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Abstract 

The artisanal production of bricks contributes to socio-environmental problems. 

Therefore, promoting technological alternatives is of upmost need and 

importance for the good performance of the sector. The aim of this research was 

to design, implement and evaluate a community environmental education 

program to promote productive capacity using new technology and regional 

renewable natural resources with the concomitant reduction of health risks. This 

program was directed to brickmakers from the municipality of Coyuca de 

Benitez, Guerrero, Mexico. The program was based on constructivism, 

competency-based education, based on community, systemic and 

interdisciplinary approaches. The application of the program was distributed in 

four sessions. Learnings and competences were assessed throughout the 

development of the program and a formative assessment was applied to evaluate 

the acquisition of knowledge and skills in general. The outcomes showed that 

the participants gave considerate thought on social and economic issues related 

to the artisanal brick making process and how these affect the environment. 

They developed new skills for the construction and use of an MK2 ecological 

brick kiln for burning bricks. 
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INTRODUCTION 

The artisanal brick industry is currently in development in 9 countries in Latin America, 

employing 45 thousand brickmakers approximately and 500 thousand jobs depend on 

this economic activity. It is estimated that 50% of the production is handmade [1]. 

Mexico is at the top of the list with 16 953 producers, out of whom 70% are artisanal 

[1]. Producers belong to the micro-and-small enterprise sector as an informal economic 

alternative, particularly associated with the poorest strata of the communities, and the 

lack of technology characterizes their productive processes [2, 3]. Another issue of the 

manufacturing process is the type of fuels used to cook the raw material, these are 

hazardous and highly polluting supplies such as used oils, diesel, tires, plastics, textiles, 

agricultural waste, firewood, sawdust and coal [4, 5, 6] Due to the process constrains, 

the sector stands for a significant problem for the environment, mainly because of the 

use of very rudimentary brick kilns which are poorly-energy efficient. Therefore, during 

the cooking process massive volumes of polluting emissions into the environment 

occur, causing vulnerability and potential risk to the ecosystem, as well as to the 

inhabitants near the places of production [7, 8, 9, 10, 11, 12]. Air pollutants, such as: 

polycyclic aromatic hydrocarbons (PAHs), chlorofluorocarbons (CFC), carbon dioxide 

(CO2), sulfur dioxide (SO2), nitrogen oxides (NOx), methane (CH4), soot particles, and 

heavy metals are in the atmosphere but their concentration is up to three times higher 

in the surroundings of brick kilns [13, 14, 15, 16]. These pollutants show significant 

correlation with impacts on human health at respiratory, cardiovascular, nervous, 

cerebral and genetic levels, depending on the amount and the time of exposure, are 

cataloged among the first ten risk factors that are the cause of millions of premature 

deaths per year, especially in developing countries [17, 18, 19, 20, 21, 22]. The impact 

on the environment from the brick kiln industry depends on the fuel, technology and 

production practices applied in the process. Consequently, the importance of promoting 

alternative less polluting technologies that improve the income of brickmakers is of 

utmost importance towards the good performance of the sector as a whole [23, 24, 25, 

26, 27]. Environmental education is necessary to allow the linking of knowledge, skills, 

attitudes and values in order to be able to provide a comprehensive training. 

Environmental education must be attached to the productive reality of artisanal 

communities, through a formative process that considers this sector of the less 

privileged population, and above all, to make them know and perceive the forms of 

interaction within their geographical space, in order to lay the foundations of a behavior, 

inspired by the sense of environmental responsibility [28]. The design of environmental 

education programs must include a clear identification of the main factors that limit the 

involvement of people, because making the difference and attaining change, demands 

people’s own will and ability, otherwise, there are no possibilities to change [29]. Also, 

the design has to offer an integral alternative to promote knowledge with the purpose 

of adopting ethical values and changing attitude that allow rationalize resources, protect 

the environment and mitigate its degradation [30, 31]. Hence, herein is suggested the 

use of community, systemic and interdisciplinary approaches as fundamental principles 

for the design, implementation and assessment of the program, in order to delineate the 

educational, pedagogical and communicational foundations aimed at communities, 

organizations or social groups [32, 33]. And finally, in order to promote environmental 
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knowledge, constructivism was used [34] with the purpose of developing competency-

based education [35]. In this respect, through the implementation of various didactics, 

ideas, concepts and knowledge confrontation; actions that enable individuals to 

participate in social integrating processes can be induced to encourage the use of non-

aggressive technologies with the environment to improve their standard of living [36, 

37, 38]. A Community Environmental Education Program (PEAC, for its name in 

Spanish) was developed to promote an alternative solution for the serious 

environmental problems, derived from the massive generation of emissions from the 

production process of artisanal brick kilns in the municipality of Coyuca de Benitez, 

Guerrero, Mexico. The main purpose of the program was to promote the use of a new 

technology that adapts itself to the productive process, without modifying the stages of 

artisanal manufacturing, on which depends the technological acceptance. Besides, this 

technology allows to improve the productive capacity and sustainable use of a regional 

renewable natural resource, to diminish the risk to health, and above all, to improve the 

quality of life of the people who are dedicated to this activity. 

 

MATERIALS AND METHODS  

Description of the area of study 

The study area is in the municipality of Coyuca de Benitez, Guerrero, Mexico, (Figure 

1). It is constituted by a polygon of 4 797 ha, which is located at an altitude of 38 m 

above sea level and approximately 12 km away from Coyuca de Benitez, the head of 

the homonymous municipality, between the parallels 17°00’42” N and 100°05’01” O 

[39].  

 

Figure 1. Geographical location of the area of study, the municipality of Coyuca de 

Benitez, Guerrero, Mexico. 
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In this municipality, five brick producing communities are identified: El Bordonal, 

Bajos del Ejido, El Conchero, Cerrito de Oro and Ejido Viejo, with a population of 10 

367 inhabitants [40]. These communities are located in rural areas of high level of 

marginalization [41]. This work was developed with 20 producers that operate 33 

artisanal brick kilns. They are all natives from these five brick’s producing 

communities. They were 16 men and 4 women. The average age was 52 years, within 

a range that fluctuated between 22 and 70. About their schooling, 14 said they had 

attended elementary school, 5 said they had junior high and only 1 attended high school. 

 

Design of the community environmental education program 

The Community Environmental Education Program (PEAC, for its name in Spanish) 

was structured in four general phases as shown in (Figure 2).  

 

 

Figure 2. General Community Environmental Education Program’s phases. 

 

In phase 1, an analysis of the brickwork’s context was carried out, through field visits 

to the five brick producing communities of the municipality of Coyuca de Benitez, 

Guerrero. The theoretical and methodological underpinnings that would define the 

pedagogical and didactic foundation of the program were considered. A questionnaire 

was designed for the survey, it included 22 items: 8 multiple choice type, 13 open-

ended questions and 1 dichotomous, that was applied to brickmakers. The answers 

allowed to determine the social, economic, technological and environmental 

characteristics of this artisanal industry in Coyuca de Benitez. Descriptive statistical 

analysis was used to interpret data and information qualitatively and quantitatively, by 

estimating the distribution of frequencies and their percentage of equivalence. Finally, 

with the results, the design of this program was fulfilled. The procedure above served 

as a prelude to phase 2, related to the PEAC’s structuring. In this phase 2, the basic 

structure of the program was designed, it contained the axes, hours, general 
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competences and the thematic derived from phase 1, and the pedagogical and didactic 

guidelines to implement the four didactic sequences that had been elaborated before. In 

phase 3, upon previous agreement, the schedule and dates of the four sessions of equal 

number of workshops were set and programmed. In order to carry out the specific 

planning of activities, the general guideline was considered; that is, the didactic 

sequences and the formative assessment of the acquired learning and competences of 

each session. Phase 4 and last was intended for the implementation and assessment of 

the PEAC. The four sessions were developed accordingly. Before addressing the 

themes and activities planned for each one of the four workshops, the participants wrote 

a diagnostic test to determine their previous knowledge on these issues. The facilitator 

evaluates the corresponding data. A formative assessment test was applied to determine 

the level acquired learnings and competences through a comparative analysis. Once the 

data collection was completed in each of the stages of the PEAC, the participants' 

surveys were captured, the data was also analyzed by preparing simple frequencies of 

each of the variables studied through the SPSS program v. 20. Once the four sessions 

were concluded, a final evaluation was carried out on environmental concepts that were 

addressed in the implementation of the program, a questionnaire following the Likert 

scale. 

 

RESULTS 

Phase 1 results 

Identification of the context 

Field visits were made to analyze the context of the communities to be studied. A survey 

was applied in order to understand and measure the socio-environmental complexity of 

the five artisanal communities. The survey included environmental, social, economic 

and technological variables and indicators, in line with the brickwork sector analysis 

protocol, prepared by EELA (2012) [8]. After correlating the variables, the outcomes 

indicated that, currently, are 33 artisan brick kilns. The manufacturing of bricks 

involves nine stages in which various specialized jobs are performed, similar to those 

in any state of the Mexican Republic as reported by Hoffman et al. (2002), Romo et al. 

(2004), Gallegos et al. (2006), and Corral and de la Mora (2012) [42, 2, 17, 9]. The 

activity demands three basic natural resources for its sustenance: soil, water and fuels. 

Soil is the raw brick’s material and it takes soil’s vegetal cover during the extraction 

process. Water is taken out without any control from the wetland area. Fuels such as 

used oil and firewood are used for the ignition of the kiln. The wood is usually obtained 

clandestinely from various species, from wooded areas near the production localities. 

Consequently, all this causes the disturbance of the natural space. These are the reasons 

why the brick activity must be itinerant, because of the need to find new places with 

access to water and enough supply of raw material.  
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The brickmakers work under an informal and subsistence scheme with strong social 

inequalities that are reflected in their living conditions. They lack sales strategies and 

have no contact with house builders or final consumers. The activity is not profitable 

and does not allow them to accumulate any capital. It has high production costs that in 

average come up to 98.4% for the cost of the brick in Guerrero, similar outcomes to 

those of Corral et al. (2009), INECC (2016) and Munawer (2018), [23, 6, 22]. Besides, 

they use very rudimentary artisan brick kilns, which require more than 18 hours in order 

to complete the firing process. Bruce et al. (2007), Swisscontact (2010) and EELA 

(2011) [13, 7, 24], report, that these small industries are characterized by scarce 

technology and very poor energy efficiency, with the burning of fuels that generate 

massive volumes of pollutant emissions into the environment. These emissions can 

travel over long distances, causing potential health risks to inhabitants that are close to 

the places of production, and turning the brick industry into a socially vulnerable sector 

[19, 43, 20, 22]. 

PEAC’s theoretical and pedagogical foundation 

An environmental education program, as any other educational program, must have 

theoretical and methodological support. After a theoretical review, it was concluded 

that systemic and interdisciplinary approaches were those that best suited its design, 

implementation and assessment. The contextualization must begin from the solution of 

the nearby life problems of the communities, in order to make brickmakers face their 

local environmental realities, providing them with knowledge, skills and the necessary 

tools for a social action corresponding with their needs and demands. It is important for 

them to know the causes, their possible solutions, both personal and collective, towards 

the protection of the environment; consequently, improving their life quality [32]. At 

the same time Nieto (2001) [33] refers that the focus of environmental issues, aimed to 

modify these problems, should clarify the structural factors; that is, it should delineate 

the foundations, educational, pedagogical and communication models with which it 

works. The use of environmental education, as an initiative addressed to communities, 

seeks to improve their productive and/or management capacity. The communities need 

to learn how to solve specific environmental problems and/or those related with the use 

of natural resources, through a training process. Environmental education, thus, is the 

best means to enable individuals and their community to know and understand how to 

interact within their geographical space, and how to act rationally with compatible 

practices with the protection and improvement of the environment [28]. It is here where 

the environmental educator intervenes as a key agent in the transmission of values and 

knowledge, prepares and plans strategies in order to promote the participation of 

individuals with their environment. Boada and Escalona (2005) [37] mention the 

importance of this key agent who needs to know how to put strategies into play through 

the implementation of various didactics, particularly, to confront ideas, concepts and 

knowledge. This methodology influence actions that enable individuals to participate 
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in integrating social processes, to encourage the use of non-aggressive technologies 

with the environment, and, therefore, to improve their standard of living. Likewise, the 

pedagogical and didactic foundations of the program indicated that, the use of 

constructivism was ideal in order to promote environmental knowledge, generate 

learning and develop competences [34]. Because the aim was to develop an education 

based on competences, where knowledge is linked, skills are recognized, environmental 

values are strengthened and attitudes are promoted, in order to provide the participants 

with an integral and respectful formation towards the environment [36, 38, 35]. We 

strongly believe that any design of environmental education programs should include a 

clear identification of the main factors that limit the involvement of people and the 

capacity to influence the required change, depends on this type of programs [29]. These 

approaches set the tone, to develop the different activities that had to be carried out in 

this project, in order to lay the foundations of a behavior, inspired by the sense of 

environmental responsibility [28, 31]. The assessment, the strategies, the activities, etc., 

clung to it.  

Phase 2 results 

The design and elaboration of the PEAC in phase 2 considered the results obtained in 

phase 1, about the contextualization of the communities, the population where it was 

applied and the identification of the pedagogical and didactic approaches. The general 

competence of the PEAC was drafted and it literally was established "to promote the 

creation and use of new technology through a technological process and environmental 

awareness to improve the productive capacity and the use of a regional renewable 

natural resource, as well as to take care of the health of the artisanal brick community 

of Coyuca de Benitez Guerrero with social responsibility". The PEAC was focused on 

sensitizing the participants over the environmental problems so that they perceived the 

value and importance of the environment, considering social, economic and 

environmental aspects, in order to strengthen skills with the purpose of facilitating their 

adaptation to new technology.  At the same time, from the analysis of the context, the 

modules of the four workshops that constituted the PEAC were designed as follows 

(Figure 3): First, (I) the environmental problems covered two thematic blocks: a) soil 

erosion caused by the extraction of clay and b) deforestation of areas close to the 

production strip. Second, (II) vulnerability and health risk, due to the pollutants coming 

from the brick burning process. Third, (III) productive problems, through the 

demonstration of a cost-benefit analysis. Finally, (IV) technology transfer, based on the 

best regional renewable fuel, in relation to the socio-environmental benefit of the 

construction and use of an ecological MK2 brick kiln.   
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Figure 3. PEAC’s programming to promote technology transfer in the artisanal brick

 

The PEAC’s program is shown in Table 1. It includes the four competences (one for 

each workshop), and specifically the hours of in-class work, the elements of every 

competence, the didactic-pedagogical indications and the guidelines for the 

competences to be achieved. 
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Table 1. Community environmental education program PEAC’s to promote technology 

transfer 

Addressed to:  Artisanal brick layers and producers of the municipality 

of Coyuca de Benitez 

Communities El Bordonal, Bajos del Ejido, Conchero, Cerrito de Oro 

and Ejido Viejo 

Area of knowledge  Environmental knowledge 

Modality Presential 

Type Volunteer 

Total duration (sessions, 

hours) 

4 sessions (12 hours) 

Number of 

Sessions 

Hours of work 

with the facilitator 

Hours of 

independent work 

Total hours 

1 3 0 3 

2 3 0 3 

3 3 0 3 

4 3 0 3 

4 12 0 12 

Contribution of the PEAC in the egress profile 

Promoting the use of a new technology through a technological process and 

environmental awareness to improve the productive capacity in the brick making 

process and the use of a regional renewable natural resource, as well as health care 

in the artisanal brickyard community at Coyuca de Benitez Guerrero, with social 

responsibility. 

PEAC Competences 

Knowledge Skills Attitudes and values 

Understands 

environmental problems 

of artisan brick production 

based on environmental, 

economic and social 

issues. 

Distinguishes the 

potential impact 

generated by the brick 

making process, the 

consequences to their 

community and the 

environment, as well as 

the use of a regional 

renewable natural 

resource. 

 

Strengthens skills through 

training and participation, 

in order to develop a 

change of attitudes that 

allow good practices and 

a better quality of life 
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Identifies the factors of 

exposure and 

susceptibility to 

environmental pollutants 

in their community and the 

health consequences 

resulting from the brick 

making process 

Identifies their 

vulnerability to health 

risks, measures to 

mitigate them, allowing 

them to make more 

informed decisions. 

Strengthens skills through 

training and participation 

to inform the community 

and contribute to raising 

awareness about 

environmental health 

issues that allow good 

environmental practices. 

Identifies the productive 

problematic of the brick 

manufacturing process, 

with the use of the 

traditional oven in 

reference with low energy 

efficiency and visualizes 

the advantage of a new 

technology. 

 

Distinguishes the 

importance of using a 

new technology, high 

energy efficiency and the 

benefits of producing 

with a complete 

combustion that allows it 

to produce efficiently. 

Strengthens skills for 

ecologically and 

economically sustainable 

production. 

Learns about the different 

types of technologies 

applied to the brick 

production process. 

Distinguishes the new 

technology, the ideal 

place for its construction 

and the way of burning in 

the brick making 

process. 

Strengthens skills through 

training for the 

construction and use of an 

MK2 ecological brick 

kilns, to develop good 

environmental practices 

in the brick making 

community in a 

responsible and honest 

way. 

 

 

Phase 3 and phase 4 results 

The implementation of the PEAC on phase 2 included four elements of competences, 

for that reason, four didactic sequences were elaborated and each corresponded to a 

workshop. Table 2 is an example of these sequences. In the didactic sequences the titles 

or names of the workshops were established, the time in which each workshop had to 

be completed, the number of sessions, the name of the facilitator who gave the courses, 

the hours, the significant problem of the context, the general competence of the 

program, the element of competence, the didactic-pedagogical activities to be 

developed, and the assessment of the learning, among other things. 
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Table 2. First workshop didactic sequence by competence 

Title of the didactic sequence: Module 1 "Environmental problems of the artisanal 

brick activity". 

1.- Identification of the didactic sequence                        "Environmental problems" 

Course-workshop: 

 

Date of the didactic sequence 

Community Environmental Education 

Program to promote technology transfer. 

August 4, 2018. 

Number of sessions ¼ 

Duration of the session 3 hours 

Teacher facilitator Félix Noé Bahena Martínez  

Teaching hours (presential and / or 

virtual):  

3 

Independent hours for autonomous 

learning 

0 

Total hours 3 hours 

No. of didactic sequence- ¼ 

2.- Meaningful context of the problem 

Brick artisans’ ignorance upon the main environmental problems generated by their 

activity. 

3.- Course competence: Understands that it is the environment and the main 

environmental impacts generated by the artisanal brick activity, into the context of 

the impact on the soil, water, air and vegetation elements, through the use of efficient 

methods and techniques how artisans can be able to become aware of their natural 

environment and take advantage of a regional renewable natural resource, which 

allows to develop a positive role, both individual and collective towards the 

protection of the environment. 

Competence elements 

 

Knowledge Skills Attitudes and values 

Understands the problem 

of artisan brick production 

in terms of environmental, 

economic and social 

issues. 

Analyzes the potential 

impact of artisan brick 

production on 

environmental, economic 

and social fields. 

Appreciates the work he or 

she does and helps for the 

care of the environment, 

the rationalization of 

resources and the 

prevention of their health. 

 

Integrating axis 

Module 1 "Environmental problems of the brick activity". 
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The program, the didactic sequences and the workshops were implemented according 

to the schedule of activities. Each workshop was carried out, in accordance with its 

didactic sequence and with its corresponding activities, on August 4, 10, 17 and to 24, 

2018. Each of the workshops lasted 3 hours, per session, from 12:00 to 2:00 pm, with 

all the brickmakers working in 33 brick kilns. The activities that were carried out in the 

four workshops were the presentation of the facilitator, the program and the teaching 

sequences. Subsequently, four diagnostic evaluations were applied to determine the 

perception of the attendees on each of the sessions of the PEAC. Then, PowerPoint 

presentations and posters on various environmental issues were made and explained. 

The objective of module (I) was to communicate environmental impacts of the activity. 

In module (II) the purpose was to provide information on health effects resulting from 

the massive volumes of pollutant emissions generated by the activity and the potential 

risk to which sectors or groups of the population close to the production sites are 

exposed. Subsequently, Posters were presented and explained about the direct and 

indirect correlation of the various diseases that may manifest in their health. In module 

(III) the purpose was to show the problems in the production process in relation to the 

amount of fuel used for burning bricks. Consecutively, Posters were displayed and 

explained about the problem of the current production chain, and comparison of the 

cost-benefit in the application of a new technological procedure. Finally, the objective 

of module (IV) was to show the new technology, which can be adapted to their 

production process. Finally, posters on construction training and the use of MK2 

ecological brick kiln were exhibited and explained. Subsequently, and with reference 

to PowerPoint presentations and what they had observed in the posters, as was done in 

the previous workshops, they were asked to draw a picture of the main problems they 

face in carrying out the activity. The strategies that were applied were to create focus 

groups to discuss the organization and integration of artisans. Subsequently, the 

formative assessment test was applied to determine the level of learning. Results of 

phase 3 and 4 are shown together for each module. 

Module (I) environmental problems 

The diagnostic assessment of this first workshop, aimed to determine their knowledge 

of the environmental problems they face, through the application of a survey that 

measures the variables of environment, environmental impact, deforestation, erosion 

and emissions generated during the burning phase in artisan brick kilns (Table 3). The 

results indicated that the brickmakers showed a low level of knowledge about the 

environmental problems generated by the process of making handmade bricks. Out of 

the 20 producers, only 15% knew what the environment is, and 5% of them knew what 

the environmental impact is (Table 3). This is worrisome, because recent research in 

countries such as Nepal, Argentina, Mexico, Bangladesh, India and Pakistan have 

identified and evaluated the effects related to the impact on the physical and social 

environment induced by the artisanal brick activity, evidenced by a reality that exposes 

the environment to a scenario of latent risk that affects social, economic, environmental, 

labor, public health and safety aspects in the areas where the activity takes place [44, 

45, 46, 47, 48, 49, 50]. The problem of deforestation and erosion is barely known, 50% 

are aware about what deforestation is, at the same time, 10% of the target population 
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knows what erosion is. Bahena et al. (2016) [51] conducted a market analysis of the 

artisanal brick sector in the municipality of Coyuca de Benitez, and they reported that 

the amount of firewood used was 1 404 tons/year for the brick-burning process. In 

addition, they reported that the fuel was obtained clandestinely from various species in 

the wooded areas adjacent to the production area, despite being considered under threat 

and that could be in danger of disappearing in the short or medium term. Transformation 

of the natural space will occur if the factors that negatively affect its viability continue 

to operate, given that extraction is currently carried out for approximately 21 348 000 

MT/year of clay. In the same circumstances, Sosa (2008) [45] has exposed that the most 

important negative impact is "extraterritorial" and it is due to the phase of extraction of 

soil and cutting of firewood for the preparation of the bricks, but the negative and 

immediate impact to the inhabitants is caused by their lack of notions for the 

indiscriminate use of resources. It is evident then, that its exploitation will leave sterile 

lands without ecological value and the ignorance of these issues by the actors that exert 

pressure on the natural resource is considered a serious environmental problem. On the 

other hand, only 35% of the participants knew that smoke emissions from brick kilns 

during the burning stage affect flora, fauna and bodies of water, which makes it clear 

that brickmakers are unaware of the issue. Gupta and Narayan (2010) and Ahmad et al. 

(2012) [52,53], investigating the damage of the emissions generated from the brick 

kilns to the aerial and underground vegetation, determined that there were greater 

visible foliar damages in the vicinity - within a 15 meter diameter – than in the more 

distant sites, and concluded that the main causes were emissions from brick kilns. 

 

Table 3. Results of the diagnostic and formative assessments on the knowledge that 

brick kiln producers have about the main environmental problems generated by the 

activity. 

 

Module 

 

Questionnaire items 

Diagnostic 

assessment                

(%) 

Formative 

assessment 

(%) 

(I) 

Environmental 

problems 

Do you know what environment is?  15 75 

Do you know what environmental 

impact is?  
5 55 

Do you know what deforestation is? 50 80 

Do you know what erosion is? 10 55 

Do you know if the smoke emissions 

from brick kilns in the burning stage 

affect and cause direct and indirect 

effects on health, flora, fauna and 

bodies of water?  

 

35 

 

80 
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The brickmakers were asked to make drawings about the main problems that affect their 

environment after the presentation and poster explanation. These drawings were 

evaluated using as a model the analytical rubric described by Gatica and Uribarren 

(2013) [54], which allows to measure the performance of the target population. The 

criteria assessed were the level of learning and skills acquired, by breaking down its 

components and obtaining a total score. As a result, it was found that the majority 

reached an excellent level, this showed that the participants had obtained competences 

in this subject. Especially they got skills in understanding and identifying problems 

within the production process. Likewise, it was observed the ability to distinguish the 

different types of impacts that they generate on the environment, the quality of the air, 

the affectations to the landscape and especially, the morphology of the land, due to the 

extraction of the biomass by the clay quarries.  

Focus groups were formed, and a format was filled in order to evaluate the discussion 

about their perception and observation of the posters and the PowerPoint presentation. 

After analyzing what was registered by the focus group, it was perceived that there were 

positive contributions or comments from the attendees, especially over the direct 

overexploitation of water, taken from the wetland area. This observation influenced to 

create awareness and change of attitudes that allow good practices in the brick making 

process. It was evident for the facilitator that the understanding of environmental 

problems was significant to the brickmakers. 

The results of phase 4 about the formative assessments on the knowledge of 

environmental issues derived from the intervention of the PEAC are presented also in 

Table 3. Their knowledge increased significantly and can be interpreted as positive 

with respect to the variables that were measured. 

The results indicate that the workshop, and activities and strategies that were applied 

fulfilled the purposes of recognizing the main environmental impacts to develop a 

change of attitudes that allow good environmental practices in the brick making process 

and a better quality of life. According to the description of Lezcano et al. (2018) [55], 

the changes in attitudes, behaviors and values of those who participate in a community 

environmental program can be estimated, because the acquisition of knowledge is 

managed continuously and permanently, through an educational intervention. The 

results of this research coincide with these authors, since its application is 

contextualized with the purpose of continuous and permanently manage the acquisition 

of knowledge, skills, behaviors, attitudes and values within the community, to prevent 

and/or mitigate the existing environmental problems and thus improve their 

environment. 

Module (II) vulnerability and health risk  

Enciso et al. (2014) [56] report that the risk factors are classified according to their 

hazard, exposure and vulnerability, and that the knowledge of this is essential to 

influence measures and mitigate risks. The traditional brick kiln operations generate 

health risks due to the emission of pollutants. Nevertheless, the outcomes of the 

diagnostic assessment test shown in Table 4, revealed that brickmakers had a low level 

of knowledge of this matter. The variables evaluated were health risks by exposure, 
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health problems, main diseases, vulnerable groups and the risk of becoming ill. Out of 

the 20 participants, only 10% knew of the health risks associated to the artisanal brick 

activity. This was an alarming outcome, since recent evidences that characterize the 

degree of exposure to risk factors in brickmakers kiln workers have been correlated 

with impacts on human health at the respiratory, cardiovascular, nervous, cerebral and 

genetic levels [17, 13, 18, 46,16]. When asked if they thought that fumes from brick 

kilns generated a health problem, 40% of them considered that there were no problems. 

However, Lujan (2008) [18] when analyzing fumes from brick kilns, he could see that 

among these were several pollutants and highlighted particulate matter (PM10) as the 

one that most affected the population’s health; while Bisht and Neupane (2015) and 

Sanjel et al. (2016) [16, 11] analyzed the emissions according to the degree of exposure 

and concluded that these were up to three times higher in the vicinity of brick kilns. As 

for the question Do you know the main diseases of a person exposed to fumes from 

brick kilns? only 35% knew that those diseases were caused by the burning bricks 

smoke, despite of the fact that there are various studies that explain the vulnerability 

and potential risk to sectors or groups of the population close to places where handicraft 

bricks are produced. Pariyar et al. (2013) [21] report that people living in the vicinity 

of brick kilns suffer from diseases of the respiratory tract, burning eyes and in some 

cases, of the loss of visibility. In addition, Aponte et al. (2010), Guttikunda and Goel 

(2013) and Munawer (2018) [19, 20, 22] report brain and blood diseases, eye irritations, 

respiratory symptoms, and decreased lung function. Upon the question about Who they 

thought were the most vulnerable to fumes from brick kilns? 35% considered that only 

pregnant women were vulnerable. Finally, 45% believed that they could get sick from 

exposure to fumes from brick kilns. However, these outcomes are of concern, mainly 

because of the considerations already mentioned above. According to Akter et al. 

(2016) [10], the more intense the exposure to air pollutants, the greater the health 

impact. Lujan (2008) [18] reported that constant exposure to particulate matter is one 

of the main risks to human health since it penetrates in the organism by the respiratory 

route generating a great affectation. The drawing made by the brickmakers was assessed 

through an analytical rubric. Most of the participants obtained an excellent level, which 

showed that they had achieved competences in this topic. After taking the PEAC, they 

could identify the factors of exposure to pollutants, the risk or threat that exists in their 

community, and the health consequences caused by the handmade manufacture of 

bricks. In addition, they distinguished the different diseases caused by exposure to high 

levels of toxic elements. The PEAC’s participants discussed within the focus groups, 

what they had observed in the posters and the presentation. They analyzed the various 

diseases they suffer and correlated them with the use of traditional brick kilns. These 

outcomes assure that the understanding of health problems was significant for them.  
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Table 4. Results of the diagnostic and formative assessment on the knowledge that the 

brickmakers have about the vulnerability and the health risk that are generated by the 

artisanal brick activity. 

Module Questionnaire items 

Diagnostic 

assessment 

(%) 

Formative 

assessment 

(%) 

(II) 

Vulnerability 

and risk to 

health 

Do you know about the health risks to 

those who are exposed to the artisanal 

brick activity?   

10 90 

Do you think that fumes from brick 

kilns generate a health problem? 
40 85 

Do you know what the main diseases of 

a person who is exposed to brick kilns 

fumes are? 

35 100 

Who do you think are the most 

vulnerable to fumes from brick kilns?  
25 100 

Do you think you can become ill from 

exposure to fumes from brick kilns?  
45 95 

 

The knowledge of the brickmakers about the vulnerability and risk to health generated 

by the artisanal brick activity was null on phase 3 results. However, from the 

implementation of the PEAC and on, a significant learning was observed as shown in 

Table 4. The results obtained are mainly because this educational intervention was 

based on real facts and situations. As indicated by Meinardi (1998) [57], an 

environmental education program must be linked to the problems that the community 

faces, because it is in that relationship where individuals can find the aspects to motivate 

them, channeling the work process towards the solution of their existing problems. And 

consequently, the participants could sensitize other people by disseminating what they 

have learned, to try to change their reality, since the information transmitted in the 

workshops was well understood, mainly due to the direct impact of smoke on their 

health. Initially, the producers did not know how to identify the various diseases, but 

throughout the workshops, they learned that the more intense the exposure to air 

pollutants, the greater the health impacts.  

Module (III) productive problems 

Results show that the brickmakers of the municipality of Coyuca de Benitez have a high 

degree of informality and use very rudimentary artisan techniques in the manufacture 

of their bricks. The outcomes of this diagnostic assessment aimed to identify the 

knowledge on the productive challenges of the assistants to the PEAC. It was done 

through a survey that measured the variables of productivity, efficient kilns, ecological 

brick kilns with energy loss, productive problem that represents the firing process 

during the burning phase in the brick kilns and the relationship between energy 
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consumption and the production of bricks. The results of this diagnostic assessment are 

shown in Table 5, where it is observed that only 20% knew what a productive problem 

was. Swisscontact (2010), EELA (2011) and Cárdenas (2012) [7, 24, 4] reported that 

the artisanal activity faces high production costs which on average is approximately 60 

to 80% of the cost of the brick. In addition, according to the context analysis conducted 

to the community under study, the profit margins are minimal (1.6%), and 

manufacturing costs represent 98.4% of the cost of the brick. This agrees with Bruce et 

al. (2007) and Corral et al. (2009) [13, 23], they declare that the amount of fuel used is 

considered the main economic problem that affects this micro-industry. It is essential 

in order to accumulate capital and be profitable, to know about the costs for the brick 

industry. When asking the participants Are the types of brick kilns used efficient in the 

burning process? 75% thought they were efficient, however, several authors such as 

Hoffman et al. (2002), Romo et al. (2004), Gallegos et al. (2006), Rincón and Wellens 

(2011) and Márquez and Cárdenas (2011) [42, 2, 17, 47, 43] disagree. These authors 

reported that the types of traditional brick kilns similar in characteristics and design to 

those found in the municipality of Coyuca de Benitez, are very rudimentary, with little 

technification and very low energy efficiency. When asked if they considered that the 

types of brick kilns they use, have energy and/or heat loss in the burning process, 40% 

answered that there was energy loss. It is important to note that in general, brick kilns 

are distinguished by having energy losses through the floor and side walls, as explained 

by Cárdenas (2012) and Bond et al. (2013) [4, 15]. These outcomes confirm the high 

production costs that were mentioned previously. The burning stage, in the manufacture 

of brickmakers is the only one that generates a production problem according to 15% 

of the interviewed population. However, according to the context analysis carried out 

on the communities under study, the burning stage represents 33.2% of production 

costs. Finally, 25% consider that there is a relationship between wood consumption and 

brick production. It became clear then, that the need to reduce fuel for burning generates 

a greater productivity and lower production costs. The outcomes of the analytical rubric 

used to assess the drawings showed that most of the participants had achieved an 

excellent learning level. This confirm that the assistants had achieved competences in 

this subject. And most of all, that they had identified the productive challenge 

concerning the amount of fuel used in the brick burning process. They also saw the 

advantage of the use of a new alternative technology for the production process. With 

respect to the developed focus groups, in which they discussed what was observed in 

the posters and the presentation; participants in the PEAC analyzed the economic 

benefits of the new technology due to the lower use of fuel, which allows us to assert 

that the understanding of the productive problem was significant. 

The brickmakers at the beginning of the workshop did not know what a productive 

problem was. After the interventions, as a space for the achievement of new knowledge, 

they understood that the costs of manufacturing bricks are very high and that they do 

not allow a profit margin to be able to generate capital. In Table 5 favorable results are 

observed, since, brickmakers identified this productive problem, in reference to the low 

energy efficiency, which leads to the considerable use of fuel, therefore, generates high 

production costs. 
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Table 5. Results of the diagnostic and formative assessments on the knowledge that 

brickmakers have about the main production problems facing the artisanal brick 

industry. 

Module Questionnaire items 

Diagnostic 

assessment 

(%) 

Formative 

assessment 

(%) 

(III) 

Productive 

problems 

Do you know what a productive problem 

is? 
20 65 

Do you think that the types of brick kilns 

you use are efficient in the burning 

process?  

75 30 

Do you think the types of brick kilns you 

use have any energy/heat loss? 
40 90 

Do you consider the burning process a 

productive problem? 
15 60 

Do you think there is a relationship 

between energy consumption (for 

example, the consumption of firewood), 

and the production of bricks? 

25 75 

 

These results are the product of the way in which the activities and their contents were 

developed. Activities that broke down the costs of the raw materials which give origin 

to the obtained products, and at the same time, the main basic natural resources were 

identified for the maintenance of productive activity, especially the processes through 

which they pass in order to become a final product until their sale. Chinchilla et al. 

(2016) [58] propose the need to establish these elements in order to facilitate the 

understanding of the expenditure of resources and the quantity of materials used; 

thereby providing the possibility of understanding how their daily consumption 

negatively affects the socio-environmental balance. Therefore, it is possible to bring the 

problem closer to daily life and it is feasible for the PEAC assistants to make decisions 

about their consumption, taking into account that with these decisions they add to a 

bigger project such as the one facing their own socio-environmental crisis. Likewise, 

González et al. (2003) [59] also point out the importance of making the problems and 

needs of the population latent. That is, the population must identify its own needs and 

relate them to the benefit obtained. Regarding the stages of the production process for 

the manufacture of artisan bricks, very few brickmakers considered that the burning 

stage is the only one that generates a production problem. García (2006) [60] mentions 

the importance that community education workshops, as a process of intervention and 

promotion of participation, should be oriented towards communicating their own social 

reality. And in this way, the application of the workshop, taking into account the 

analysis of the context, which discussed the costs of the inputs required between the 
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traditional oven and the MK2, made it possible for the brickmakers to reflect the 

importance of identifying the productive problematic, in reference to the costs of 

production, on the obtained profits. 

Modulo (IV) technological backtracking 

The results show that artisan brick kilns in the municipality of Coyuca de Benitez are 

very rudimentary and the workers have little technical skills. A survey was made in 

order to identify the knowledge on new technological process for the burning of bricks 

of the PEAC’s participants. The variables evaluated were alternative technologies, 

construction of new technologies, operation of new technological processes, 

modernization of the production process and regional renewable natural resource. The 

brick kilns as alternative technologies have been studied through different approaches, 

mainly to improve production systems and their environmental performance purposes, 

as well as for the development of new designs; since its design is related to production 

costs and the level of emission of pollutants [61,13]. The outcomes of the diagnostic 

assessment are shown in Table 6, where it is observed that only 20% knew a 

technological alternative for burning bricks. As for if they knew how to build/develop 

materials for the construction of a more efficient brick kiln, only 10% of the target 

population knew how to build or develop an alternative technology. Likewise, 20% 

knew of some technological process that allows them to burn bricks more efficiently. 

Also 45% of the participants considered that it was necessary to improve the productive 

processes, through a more efficient ecological brick kilns. Finally, only 15% said they 

knew what a regional renewable natural resource is. This shows that the brickmakers 

are unaware and lack competence on the subject. The results of the analytical rubric 

about the drawings, showed that the majority had achieved an excellent level, therefore 

competences in this subject. Above all, they identified the importance of technological 

updating, the relationship that exists between the productive problematic related to the 

amount of fuel used in the brick burning process, and the advantage for the production 

process in terms of the use of new alternative technology. With respect to the developed 

focus groups, what was observed in the posters and the presentation was discussed. The 

brickmakers compared the economic benefits of the new technology due to the lower 

use of fuel, its usefulness and the easiness of use of the MK2 ecological brick kilns. 

The discussion and knowledge of this is paramount, because according to Davis (1993) 

[62], the knowledge of the users of new technologies determines to a greater extent the 

successful adoption. Besides the influence in the attitude towards its use will result in 

scenarios of possible success or failure of the technological implementation. This 

confirms that the understanding of the problem was significant to brickmakers. 
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Table 6. Results of the diagnostic and formative assessments on the knowledge that the 

brickmakers have, on technology transfer for the artisanal brick activity. 

Module 

 
Questionnaire items 

Diagnostic 

assessment 

(%) 

Formative 

assessment 

(%) 

(IV) 

Technology 

transfer 

Do you know of any technological 

alternative for burning bricks, which 

allows you to reduce health risks from 

polluting emissions, improve energy 

efficiency and the quality of your 

products? 

20 85 

Do you know how to construct/build 

more efficient brick kilns?   
10 90 

Do you know of any technological 

process that allows you to burn bricks 

more efficiently?   

30 80 

Do you consider that it is necessary to 

improve the productive systems through 

more efficient kilns in energy terms? 

45 95 

Do you know what a regional renewable 

natural resource is? 
15 80 

 

These four workshops served as an input, for the purpose of raising awareness in socio-

environmental issues, with the aim of strengthening skills for the adaptation of new 

technology. Pacheco and Gómez (2007) [63] state the importance of studying the 

process of artisanal production, including the environmental, productive and social 

dimension in order to offer an eco-technological development, as a design strategy that 

allows generating a resilience characterized by sustainability and defined by the 

environmental complexity of the artisanal system and in essence, the sustainability of 

artisan crafts. The results of the last workshop observed in Table 6, showed that the 

participants did not know any technological alternative for the burning of bricks, but 

after the intervention their knowledge increased significantly. Orozco et al. (2013) [64] 

explained that it is necessary for the brickmakers to know technological alternatives 

tested and validated successfully. Therefore, the MK2 ecological brick kilns was 

presented given that has been the object of several studies to corroborate the decrease 

of pollutants. Bruce et al. (2007) [13] reported a reduction of 53% in the amount of 

wood or fuel needed to perform the firing of raw bricks and a factor of density of emitted 

particles of 10 to 2 kg per burning period, with the use of the filter kiln. Bruce et al. 

(2007) [13] evaluated in Ciudad Juárez, located in the State of Chihuahua, in Mexico, 
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MK2 ecological brick kilns by measuring the density of particles generated by the 

burning process and by making operational comparisons with traditional kilns and 

found that MK2 ecological brick kilns reduce pollutant emissions.  

The data can be interpreted as positive, because, it was found that the vast majority of 

those attending the program learned how they could contribute to solve their problems 

and production needs. Therefore, it is possible for them to achieve an improvement in 

the profits if they make their production process efficient due to fuel savings and 

burning time. This agrees with Orozco et al. (2013) [64] who point out that 

sustainability can be achieved in brick artisanal production, by proposing actions aimed 

to the transfer of technology that improves production processes. The new technology 

must use energy efficiently, reduce fuel and eliminate the emissions of polluting gases. 

And above all, they refer to the importance of the involvement of producers to identify 

the most appropriate conditions and the technological process that best suits to the 

characteristics of brick production, in order to achieve a successful management of 

technology transfer. For this reason, after doing the context analysis, the participants 

learned that the MK2 ecological brick kiln could adapt to the productive process of the 

municipality of Coyuca de Benitez, without modifying the stages of artisanal 

production. 

Final evaluation of lesson learned 

Results of a final test showed that the average percentages of successes in the 

participants after the PEAC was completed were satisfactory with an 80% of 

achievement. They pointed out that the high cost of fuel, as well as the use of artisanal 

brick kilns are the biggest economic and environmental problems affecting brick 

production. 85% of the participants to the PEAC, indicated that the artisanal 

exploitation of the soil leads to the transformation of the natural space, as it is the basis 

of the craft activity. Similarly, 80% said that the excavation of the soil causes 

irreparable impacts on ecosystems, as well as instability and soil erosion. 70% agree 

that the clay / mud used to make brick is a non-renewable mineral natural resource. 

These data coincide with the authors Barrera et al. (2007) and Rahman et al. (2015) [65, 

66] who mention that artisanal mining for brick making generates an irremediable 

environmental impact on the ecological system. 70% of the participants responded that 

the direct overexploitation of water in the wetland area will have impacts on: the 

destruction of the natural good. Likewise, 85% considered that deforestation near the 

production strip will have negative effects on the environment mainly due to the loss of 

vegetation cover, as well as the availability of water. Betancur et al. (2016) [67] point 

out that impacts on wetlands and / or aquifers will cause significant damage to their 

functions and services, putting their existence at risk, which translates into the 

destruction of a natural good. On the other hand, Romo et al. (2004) and Bikel (2012) 

[2, 3] also agree that, among the great environmental consequences generated by brick 

activity, is deforestation and water availability, which increase the causes of climate 

change. 70% of the participants to the PEAC agreed that the combustion of used 

automotive oil, tires, diesel and plastics, for the cooking of bricks causes the generation 
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of toxic and carcinogenic contaminants. In the same way, 85% said that the cooking 

phase of the bricks in artisanal ovens is the production process that generates levels of 

pollutants that puts their health at risk. These approaches by brickmakers coincide with 

these authors [19, 24, 14, 21] because they state that the environmental problems affect 

the air quality emit toxic and carcinogenic pollutants that impact on people's health of 

the nearby cities. 80% of the producers considered that, a technological alternative for 

the cooking of their products that would serve to solve the productive and 

environmental problems in the brick industry would be through the construction and 

use of the MK2 brick kiln. In the same way, 80% considered that the coconut / coir 

shell is a renewable natural resource that should be used as a fuel for brick making. 

The brickmakers who attended the PEAC achieved high levels of learning. The results 

of the diagnostic, summative and final evaluations, above all, supports those obtained 

in the summative evaluation described above. These results can be explained, because 

the preparation and planning of the strategies that promoted the acquisition of 

environmental knowledge and learning generated in the PEAC participants, was 

through a training process based on the theories of constructivism, which focuses in the 

acquisition of knowledge as posed by these authors [68, 69, 34]. Consequently, the 

levels of knowledge, values, competences, attitudes and environmental skills were 

expanded and strengthened according to the development of the program, in order to 

lay the foundations for a comprehensive and environmentally friendly training in the 

same way as it is suggested by these authors [36, 38, 35].  

 

CONCLUSION 

The contribution of this environmental education program made possible to link 

knowledge, skills, attitudes and values with the purpose of giving an integral education, 

attached to the reality of the artisanal communities, exposed to the productive process 

as part of the problem. However, it was taught to the brickmakers how to become part 

of the solution, by raising awareness of the various risk factors to which they are 

exposed. Strengthen skills allow them to introduce a new technological process that 

will reduce the environmental impact of artisan brick kilns and their health risks. The 

brick production can stop being an activity carried out only by the need of a support for 

a living and become an opportunity for regional development. Technological ascent 

must be accompanied by community environmental education programs that intervene 

and explain the relationship of the different socio-environmental problems that 

productive processes generate. The importance of promoting technology transfer 

among this sector of the population that is exposed to various risk factors is based on 

its potential to motivate its ability to influence a change, which potentializes the 

sustainable development of the communities producing artisanal bricks. 
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