Another study [92], explored the role WeChat played for 25 rural women from China, showing a variety of motivations for using this technological platform, such as promoting their traditional business through exhibiting their products, communicating with suppliers and customers, and learning strategies, signifying not only the opening of new learning and self-advancement oppurtunities, but also a tool for the construction of innovative female citizens. Further [93], described the traditional knowledge of 48 women combined with technical machinery, evidenced in manual activities. One example is the report about Doña Viviana, a Bolivian woman who expanded her knowledge through workshops for learning to elaborate new products using quinoa [94].



Studies have only pointed out the separation of the productive sector with technologies, including its lack of relationship with, and its propensity to reconnect it with, digital tools in Mexico. For example, the analysis of [95] to detect the relationship of the production chain indicates a rupture between twelve Zapotec peasant producers of mezcal from Oaxaca, Mexico, and modern technologies, causing the abandonment of this activity, through localized agri-food methodology besides participatory observation. The research of [60] expressed that the traditional agave distillate system is technologically disadvantaged, and applied historical analysis. The investigation of [96] exposed a study on four indigenous women and five men from Union Hidalgo and Chicapa de Castro from Oaxaca, Mexico, related with the use of technologies such as cellphones, to make a series of informational videos for revitalizing traditional knowledge revealing the desire of reconnection between Zapotec people with technologies, through comunalidad methodology. The study of [97] channeled the information technologies for improving the programming of the local radio station of indigenous language, with a native community named Tseltal and local leaders in Chiapas, Mexico, to promote and strengthen indigenous language and community growth. It is worth mentioning that women, the Tsetsal population, represent 50.9% [98]. The research of [68], which explored the relationship between gender differences that influence the use of technologies in 24 Mayapan women from Yucatan, Mexico, found that women have better communication skills using cell phones utilizing SMS messaging, WhatsApp, social media, and internet interaction, using a focus group, observations, and an interview methodology. As well, [99] identified higher internet usage in rural female youth, searching for information and maintaining communication with family and friends, applying the econometric methodology.



The authors of this research acknowledge the contribution of previous studies in Mexico; however, the lack of complete analysis, in addition to the poverty statistics at the world level, reinforcing the sense that the investigations, have not been relevant for small producers [100], mainly for the female genre.



Several methodologies have been used in combining technology, traditional knowledge, and productive food context requirements, for example, participatory technology development and dissemination methods, under the stages of identifying, generating, testing, adapting, and promoting to help local difficulties [101]; the modern scientific knowledge systems proposal for integrating appropriate technologies [102]; the six-phase methodology to propose a digital model for the distribution of traditional knowledge [103]. However, knowledge management methodology, particularly Nonaka’s model, involving commitments, beliefs, experiences, and knowledge, combined with the flexibility and interaction in the identification of expectations of technological routes of [104], is emerging as two complementary methodologies, since one has been the basis for the development and adaptation for traditional knowledge over time [56,105], as well as being the most used and cited [106,107]. The other is applied in detecting technologies based on perspectives, and, in addition to that, both have already been used in the context of Mexico [108,109,110,111].



In Mexico, the Instituto Federal de Telecomunicaciones concluded that local women utilize a more significant proportion digital technologies such as the mobile smart telephone, social networks, and internet in 51.6% in the country [112,113]. This sense is homologated towards rural areas [99] and, today, it was established at Information, Communication, and Technologies ICT, which are features of highest interest to develop actions in favor of women in the country [114]. For this, the research develops a technological proposal for mezcalilleras’ sustainability from Oaxaca, Mexico, through four stages: (1) to identify mezcalilleras’ requirements enclosed in the traditional knowledge of agave-mezcal activity in Mexico; (2) to describe the agave-mezcal production process of the mezcalilleras; (3) to explore technological routes; (4) to propose technologies for mezcalilleras’ sustainability.



This research contributes to knowing mezcalilleras’ traditional knowledge enclosed in the production of agave-mezcal; in illustrating the agave-mezcal productive process; in the design of innovation routes; in the proposition of technologies for mezcalilleras’ sustainability from Oaxaca, Mexico, according to their requirements.



This study contains four sections. The first section, introduction, presents the history and evolution of digital technologies, their scope and gaps, and the status in the world and Mexico, also exposing the transcendence and problems of agriculture, specifically of agave-mezcal production, since the women’s context. The second reveals the literature review, showing the conjunction between technologies and knowledge, displaying local and worldwide studies, involving the women located in productive food sectors, exposing their propensity in the use of digital tools, actions, and methodologies used, and finishing in the objective and contribution on the present study. The third shows the materials and methods used, the justification of the sample and model used for data collection, the instrument, and the sequence of information analysis, reliability, and validity. The fourth presents the results recording the location and characteristics of the localities, agave-mezcal processes, technological resources, mezcalilleras’ description, and the traditional knowledge enclosed in agave-mezcal production. This part also presents a statistical analysis to verify variables’ correlations and the proposal of technologies for mezcalilleras’ sustainability. The fifth displays the conclusions, implications, and recommendations for future studies.




3. Materials and Methods


The present study was carried out with 28 mezcalilleras, which signifies 36% of total agave-mezcal enterprises located in Oaxaca where a woman is in charge, representing a proportion of around 393,986 L produced, the origination of 1267 direct jobs, and 5789 indirect jobs in the state by year [115,116,117]. The groups were formed by 10 mezcalilleras from Miahuatlán de Porfirio Díaz, 9 from San Juan del Río, 3 from San Baltazar Chichicápam, 2 from San Luis Amatlán, 1 from San Pedro Teozacoalco, 1 from Santa Catarina Minas, 1 from San Miguel Suchixtepec, and 1 from Villa de Zaachila, Oaxaca, Mexico.



To identify mezcalilleras’ traditional knowledge about ideas, information, and knowledge enclosed in the interaction of agave-mezcal activity in Mexico, questions based on the Socialization, Externalization, Combination, and Interiorization SECI layers of [81] we employed; in addition, technological routes, particularly considering the vision layer of [104], were designed and applied through face-to-face sessions and field visits. These were constructed following dimensions proposed by [106], adapted according to the scheme of [110], involved in non-profit organizations in Mexico, and homologated of the instrument of [108], applied in a small-scale agri-food Mexican context (see Figure 1).



For the Socialization layer, related with the interaction and sharing experiences [81], the following questions were asked:




	(S1).

	
As mezcalillera, do you share your knowledge with other people to produce mezcal?




	(S2).

	
As mezcalillera, do you build productive projects involving another mezcalillera?




	(S3).

	
As mezcalillera, do you get involved with another mezcalillera?




	(S4).

	
As mezcalillera, do you collaborate and communicate with external agents (government, institutions, and others)?









In Externalization, associated with the articulation of tacit knowledge into explicit forms [81]:




	(E1).

	
As mezcalillera, do you promote new ways of producing mezcal?




	(E2).

	
As mezcalillera, do you record your activities in formats that support the control of agave-mezcal production?




	(E3).

	
As mezcalillera, do you sell all your mezcal production?




	(E4).

	
As mezcalillera, do you consider the customer’s needs for your production?









For Combination, linked with the dissemination of existing information [81]:




	(C1).

	
As mezcalillera, do you analyze the profitability before producing agave-mezcal?




	(C2).

	
As mezcalillera, do you analyze the feasibility of the implementation of projects?




	(C3).

	
As mezcalillera, do you analyze your internal capacities before producing agave-mezcal?




	(C4).

	
As mezcalillera, do you evaluate the quality of your production?









For Internalization, related with the embodying explicit knowledge into tacit knowledge [81]:




	(I1).

	
As mezcalillera, do you analyze the agave-mezcal production from previous years?




	(I2).

	
As mezcalillera, do you analyze the production of agave-mezcal from previous years with your group?




	(I3).

	
As mezcalillera, would you be interested in hiring personnel or acquiring equipment to improve your production?




	(I4).

	
As mezcalillera, do you apply new ideas for the agave-mezcal production?









For technological routes:




	
As mezcalillera, what kind of equipment expectation would you require to improve the agave-mezcal activity?








All questions about SECI’s model had a Likert five-type scale response options, composed from 5 to 1, wherein 5 = Very Interested (VI), 4 = Interested (I), 3 = Neither Interested Nor Disinterested (NIND), 2 = Little Interested (LI), 1 = Nothing Interested (NI). The responses were summed and divided against a total (448) to statistically normalize the process and identify the balance level in the four layers [118]. These were used for the screening imbalances (gaps) as problems, failures, or barriers (needs), comparing the frequencies of the highest level of each question versus balance level, according to the studies [108,110,119,120,121] used in the Mexican context. Regarding technological routes, equipment expectations were collected in an open question and were registered and ordered according to their frequency, following the recommendations of [109,111], applied in Mexico.



To the proposal, the current agave-mezcal process was described following the recommendations of [122], starting from the cultivation of agave to the sale of mezcal to the client, collecting the technological resources used, through field visits. After this, and based on technological routes, the criteria to evaluate and select the technologies recommended by [123,124] was applied, according to the need of the mezcalilleras, the opportunity of application, and to the availability of knowledge for its construction. Finally, statistical correlations between the imbalances such as the problems, failures, or barriers (needs) detected in the mezcalilleras’ SECI process, with the equipment as technological routes, were executed, following [125,126].



The age, years producing, sale price as socio-demographic information, besides context-place of mezcalilleras, following the theory of [105,127], were included to evaluate the statistical correlation and practical development of technologies’ proposal. These variables were already used in the coffee agriculture chain by [109,111].



It is worth mentioning that mezcalilleras participants were aware of the aim of the study and were asked if they wanted to participate, respecting the autonomy of the community to decide their internal methods of socialization, in agreement with [128].
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Figure 1. Flowchart of methodologies applied to the study. 
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Analysis, Reliability, and Validity


The responses of the Likert five-type scale related to the Socialization, Externalization, Combination, and Interiorization model were analyzed, recorded, ordered, and graphed by each question. as well, the most selected level (5 to 1) of each SECI layer was delineated to make visual mezcalilleras’ activity for detecting imbalances as problems, failures, or barriers (needs).



In the same sense, the current version of the agave-mezcal process was described and mapped. The age, years producing, sale price, and equipment expectation were statistically analyzed and matched with mezcalilleras’ SECI model to propose technological routes, using the software IBM SPSS© Statistics v21. The context-place was registered and analyzed to check technologies’ practical implementation. Each technology proposition was filtered through criteria to evaluate it and select it, as in [123,124], and it was drawn using Microsoft Visio Professional© 2021.



Originally, SECI’s instrument used in this study was developed and evaluated by Contreras-Medina, D.I. in the research of [108], following the Cronbach alpha test to check reliability level and the expert’s opinions for validity [129,130], applying it in the agave-mezcal context for Mezcaleros’ producers, which gives validity and reliability to its application with mezcalilleras, following the recommendations of [131], about selecting an existing instrument.





4. Results and Discussion


4.1. Context-Place of Mezcalilleras


The mezcalilleras’ context-place in Oaxaca, Mexico registers heterogeneous social and economic variables that limit the development of its local population. This is the case of the mezcalilleras from the localities of Miahuatlán de Porfirio Díaz, San Juan del Río, San Baltazar Chichicápam, San Luis Amatlán, San Pedro Teozacoalco, Santa Catarina Minas, San Miguel Suchixtepec, and Villa de Zaachila, incorporated in the study.



Currently, Miahuatlán de Porfirio Díaz registers 50,375 inhabitants, of which around 76% live in poverty and 34% in extreme poverty. The 59% of residents of those 15 years-old and older have an elementary school education, 86% of 25 years-old and older know to read and write, 98% of houses have electricity service, 24% have a computer, 30% have internet access, 84% count with a mobile cell phone, and 13% have a landline phone. San Juan del Rio records 1372 inhabitants, of which 84% are estimated to live in poverty and 39% in extreme poverty. Seventy-nine percent of the local population of 15 or more years have an elementary school education, 82% of those 25 years old and older can read and write, 99% of homes have electricity service, 10% have a computer, 11% have internet access, 34% possess a mobile cell phone, and 54% have a landline phone. San Baltazar Chichicápam registers 2576 inhabitants, of which around 74% live in poverty and 30% in extreme poverty. The 53% of residents of 15 years old and older have an elementary school education, 74% of those 25 years old and older know to read and write, 98% of houses have electricity service, 8% have a computer, 19% have internet access, 73% possess a mobile cell phone, and 1% have landline phone. San Luis Amatlán records 3829 inhabitants, of which 88% live in poverty and 49% in extreme poverty, approximately. The 68% of the local population of those 15 years old and older have an elementary school education, while the 72% of 25 years old and older can read and write, 97% of homes count on electricity service, 5% have a computer, 15% have internet access, 58% possess a mobile cell phone, and 28% have a landline phone. San Pedro Teozacoalco registers 1153 inhabitants, of which around 78% live in poverty and 39% in extreme poverty. The 69% of residents of 15 and more years have an elementary school education, 85% know to read and write, 96% of houses have electricity service, 4% have a computer, 10% have internet access, 31% have a mobile cell phone, and 5% a landline phone. Santa Catarina Minas records 2067 inhabitants, of which around 73% live in poverty and 31% in extreme poverty. The 69% of the local population of those 15 years old and older have an elementary school education, 86% of those 25 years old and older can read and write, 99% of homes have electricity service, 13% have a computer, 42% have internet access, 86% have a mobile cell phone, and 6% have a landline phone. San Miguel Suchixtepec registers 2932 inhabitants, of whom 83% live in poverty and approximately 49% in extreme poverty. The 59% of residents of 15 and more years have an elementary school, 79% know to read and write, 98% of houses have electricity service, 15% have a computer, 44% have internet access, 65% have a mobile cell phone, and 17% have a a landline phone. Villa de Zaachila records 46,464 inhabitants, of which around 76% live in poverty and 25% in extreme poverty. The 54% of the local population of 15 years old and older have an elementary school education, 92% of 25 years old and older can read and write, 96% of homes have electricity service, 25% have a computer, 29% have internet access, 91% have a mobile cell phone, and 8% have a landline phone [132,133]. (see Figure 2, Table 1). The economic situation of poverty and extreme poverty is homologated not only to the mezcalilleras and mezcalilleros by having the earnings of mezcal as a subsistence method, obtaining around 7.5% profit on cost per litter, using for daily spending, but also, to all states in Mexico, mainly those located in the south-southeast of the country such as Oaxaca, Guerrero, and Chiapas, since they register up to three times and in some up to 20% compared to the entities of the north [134,135,136]. A similar situation of poverty is found in the Population of Africa and South Asian countries such Zambia, Guinea, or Pakistan with 54.4%, 43.7%, and 24.3%, however, the standard of living has been transformed with the introduction and monitoring of the use of technology [137,138].



The age and antiquity in the mezcal production of mezcalilleras reveal an average of 44 years old and 27 producing mezcal. In this sense, the sale price of mezcal is established around 300 Mexican pesos (US 14.6 dollars) per litter. At the same time, the equipment expectations focus on infrastructure for traditional factories (called Palenque), specifically for the measurement of sugar in agave, for the roof of the oven, and for the alembic (alambique in Spanish), as well as in the packaging and sales for improving agave-mezcal production. Additionally, there is a need for association (see Table 2). These results expose a younger average age of mezcalilleras located in Oaxaca, compared to that reported by [139], registering an average of 67 years old of mezcalilleras from Guerrero, Mexico.



Regarding the years producing mezcal, it is reflected that the average age at which knowledge transfer begins is 17 years old, establishing a relative similarity with that reported by [140], in which the starting age of 18 years is handled only in male producers. About the price, the range established by mezcalilleras is a little lower in a proportion of 413 Mexican pesos (US 20.28 dollars), compared with that reported by [117] for a bottle of 750 mL. Regarding equipment expectations, the requirement to improve the process is mainly measuring sugar in agave, the roof of the oven, alembic, packaging, sales, and the association. This is in line with the study of [141], in which the need to innovate the production process of mezcal and commercialization to improve its competitiveness was recorded.



The most used variety for the production of mezcal by mezcalilleras is espadin. The production process starts with agave selection, followed by the cutting of agave of root and leaves called “jima” with a shovel, for later collection in a wheelbarrow, and placement of the agave pineapples or heads in a truck, to transport them to the Palenque which is the place where mezcal is produced. In Palenque, agave pineapples are baked in a stone room or a hole dug in the ground for two to five days, grinding the cooked pineapple and extracting its juice through the “trapiche”, which is a metal wheel pulled by a horse. The liquid is placed in wooden fermentation vats for two to four days, depending on climate, to later go to the first distillation through “alambique”, a clay pot where the juice is heated to turn it into steam through a copper tube. The next step is to remove the ethanol to continue with the second distillation and give the mezcal the degrees of alcohol allowed by the applicable regulation, storage, packaging, and sale by unit or block (see Figure 3, Table 3). This process is, in general, in line with the expose by [50], in which the sequence of harvesting and cutting agave, cooking, mashing, or milling (grind), fermentation, first and second distillation, and bottling, was registered.



The traditional knowledge about ideas, information, and knowledge, enclosed in the interaction of agave-mezcal activity developed by mezcalilleras, reveals that balance was founded at Interested level I, reflecting significant heterogeneity in almost all SECI’s layers. For example, in the Socialization layer, related to interaction and sharing experiences, the results expose a selection in all Likert five-type scales of NI, LI, NIND, I, and VI. This same sense was found for Externalization associated with the articulation of tacit knowledge into explicit forms, Combination linked with the dissemination of existing information, and Internalization related with embodying explicit knowledge into tacit knowledge [81], manifesting a significant variability (see Figure 4). The Likert five-type scale most selected was I, reflecting a balance in this level, and the Socialization as the most balanced layer; however, the preponderance presented in the S4 in NIND level revealed an imbalance (gap) and a problem, fault, or barrier [119,120,121], while S1 and S2 in I, and S3 in VI, were the majority of the answers chosen by the mezcalilleras. Internalization is classified as the second least balanced layer in this line since it is registered to I1 and I2 in LI as the most chosen level, exposing an inequity, and I3 and I4 in I. Externalization, placed in the third position, shows E1 and E2 in NIND level and E4 in NI as preponderance level, displaying a disproportion, while E3 is located in VI. Combination has C1 in NI, C2 in LI, C3 in NIND as dominance levels, presenting the highest discrepancy, and only C4 is in I level (see Figure 5). These results are in line with the results exposed by [108], revealing imbalances in all SECI layers, contrary to the established Socialization layer which is the most imbalanced and combination as the least, showing in male producers (mezcaleros) (a similar sequence is registered in [108]).




4.2. Statistical Analysis


The Shapiro–Wilk statistical test was performed based on the sample size to evaluate the normality of the SECI’s layers [125]. The result determines (p > 0.05), representing a normal distribution. In this sense, the variables of age, years producing, price, and equipment requirements against SECI layers results were evaluated through the Pearson correlation test (1 − r + 1) to check the correlation and dependence of each one [126]. The results were registered as follows from the highest to lowest:



Age with Socialization S4r = 0.222, S1r = 0.128, S3r = 0.082, and for S2r = −0.192; with Externalization E4r = 0.468, E1r = 0.224, E3r = 0.222 and E2r = −0.580; with Combination C1r = 0.196, C2r = −0.186, C4r = −0.341 and C3r = −0.450; with Internalization I3r = 0.099, I1r = −0.201, I2r = −0.209, and I4r = −0.369.



Years producing with Socialization S4r = 0.392, S3r = 0.169, S1r = −0.009 and S2r = −0.249; with Externalization E4r = 0.180, E3r = −0.123, E1r = −0.322 and E2r = −0.469; with Combination C1r = 0.072, C2r= −0.533, C4r= −0.671 and C3r = −0.674; with Internalization I3r = 0.137, I2r = −0.279, I4r = −0.343, and I1r = −0.528.



Price with Socialization S1r = −0.006, S3r = −0.294, S4r = −0.328 and S2r = −0.390; with Externalization E2r = 0.265, E3r = 0.160, E1r = −0.210 and E4r = −0.667; with Combination C1r = 0.129, C2r = 0.098, C3r = −0.534 and C4r = −0.551; with Internalization I1r = 0.163, I3r = 0.089, I2r = −0.358, and I4r = −0.415.



Equipment with Socialization S4r = 0.625, S3r = 0.505, S1r = 0.237 and S2r = 0.209; with Externalization E4r = 0.329, E1r = 0.161, E3r = −0.207 and E2r = −0.447; with Combination C3r = −0.222, C4r = −0.324, C2r = −0.578 and C1r = −0.589; with Internalization I2r = 0.148, I4r = −0.022, I3r = −0.463, and I1r = −0.717 (see Table 4).



For the above, the interaction with external agents (S4), knowledge sharing (S1), and the interaction with another mezcalillera (S3) of the Socialization layer presented a correlation with age. This sense is also present for new ways of production (E1), sales (E3), the consideration of customer needs (E4), profitability (C1), and the interest to hire personnel or acquire equipment for improving agave-mezcal production (I3) of Externalization and Interiorization. At the same time, for the rest, there is no correlation. This means that the imbalances registered in S4, E1, and E4 present a dependency with age, therefore, taking into account this socio-demographic variable can support overcoming the problems, barriers, and difficulties of these points. These results are in line with the study of [95], in which the age of producers, mainly the youngest (45 years old on average), seek new ways to produce the mezcal and to articulate with customers and external agents, to reduce unfavorable effects of a socioeconomic and productive context.



Regarding external agents (S4), and the interaction with another mezcalillera (S3) of Socialization, of Exteriorization customer needs (E4), the profitability analysis (C1) of combination, and the interest to hire personnel or acquiring equipment for improving agave-mezcal production (I3) of Interiorization, registered a dependency with the years producing agave-mezcal, whereas, with the rest, there is no correlation. This means that the imbalances registered in S4, E4, and C1 showed a dependency with the years producing, therefore its consideration and attention could resolve these elements’ problems, barriers, and difficulties. The results are in line with the study [142], which claims that profitability is linked to association with external agents and that it implicitly depends on the years producing because the majority is between 60 and 80 years old, limiting the entry of new knowledge and technologies [140].



Concerning the record of activities in formats (E2) and sales (E3) of Exteriorization, the feasibility of implementation projects (C2) of combination, besides the analysis of previous years (I1), and the interest to hire personnel or acquiring equipment for improving agave-mezcal production (I3) of Interiorization, exposed a dependency with the price. At the same time, for the rest, there is no correlation. This means that the imbalances of E2, C2, and I1 indicated a dependence on the price, therefore its protection can support resolving the problems, barriers, and difficulties to balance these components. This result is in line with the study of [143], in which it is stated that, since some time ago, mezcaleros do not have instruments for recording and analyzing their activities for cost evaluation, nor the organization for the incorporation of productive projects.



Concerning external agents (S4), the interaction with another mezcalillera (S3), knowledge sharing (S1), and productive projects involving another mezcalillera (S2) of Socialization, of Exteriorization customer needs (E4), and the new ways of production (E1), in addition to the analysis of the agave-mezcal production in the group (I2) of Interiorization, displayed a dependency with the equipment; at the same time, for the rest, there is no correlation. This means that the imbalances of S4, E1, E4, and I2 revealed a dependence on the equipment, therefore its consideration and supply can resolve the problems, barriers, and difficulties to balance these components. These results are in line with the study of [144], in which it is recorded that the equipment is low-tech in its production, in addition to the fact that the interaction inside and outside is reduced due to the lack of access to technologies [145].




4.3. Technological Proposal for Mezcalilleras’ Sustainability


Based on the correlation between the problems, difficulties, or barriers (imbalances) enclosed in the agave-mezcal process registered for Socialization regarding the interaction and sharing experiences specifically in the interaction with external agents (S4), for Externalization associated with the articulation of tacit knowledge into explicit forms particularly with new ways of production (E1), and the customer needs (E4), and for Internalization related with embodying explicit knowledge into tacit knowledge exactly with the production of previous years in the group (I2), with equipment expectations as technological routes, the proposal of digital technologies is as follows:




	
Against the problems, difficulties, or barriers in the interaction with external agents (S4), correlating the equipment expectation as an association, the proposition is creating mezcalilleras’ digital platform as an adequate technology, combining hardware, software, and internet services into a digital platform [146]. This technology is the most effective means to promote equity and sustainable development [147], particularly of mezcalilleras through the association between external agents as government institutions, the academic community, non-profit organizations, and all people related to the agriculture sector, that want to interact with the mezcalilleras from Mexico, sharing support programs, events, research studies, service provision, sustainable practices, and all products that might add value to the agave-mezcal process.



The proposal of the technological platform is carried out based on the availability of knowledge of a Research Center belonging to the National Council for Science and Technology in Mexico (CONACYT), located in Jalisco, Mexico [148], taking advantage of its experience in the design of these technologies. The relevance of this technology has been validated by the European Commission and U.S. Department of Agriculture (USDA) when creating a women platform called Eurogender (EIGE), which is a hub of online cooperation for advancing gender equality in Europe and beyond [149], and with the USDA Women in agriculture mentoring network, to connect women in agriculture and share their experiences [150].



	
Touching the problems, difficulties, or barriers in the new ways of production (E1), and associating the expectation for the measurement of sugar in agave, the consideration of a fiber optic refractometer as an easy and fast way to determine the sugar level of agave of mezcalilleras, combining the sensors for measurement, an algorithm for calculation, embedded in a low-cost portable exemplar, since the knowledge of another Research Center, located in Aguascalientes, Mexico, can be exploited [151]. This hand-model instrument could improve the sugar level, quality, and the exact time for the agave Jima, for increasing mezcal production, enhancing economic benefits, and to avoid cutting the plant at the wrong times and thereby to achieve economic and environmental sustainability, since this technology is already considered by the Organization for Economic Co-operation and Development (OECD) as a way to determine the quality of fruit and vegetables [152].



	
Continuing with problems of E1, relating the expectation in the oven roof, the installation of a metal rooftop, placed above the oven, so that water is emitted as a shower, similar to a gas scrubber, could be the option attending to mezcalilleras’ demand. With this, the mezcalilleras could construct a sustainable process because they are protected from inclement weather and are trapping part of the pollutants produced by the combustion of firewood through the water. This technology is a part of a project developed by another Research Center located in Jalisco, Mexico to fire bricks using specialized software to improve energy efficiency. This knowledge could be homologated for the process of agave-mezcal [153], since there are experimental designs for this purpose [154].



	
Remaining with problems of E1, now linking the expectation in the alembic (alambique in Spanish), the installation of a horizontal distiller-fractionator with hydraulic closure, valves, and thermometers for the passage of mezcal, adding a pot of the same material to reduce the boiling time and achieving environmental sustainability, could be a technological option for improving the control of the process. This type of technology has already been studied by an Educational Institution located in Jalisco, Mexico, experimenting in Mexican citrus; it could also be homologated to the mezcal process once extraction efficiency is improved and standardized [155].



	
Continuing with problems of E1, correlating the expectation in packaging, the installation of metal containers in the storage stage as the priority added to the production of glass bottles, taking advantage of the stone room for baking agave heads, could be a suitable and relevant technology for the sustainability of the process. This option recommends replacing plastic containers with metal for the quality conservation of mezcal beverage, besides recycling the glass, using essential tools of transfer, molding, and resting in the process, which has already been implemented in the sector [156]. This proposal could be developed taking advantage of the knowledge of various Research Centers located in the northern region of Mexico and those immersed in the context of mezcal production [157,158,159].



	
Again, addressing problems of E1 associated with the expectation in sales, a similar technology to (S4) could be followed. For this, creating a digital platform in which the mezcal produced by the mezcalilleras could be the most appropriate option for improving the link between producers with the market, reducing costs, and achieving social sustainability [160]. This strategy is to digitize the drink to offer it in Mexico and the world, implemented in different world regions [161,162]. This proposal could be developed through the knowledge generated by the National Council for Science and Technology in Mexico (CONACYT) and Educational Institutions in the north region [163,164].



	
Concerning the problems of knowing the customer needs (E1), taking into account the association’s expectations would establish technology direction under the creation of software as the most pertinent in the present for improving the quality of the beverage. This software works once installed on a computer under an interface similar to that of a menu, in which the customer would register their opinion and considerer their preferences about the drink to cut only the wanted number and select variety and thereby achieve economic and environmental sustainability. This digital tool is applied to interact with customers quickly and easily. It is already considered by the Organization for Economic Co-operation and Development (OECD) as a part of the digital transformation [165], and it could be constructed by taking advantage of Educational Institutions’ knowledge in Mexico City, developing it through free access software, improving producer–client interaction, and connecting with international organizations working in the country [166,167].



	
Relating to the problems about analyzing the production of previous years in the group (I2), correlating the expectation of association, the design of a technological application APP could be a suitable technological tool for improving decision-making. This app could include the variables of production by growing season, month or day, variety of agave used, price, and customer to which it was sold, registering through a mobile cell phone, providing real-time information, recording the latest production levels from previous years for being analyzed, and giving the plant a break to regenerate the fields and begin to achieve economic and environmental sustainability. The importance for controlling the production and using applications was already recognized by the Food and Agriculture Organization of the United Nations when promoting projects on the development of apps with an emphasis on females, such as the mezcalilleras, for using information through digital technologies for increasing agricultural productivity [124,168]. Besides, the evaluation of yields and household women incomes importance has been recognized by World Bank and United Nations, and in promoting and developing projects in the context of poverty in the world to balance the role of women [169,170], and for empowering women farmers to grow their yield and incomes [171].








This app could be designed utilizing the knowledge of Mexican Institutions, using the last tendencies and technologies in the context of agave-mezcal activity [172,173].



The digital importance of tools such as platforms, apps, and software are being implemented through projects in different parts of the world focused on females. For this, it could well be implemented in the mezcalilleras’ activities in Mexico, since they count with the context-place for implementing these technologies, starting with San Miguel Suchixtepec with the highest level of internet access. Technologies as fiber optic refractometer, metal rooftop, horizontal distiller-fractionator, metal containers, and glass bottles could be implemented in all localities since they only require training (see Figure 6).



For the above, and because the mezcalilleras are the women-in-charge of mezcal production, local female producers could use this technological proposition. This affirmation is made in light of the findings of [174], in which it is stated that the adoption of technologies is stimulated when women have control over resources. Invariably, the implementation of a digital platform, fiber optic refractometer, metal rooftop, horizontal distiller-fractionator, production of glass bottles, software, and app, must be accompanied by experts for teaching mezcalilleras how to use digital technologies, following [175] recommendations, and requiring making explicit the benefits to avoid skepticism [176], in addition to complementing the support with government, academic, or non-profit institutions, or the related population.





5. Conclusions


Based on the objective of proposing digital technologies for mezcalilleras’ sustainability from Mexico, based on knowledge management, this study reveals significant requirements (imbalances) enclosed in traditional knowledge of agave-mezcal production, determining the combination layer with the highest gaps, indicating the most crucial problem or failure. For the Externalization, Internalization, and Socialization, the findings expose minor imbalance and fewer problems.



Combination, as the most imbalanced layer, indicates problems related to profitability (C1), feasibility (C2), and internal capacities (C3). For the case of Externalization, Internalization, and Socialization, the inequities (problems) focus on the interaction with external agents (S4), new ways of production (E1), formats for controlling production (E2), customer needs (E4), production of previous years (I1), and the production of previous years in the group (I2). These imbalances manifest a correlation with age, years producing, and price per litter, while the highest is of equipment with S4.



Regarding the imbalances correlations with equipment, for technological routes, the results reflect an association with S4, E1, E4, and I2, therefore the mezcalilleras expectations as an association, measurement of sugar in agave, oven roof, alembic, packaging, and sales, could have been attended through technological proposition and have a positive influence for the interaction with external agents, new ways of production, to know the customer needs, and to record the production of previous years in the group.



A large proportion of equipment expectations are focused on the production process, which is correlated with the imbalance of new forms of production. Therefore, the technologies proposals, such as the fiber optic refractometer, metal rooftop, horizontal distiller-fractionator, metal containers, glass bottles, and digital platform, could solve the problems of new ways of production, in addition to software, the creation of an application to remove the barriers and interact with external agents, and customers to record the production of previous years. It is essential to mention that digital platform technology could also be used for local interaction to bring traditional knowledge among mezcalilleras and with men and those of the new generation of Oaxaca, promoting new management practices and different ways to use this technological tool, or the elaboration of new products, since all localities have internet access, and mobile cell phone and computer availability, the proposal could be implemented taking advantage of the fact that women are more likely to use Technologies, leaving intact agave-mezcal traditional activity



The age reflects a significant correlation in all layers, followed by the years producing and price, mainly in Socialization and Externalization, in which the most important is found. For this, the mezcalilleras of 44-year-olds must be prioritized for the entry of technologies proposal, followed by the antiquity in the production of mezcal of 27 years.



Based on the context-place variables of localities, the mezcalilleras’ digital workspace technological platform and app proposal could be installed in San Miguel Suchixtepec, because it registers the highest internet access. However, technologies such as fiber optic refractometer, metal rooftop, horizontal distiller-fractionator, metal containers, and glass bottles could be implemented in all localities since they only require training.



Technologies proposed in this study should be interpreted with caution because of the lack of statistical representativeness. It is necessary to carry out a broader analysis that considers more locations in this and other traditional chains in Mexico and the world, despite their contribution to mezcal production in Oaxaca, Mexico.



This study can be important for practitioners, academics, policymakers, and small producers, for improving mezcalilleras’ sustainability, and trying to preserve and revitalize women’s traditional knowledge.







Author Contributions


Conceptualization, D.I.C.-M.; methodology, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; software, D.I.C.-M. and S.E.M.-C.; validation, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; formal analysis, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; investigation, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; resources, D.I.C.-M., J.S.-G. and C.M.R.-P.; data curation, D.I.C.-M., S.E.M.-C.; writing—original draft preparation, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; writing—review and editing, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; visualization, D.I.C.-M., S.E.M.-C., J.S.-G. and C.M.R.-P.; project administration, D.I.C.-M., J.S.-G. and C.M.R.-P.; funding acquisition, D.I.C.-M., J.S.-G. and C.M.R.-P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Council for Science and Technology of Mexico (Consejo Nacional de Ciencia y Tecnología CONACYT acronym in Spanish), under the project titled: Learning, training and analysis of the environment to strengthen value chains based on work with female mezcal masters in Oaxaca and Guerrero, with ID 06520.




Institutional Review Board Statement


The study was proposed and conducted according to the guidelines of the Declaration of Helsinki, asking if they want to participate, respecting their autonomy to decide their internal methods of socialization in agreement with [128], protecting the identity, approved by the National Council for Science and Technology of Mexico CONACYT, and developed by CIATEJ through technical manager of the project “Learning, training and analysis of the environment to strengthen value chains based on work with female mezcal masters in Oaxaca and Guerrero, with ID 06520, in 2018.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The information of this study can be consulted in its entirety within the project “Learning, training and analysis of the environment to strengthen value chains based on work with female mezcal masters in Oaxaca and Guerrero, with ID 06520”. To know the information access requirements please see the page https://conacyt.mx/transparencia/ (accessed on 17 December 2020).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ritter, T.; Pedersen, C.L. Digitization capability and the digitalization of business models in business-to-business firms: Past, present, and future. Ind. Mark. Manag. 2019, 86, 180–190. [Google Scholar] [CrossRef]

	



Cambridge University Press. Technology. Available online: https://dictionary.cambridge.org/es-LA/dictionary/learner-english/technology (accessed on 2 November 2020).

	



Lee, S.M.; Trimi, S. Convergence innovation in the digital age and in the COVID-19 pandemic crisis. J. Bus. Res. 2020, 123, 14–22. [Google Scholar] [CrossRef] [PubMed]

	



St. Amour, L. Amour, L. The Internet: An Unprecedented and Unparalleled Platform for Innovation and Change; INSEAD and WIPO: Paris, France, 2012. [Google Scholar]

	



Basalla, G. The Evolution of Technology; Syndicate of the University of Cambridge: Cambridge, UK, 2014; ISBN 9781107049864. [Google Scholar]

	



Tardieu, H.; Daly, D.; Esteban-Lauzán, J.; Hall, J.; Miller, G. Deliberately Digital Rewriting Enterprise DNA for Enduring Success; Springer: Berlin/Heidelberg, Germany, 2020; ISBN 978-3-030-37954-4. [Google Scholar]

	



Bentley, G.; Gibney, J. Regional Development Agencies and Business Change; Routledge: London, UK, 2017; ISBN 9781315183411. [Google Scholar]

	



Suresh, P.; Daniel, J.V.; Parthasarathy, V.; Aswathy, R.H. A state of the art review on the Internet of Things (IoT) history, technology and fields of deployment. In Proceedings of the 2014 International Conference on Science Engineering and Management Research, ICSEMR 2014, Chennai, India, 27–29 November 2014. [Google Scholar]

	



Parida, V.; Sjödin, D.; Reim, W. Reviewing Literature on Digitalization, Business Model Innovation, and Sustainable Industry: Past Achievements and Future Promises. Sustainability 2019, 11, 391. [Google Scholar] [CrossRef]

	



Jones, D.; Snider, C.; Nassehi, A.; Yon, J.; Hicks, B. Characterising the Digital Twin: A systematic literature review. CIRP J. Manuf. Sci. Technol. 2020, 29, 36–52. [Google Scholar] [CrossRef]

	



Taboada, I.; Shee, H. Understanding 5G technology for future supply chain management. Int. J. Logist. Res. Appl. 2020, 24, 392–406. [Google Scholar] [CrossRef]

	



Fielke, S.; Taylor, B.; Jakku, E. Digitalisation of agricultural knowledge and advice networks: A state-of-the-art review. Agric. Syst. 2020, 180, 102763. [Google Scholar] [CrossRef]

	



UNESCO Digital Technologies: An Ally for Gender Equality? Available online: https://en.unesco.org/news/digital-technologies-ally-gender-equality (accessed on 17 December 2020).

	



Maruo, M.; Young, D. Leveraging Technology to Close Gaps between Men and Women. Available online: https://blogs.worldbank.org/digital-development/leveraging-technology-close-gaps-between-men-and-women (accessed on 17 December 2020).

	



Zelezny-Green, R.; Vosloo, S.; Conole, G. Digital Inclusion for Low-Skilled and Low-Literate People: A Landscape Review; United Nat.: Geneva, Switzerland, 2018. [Google Scholar]

	



Condruz-Bacescu, M. The impact of digital technologies on learning. eLearning Softw. Educ. Conf. 2019, 2, 57–63. [Google Scholar] [CrossRef]

	



Ray, N. Managing Diversity, Innovation, and Infrastructure in Digital Business; Global, IG: Hershey, PA, USA, 2018; ISBN 9781522559931. [Google Scholar]

	



United Nations ‘Digital Divide’ Will Worsen Inequalities, without Better Global Cooperation||UN News. Available online: https://news.un.org/en/story/2019/09/1045572 (accessed on 10 December 2020).

	



United Nations Put Digital Technology to Work ‘for Those Who Need It Most’. Available online: https://news.un.org/en/story/2020/11/1077822 (accessed on 9 December 2020).

	



UNCTAD. Digital Economy Report 2019: Value Creation and Capture. Available online: https://unctad.org/es/node/27419 (accessed on 15 January 2021).

	



Maloney, S. Closing the Digital Divide. Available online: https://live.worldbank.org/closing-the-digital-divide (accessed on 3 January 2021).

	



OECD. Bridging the Digital Gender Divide: Include, Upskill, Innovate. Available online: https://www.oecd.org/digital/bridging-the-digital-gender-divide.pdf (accessed on 29 December 2020).

	



Putnik, G. Encyclopedia of Networked and Virtual Organizations; IGI Global: New York, NY, USA, 2010. [Google Scholar]

	



Cruz-Jesus, F.; Vicente, M.R.; Bacao, F.; Oliveira, T. The education-related digital divide: An analysis for the EU-28. Comput. Hum. Behav. 2016, 56, 72–82. [Google Scholar] [CrossRef]

	



Tomczyk, L.; Eliseo, M.A.; Costas, V.; Sanchez, G.; Silveira, I.F.; Barros, M.-J.; Amado-Salvatierra, H.R.; Oyelere, S.S. Digital Divide in Latin America and Europe: Main Characteristics in Selected Countries. In Proceedings of the Iberian Conference on Information Systems and Technologies, CISTI, Coimbra, Portugal, 19–22 June 2019. [Google Scholar] [CrossRef]

	



Montiel, J.M.M. The digital divide in mexico: A mirror of poverty. Mex. Law Rev. 2016, 9, 93–102. [Google Scholar] [CrossRef]

	



World Bank. Digital Adoption Index 2014 & 2016. Available online: https://www.worldbank.org/en/publication/wdr2016/Digital-Adoption-Index (accessed on 10 January 2021).

	



World Bank Data: World Bank Country and Lending Groups. Available online: https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups%0A (accessed on 17 January 2021).

	



IMCO Diagnóstico IMCO: Mujer en la Economía Pos-COVID. Available online: https://imco.org.mx/wp-content/uploads/2020/09/14092020_Mujer-en-la-economía-pos-covid_Documento.pdf (accessed on 20 April 2021).

	



INEGI Población. Available online: https://www.inegi.org.mx/temas/estructura/ (accessed on 28 January 2021).

	



Moreno-Uriegas, M.; de los, Á. Participación Laboral de la Mujer en México. Available online: https://www.onu.org.mx/la-participacion-laboral-de-la-mujer-en-mexico/ (accessed on 28 April 2021).

	



INEGI. Resultados de la Encuesta Nacional de Hogares 2016. Available online: https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2021/enoe_ie/enoe_ie2021_02.pdf (accessed on 30 January 2021).

	



INEGI. Resultados de la Encuesta Naciaona de Ocupacion y Empleo Cifras Durante el Tercer Trimestre de 2014. Available online: https://www.inegi.org.mx/contenidos/programas/enoe/15ymas/doc/enoe_n_nota_tecnica_trim3.pdf (accessed on 28 January 2021).

	



OECD 19. Mexico. Available online: https://www.oecd-ilibrary.org/sites/87afa5a1-en/index.html?itemId=/content/component/87afa5a1-en (accessed on 15 October 2021).

	



Corona, I. El Desarrollo de la Agricultura y el Impacto Que Tendría en Las Finanzas Públicas. Available online: https://cefp.gob.mx/formulario/Trabajo_12a.pdf (accessed on 15 May 2021).

	



Bellino, N. La FAO en México. Más de 60 Años de Cooperacíón 1945–2009; FAO: Ciudad de México, Mexico, 2009; ISBN 9789253064182. [Google Scholar]

	



OECD-FAO Agricultural Out-Look. Available online: https://www.oecd-ilibrary.org/sites/3aeb7be3-en/index.html?itemId=/content/component/3aeb7be3-en%0A (accessed on 30 December 2020).

	



FAO México en Una Mirada. Available online: http://www.fao.org/mexico/fao-en-mexico/mexico-en-una-mirada/es/ (accessed on 25 January 2021).

	



FAO Género y Empleo Rural. Available online: http://www.fao.org/3/i2008s/i2008s01.pdf (accessed on 17 January 2021).

	



Servicio de Información Agroalimentaria y Pesquera (SIAP). La Importancia del Sector Primario en México. Available online: https://www.gob.mx/siap/es/articulos/la-importancia-del-sector-primario-en-mexico?idiom=es (accessed on 11 January 2021).

	



SADER Creció casi 20 % Superávit de la Balanza Agroalimentaria de México con el Mundo en Enero 2020. Available online: https://www.gob.mx/agricultura/prensa/crecio-casi-20-superavit-de-la-balanza-agroalimentaria-de-mexico-con-el-mundo-en-enero-2020 (accessed on 5 January 2021).

	



IICA México: Un Gigante del Sector Agropecuario Decidido a Cerrar Brechas Sociales en el Campo. Available online: https://www.iica.int/es/prensa/noticias/mexico-un-gigante-del-sector-agropecuario-decidido-cerrar-brechas-sociales-en-el (accessed on 3 February 2021).

	



Hansen, C.M. Hansen Solubility Parameters A User’s Handbook, 2nd ed.; CRC Press/Taylor and Francis: Boca Raton, FL, USA, 2013; ISBN 9788578110796. [Google Scholar]

	



Medina Ramírez, S.; Góngora Pérez, J.P. Exportaciones agroalimentarias. Comer. Exter. 2012, 3, 14–17. [Google Scholar]

	



Reyes, J.U. El Sector Agropecuario en México, una Historia de Marginación. In La Fragilidad de las Reformas; Guerrero Anaya, L.J., Marrufo Cardín, L., Nuñes Bustillos, J.C., Eds.; ITESO: Guadalajara, Mexico, 2019. [Google Scholar]

	



SIAP Anuario Estadístico de la Producción Agrícola. Available online: https://nube.siap.gob.mx/cierreagricola/ (accessed on 21 December 2020).

	



Flores-Ríos, P.A.; Celerino, R.; Castañeda-Hidalgo, E. Generación y caracterización básica de bagazos de la agroindustria del mezcal en Oaxaca. Rev. Mex. Cienc. Agrí. 2020, 11, 1437–1445. [Google Scholar] [CrossRef]

	



Rivera, G.B.; Ibarra, E.L.E.; Pacheco, H.R.S.; Mendoza, O.T.; Rosas, M.L.S.; Castro, E.H. Caracterización morfológica de Agave angustifolia y su conservación en Guerrero, México. Rev. Mex. Cienc. Agrí. 2019, 10, 655–668. [Google Scholar] [CrossRef]

	



García-Mendoza, A. México Cuenta con 159 Especies de Agave; Investigadores de la UNAM Encontraron 4 Nuevas. Available online: https://www.dgcs.unam.mx/boletin/bdboletin/2018_045.html (accessed on 15 December 2020).

	



Ramírez-Guzmán, K.N.; Torres-León, C.; Martinez-Medina, G.A.; de la Rosa, O.; Hernández-Almanza, A.; Alvarez-Perez, O.B.; Araujo, R.; González, L.R.; Londoño, L.; Ventura, J.; et al. Traditional Fermented Beverages in Mexico. Fermented Beverages 2019, 5, 605–635. [Google Scholar] [CrossRef]

	



Bautista, J.; Smit, M. Sustainability and agriculture in the “mezcal reigon” of Oxaca. Rev. Mex. Cienc. Agrí. 2018, 3, 5–20. [Google Scholar]

	



Berkes, F. Sacred Ecology, 4th ed.; Routledge: New York, NY, USA, 2017; Volume 22, ISBN 9781315114644. [Google Scholar]

	



Jain, S. Dynamism of Traditional Knowledge. Indian J. Tradit. Knowl. 2005, 04, 115–117. [Google Scholar]

	



Colunga-García Marín, P.; Larqué Saavedra, A.; Zizumbo-Villarreal, E.; Zuzumbo-Villareal, D.; Ramírez Carrillo, L.A. En lo ancestral hay futuro: Del tequila, los mezcales y otros agaves. Rev. La Univ. Auton. Yucatán 2008, 245, 75–80. [Google Scholar]

	



Granich, C.I.; Purata, S.E.; Edouard, F.; Pardo, F.S.; Tovar, C. Overcoming barriers in collectively managed NTFPs in Mexico. In Wild Product Governance Finding Plicies That Work for Non-Timber Forest Products; Laird, S.A., McLain, R.J., Wynberg, R.P., Eds.; Routledge, Taylor and Francis Group: Abingdon, UK, 2010; ISBN 9781849775199. [Google Scholar]

	



WIPO. Methodology for the Development of National Intellectual Property Strategies Tool 3: Benchmarking; WIPO: France, Paris, 2014. [Google Scholar]

	



Noriega, G.; Cárcamo, B.; Cruz, S. Crisis mezcalera: Una agroindustria marginada en investigación y transferencia de tecnología. In Estado del Desarro. Económico y Soc. los Pueblos Indígenas Guerr; SIPIG-UNAM: Mexico City, Mexico, 2009. [Google Scholar]

	



Bautista, J.A.; José, A.A.A.; Núñez, M.J.L. Efectos socioeconómicos y ambientales de la sobreproducción de maguey mezcalero en la región del mezcal de Oaxaca, México. Agric. Soc. Desarro. 2017, 14, 635–655. [Google Scholar] [CrossRef]

	



Minocha, R. Gender, Environment and Social Transformation: A Study of Selected Villages in Himachal Pradesh. Indian J. Gend. Stud. 2015, 22, 335–357. [Google Scholar] [CrossRef]

	



De La Torre, M.F.P.; Gordon, L.M.P. Análisis histórico de los mezcales y su situación actual desde una perspectiva ecomarxista/Historical analysis of mezcals and their current situation from aneco-marxist approach. Eutopía Rev. Desarro. Econ. Territ. 2018, 14, 23–42. [Google Scholar] [CrossRef]

	



Nuñez, J.P. Las Mujeres en la Producción de Mezcal. Available online: https://ciatej.mx/el-ciatej/comunicacion/Noticias/Las-mujeres-en-la-produccion-de-mezcal-/129 (accessed on 11 January 2021).

	



Gallardo-Valdez, J. Breviario Mezcalero; Centro de Investigación en Tecnología y Diseño del Estado de Jalisco A.C.: Guadalajara, Mexico, 2017; ISBN 978-607-97548-1-5. [Google Scholar]

	



García, H.C.; Valle, J.R.E.-D.; Velasco Velasco, V.A.; Luna, J.R.; Ángeles, G.V.C.; García, D.E.A. Nutrimentos y carbohidratos en plantas de Agave angustifolia Haw. y Agave karwinskii Zucc. Rev. Mex. Cienc. Agrí. 2013, 4, 1161–1173. [Google Scholar] [CrossRef]

	



María, H.P. Proceso Productivo del Mezcal Artesanal en Ocho Unidades Productivas del Municipio de San Luis Amatlán, Oaxaca. Bachelor’s Thesis, Universidad Autónoma Agraria Antonio Narro, Coahuila, Mexico, 2018. [Google Scholar]

	



Meetoo, V.; Mirza, H.S. “There is nothing ‘honourable’ about honour killings”: Gender, violence and the limits of multiculturalism. In Honour Violence Women Islam; Idriss, M.M., Abbas, T., Eds.; Routledge, Taylor and Francis Group: Abingdon, UK, 2010; pp. 42–66. [Google Scholar] [CrossRef]

	



CONAPRED Ficha Temática Mujeres. Available online: http://www.conapred.org.mx/userfiles/files/FichaTematica_Mujeres.pdf (accessed on 22 January 2021).

	



González Fernández, C.L.; Herrera Mendoza, A. Prácticas de innovación en la industria de mezcal artesanal del estado de Oaxaca para el desarrollo futuro de una industria sostenible. In Proceedings of the XXIV Congreso Internacional de Contaduría, Administración e Informática, Mexico City, Mexico, 9–11 October 2019; Ciudad Universitaria: Mexico City, Mexico, 2019. [Google Scholar]

	



Castillo, J.G.D.; Cisneros-Cohernour, E.J.; Barberà, E. Factors influencing technology use by Mayan women in the digital age. Gender, Technol. Dev. 2018, 22, 185–204. [Google Scholar] [CrossRef]

	



Sutherland, W.J.; Gardner, T.A.; Haider, L.J.; Dicks, L.V. How can local and traditional knowledge be effectively incorporated into international assessments? Oryx 2013, 48, 1–2. [Google Scholar] [CrossRef]

	



Fenstad, J.E.; Hoyningen, P.; Hu, Q.; Kokwaro, Q.; Salick, J.; Shrum, W.; Subbarayappa, B. Science and traditional knowledge: Report from the ICSU Study Group on Science and Traditional Knowledge. Available online: https://council.science/wp-content/uploads/2017/05/Science-traditional-knowledge.pdf (accessed on 14 April 2021).

	



Riege, A. Three-dozen knowledge-sharing barriers managers must consider. J. Knowl. Manag. 2005, 9, 18–35. [Google Scholar] [CrossRef]

	



United Nations Levearing Digital Technologies for Social Inclusion. Available online: https://www.un.org/development/desa/dspd/2021/02/digital-technologies-for-social-inclusion/ (accessed on 12 May 2021).

	



Giraudo, M.B.W. COVID-19 y Los Sistemas Agroalimentarios: Visión Desde el Cambio Climático, la Innovación y la Bioeconomía|Blog del IICA. Available online: https://blog.iica.int/blog/covid-19-los-sistemas-agroalimentarios-vision-desde-cambio-climatico-innovacion-bioeconomia (accessed on 22 May 2021).

	



Chang, F. To Build More-Inclusive Technology, Change Your Design Process. Available online: https://hbr.org/2020/10/to-build-more-inclusive-technology-change-your-design-process (accessed on 20 May 2021).

	



UN/DESA Traditional Knowledge—An Answer to the Most Pressing Global Problems? Available online: https://www.un.org/development/desa/en/news/social/permanent-forum-on-indigenous-issues-2019.html (accessed on 27 December 2020).

	



UNESCO Icts and Indigenous People. Available online: http://www.iite.unesco.org (accessed on 29 December 2020).

	



Malerba, F. Schumpeterian Patterns of Innovation and Technological Regimes. Econ. J. 2013, 110, 388–410. [Google Scholar] [CrossRef]

	



Popadiuk, S.; Choo, C.W. Innovation and knowledge creation: How are these concepts related? Int. J. Inf. Manag. 2006, 26, 302–312. [Google Scholar] [CrossRef]

	



Bratianu, C. Organizational Knowledge Dynamics: Managing Knowledge Creation, Acquisition, Sharing, and Transformation; IGI Global: Bucharest, Romania, 2015; ISBN 9781466683198. [Google Scholar]

	



Polanyi, M. Personal knowledge. Towards a Post-Criktical Philosophy; Taylor & F.: London, UK, 2012. [Google Scholar]

	



Nonaka, I. A Dynamic Theory of Organizational Knowledge Creation. Organ. Sci. 1994, 5, 14–37. [Google Scholar] [CrossRef]

	



Acuña, P.V.R. La innovación como proceso y su gestión en la organización: Una aplicación para el sector gráfico colombiano. Suma Neg. 2016, 7, 125–140. [Google Scholar] [CrossRef]

	



Easa, N. Knowledge Creation Process & Innovation in Egyptian Banking Sector. In Proceedings of the Organization Learning, Knowledge and Capabilities Conference; Introduction 1—Knowledge Creation Process in Organisation, Hull, UK, 12–14 April 2011. [Google Scholar]

	



Wang, Z.; Wang, N. Knowledge sharing, innovation and firm performance. Expert Syst. Appl. 2012, 10, 8899–8908. [Google Scholar] [CrossRef]

	



Yeo, R.; Dopson, S. Lose it to Gain it! Unlearning by Individuals and Relearning as a Team. In Organizational Learning in Asia; Elsevier: Amsterdam, The Netherlands, 2017; pp. 41–84. [Google Scholar] [CrossRef]

	



Pawennari, H. Merging Indigenous and Modern Knowledge in Agricultural Development. Int. J. Agric. Syst. 2015, 2, 141–151. [Google Scholar] [CrossRef]

	



Swift, J. Notes on Traditional Knowledge, Modern Knowledge and Rural Development. IDS Bull. 2009, 10, 41–43. [Google Scholar] [CrossRef]

	



Zeraati, H.; Rajabion, L.; Molavi, H.; Navimipour, N.J. A model for examining the effect of knowledge sharing and new IT-based technologies on the success of the supply chain management systems. Kybernetes 2019, 49, 229–251. [Google Scholar] [CrossRef]

	



Setini, M.; Yasa, N.N.K.; Supartha, I.W.G.; Giantari, I.G.A.K.; Rajiani, I. The Passway of Women Entrepreneurship: Starting from Social Capital with Open Innovation, through to Knowledge Sharing and Innovative Performance. J. Open Innov. Technol. Mark. Complex. 2020, 6, 25. [Google Scholar] [CrossRef]

	



Abukhait, R.M.; Bani-Melhem, S.; Zeffane, R. Empowerment, knowledge sharing and innovative behaviours: Exploring gender differences. Int. J. Innov. Manag. 2019, 23, 1950006. [Google Scholar] [CrossRef]

	



Lecoutere, E.; Spielman, D.J.; Van Campenhout, B. Women’s empowerment, agricultural extension, and digitalization: Disentangling information and role model effects in rural Uganda. SSRN Electron. J. 2019, 1889. [Google Scholar] [CrossRef]

	



Wang, Y.; Sandner, J. Like a “Frog in a well”? An ethnographic study of Chinese rural women’s social media practices through the WeChat platform. Chin. J. Commun. 2019, 12, 324–339. [Google Scholar] [CrossRef]

	



Montanari, B.; Bergh, S.I. Why women’s traditional knowledge matters in the production processes of natural product development: The case of the Green Morocco Plan. Women’s Stud. Int. Forum 2019, 77, 102275. [Google Scholar] [CrossRef]

	



Francesca, C. IFAD Advantage Series—The Traditional Knowledge Advantage Indigenous Peoples’ Knowledge in Climate Change Adaptation and Mitigation Strategies; IFAD Advant. Ser: Rome Italy, 2016; ISBN 97890726562. [Google Scholar]

	



Bautista, J.A.; Cirilo, S.O.; Melchor, E.T. La disminución de la producción artesanal de mezcal en la Región del mezcal de Oaxaca, Mexico. Rev. Mex. Cienc. Agrícolas 2015, 6, 1291–1305. [Google Scholar] [CrossRef]

	



Schwab-Cartas, J. Keeping Up with the Sun: Revitalizing Isthmus Zapotec and Ancestral Practices through Cellphilms. Can. Mod. Lang. Rev. 2018, 74, 363–387. [Google Scholar] [CrossRef]

	



Gomez, R.; Ramirez, Y.I.; Berwick, J. Radio, library, and storytelling: Building an information system for indigenous community development in Chiapas, Mexico. Electron. J. Inf. Syst. Dev. Ctries. 2018, 85, e12062. [Google Scholar] [CrossRef]

	



INALI Indicadores Básicos de Agrupación Tseltal. Available online: https://site.inali.gob.mx/pdf/estadistica/AGRUPACIONES/AGRUPACIONES_TSELTAL.pdf (accessed on 22 February 2021).

	



Dominguez, M.M.; Mora-Rivera, J. Internet adoption and usage patterns in rural Mexico. Technol. Soc. 2019, 60, 101226. [Google Scholar] [CrossRef]

	



Zhongming, Z.; Linong, L.; Wangqiang, Z.; Wei, L. Ending Hunger: Science Must Stop Neglecting Smallholder Farmers. Available online: https://www.nature.com/articles/d41586-020-02849-6 (accessed on 15 February 2021).

	



International Institute of Rural Reconstruction. Participatory Methods in Community-based Coastal Resource Management; Internati: Silang, Philippines, 1998; Volume I, ISBN 0942717902. [Google Scholar]

	



Tharakan, J. Indigenous Knowledge Systems for Appropriate Technology Development. Indig. People 2017, 123, 123–134. [Google Scholar] [CrossRef]

	



Muttaqinab, F.; Salmana, M. Development of WEB-Based GIS Model Traditional Knowledge in Indonesia Using Soft System Methodology (SSM) and Service Oriented Architecture (SOA). In Proceedings of the 11th International Conference on Management, Law, Economics and Interdisciplinary Studies (MLEIS-18), Bali, Indonesia, 12–13 January 2018. [Google Scholar]

	



Phaal, R.; Muller, G. An architectural framework for roadmapping: Towards visual strategy. Technol. Forecast. Soc. Chang. 2009, 76, 39–49. [Google Scholar] [CrossRef]

	



Nonaka, I.; Toyama, R.; Konno, N. SECI, Ba and Leadership: A Unified Model of Dynamic Knowledge Creation. Long Range Plan. 2000, 33, 5–34. [Google Scholar] [CrossRef]

	



Farnese, M.L.; Barbieri, B.; Chirumbolo, A.; Patriotta, G. Managing Knowledge in Organizations: A Nonaka’s SECI Model Operationalization. Front. Psychol. 2019, 10, 2730. [Google Scholar] [CrossRef]

	



Institute for Scientific Information (ISI) Web of Knowledge/Science. Available online: https://apps.webofknowledge.com (accessed on 2 November 2020).

	



Flores Torres, C.L.; Olvera-Vargas, L.A.; Sánchez Gómez, J.; Contreras-Medina, D.I. Discovering innovation opportunities based on SECI model: Reconfiguring knowledge dynamics of the agricultural artisan production of agave-mezcal, using emerging technologies. J. Knowl. Manag. 2021, 25, 336–359. [Google Scholar] [CrossRef]

	



Contreras-Medina, D.I.; Osorio, E.S.; Olvera-Vargas, L.A.; Romero, Y.R. Technology Roadmapping Architecture Based on Knowledge Management: Case Study for Improved Indigenous Coffee Production from Guerrero, Mexico. J. Sens. 2019, 2019, 5860905. [Google Scholar] [CrossRef]

	



Contreras-Medina, D.I.; Díaz-Nieto, E.S.; Uribe-Plaza, M.G.; García, N.C.; Mendoza-García, P.D.C. Nonprofit Organizations in Mexico: A Preliminary Study on Knowledge Creation From the Beneficiaries’ Perspectives. J. Nonprofit Public Sect. Mark. 2019, 32, 407–426. [Google Scholar] [CrossRef]

	



Contreras-Medina, D.; Contreras-Medina, L.; Pardo-Nuñez, J.; Olvera-Vargas, L.A.; Rodriguez-Peralta, C. Roadmapping as a Driver for Knowledge Creation: A Proposal for Improving Sustainable Practices in the Coffee Supply Chain from Chiapas, Mexico, Using Emerging Technologies. Sustainability 2020, 12, 5817. [Google Scholar] [CrossRef]

	



Instituto Federal de Telecomunicaciones. Uso de las TIC y Actividades por Internet en México: Impacto de las Características Sociodemográficas de la Población (Versión 2019). Available online: http://www.ift.org.mx/sites/default/files/contenidogeneral/estadisticas/usodeinternetenmexico.pdf (accessed on 14 May 2021).

	



Instituto Nacional de Estadística y Geografía; Secretaria de Comunicaciones y Trasporte; Instituto Federal de Telecomunicaciones. En México hay 80.6 Millones de Usuarios de Internet y 86.5 Millones de Usuarios de Teléfonos Celulares: ENDUTIH 2019. 17 de Febrero|Instituto Federal de Telecomunicaciones—IFT. Available online: http://www.ift.org.mx/comunicacion-y-medios/comunicados-ift/es/en-mexico-hay-806-millones-de-usuarios-de-internet-y-865-millones-de-usuarios-de-telefonos-celulares (accessed on 5 January 2021).

	



Villaseñor, N. Estrategias Para Impulsar el Desarrollo Científico en México. Available online: http://conacytprensa.mx/index.php/sociedad/politica-cientifica/4649-ciencia-sexi-para-combatir-rezago-en-mexico (accessed on 14 January 2021).

	



INEGI. Encuesta Nacional Agropecuaria. Available online: https://www.inegi.org.mx/contenidos/programas/ena/2019/doc/rrdp_ena2019.pdf (accessed on 26 January 2021).

	



Gobierno de México. Elaboración de Bebidas Destiladas de Agave. Available online: https://snic.cultura.gob.mx/recurso.php?e_id=20&t=denue_municipios&v=total312142&ti=m (accessed on 25 January 2021).

	



CRM. Informe Estadístico 2020. In El Mezcal la Cultura Líquida de México; Mezcal Consejo Regulador: Oaxaca, Mexico, 2020. [Google Scholar]

	



Norma, G.; Streiner, N. Biostatistics: The Bare Essentials; BC Decker: Hamilton, ON, Canada, 2009; Volume 302. [Google Scholar]

	



Wu, Y.; Senoo, D.; Magnier-Watanabe, R. Diagnosis for organizational knowledge creation: An ontological shift SECI model. J. Knowl. Manag. 2010, 14, 791–810. [Google Scholar] [CrossRef]

	



Riera, C.G.; Senoo, D.; Iijima, J. A study of the effect of Knowledge Creating Capabilities on corporate performance. Int. J. Knowl. Manag. Stud. 2009, 3, 116. [Google Scholar] [CrossRef]

	



Jordan, J.; Jones, P. Assessing your company’s knowledge management style. Long Range Plan. 1997, 30, 392–398. [Google Scholar] [CrossRef]

	



Mentzer, J.T.; DeWitt, W.; Keebler, J.S.; Min, S.; Nix, N.W.; Smith, C.D.; Zacharia, Z.G. Defining supply chain management. J. Bus. Logist. 2001, 22, 1–25. [Google Scholar] [CrossRef]

	



FAO. Evaluación y selección de tecnología. In Formulación y Análisis Detallado de Proyectos; Agriculture and Rural Development Department/The World Bank: Rome, Italy, 2005. [Google Scholar]

	



FAO. Digital Technologies in Agriculture and Rural Areas; FAO: Rome, Italy, 2019. [Google Scholar]

	



Mohd Razali, N.; Bee Wah, Y. Power comparisons of Shapiro-Wilk, Kolmogorov-Smirnov, Lilliefors and Anderson-Darling tests. J. Stat. Model. Anal. 2011, 2, 13–14. [Google Scholar]

	



Pedroza, H.; Discovski, L. Sistema de Análisis Estadístico con SPSS; IICA/INTA: Managua, Nicaragua, 2007; ISBN 9789290397908. [Google Scholar]

	



Faulkner, W. The technology question in feminism. Women’s Stud. Int. Forum 2001, 24, 79–95. [Google Scholar] [CrossRef]

	



México. Constitución de los Estados Unidos Mexicanos. Available online: http://www.diputados.gob.mx/LeyesBiblio/pdf/1_270818.pdf (accessed on 17 September 2020).

	



Hundleby, J.D.; Nunnally, J. Psychometric Theory; McGraw-Hil: New York, NY, USA, 1968; Volume 5. [Google Scholar]

	



Denzin, N.K. The Research Act; Library of Congress Catalog: Newark, NJ, USA, 2017. [Google Scholar]

	



Kimberlin, C.L.; Winterstein, A. Validity and reliability of measurement instruments used in research. Am. J. Heal. Pharm. 2008, 65, 2276–2284. [Google Scholar] [CrossRef] [PubMed]

	



INEGI Descarga Masiva SCINCE. Available online: https://www.inegi.org.mx/app/descarga/?ti=13&ag=01 (accessed on 7 January 2021).

	



CONEVAL Medición de Pobreza Oaxaca 2018. Available online: https://www.coneval.org.mx/Medicion/Paginas/consulta_pobreza_municipal.aspx (accessed on 11 January 2021).

	



Coneval. Medición de la Pobreza. Available online: https://www.coneval.org.mx/Medicion/MP/Paginas/AE_pobreza_2020.aspx (accessed on 14 October 2021).

	



Zamora-Reyna, R. El Mezcal de Villa Sola de Vega, Oaxaca: Proceso de Producción, Comercialización y Economía Moral. Master’s Thesis, El Colegio de San Luis, A.C., San Luis Potosi, Mexico, 2021. [Google Scholar]

	



Group, V.M. Las Mujeres del Mezcal en Oaxaca. Available online: https://www.vice.com/es/article/bmpvp3/las-mujeres-del-mezcal-en-oaxaca (accessed on 15 October 2021).

	



Worldbank. El uso de la Tecnología Funciona Para Solucionar los Problemas de los Pobres; Simplemente Tenemos que Hacerlo Bien. Available online: https://blogs.worldbank.org/es/voices/el-uso-de-la-tecnologia-funciona-para-solucionar-los-problemas-de-los-pobres-simplemente-tenemos-que-hacerlo-bien (accessed on 22 May 2021).

	



Worldbank. Data for Zambia, Guinea, Pakistan. Available online: https://data.worldbank.org/?locations=ZM-GN-PK (accessed on 28 May 2021).

	



Sánchez Jimenez, E. Propuesta de Organización y Aprovechamiento de Agave Cupreata para Productores de Mezcal en el Ejido de Mochitlán, Guerrero, para la Certificación Agroecológica Participativa. Master’s Thesis, Universidad Autónoma de Guerrero, Guerrero, Mexico, 2017. [Google Scholar]

	



Martínez, S. Asistencia de Corto Plazo para la Realización del Censo y Evaluación de la Situacion Actual de la Cadena Productiva de Mezcal en el Estado de Oaxaca. Available online: https://cohesionsocialmxue.org/wp-content/uploads/2017/08/Master-GIZ-smt-10ene17VF-1.pdf (accessed on 15 May 2021).

	



Salazar Solano, V.; Moreno Dena, J.; Casas Medina, E. Innovación para el fomento de la competitividad en el proceso artesanal de producción de bacanoraInnovation to promote competitiveness in the Bacanora production craft process. Estud. Soc. Hermosillo Son. 2015, 23, 214–240. [Google Scholar]

	



Soto, S.B.; Calleros, P.A.D.; Antuna, E.M.; Chaidez, J.J.N.; Vásquez, M.A.D. La producción de mezcal en el municipio de Durango, Mexico. Ra Ximhai 2014, 10, 65–74. [Google Scholar] [CrossRef]

	



Vázquez Beltran, A.; Regino Maldonado, J.; Velázquez Sánchez, R.M. Análisis de la cadena de valor de Benevá S.A. de C.V. In Proceedings of the IX Congreso Internacional de la Academia de Ciencias Administrativas A.C. (ACACIA), Guadalajara, Mexico, 23–25 May 2007. [Google Scholar]

	



Martínez, J.M.; Baltierra-Trejo, E.; Taboada-González, P.; Aguilar-Virgen, Q.; Marquez-Benavides, L. Life Cycle Environmental Impacts and Energy Demand of Craft Mezcal in Mexico. Sustainability 2020, 12, 8242. [Google Scholar] [CrossRef]

	



Meza, D.E.E.; González, G.R.; Angeles, B.E.M. Caracterizando la producción y organización de los mezcaleros en Matatlán, Mexico “Capital mundial del mezcal”. Estud. Soc. Rev. Aliment. Contemp. Desarro. Reg. 2017, 27, 50. [Google Scholar] [CrossRef]

	



IGI Global Dictionary What Is Technology Platforms. Available online: https://www.igi-global.com/dictionary/technology-platforms/29539 (accessed on 30 May 2021).

	



Cornejo Díaz González, J.; Arturo Cornejo López, R. Las tic como vehículo del desarrollo sustentable para fomentar la equidad e inclusión humana Área de investigación: Administración y sustentabilidad. In Proceedings of the XXIII Congreso Internacional de Contaduría, Administración e Informática, Mexico City, Mexico, 6–8 October 2018. [Google Scholar]

	



Medina, D.I.; Elorza, A.V.; Romero, Y.R.; Nuñez, J.P.; Guevara, M. Plan Estratégico: Plataforma Tecnológica Pulpo Maya Para el Desarrollo de Productos de Alto Valor Agregado; CIATEJ: Guadalajara, Mexico, 2019. [Google Scholar]

	



European Union EuroGender. Available online: https://eurogender.eige.europa.eu/about-eurogender (accessed on 5 April 2021).

	



Koncz, K. Women in Agriculture. Available online: https://www.usda.gov/our-agency/initiatives/women-agriculture (accessed on 11 April 2021).

	



Rodolfo, M.M. Diseño y Construcción de un Refractómetro de Fibra óptica con alta Repetibilidad para Control de Calidad de Líquidos. Master’s Thesis, Centro de Investigaciones en Óptica, Aguascalientes, Mexico, 2017. [Google Scholar]

	



OECD. OECD Fruit and Vegetables Scheme. Available online: https://www.oecd.org/agriculture/fruit-vegetables/publications/guidelines-on-objective-tests.pdf (accessed on 1 May 2021).

	



Fuentes Gonzalez, J.; del Real, J. Lavador de Gases: Una Alternativa Para Ladrilleras. Available online: https://ciatej.mx/el-ciatej/comunicacion/Noticias/Lavador-de-gases--una-alternativa-para-ladrilleras/79 (accessed on 2 February 2021).

	



Paula Gil Carvajal, M.; Carolina Molina Castellanos, A. Diseño y Construcción de un Prototipo de Columna de Lavado Destinado al Control de Material Particulado para una Vivienda. Bachelor’s Thesis, Universidad de La Salle, Bogotá, Colombia, 2020. [Google Scholar]

	



Padilla, F.J.; González, O.; Prado, R.; Gutiérrez, H.; Estarrón, M.; Vega, H.A. Nuevo equipo de proceso de destilación fraccionada en continuo por arrastre con vapor de aceites esenciales del jugo de limón mexicano. Rev. Electrón. Tecnoló. e-Gnos. 2007, 5, 1. [Google Scholar]

	



Bordiga, M. Post-Fermentation and -Distillation Technology Stabilization, Aging, and Spoilage; Taylor and Francis Group: Boca Raton, FL, USA, 2018; Volume 7, ISBN 9781498778695. [Google Scholar]

	



CIATEJ. Tecnología Alimentaria. Available online: https://www.ciatej.mx/investigacion/tecnologia-alimentaria (accessed on 25 May 2021).

	



CIQA. Conocimiento que Agrega Valor. Available online: https://www.ciqa.mx/ (accessed on 29 May 2021).

	



COMIMSA. Nuestros Servicios—Conconcreto. Available online: https://www.comimsa.com.mx/portal/servicios/centro-de-diseno-y-manufac (accessed on 30 May 2021).

	



OECD. Perspectivas de la OCDE Sobre la Economía Digital 2017. Available online: https://www.observatoriolaboral.gob.mx/static/estudios-publicaciones/ocde.pdf (accessed on 1 June 2021).

	



OECD. Digital Platforms and Competition in Mexico. Available online: http://www.oecd.org/daf/competition/EN-WEB-REPORT-Digital-platforms-and-competition-in-Mexico.pdf (accessed on 3 June 2021).

	



OMPI. Los Innovadores Africanos Tienen sus Puertas Abiertas. Available online: https://www.wipo.int/wipo_magazine/es/2015/05/article_0005.html (accessed on 2 June 2021).

	



CONACYT La Internet de las Cosas. Un bebe Gigante y Creciendo. Ciencia y Desarrollo. Available online: https://www.cyd.conacyt.gob.mx/?p=articulo&id=413 (accessed on 4 June 2021).

	



Ceja, B.P. Comercio Electrónico: Integración Virtual en México. Master’s Thesis, Universidad de Sonora, Sonora, Mexico, 2019. [Google Scholar]

	



OECD. The Digital Transformation of SMEs; OECD Publishing: Paris, France, 2021; ISBN 9789264392458. [Google Scholar]

	



IICA. Plataforma de Apoyo al Emprendimiento Con Base en la Bioeconomía. Available online: https://bio-emprender.iica.int/ (accessed on 6 June 2021).

	



Gómez, M.C.; Cervantes, J.; González, P. Notas del Curso: Administración de Proyectos; Universidad Autónoma Metropolitana: Mexico City, Mexico, 2012; ISBN 9786074778243. [Google Scholar]

	



Hua, M.; Esbach, T. Developments in Digital Services in Africa. Available online: http://www.fao.org/in-action/africa-digital-services-portfolio/en/ (accessed on 22 May 2021).

	



World Bank Gender Innovation Lab Agriculture Projects. Available online: https://www.worldbank.org/content/dam/Worldbank/document/Africa/Programs/Africa%20Gender%20Innovation%20Lab/GIL-projects-agriculture.pdf (accessed on 4 May 2021).

	



Worldbank. Improving the Measurement of Rural Women’s Employment. Available online: https://documents.worldbank.org/en/publication/documents-reports/documentdetail/938101556812458877/improving-the-measurement-of-rural-womens-employment-global-momentum-and-survey-research-priorities (accessed on 11 May 2021).

	



UN. Women Empowering Women Farmers in Rwanda to Grow Better Crops, Better Food and Incomes. Available online: https://www.unwomen.org/en/news/stories/2018/10/feature-empowering-women-farmers-in-rwanda (accessed on 6 May 2021).

	



DGTIC, U. Catálogo de Apps Para la Enseñanza y el Aprendizaje; UNAM: Mexico City, Mexico, 2019. [Google Scholar]

	



ANAHUAC. Diseño y Programación de Apps. Available online: https://online.anahuac.mx/diplomado-en-linea-diseno-programacion-apps.html (accessed on 7 May 2021).

	



Badstue, L.; van Eerdewijk, A.; Danielsen, K.; Hailemariam, M.; Mukewa, E. How local gender norms and intra-household dynamics shape women’s demand for laborsaving technologies: Insights from maize-based livelihoods in Ethiopia and Kenya. Gender Technol. Dev. 2020, 24, 341–361. [Google Scholar] [CrossRef]

	



Abima, B.; Engotoit, B.; Kituyi, G.M.; Kyeyune, R.; Koyola, M. Relevant local content, social influence, digital literacy, and attitude toward the use of digital technologies by women in Uganda. Gender Technol. Dev. 2021, 25, 87–111. [Google Scholar] [CrossRef]

	



OMPI, O.M.; de La, P.I. Conocimientos Tradicionales: Necesidades y Expectativas en Materia de Propiedad intelectual. Informe Relativo a las Misiones Exploratorias Sobre Propiedad Intelectual y Conocimientos Tradicionales; Organización Mundial de la Propiedad Intelectual: Geneva, Switzerland, 2001. [Google Scholar]








[image: Sustainability 13 11706 g002 550] 





Figure 2. Location of Miahuatlán de Porfirio Díaz, San Juan del Río, San Baltazar Chichicápam, San Luis Amatlán, San Pedro Teozacoalco, Santa Catarina Minas, San Miguel Suchixtepec, and Villa de Zaachila, in Oaxaca, Mexico. 
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Figure 3. Current production process of agave-mezcal from the mezcalilleras. 
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Figure 4. Mezcalilleras’ traditional knowledge dynamics enclosed in the agave-mezcal production. 
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Figure 5. Mezcalilleras’ traditional knowledge dynamics imbalances enclosed in the agave-mezcal production. 
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Figure 6. Technological proposal. 
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Table 1. Context-place variables percentages in the function of the total population by locality.
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	Variables/Locality
	Miahuatlán de Porfirio Díaz
	San Juan del Río
	San Baltazar Chichicápam
	San Luis Amatlán
	San Pedro Teozacoalco
	Santa Catarina Minas
	San Miguel Suchixtepec
	Villa de Zaachila





	Total population
	50,375
	1372
	2576
	3829
	1153
	2067
	2932
	46,464



	Poverty
	76%
	84%
	74%
	88%
	78%
	73%
	83%
	76%



	Extreme poverty
	34%
	39%
	30%
	49%
	39%
	31%
	49%
	25%



	Education level
	59%
	79%
	53%
	68%
	69%
	69%
	59%
	54%



	Literacy
	86%
	82%
	74%
	72%
	85%
	86%
	79%
	92%



	Electricity service
	98%
	99%
	98%
	97%
	96%
	99%
	98%
	96%



	Computer availability
	24%
	10%
	8%
	5%
	4%
	13%
	15%
	25%



	Internet access
	30%
	11%
	19%
	15%
	10%
	42%
	44%
	29%



	Mobile cell phone
	84%
	34%
	73%
	58%
	31%
	86%
	65%
	91%



	Landline phone
	13%
	54%
	1%
	28%
	5%
	6%
	17%
	8%
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Table 2. Mezcalilleras’ description.
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Mezcalilleras’ Description

	
Characteristics






	
Age

	
44 years old




	
Years producing

	
27 years




	
Price per litter

	
300 (US 14.6 dls).




	
Equipment expectations

	
Measurement of sugar in agave




	
Roof of the oven




	
Alembic




	
Packaging




	
Sales




	
Association











[image: Table] 





Table 3. Technological resources are currently used in the mezcal process.
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Activity

	
Technological Resources






	
Jima

	
Shovel




	
Recolection

	
Wheelbarrow




	
Transportation

	
Truck




	
Baked

	
Stone room/hole in the ground




	
Grind

	
Trapiche




	
Fermentation

	
Wooden vats




	
Distillation (first and second)

	
Alambique




	
Ethanol remotion




	
Storage

	
Plastic containers




	
Packaging

	
Plastic or glass bottle




	
Sale

	
Glass bottle
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Table 4. SECI and mezcalilleras activity statistical correlation.
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	SECI/Mezcalilleras

Description
	Age
	Years Producing
	Price Per Litter
	Equipment





	Socialization
	
	
	
	



	S1
	0.128
	−0.009
	−0.006
	0.237



	S2
	−0.192
	−0.249
	−0.390
	0.209



	S3
	0.082
	0.169
	−0.294
	0.505



	S4
	0.222
	0.392
	−0.328
	0.625



	Externalization
	
	
	
	



	E1
	0.224
	−0.322
	−0.210
	0.161



	E2
	−0.580
	−0.469
	0.265
	−0.445



	E3
	0.222
	−0.123
	0.160
	−0.207



	E4
	0.468
	0.180
	−0.667
	0.329



	Combination
	
	
	
	



	C1
	0.196
	0.072
	0.129
	−0.589



	C2
	−0.186
	−0.533
	0.098
	−0.578



	C3
	−0.450
	−0.674
	−0.534
	−0.222



	C4
	−0.341
	−0.671
	−0.551
	−0.324



	Internalization
	
	
	
	



	I1
	−0.201
	−0.528
	0.163
	−0.717



	I2
	−0.209
	−0.279
	−0.358
	0.148



	I3
	0.099
	0.137
	0.089
	−0.463



	I4
	−0.369
	−0.343
	−0.415
	−0.022
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