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Prefacio 
 
El 4 de enero del presente año, la Secretaria del Trabajo y Previsión Social (STPS) publicó 

en el Diario Oficial de la Federación el Proyecto de Norma Oficial Mexicana PROY-NOM-036-

1-STPS-2017, Factores de riesgo ergonómico en el trabajo-Identificación, análisis, 

prevención y control. Parte 1-Manejo manual de cargas. SEMAC reviso dicho proyecto y 

presento en tiempo y forma ante la STPS las observaciones que creyo necesarias para un 

cambio en la redacción de la NOM-036 y que fuera mas accesible a todos los involucrados 

en el proceso ergonómico dentro de los centros de trabajo. Es deseable que esta norma 

sea publicada en el Diario Oficial de la Federacion lo antes posible. 

 

La autoridad laboral cuenta con dos proyectos de norma que son punta de lanza en el mundo, 

pues no hay país que cuente con requerimientos legales en Factores de riesgo Ergonómicos 

y Factores de riesgo Psicosociales. Estamos seguros que en cuanto de aprueben estas dos 

normas se verá incrementada la calidad de vida de nuestros compañeros trabajadores, que 

con su esfuerzo generan la riqueza de nuestro País, México. 

 

Este año reunimos un gran número de trabajos, tanto de investigaciones como aplicaciones 

en los puestos de trabajo que tienden a mejoran la calidad de vida de los trabajadores. 

Hemos seleccionado los mejores trabajos de las diversas áreas de la Ergonomía. En este 

libro encontrares colaboraciones de Instituciones de Educación Superior y Empresas con 

trabajos que se destacan tanto por su originalidad como por su pertinencia.  

 

Los editores, árbitros y comité académico, a nombre de la Sociedad de 

Ergonomistas de México, A.C., agradecemos a los autores de los artículos aquí 

presentados su esfuerzo, e interés por participar y compartir su trabajo y conocimientos 

en este nuevo libro. También agradecemos a los autores provenientes de muy diversos 

lugares y formaciones su valiosa aportación que estamos seguros derivará en el avance 

de la ergonomía en las Instituciones de Educación Superior y en la planta productiva 

nacional y mundial. 

 

Enrique de la Vega Bustillos 

Presidente SEMAC 2002 – 2004 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO A.C. 

“Trabajo para optimizar el trabajo” 

Mexicali, Baja California,  Abril de 2018 
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ANTHROPOMETRIC MEASURES OF THE POPULATION THAT 
WORKS IN MAQUILADORA INDUSTRY OF AGUA PRIETA, 

SONORA.  
 

Daniel Laborin Hurtado1, Cindi Llaquelin Mauricio Rodríguez1, Diana Laura 
Nuñez Salinas1, Sara Elena Anguiano Valenzuela1, Nallely Rebeca Acuña 

Silva1. 
   

Industrial Engineering Department 

Tecnológico Nacional de México, campus Agua Prieta 

Ave. Tecnológico and Road to Janos Chihuahua 

Agua Prieta, Sonora, 84200 

dlaborin2015@gmail.com 
 

Resumen: Una de las principales fuentes laborales de la ciudad de Agua Prieta, 
Sonora es la Industria Maquiladora y Manufacturera de Exportación, quienes 
conforman de forma general procesos de fabricación con flujos en línea, lo que 
demanda una gran cantidad de estaciones de trabajo, las cuales son establecidas 
de manera empírica por las personas dedicadas al diseño de este tipo de 
estaciones. 

En el cumplimiento de las directrices ergonómicas para el diseño de estaciones 
de trabajo debe ser referenciado principalmente por los sistemas de cartas 
antropométricas, las cuales deben de ser validadas científicamente a través de 
procesos estadísticos concretos y aceptados. 

La presente investigación tiene como objetivo principal desarrollar un sistema 
de medidas antropométricas de los trabajadores de la Industria Maquiladora de 
Agua Prieta Sonora, ofreciendo primeramente un marco teórico referencial validado 
científica y estadísticamente, y posteriormente proporcionar el comportamiento de 
los percentiles antropométricos necesarios para el diseño de las estaciones de 
trabajo antes referidas. 

Cabe mencionar que la presente investigación y toma de datos se limita 
únicamente a la población laboral de la ciudad de Agua Prieta, y ha sido aplicada a 
un total de 175 personas quienes laboran dentro de estas empresas, sujetos 
seleccionados a través de un procedimiento aleatorio para eliminar el sesgo en la 
inferencia de los datos muéstrales. 

 El equipo de recolección de datos ha sido capacitado por un experto en el tema 
y se realizó un conjunto de mediciones para mejorar su experiencia en el manejo de 
los instrumentos utilizados tales como: Antropómetro, Bascula digital, Flexómetro y 
Medidor de agarre.  

Una vez concluida esta capacitación se realizó un estudio de repetitividad y 
confiabilidad para valorar las mediciones desarrolladas por el equipo de trabajo, las 
mediciones obtenidas han sido comparadas con las del experto obteniendo un .97 
en los estudios de confiabilidad. 

 

mailto:dlaborin2015@gmail.com
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Durante un periodo de seis meses el equipo de recolección de datos se ha 
abocado a la obtención de las medidas dictadas por la antropometría estática, para 
la realización de tablas antropométricas, tales como: Estatura completa, Distancia 
Ojo – Piso, Acromion – piso, Dedo medio – Piso, por mencionar algunas, estos datos 
han sido capturados en una hoja de cálculo de Excel para procesar la información 
de una manera rápida y confiable. Cabe mencionar la relevancia que tendrá el 
presente estudio en cumplimiento de la elaboración de la carta antropométrica 
propuesta por la SEMAC. 

Por último, se concluye que el desarrollo de una carta antropométrica, donde se 
presenten las principales medidas utilizadas en el diseño de estaciones de trabajo 
que contemplen las directrices ergonómicas, mantiene hoy una alta prioridad para 
la industria maquiladora, ya que con ello se está en la posibilidad de disminuir el 
impacto negativo del trabajo sobre el operador, mejorando la competitividad de la 
entidad productiva. 
 
Abstract: One of the main sources of employment in the city of Agua Prieta, Sonora 
is the Maquiladora and Export Manufacturing Industry, which generally make up 
manufacturing processes with online flows, which demands a large number of work 
stations, which are established empirically by the people dedicated to the design of 
this type of station. 
       In compliance with ergonomic guidelines for the design of work stations should 
be referenced primarily by anthropometric chart systems, which must be validated 
scientifically through specific and accepted statistical processes. 
 The main objective of this research is to develop a system of anthropometric 
measures for the workers of the Agua Prieta Maquiladora Industry in Sonora, first 
providing a referential theoretical framework scientifically and statistically validated, 
and then provide the behavior of the anthropometric percentiles necessary for the 
design of the work stations referenced above. 
 It is worth mentioning that the present investigation and data collection is limited 
to the working population of the city of Agua Prieta, and has been applied to a total 
of 175 people who work within these companies, subjects selected through a random 
procedure to eliminate bias in the inference of the sample data. 
 The data collection team has been trained by an expert in the subject and a set 
of measurements was made to improve their expertise in handling the instruments 
used such as: Anthropometer, Digital Scale, Flexometer and Grip Meter, once 
completed This training was conducted a study of repeatability and reliability to 
assess the measurements developed by the work team, the measurements obtained 
have been compared with those of the expert obtaining a .97 in the reliability studies. 
 During a period of six months, the data collection team has focused on obtaining 
the measurements dictated by static anthropometry for the realization of 
anthropometric tables, such as: Full height, Eye - Floor distance, Acromion - floor, 
Middle finger - Floor, to mention a few, these data have been captured in an Excel 
spreadsheet to process information in a faster and more reliable way. It is worth 
mentioning the relevance of this study in compliance with the elaboration of the 
anthropometric chart proposed by the SEMAC. 
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 Finally, it is concluded that the development of an anthropometric chart, which 
presents the main measures used in the design of work stations that contemplate 
the ergonomic guidelines, maintains today a high priority for the maquiladora 
industry, since it is in the possibility of diminishing the negative impact of work on the 
operator, improving the competitiveness of the productive entity. 
 
Key Words: Anthropometry, maquiladora – industry 

Contribution to ergonomics: The present investigation develops a system of 
validated and reliable anthropometric measurements. This maintains ergonomic 
relevance due to the information contained in the measurement system is of high 
priority in the design and redesign of work stations that are considered ergonomic. 
Added to this, in Mexico exists few systems of anthropometric measurements and 
this research will be part of the anthropometric chart that is currently developing by 
Sociedad de Ergonomistas de Mexico, A.C. 
 

1. INTRODUCTION 
 

The productive development generated in the Northwest State of Sonora, mainly in 
the region of Agua Prieta, is supported mostly by the maquiladora industry, which is 
why the adoption of a system of anthropometric measurements by this sector, in the 
design of work stations, where, from the planning to the operation of the productive 
plant, the guidelines for the scientific study of the adaptation of work to man, this 
would generate many benefits to the industrial sector and would be a factor of 
optimization in the methods and industrial processes, in addition to adjusting the 
work stations to the physical characteristics of the operators who work in these 
industries. 

The anthropometric measurements are considered as the starting point for the 
design and redesign of work stations, where you want to apply the ergonomic 
guidelines and sustain a research work and applied with quantitative arguments. 
This implies a greater facility for the adequacy and modification of working conditions 
where the worker performs, thereby improving the productive performance and 
decreasing the possibility of generating a musculoskeletal disorder in the operators 
who work in the work stations of the maquiladora and manufacturing industry 
company in the city of Agua Prieta, Sonora. 
 
1.1 General Objective:  

 
Develop a system of anthropometric measurements of workers in Agua Prieta 
maquiladora industry, necessary in the design of ergonomic workstations. 
 

1.2 Specific objectives: 
 

1. Elaborate the theoretical framework of the research from the study of the main 
anthropometric measures that are necessary for the design of ergonomic 
workstations. 
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2. Develop the procedure to obtain the anthropometric chart of the workers of the 
Agua Prieta maquiladora industry. 

3. Perform the lifting of the necessary data for the system of anthropometric 
measurements.  

 
2. DELIMITATION 
 

The research work was developed in the maquiladora manufacturing and export, 
located in the city of Agua Prieta, Sonora. Considering specifically the workers that 
work in the intermittent production lines with online flows and that as a consequence 
of the study could be viable of an ergonomic redesign. 
 

3. METHODOLOGY 
 

The structure of the guiding research of this project is established in two stages: The 
first consists in the conformation of tools and methodologies, required to carry out 
the research, establishing as a priority the need to stratify the population under study, 
in such a way that we can determine a classification according to physiological 
capacities related to sex, age and place of origin of the worker and the parents of 
the operator, in addition to the above, the research project contemplates retaking the 
measurements proposed by Sociedad Ergonomistas de México, A.C. to carry out 
the anthropometric study. Figure 1 shows the scheme by means of whereby the data 
that make up the system of anthropometric measurements of the population under 
study was carried out. 

In the second part of the project, the planning and execution of the pilot sampling 
and the statistical inferences necessary to determine the optimum size of samples 
to be collected were carried out. To perform the fieldwork, the research team was 
trained in taking anthropometric measurements and a hypothesis test was 
established, where the effectiveness of the measurements of the research team was 
verified. 

The reliability of the registered data is one of the main scientific aspects related 
to the present research project, mainly because these data are the starting point for 
the design and redesign of work stations where you want to apply the ergonomic 
science guidelines. 

Subsequently, the field work was carried out over a period of 6 months, collecting 
a total of 175 samples, to establish a total of 8750 measurements for the five 
determined strata and the necessary statistics were calculated for the ergonomic 
design of jobs. Statistical inferences were made taking into account an experimental 
error of 1 centimeter and a reliability of 99%. With this information, the 
anthropometric charts for each of the determined strata were constructed, 
statistically validated and with the aim of being a useful tool for the design of jobs 
that have an ergonomic focus. 
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Figure1. Format of anthropometric data collection. 

 
4. RESULTS 
 

The research project has collected 175 measurements of workers who develop their 
activities in the work stations of the production lines, with intermittent flows in line, of 
the maquiladora and manufacturing industry located in the city of Agua Prieta, 
Sonora. In table 1 the results of the principal anthropometric measurements, object 
of study of the present investigation, are presented by strata and sex.  
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Table1. Results of strata and sex. 
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Table1. Results of strata and sex (continuation). 
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Table1. Results of strata and sex (continuation). 
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Table1. Results of strata and sex (continuation). 
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5. CONCLUSIONS 
 

The development of an anthropometric chart, which presents the main measures 
used in the design of work stations that address the ergonomics directives, remains 
today a priority for the maquiladora industry, which can be used to work on the 
worker and improve the productivity of the productive entity. 
 

The results presented in the present investigation are validated from the studies 
of hypothesis tests, which leads us to a use of the data presented in the system of 
anthropometric measurements with high reliability. 
 

The use of presented data in the system of anthropometric measurements 
allows the design and redesign managers of work stations in the production lines 
with intermittent Flow of maquiladora and manufacturing industry in Agua Prieta 
Sonora, sustain the designs in validated and reliable data. 
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Abstrac: En la actualidad, debido a la constante presentación de los Desórdenes 
musculo esqueléticos (DME) en los sitios de trabajo, se ha vuelto una necesidad 
contar con información de referencia para la mejora o diseño de instrumentos de 
trabajo acordes a los usuarios de un proceso o sector en particular. Las dimensiones 
y el nivel de esfuerzo de la mano son de gran relevancia para lo antes descrito 
siendo este último parámetro el de principal interés para el presente estudio. Para 
su desarrollo se realizaron  las mediciones del nivel de  esfuerzo  de 94 hombres y 
73 mujeres entre los 18 y 28 años de edad en tres posiciones diferentes empleando 
un guante y sin usar guante. Como resultados se obtuvieron los registros del nivel 
de esfuerzo para cada posición descrita, su valor mínimo, máximo y el promedio. 
Se observa  que la fuerza promedio tanto en hombres como mujeres utilizando 
guantes es ligeramente mayor quizás a que existe un mejor agarre del dinamómetro. 
Se aprecia una pequeña diferencia de 1kgf en los promedios entre mano dominante 
y no dominante, sin embargo, este diferencia  se incrementa en alrededor de 6kgf 
al tratarse de los  valores máximo y mínimos entre ambas manos. Al comparar el 
nivel de esfuerzo entre mujeres y hombres  se aprecia una mayor fuerza en estos 
últimos. Con respecto a los percentiles se analizaron los percentiles de 5, 50 y 95 lo 
que permitirá tener datos precisos al momento de plantear una nueva herramienta. 
En conclusión replicar este tipo de estudio atraerá una disminución en los riesgos 
laborales y los DME asociados al uso del equipo. Es recomendable explorar la 
correlación entre las  variables nivel de esfuerzo,  dimensiones de la mano,  la 
estatura e índice de masa corporal del sujeto de muestreo. 
 

Abstrac: Currently, due to the constant presentation of Musculoskeletal Disorders 
(MSD) in workplaces, it has become a necessity to have reference information for 
the improvement or design of work tools according to the users of a particular 
process or sector. The dimensions and the level of effort of the hand are of great 
relevance for what was previously described, this last parameter being the main 
interest in this study. For its development, measurements of the effort level of 94 
men and 73 women between 18 and 28 years of age were made in three different 
positions using a glove and without wearing a glove. As a result, records of the effort 
level were obtained for each position described, its minimum, maximum and average 
values. It is observed that the average strength in men and women using gloves is 
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slightly higher perhaps because there is a better grip of the dynamometer. A small 
difference of 1 kgf is observed in the averages between dominant and non-dominant 
hand, nevertheless, this difference increases by around 6kgf since it is the maximum 
and minimum values between both hands. When comparing the level of effort 
between women and men, greater strength is seen in the latter. With respect to the 
percentages, those of 5, 50 and 95 were analyzed, which will allow having precise 
data when proposing a new tool. In conclusion, replicating this type of study will 
attract a decrease in occupational risks and MSD associated with the use of 
equipment. It is advisable to explore the statistical correlation between the variables 
effort level, hand dimensions, height and body mass index of the sampling subject. 

Key words: Ergonomics, anthropometry, factors and risk. 
 
Relevance to Ergonomics: Reduce occupational risks and musculoskeletal 
disorders associated with the use of equipment and tools. 

 
1. INTRODUCTION 

 
University education is a public good that also produces private benefits, which 
manifest themselves in a variety of circumstances, including higher incomes and 
higher job satisfaction. More collectively transcendent are the public benefits. A more 
and better educated population means a more informed, participatory and critical 
citizenship. Additionally, university education has important multiplier effects on 
economic and social development and is a crucial component in building a more 
prosperous and socially inclusive nation (Fuentes, 2013). 

In Mexico only 3 out of 10 young people have the opportunity to go to 
university. According with data of the SEP, there are 2.93 million young people 
enrolled in any of the 4,894 public and private universities in the country; and of the 
university student total, the projections indicate that only 4% will be able to advance 
towards postgraduate studies. In Sonora there are different private and public 
educational institutions that offer university and higher education careers. 
Universidad de Sonora, Universidad de Navojoa o Universidad de la Sierra are some 
of those institutions in which students can pursue different university careers from 
online degrees to technical careers, through masters and doctorates. 

Institutions of higher education include, as part of the ability or competence 
of Industrial Engineering, the subject of Ergonomics either as such or as a starting 
line and / or specialization being relevant “Detect problematic situations of ergonomic 
type in the workplace, and thus propose alternative solutions to achieve an efficient 
relationship between the worker and his environment” as is the case of work 
accidents and Musculoskeletal Disorders (MSD) (Castellano, 2014). 

According to statistics of Secretaría del Trabajo y Previsión Social (2017), in 
Sonora 88% of occupational risks occur in companies related to building the 
manufacture and provision of purchase-sale services. It is also established that 66% 
of occupational diseases and 63% of permanent disabilities are caused by 
ergonomic risk factors. Related to accidents it is observed that, 518, 718 cases 
presented to date, 86% occurs in upper extremities and 84% in jobs related to the 
production, construction and operation of machinery. On the other hand according 
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with Gil y Sandoval (2013) mention that Guaymas is positioned in the second place 
of numbers about certified cases of MSD with 48 cases. 
Currently it has been observed that most of the equipment that is used such as work 
tools, are acquired without previous analysis of design, functionality or manipulation, 
which in most of the time is uncomfortable for the worker, thus causing a low 
performance in the operation. Given this, there is a need to contribute to avoid the 
presentation of occupational risks and musculoskeletal injuries resulting from effort 
and design by the use of work tooling. 
 

2. OBJETIVE 
 
Develop a study of effort in dominant and non dominant hand in students of higher 
education to contribute in the design of work tooling, in avoiding the appearance of 
MSD´s in various parts of the body and develop the Ergonomics competence in 
students of the Industrial engineer career of a University. 
 

3. METHODOLOGY 
 
The method used rescues aspects of proposed by Mohammad (2005) and the study 
was conducted at a university localized in Guaymas Sonora, focusing on students 
with current enrollment. For the application a representative sample of 167 was used 
of a total of 508 students being the total population. The characteristics and values 
of the sample can be seen in figure 1. 

 

Figure 1. Characterization of the sampling subjects 
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Of the 167 subjects studied 94 are men and 73 women, corresponding to 56 
and 44 percent respectively. Regarding age, it is observed that 60 are in the range 
between 18 and 19 years (36 percent); 68 range from 20 to 21 years (41 percent); 
26 are between 22 and 23 years old (15 percent); and 13 are 24 years old or older 
(8 percent). In relation to the place of birth 153 are born in the State of Sonora (92 
percent), 5 in Sinaloa (3 percent), 3 in the United States (2 percent) and the rest in 
other places (3 percent). Finally 155 students have the right hand as dominant (93 
percent) and 11 with the left hand (6 percent) and one person claimed use both 
hands (right and left) (1 percent). It is worth mentioning that at the moment of making 
the measurements to the sample, they were provided with information related to the 
measurement technique, it was observed that they were in good health and that 
none lacked any limb or hand. 

To obtain data, the JAMAR manual hand dynamometer was used, which has 
handle adjustable to the size of the hand and measures muscle strength between 0 
and 90kgf in intervals of 2kgf. The format to be used contemplates maximum 
strength values without gloves and maximum strength with gloves, each one being 
made in three different positions for dominant hand and non-dominant hand, the 
above is observed in figure 2. 

 

 
Figure 2: JAMAR manual dynamometer and effort postures 
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After the training of the use of the dynamometer, the team and work space 
were prepared, an area was assigned to perform measurements within campus 
facilities and it began with the recording of data according to the postures of effort 
indicated above. Next step proceeded to perform the calculations to obtain the 
variables of interest among which is the average, standard deviation, the minimum 
value, the maximum value and the determination and interpretation of the percentiles 
of 5, 50 y 95. 

 
4. RESULTS 

 
Once the data collection of the 167 individuals was made, the information was 
ordered by gender (male or female), listing the variables of interest in each row and 
in each column the postures and the hand under study. Results are shown in tables 
1 and 2. 

Table 1. Results of the effort level in men 

A. Effort of men without gloves  

 Maximum strength without gloves 

 P1 P2 P3 

 DH NDH DH NDH DH NDH 

Average 32 32 32 31 32 31 

D.E. 10 11 10 10 10 10 

Max 57 61 63 65 53 55 

Min 12 11 13 13 13 13 

P5 17 17 18 19 18 18 

P50 32 29 30 29 29 29 

P95 50 52 48 47 50 48 

 
B. Effort of men with gloves  

 Maximum strength with gloves 

 P1 P2 P3 

 DH NDH DH NDH DH NDH 

Average 33 32 32 31 33 32 

D.E. 10 10 10 9 9 9 

Max 66 61 67 60 61 52 

Min 15 15 13 12 15 13 

P5 19 19 19 17 19 18 

P50 31 30 30 29 32 31 

P95 50 50 47 48 49 47 

 

          In tables 1, it shows the level of effort generated in the hands of man. First 
shown maximum strength without gloves (A), the highest average was 32 in all 
positions and 31 in the position two and three in non-dominant hand. On the other 
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hand, the standard deviation was 10 in most of the postures, while the highest was 
11 in position 1 in non-dominant hand, the maximum was 65 in the position 2 in non-
dominant hand and the minimum was 11 in position 1 in non-dominant hand. 
          Average values of maximum strength with gloves range from 31 to 33. The 
smallest value of standard deviation was obtained in position 3 and in position 2 in 
non-dominant hand with 9. The maximum value was in position two in dominant hand 
with 67kgf and the minimum value was in position 2 in non-dominant hand with 
12kgf. The results of the effort level in women are shown below. 
 

Table 2. Results of the level of effort in women 

C. Effort of women without gloves 

 Maximum strength without gloves 

 P1 P2 P3 

 MD MND MD MND MD MND 

Average 21 20 21 19 21 20 

D.E. 5 5 6 5 6 5 

Max 39 38 41 35 40 35 

Min 12 11 7 8 5 8 

P5 13 12 12 12 11 11 

P50 21 19 21 20 22 20 

P95 28 28 27 27 29 29 

 
                        D. Effort of women with gloves 

 Maximum strength with gloves 

 P1 P2 P3 

 DH NDH DH NDH DH NDH 

Average 22 21 22 21 22 20 

D.E. 5 6 6 6 6 6 

Max 39 38 36 40 43 41 

Min 9 9 9 7 9 7 

P5 12 13 13 13 11 12 

P50 22 21 22 20 22 20 

P95 31 30 30 29 30 30 
 

In relation to the level of effort in women, first appears the maximum strength 
without glove (C) obtaining an average of 19 to 21 in the three positions in both 
hands. The standard deviation varies from 5 to 6 in the same way in the three 
positions in dominant hand and non-dominant hand, being the dominant hand in the 
position 1 with the least deviation. In the three position was obtained the highest 
standard deviation in dominant hand. The maximum that was obtained was 41 kgf 
in position 2 in dominant hand, and the minimum was 5 in position 3 in the dominant 
hand. The data obtained in the maximum strength with glove (D) the average of the 
three positions are from 20 to 22. The minor deviation was in position 1 in dominant 
hand with 5, the rest of the positions obtained a deviation of 6. The maximum value 
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was 43 in the position 3 in dominant hand and the minimum was 7 in position 2 and 
3 in non-dominant hand. 

With the results obtained, it can be seen that the average strength in men and 
women using gloves is a little higher, since there is a better grip, with respect to the 
percentages, those of 5, 50 and 95 were analyzed, which allows to have information 
of great relevance in tooling design. 

 
5. DISCUSSION/ CONCLUSIONS 

 
Regarding the effort, the charts showed averages in which it can be observed that 
in men as in women the dominant hand is the strongest, Analyzing the strength of 
the man without a glove, it was noted that in the three positions the average was 
32kgf, while with glove the strength is greater since it has better grip with a total of 
33kgf but only in position 1 and 3. The women obtained on average that the dominant 
hand is also the strongest one obtaining without glove 21kgf in the three positions 
and in the same way increase of minimum with glove with a total of 22kgf in the three 
positions. 
Which leads to conclude that the use of gloves gives a better grip to increase 
strength, but this increase can be noted that in both cases it was minimal, 1jgf for 
men and women. The charts obtained, contribute greatly in the design and 
construction of material or tools such as tweezers, scissors and everything related 
to this body limb. This will reduce the costs associated with diseases due to the 
presentation of musculoskeletal disorders and occupational diseases. 
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Resumen: La investigación se lleva a cabo en una empresa metalmecánica en la 
zona oriente del Estado de México, donde se percataron que los accidentes y 
ausentismo se habían incrementado. En Memorias del IMSS, 2016, se reporta que 
en el Estado de México, existen aproximadamente 39848 empresas, con 53,414 
casos de riesgos de trabajo, ocupando el 2° lugar a nivel nacional, implicando 
26,520 incapacidades y de ellas 14,790 son incapacidades permanentes por 
accidente de trabajo, anteriormente en 2013, se tenían 12,000, en 2014, creció a 
12,579 y en 2015, 12,881, con un pronóstico para 2020 de 15,024 incapacidades 
permanentes por accidente de trabajo. Con base en lo anterior, se realizó esta 
investigación descriptiva, transversal, con el objetivo de identificar las secciones con 
alto riesgo mecánico y su relación con las características antropométricas de los 
trabajadores. Se evaluaron los puestos de trabajo a través del método RULA, se 
entrevistó a los operarios y se recopilo información de la accidentalidad en la 
empresa, así como la evaluación de riesgos a través del método LEST  y 
diagnóstico de cada máquina. Posteriormente se llevaron a cabo mediciones 
antropométricas a través del método de siete puntos, para la generación de la base 
de datos, finalizando con la evaluación de condiciones ambientales de acuerdo a la 
normatividad vigente. Los resultados del análisis mostraron una correlación de 0.89 
entre la accidentabilidad y las dimensiones antropométricas de los operarios. La 
propuesta fue optimizar el proceso de forma integral, con la implementación de 
métodos ergonómicos y la readecuación de la estación de trabajo.  La oportuna 
intervención de la Ergonomía es de vital importancia, en preservación de la 
integridad del factor humano, además del cumplimiento con la Normatividad 
vigente.  
 
Palabras clave: Riesgo, accidentabilidad, incapacidad. 
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Abstract: The investigation is carried out in a metalworking company in the eastern 
area of the State of Mexico, where they realized that accidents and absenteeism had 
increased. In Memories of the IMSS, 2016, it is reported that in the State of Mexico, 
there are approximately 39,848 companies, with 53,414 cases of occupational 
hazards, occupying the 2nd place nationally, involving 26,520 disabilities and of 
these 14,790 are permanent disabilities by accident of work, previously in 2013, 
there were 12,000, in 2014, it grew to 12,579 and in 2015, 12,881, with a prognosis 
for 2020 of 15,024 permanent disabilities due to work accidents. Based on the 
foregoing, this descriptive, cross-sectional investigation was carried out with the 
objective of identifying the sections with high mechanical risk and their relationship 
with the anthropometric characteristics of the workers. The work stations were 
evaluated through the RULA method, the operators were interviewed and 
information was collected on the accident rate in the company, as well as the risk 
assessment through the LEST method and diagnosis of each machine. 
Subsequently, anthropometric measurements were carried out through the seven-
point method, for the generation of the database, ending with the evaluation of 
environmental conditions according to the current regulations. The results of the 
analysis showed a correlation of 0.89 between the accident rate and the 
anthropometric dimensions of the workers. The proposal was to optimize the process 
in an integral way, with the implementation of ergonomic methods and the 
readjustment of the work station. The timely intervention of the Ergonomics is of vital 
importance, in preservation of the integrity of the human factor, in addition to the 
compliance with the current Regulations. 
 
Key words: Risk, accident, disability. 
 
Relevance to Ergonomics: The study contributes to the dissemination of 
knowledge and awareness of the importance of Ergonomics in the design of work 
stations and production processes, highlighting the most important thing is the health 
and life of operators without neglecting the productivity and functionality part of the 
company. 

 
1. INTRODUCTION 

 
In recent years, the number of companies worldwide has increased in both the 
manufacturing and services sectors. The International Labor Organization (ILO, 
2013) reports that more than 317 million accidents occur at work each year and 
6,300 people die each day due to work-related accidents or illnesses. The cost of 
this daily adversity is enormous and the economic burden of poor safety and health 
practices is estimated at 4 percent of the Gross Domestic Product (GDP), global 
each year, implying in addition to human losses, financial losses. In 2008, the ILO 
adopted the Occupational Health and Safety and Environment Program, which aims 
to create global awareness of the magnitude and consequences of accidents, 
injuries and work-related illnesses and disergonomic risks. 

The International Ergonomics Association (IEA, 2016), defines ergonomics as 
the scientific discipline that deals with the understanding of the interaction between 
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human beings and the other elements of a system, among the objectives of 
ergonomics is the achievement of the satisfaction at work, considering the 
responsibilities, attitudes, beliefs and values for personal development as well as 
individual and cultural differences. Ergonomics as a scientific discipline, is related to 
the development of knowledge about the capabilities and limitations of human beings 
in the process and performance of their activities in the context of interface between 
people, machines, systems and their environment. For Organizational Ergonomics 
the approach is to optimize the functioning of work systems through the interface of 
organizational design, with technology, the environment and people. (Aguayo & 
Lama, 2016). 

In the present work, the approach is oriented towards the Organizational 
Ergonomics, and for this investigation the definition of Hendrick is considered: "The 
organizational ergonomics or macro ergonomics is the approach of the socio-
technical systems for the organizational design and finally of the systems of work 
and the design of the related interfaces: man-machine, man-environment and user 
". (Hendrick, 1991a, p.77). Occupational safety and health conditions differ 
enormously among countries, economic sectors and social groups, including 
between types of work and professions. In the case of Mexico, the Ministry of Labor 
and Social Security (STPS) establishes the mechanisms (Laws, Regulations, 
Standards, among others), through which the Labor and Health and Safety and 
Health relations are governed, as well as keeping them updated according to 
society's own needs and monitoring compliance with them. 

With respect to the modifications, the most recent was carried out on November 
13, 2014, when the Federal Regulation of Safety and Health at Work was published 
in the Official Gazette of the Federation (DOF, 2014), which It came into force on 
February 13, 2015. The International Ergonomics Association (IEA, 2016), defines 
ergonomics as the scientific discipline that deals with the understanding of the 
interaction between human beings and the other elements of a system, among the 
objectives of ergonomics is the achievement of the satisfaction at work, considering 
the responsibilities, attitudes, beliefs and values for personal development as well 
as individual and cultural differences.  

Ergonomics as a scientific discipline, is related to the development of knowledge 
about the capabilities and limitations of human beings in the process and 
performance of their activities in the context of interface between people, machines, 
systems and their environment. For Organizational Ergonomics the approach is to 
optimize the functioning of work systems through the interface of organizational 
design, with technology, the environment and people. (Aguayo & Lama, 2016). 

In the present work, the approach is oriented towards the Organizational 
Ergonomics, and for this investigation the definition of Hendrick is considered: "The 
organizational ergonomics or macro ergonomics is the approach of the socio-
technical systems for the organizational design and finally of the systems of work 
and the design of the related interfaces: man-machine, man-environment and user 
". (Hendrick, 1991a, p.77). Occupational safety and health conditions differ 
enormously among countries, economic sectors and social groups, including 
between types of work and professions.  
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In the case of Mexico, the Ministry of Labor and Social Security (STPS) 
establishes the mechanisms (Laws, Regulations, Standards, among others), 
through which the Labor and Health and Safety and Health relations are governed, 
as well as keeping them updated according to society's own needs and monitoring 
compliance with them. With respect to the modifications, the most recent was carried 
out on November 13, 2014, when the Federal Regulation of Safety and Health at 
Work was published in the Official Gazette of the Federation (DOF, 2014), which It 
came into force on February 13, 2015. 

With which the Federal Regulation of Occupational Safety, Hygiene and 
Environment was repealed on January 21, 1997. With the objective of establishing 
the provisions on Occupational Safety and Health to be observed in the Work 
Centers, effect of having the conditions that allow to prevent risks and in this way, 
guarantee workers the right to carry out their activities in environments that ensure 
their life and health, based on what is stated in the Federal Labor Law. 

On the other hand, also on January 4, 2018, the Official Mexican Standard NOM-
036-STPS was published, which states that ergonomic risk factors can lead to 
physical effort, repetitive movements or forced postures in the work carried out, with 
the consequent fatigue, errors, accidents and work diseases derived from the design 
of the facilities, machinery, equipment, tools or work station. 

One of the biggest problems for ergonomics is that it is not part of the work 
culture, and there is no follow-up to the real figures of injuries, accidents, and 
occupational diseases caused by disergonomic factors in the work centers, because 
not all companies have their employees insured or is not documented. The 
importance and importance, of the Ergonomics and Psychosocial Factors, lies in the 
Prevention of Work Risks, promoting its application and disclosure in companies and 
educational institutions to minimize the accident rate, deterioration of health and 
underutilization of machinery. 

In Memories of the IMSS, 2016, it is reported that in the State of Mexico, there 
are approximately 39,848 companies, with 53,414 cases of occupational hazards, 
occupying after Coahuila, the 2nd place nationwide, involving 26,520 disabilities and 
of these 14,790 are permanent disabilities due to work accidents, previously in 2013, 
there were 12,000, in 2014, it grew to 12,579 and in 2015, 12,881, with a prognosis 
for 2020 of 15,024 permanent disabilities due to work accidents.  

In this information, it is inferred that there is little or no knowledge about 
ergonomics and occupational health, causing discomfort in workers, back pain, neck 
pain, wrists, lumbago and work accidents; resulting in absenteeism and disabilities, 
having an impact on productivity. Regarding Anthropometry, the dimensional 
characteristics of a human being are determined by the influence of several factors. 
In the ergonomic perspective, the most important factors are age, sex, ethnicity, 
nutritional status and, in the case of a working population, the occupation itself; 
However, although there is information from other countries, there is currently very 
little information regarding anthropometric charts of the Mexican population, whose 
results are reliable due to ethnic differences and variability of dimensional features, 
limit the usefulness of the information stored in such databases. Of data for its 
scientific validation. 
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In the researchers reported by the University of Guadalajara, in the book 
Anthropometric Dimensions: Latin American Population (Ávila, Prado, & González, 
2007), anthropometric results of the population of the Federal District, Guadalajara, 
Jalisco and León, Guanajuato, cities are shown. They are from the center of Mexico, 
however, these anthropometric data cannot be generalized for the whole country. 
The book by Ávila et al (2007) also contains a small sample of working women from 
the Mexican border with the United States of America. The works of Bustillos and 
Hernández (1999) and Liu, Sánchez-Monroy and Parga (1999), do not consider the 
entire community. 

Based on the foregoing in this project, the anthropometric profiles of the northern 
area of the State of Mexico will be investigated, in order to prepare an analysis to 
determine if there is a relationship between the accident rate and the anthropometric 
characteristics of the workers and to document the results to generate a database 
and with it the construction of Anthropometric Charts of said region for its publication 
as base of the Anthropometric Atlas of Mexico, due to the fact that none is currently 
available. 

This study is generated from the need to know the causes of the recurrence of 
complaints by workers with regard to joint pain, back and frequent disabilities for the 
same reasons in the area of molding a production plant of glass bottles located in 
the municipality of Tultitlán in the State of Mexico. One of the factors that were 
identified from the beginning was that, due to its origin, the dimensions and design 
of the machines tend to be very different from the morphological characteristics of 
the users and this has resulted in the operators having to adapt to their station. I 
work on equipment and machinery, with the risk of acquiring cumulative trauma 
dysfunction (DTA). 

That is why this study aims to make measurements of the anthropometric 
dimensions to workers in the glass bottle production plant located in the municipality 
of Tultitlán in the State of Mexico, for future ergonomic evaluations. Anthropometry 
allows the creation of a suitable working environment for the design of the equipment 
and its correct distribution, allowing to configure the geometric characteristics of the 
position, a good furniture design, manual tools, individual protection equipment, 
among other applications.  
 

2. OBJETIVES 
 
1. Identify the sections with high risk and their relationship with the 

anthropometric characteristics of the workers. 
2. To evaluate the relationship between the anthropometric characteristics of the 

workers and the accident rate. 
 

3. METHODOLOGY 
 
The study will be quantitative, observational, descriptive and cross-sectional, it will 
be carried out to determine the anthropometric profile of the working population of 
the state of Mexico, northern zone (municipalities of Tultitlán, Coacalco, and 
Ecatepec). The population will be divided by age group, gender and sex (it should 
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be noted that the concept of sex refers to the differences and biological, anatomical 
and physiological characteristics of human beings that define them as men or 
women; it is born, universal and unmodifiable and gender is the set of ideas, 
behaviors and attributions that a given society considers appropriate for each sex), 
of which samples will be taken by groups of 18 to 24 years and 18 to 65 years.  For 
each sample, 37 of the anthropometric dimensions will be taken, to then capture and 
analyze the data and finally generate anthropometric tables. 

The work stations were evaluated through the RULA method, the operators were 
interviewed and information was collected on the accident rate in the company, as 
well as the risk assessment through the LEST method and diagnosis of each 
machine. Subsequently, anthropometric measurements were carried out through the 
seven-point method, for the generation of the database, ending with the evaluation 
of environmental conditions according to the current regulations. Materials and 
Equipment, is measurement and analysis module of anthropometric and 
biomechanical measurements Asia Tech. 

 
 

 
 

         Figure 1. Materials and Equipment. 
 

The samples will be at convenience and consist of voluntary participants, before 
making the measurements will be read and explained to the participants an informed 
consent sheet that will include information about the purpose of the project and those 
responsible for it, as well as the necessary information on the procedure, the risks, 
benefits, their rights and the confidentiality of the study, finally the document will be 
signed by the volunteer, the person in charge and a witness.  

The first activity to be carried out as part of the project will be a certification in 
Isak Level I anthropometry, to ensure the correct measurement and data collection. 
After this, an information acquisition will be carried out on the basic economic area 
in the INEGI to select the companies to be sampled. Once the companies have been 
selected, the corresponding authorizations of each institution must be obtained. At 
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the same time, the recruitment of members of anthropometric teams will be carried 
out, and these will be trained in anthropometry to take measurements. 

A literature review will be carried out with the objective of knowing which 
anthropometric dimensions are the most used by the designers, books and articles 
related to anthropometry will be reviewed for the design of furniture, tools and work 
stations, once these dimensions are known a format will be created to record the 
data of each volunteer. Once the above is done, it will begin with the taking of 
samples. Anthropometric measurements of the population will be taken for each age 
group and sex (18 to 24 years and 18 to 55 years).  

To take the samples will assist the work places with the necessary equipment, 
an anthropometric and a person in charge of recording the data. The informed 
consent form will be reviewed with each volunteer, these will include information 
about the project, the people in charge of it, risks, benefits, rights, obligations and 
confidentiality, after signing the volunteer, the person in charge of the project and a 
witness will proceed to the taking of the measurements, using the anthropometric 
technique of Hertzberg (1968). 

At the end of the measurements, the capture, revision, correction and 
processing of the data will be performed, these will be analyzed in SPSS for 
Windows in version 15.0, in order to perform the analysis of the variables in said 
program and in the software Amos 16.0 ., first an analysis matrix will be elaborated 
to carry out the statistical analysis, normality tests will be carried out, as well as 
generating measures of central tendency, dispersion, percentiles (5, 50 and 95) and 
finally, anthropometric charts will be generated for each age group and sex. 

 
4. RESULTS 

 
The results of the analysis showed a correlation of 0.89 between the accident rate 
and the anthropometric dimensions of the workers. The proposal was to optimize the 
process in an integral way, with the implementation of ergonomic methods and the 
readjustment of the work station. The timely intervention of the Ergonomics is of vital 
importance, in preservation of the integrity of the human factor, in addition to the 
compliance with the current Regulations.  

When analyzing the work station it was found that the weight of the molds is 
between 70 and 90 kg. With which it exceeds the 25 Kg. That marks the Official 
Mexican NOM-006-STPS-2014 for Management and storage of materials-Health 
and safety conditions at work for an operator, without the help of another loading 
tool. 

It is suggested the authorization of technologies, processes, equipment, 
procedures, mechanisms, test methods or alternative materials to those provided in 
the standards. The category of older workers varies according to their functional 
condition, which in turn is influenced by their previous work history. It also depends 
on the job they occupy and the social, cultural and economic situation of the place 
where they live. 

Thus, those workers who perform a purely physical job are often the ones with 
the lowest level of schooling and professional preparation. They are subject to stress 
caused by strenuous work, which can be a cause of illness, and exposed to the risk 
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of work accidents. In this context, it is more than probable that their physical capacity 
will decline at the end of their active life, a fact that makes them more vulnerable 
workers. It is clear that the benefits of ergonomics can be reflected in many different 
ways: in productivity and quality, in safety and health, in reliability, in job satisfaction 
and in personal development.  

The basic objective of ergonomics is to achieve efficiency in any activity carried 
out for the purpose of achieving the desired result without wasting resources, without 
errors and without damage to the person involved or to others. It is not efficient to 
waste energy or time due to poor design of work, work space, environment or 
working conditions and ensure that the work environment is in harmony with the 
activities performed by the worker.  

Various parts of the body were measured, but only the most relevant for the use 
of tools and machinery is shown. 

 
Table 1. The phalanges of the human right hand. 

 

 
 

 
5. CONCLUSIONS 

 
The anthropometric variables are mainly linear measures, such as height or distance 
in relation to the reference point, with the subject sitting or standing in a typified 
posture; widths, such as distances between bilateral reference points; lengths, such 
as the distance between two different reference points; curved measurements, or 
arcs, such as the distance on the body surface between two reference points, and 

Age L W T L W T L W T

18-19 25.2+- 30.4+- 20.1+- 22.9+- 22.3+- 37.3+- 19+- 23.1+- 26.8+-

3.43 4.38 0.99 3.479 2.452 4.69 1.56 3.18 2.7

20-24 27.5+- 31.1+- 20.7+- 24+- 21.29+- 40.2+- 19.5+- 25.3+- 26.7+-

3.11 4.49 2.63 2.775 3.258 3.75 1.75 2.41 3.81

25-29 30+- 30+- 21.5+- 27.5+- 24.5+- 42+- 20+- 27.5+- 38+-

7.07 2.83 0.71 6.364 3.536 8.49 1.41 6.36 18.4

30-34 27.3+- 34+- 21.7+- 25.33+- 22.67+- 41.3+- 21+- 25.7+- 28.3+-

4.62 5.57 0.58 0.577 1.155 2.08 1 0.58 1.53

35-39 30+- 34+- 22.3+- 23.67+- 22.67+- 39.7+- 19.3+- 26+- 27.3+-

1 6.08 0.58 1.528 4.041 0.58 1.15 1 3.06

40-44 30.3+- 36.3+- 24+- 27+- 30+- 35.7+- 23.3+- 28+- 28.3+-

1.53 4.51 6.93 5 9.165 3.51 7.57 4 4.04

45-49 28+- 27+- 20.5+- 25+- 27.5+- 40+- 21+- 25.5+- 27+-

2.83 1.41 0.71 4.243 4.95 0 1.41 0.71 1.41

50-54 30+- 33.3+- 22.3+- 26.33+- 23.67+- 40+- 20.3+- 25.3+- 29+-

1.73 3.21 1.53 0.577 3.786 2.65 1.53 0.58 1

55-59 25.7+- 31.7+- 21+- 22.33+- 21.67+- 39+- 20.7+- 24.7+- 24.7+-

1.53 4.62 2 4.041 2.082 1 1.15 3.21 5.03

60-64 24.3+- 27.3+- 21+- 23.33+- 22+- 34.3+- 20.7+- 23+- 22.7+-

3.79 2.08 1 0.577 1.732 8.62 0.58 2.65 1.15

65-69 28+- 33+- 21+- 25.33+- 23.33+- 40.7+- 20+- 26.3+- 30+-

4.36 3 1 2.082 2.082 5.51 1.73 2.31 4

Average lengths of sector of the phalanges of the human right hand 

expressed in mm.
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perimeters, as measurements of closed curves around body surfaces, generally 
referred to at least one reference point or at a defined height. Individual differences 
can be very large, such as those of physical constitution and strength, are evident, 
but there are others, such as cultural differences, of style of skills that are more 
difficult to identify. 

 In view of the complexity of the situation, it might seem that the solution is to 
provide a flexible environment, in which the operator can optimize a specifically 
suitable form of procedures. Unfortunately, the most efficient way is not always 
obvious and, as a result, the worker can continue to do his job for years in an 
inadequate way or in unacceptable conditions. It is concluded that the best 
ergonomic approach is a comprehensive, long-term study, a restructuring of the 
workplace in the medium term and the training of supervisors and workers to raise 
awareness of the risks and the importance of taking care of work risks, in the short 
term; that is, it is necessary to adopt a systemic approach. 
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Resumen: Las diferencias físicas y antropométricas son evidentes entre etnias, 
países y hasta entre regiones. Estas diferencias representan un factor importante a 
considerar en la adquisición de mobiliario educativo que corresponda a las 
necesidades y características físicas de los estudiantes. Por ello, el objetivo de la 
presente investigación fue determinar las características antropométricas de los 
estudiantes del Instituto Tecnologico de Sonora con la finalidad de establecer en un 
futuro próximo parámetros que garanticen la adquisición de mobiliriario y equipo a 
través de los procesos de licitación institucional que cumpla con aspectos de 
funcionalidad, comodidad, seguridad y salud de los estudiantes de Nivel Superior. 
En la primera etapa del estudio,  se reclutaron a los participantes para registrar su 
lugar de nacimiento, así como del padre y madre, género y edad. Posteriormente, 
se realizaron las distintas medidas antropométricas en posición de pie y sentado. 
Por último, se procesaron estadísticamente los datos para obtener los percentiles 
5, 50 y 95 de la muestra de estudiantes participantes. El principal resultado del 
estudio es la obtención de cartas antropométricas de los estudiantes del Instituto 
Tecnológico de Sonora que servirán de base para generar un catálogo con las 
medidas del mobiliario que el departamento de compras de la institución podría 
utilizar como referencia en la compra de mobiliario para las aulas de clase. 
 
Palabras clave: Ergonomía, Antropometría, cartas antropométricas 
 
Abstrac: The physical and anthropometric differences are evident between ethnic 
groups, countries and even between regions. These differences represent an 
important factor to consider in the acquisition of educational furniture that 
corresponds to the needs and physical characteristics of the students. Therefore, 
the objective of the investigation was to determine the anthropometric characteristics 
of the students at Instituto Tecnológico de Sonora with the objetive of establishing 
parameters in the near future that guarantee the acquisition of furniture and 
equipment through the institutional bidding processes that comply with aspects of 
functionality, comfort, safety and health of students of university education. In the 
first phase of the study, participants were recruited to register their place of birth, as 
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well as their father, mother, gender and age. Subsequently, the different 
anthropometric measurements were made in standing and sitting position. Finally, 
the data were statistically processed to obtain the 5, 50 and 95 percentage of the 
sample of participating students. The main result of the study is the obtaining of 
anthropometric charts of the students of the Instituto Tecnológico de Sonora that will 
serve as base to generate a catalog with the measures of the furniture that the 
department of purchases of the institution could use like reference in the purchase 
of furniture for the classrooms. 
 
Keywords: Ergonomics, Anthropometry, Anthropometric charts 
 
Relevance to Ergonomics: Having the characterization of a sector of the population 
through anthropometric charts is of the utmost importance, since with this 
information future designs can be made, such as: furniture, equipment, work stations 
and hand tools, with the objetive of eradicating possible musculoskeletal disorders 
or even fatigue and that these in turn can be used in the region or even in the state 
with the sole purpose of favoring our society. 

 
1. INTRODUCTION 

 
University education in the world has repercussions at the economic, social, political 
and cultural levels. Many countries are reforming their education systems because 
they anticipate that what happens in the classroom today will mark the path of their 
future. That is why the evolution of enrollment and higher education coverage is 
undoubtedly one of the most important issues for the present and future of our 
country. 

According to Rodolfo Tuirán, Subsecretary of Secretaría de Educación 
Pública (SEP) the 2006-2007 cycle, the number of university level students (without 
considering the master degree) it was slightly higher than 2.5 million students, for 
the 2010-2011 cycle, according to preliminary estimates, the enrollment is already 
above 3 million and, of that total, the school modality represents around 91 percent. 
Six years later for the 2016- 2017 school cycle the registration of students enrolled 
in university in school modality assists amounts to a total 3,523,807 of which 50.66% 
are male gender and 49.34% are female gender, data provided by the Asociación 
Nacional de Universidades e Instituciones de Educación Superior (ANUIES).  

Derived from the above, it is essential to pay special attention to the spaces 
and equipment of the educational infrastructure, which respond to a physical, 
cognitive, socio-affective and perhaps even aesthetic need for the group of students. 
The equipment and its organization play a facilitating role in the educational units. 
To have furniture that is ergonomic, that benefits the physical health of the students, 
must be a priority for educational institutions at all levels (Lugo G., Stincer D. y 
Campos R., 2013). Nevertheless, Musa (2001) establishes that the seats of 
university students are of low comfort level, starting from the fact that the 
anthropometric data are not considered from the design of the same. The 
anthropometric dimensions provided they are considered for the design will allow the 
students to reach the comfort level (Adu, 2014), reduce musculoskeletal disorders 
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(MSD) (Sepehri, 2013), improving student performance in terms of attention while 
teachers and instructors teach them (Musa, 2001 y Mokdad, 2009). 

The fundamental ergonomic principle that must govern in every intervention 
is that of adapting the activity to the capacities and limitations of the users, and not 
vice versa. The best job design is the one that gives the person the greatest freedom 
to change their position whenever they want without abandoning or damaging the 
task they are doing and if they leave it to rest and recover, doing another task (active 
or rest), or at rest. Anthropometry is the science that studies the dimensions of the 
human body (Mondelo P., Joan E. y Barrau P., 1999), physical geometry, volume 
properties and resistance capabilities of the human body (Roebuck, 1995), be it with 
anthropological, medical, sports objectives, as well as for the design of systems of 
which the person is a part: objects, tools, furniture, spaces and jobs. The difference 
lies precisely in the objectives with which it is used  (Mondelo P., Joan E. y Barrau 
P., 1999).  

However, anthropometric differences become more evident between ethnic 
groups, countries and even between regions. All this population located in different 
regions of the country have anthropometric discrepancies which can be attributed 
to: The genetic mixture among indigenous, European and African that was produced 
in Mexico from the XVI century formed a mestizo population with varied physical 
characteristics. The social perception of these anthropological profiles has led to the 
creation of regional human stereotypes as a basis for a national identity (Serrano, 
2003).  

According Panero y Zelnik (1996), socioeconomic factors constitute an 
essential impact on the body's medications. The feeding influences the time of 
development of the body, to the exemption of childhood diseases. This is important 
from the anthropometric and design point of view, since Mexico is considered 
worldwide as one of the countries with high rates of overweight and obesity. 
Encuesta Nacional de Salud y Nutrición (2012) reported that 35% of adolescents 
were overweight and obese, being the prevalence for the female gender of 35.8% 
and 34.1% for the male gender (Ensanut, 2012). 

These aspects that influence the design of furniture and equipment for 
educational use that meet and respond to the needs and physical capabilities of 
students and administrative staff of the school, reason for the need to provide 
support to the Acquisitions Department of the Instituto Tecnologico de Sonora for 
being the entity responsible for managing the acquisition of goods and services in 
their phases of advice, information of quotation proposals and selection of the right 
good to the requirements of the client. Well-being, health, productivity, quality, 
satisfaction in the workplace and other aspects, it is provided, to a great extent, by 
the harmonic dimensional relations between man and his area of activity. 

In process of Acquisition - Bidding is very important to define the technical 
aspects or criteria, in which it is clearly stipulated for example the type, size, quantity, 
physical characteristics and functionality, quality, safety and comfort of the furniture 
that is acquired. 

That is why the need arises on the part of the Department of Acquisitions to 
have parameters that facilitate the adequate selection of furniture for the university 
community y evitar continuar con el hábito de adquirir muebles prefabricados sin 
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prestar atención a las medidas antropométricas de los estudiantes que puede 
resultar en incomodidad (Hafezi, 2010), musculoskeletal disorders (John, 2015), and 
can also reduce the performance of students who use such furniture for more hours 
per day while sitting (Bendak, K. Al-saleh,  A.  & Al-khalidi, 2010 y Pinto, S. De 
Medici, C. Van Sant, A. Bianchi, A. Zlotnicki, C. 2000). 
 

2. OBJETIVE 
 
Determine the anthropometric characteristics of the students of the Instituto 
Tecnologico de Sonora with the purpose of establishing in the near future 
parameters that guarantee the acquisition of furniture and equipment through the 
processes of institutional bidding that meets aspects of functionality, comfort, safety 
and health of university students. 
 

3. METHODOLOGY 
 
In the first phase of the study, participants were recruited to register their place of 
birth, as well as their father, mother, gender and age. Subsequently, the different 
anthropometric measurements were made in standing and sitting position. Finally, 
the data were statistically processed to obtain the 5, 50 and 95 percentage of the 
sample of participating students. 

Subjects: This research involved 377 women and 421 men, both healthy 
university students, with ages of 18 to 21. They were selected at random, 
considering 50% of the sample foreign students. 
The data of the students were recorded in a database by gender, age and place of 
birth of the subjects and their parents; as follows: 
 

1) Stratification by gender 

 Female 

 Male  
 

2) Stratification by Age 

 From 15 to 20 years old  

 From 21 to 30 years old 
 

3) Stratification by place of birth of participants and their mother and father. 

 North zone: Integrated by Chihuahua, Coahuila, Durango, Nuevo 
León y Zacatecas. 

 Center zone: Integrated by Aguascalientes, Ciudad de México, 
Guanajuato, Hidalgo, Morelos, Puebla, Querétaro, San Luis Potosí 
and México state.   

 South zone: Considering Yucatan, Campeche and Quintana Roo. 

 Golfo zone: Considering Tamaulipas, Tabasco and Veracruz. 

 North Pacific Zone: Considering Sonora, Sinaloa, Nayarit, Baja 
California Norte and Baja California Sur.   

 Center Pacific Zone: Integrated by Jalisco, Michoacan and Colima. 
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 South Pacific Zone: Considering Guerrero, Oaxaca and Chiapas. 

 United States of America: states of this country.   
 
For these categories, characteristics and recommendations made by De la Vega 
and Lopez (1996) and Mungarro (2002) were considered. 
 

4. Materials 
 
The instruments used to carry out the investigation were the following: 

Anthropometer folding type altimeter 210 cm, with a sliding blade used to 
indicate the part of the body to be measured, which is shown below in figure 1: 
 

 
Figure 1. Anthropometer type altimeter. 

 
Anthropometric stool to perform anthropometric measurements in a sitting 

position. Standard size 50x40x30cm Length x Height x Width. Observe figure 2: 
 

 
Figure 2. Anthropometric Bank 

 
Medical type scale to measure the body weight of the participants. Observe 

figure 3: 
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Figure 3. Nuevo León Scale, 160 kg capacity. 

 
Format for registration of anthropometric measurements proposed by De la 

Vega y López (1996) (observe figure 4):   

 

 
Figure 4. Schedule for the capture of anthropometric measurements 
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4. RESULTS 
 
In this section it is present the main results obtained in the investigation.   

1.- Stratification by sex  
In this section was consider the sex of participants in order to start de data 

classification, since it is desired to elaborate anthropometric mesurements by sex, 
was consider the sex of participants  .As the figure 5 shows, 52.76% of parcipants 
are male and just only 47.24%a are female. 

 

 
Figure 5. Stratification by Type of Sex 

 
2.- Stratification by age 
Was stablished two range of age for both sex: 1) 15 - 20 years and 2) 21 - 30 

years.  For female sex 50.13% of participants belong to range 1 while 49.87% to 
range 2. In the male sex the majority of participants (61.28%) correspond to range 1 
and the 38.72% are between the 15 to 20 years. The results are shown in figure 6. 

 

 
Figure 6. Stratification by age of the participants 

 
3.- Stratification by birthplace of the participants 
This aspect is important for anthropometry, since, depending on the zone of 

the country where the participant was born and also considering the birthplace of 
their parents, different physical or ethnic characteristics are presented. 
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For the female sex case most of participants were born in the Northern pacific 
zone, representing 96.82%, From central zone only 3 women were mesured (8%). 
For the pacific central just 2 participants were identified, representing the 0.53%. In 
the Northern region exist 3 participants with 0.8%. Finally, we have the 1.06% that 
were born in the United States, from these, 3 women have mexincan father and just 
1 have Mexican mother. The results of this stratification are shown below   

 

 
Figure 7. Stratification by Place of Birth of the Participants 

 
Like in the female case, the Northern Pacific was the zone where the majority 

of male participants were born with 411, representing 97.62% of the sample. The 
central zone has 2 participants from Guanajuato (0.48%), just one from Jalisco State 
who belongs to the Central pacific zone (0.24%). In the Northern Zone we have 2 
who were born in Chihuahua (0.48%), same result for the Gulf Zone in Veracruz, 
Yucatan state have 1 student (0.24%). Finally, 2 births to place in the United States 
of America (0.48%) and It is important to highlight that their parents come from the 
Northern Pacific Zone. The results are shown in figure 8 
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Figure 8. Stratification by Place of Birth of the Participants 

 
These data show that only in one case for the female sex could exist some 

physical alteration since the mother was born in the United States and we do not 
have any information from her grandparents to stablish physical similitudes or 
differences    
 

4.- Stratification by Birthplace of Father and Mother of the female participants 
From the data analysis we obtain for the female case that 93.90% belong to the 
pacific Northern zone from country, Sonora State predomin with 254 borns and 
Sinaloa with 88. We found that 1.86% of the fathers was born in the Central zone, 
the same is for the Northern Zone, While the pacific zone and Gulf zone contribute 
each one with the 1.06%. This data are shown in figure 9 
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Figure 9. Stratification by Place of Birth of the Parent of the Participants 

 
The figure 10 shows the results for mother brithplace of the participants. 

 
Figure 10. Stratification by Place of Birth of the Mother of the Participants 

 
It was observed, from the previous graph that most mothers birthplace are in 

the Northern pacific zone with the 93.37%. The 2.92% of the mothers was born in 
Northern zone of the country, being Chihuahua the state who concentrate the 
birthplace. Also, the central pacific has the 2.92% while the 1.86% and 1.06% 
corresponds to the Central pacific and central zone respectively. Only 0.2% of the 
mothers are born in the united states. 

The data show that do not exist a significant mix of races or even of physical 
traits in the sample of female students,  we can also confirm that in both cases 
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(parents and mothers) represents at least 93.7% of the sample and are from the 
Northern Pacific Zone and we can say that it is homogeneus    
 
5.- Stratification by Birthplace of Father and Mother of the male participants 
Figure 11 show the results of the parent birthplace for the male students case. 
 

 
Figure 11. Stratification by Place of Birth of the Parent of the Participants 

 
As we can see in the previous figure, the majority of the fathers were born in 

Northern Pacific Zone representing the 94.30%, The fathers who were born in the 
Norther Zone of the country are the 2.38%, while the 1.43% belong to the Central 
Zone, is the same for the Central Pacific Zone . For the Southern Zone 2 fathers 
were born in Yucatan representing the 0.48% 

Regarding mother’s birthplace of participants we obtained the follow results: 
For the Northern Pacific Zone 95.01% were born in this zone, being this the largest 
proportion of the sample while 2.14% and 1.43% of the mothers were born in the 
Northern and central pacific zone respectively. The Gulf Zone and Central Zone both 
register just 0.48%. The results are shown in figure 12. 
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Figure 12. Stratification by Place of Birth of the Mother of the Participants 

 
With this information we can conclude that do not exist a significant mix of 

races or even of physical traits in the sample of male students. We can also confirm 
that both fathers and mothers are from northern Pacific Zone and represent at least 
94.30% of the sample, so we can say that it is homogeneous. 

Once the information was stratified was calculate the percentils for each 
measurament. The results are shown in the table 1. 

Table 1 summarizes the anthropometrics data compiled after statistical 
analysis. Mean, standard deviation, 5th, 50th and 95th percentile are summarized for 
each dimension and gender. 

 
5. DISCUSSION/ CONCLUSIONS 

 
With this investigation the answer to the first stage of the Project is given. We 
obtained the anthropometric charts for both sex and it can be confirmed that there 
are differences in both male and female, these differences influence the design of 
the furniture since it is in common use and must be meet the students needs. 

It is very important to consider the requirements of  the students for classroom 
furniture design instead of supplying furniture without direct or indirect participation 
of users (students) throughout the entire process of acquisition. 

The implementation of these parameters will help the purchasing department 
to select the most appropriate furniture to provide greater comfort, safety, welfare, 
fitness, reduce musculoskeletal disorders and improve student performance in terms 
of attention. It is strongly recommended to take in count  the needs of the students 
in the classrooms furniture designing, also conduct seminars and workshops to 
educate students about the negative impact of adopting poor posture in prolonged 
use of classroom furniture. 
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Table 1. Student Anthropometric Letters 
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Resumen: El diseño ergonómico de los productos de uso cotidiano es una 
alternativa confiable para prevenir las lesiones musculo esqueléticas, es por esto 
que en las áreas de trabajo donde se realizan actividades repetitivas y por largos 
periodos de tiempo es importante identificar cuáles son las herramientas de que por 
consecuencia de su diseño pueden ocasionar alguna lesión que afecte a la 
productividad del colaborador.  

En la presente investigación se identifico que en varias actividades de trabajo, 
principalmente en las de tipo secretarial se utiliza constantemente el mouse, el cual 
por su diseño convencional ocasiona una postura forzada en la muñeca del usuario 
lo cual puede perjudicar su desempeño si se mantiene así por largos periodos de 
tiempo siendo el síndrome del túnel del carpo una de las principales consecuencias 
negativas que una posición incorrecta de la muñeca puede ocasionar.  

Se realizó un prototipo de mouse con un diseño donde la palma de la mano 
se encuentre de manera vertical provocando una posición más natural en la muñeca 
y menos forzada en comparación con un mouse convencional, para su realización 
se utilizaron materiales reciclados así como partes de un mouse óptico el cual sirvió 
para el ensamble final y su correcto funcionamiento, dicho prototipo lleva por 
nombre “Ergomouse”. 

  

Palabras clave: Diseño ergonómico, síndrome del túnel del carpo, mouse.  

 

Abstract: The ergonomic design of many products is a reliable alternative to prevent 
musculoskeletal injuries, which is why in the areas of work where repetitive activities 
are performed for long periods of time it is important to identify which tools are 
available as a consequence of their design they can cause some injury that affects 
the productivity of the employee. 

In the present investigation it was identified that in several work activities, 
mainly in those of a secretarial type, the mouse is constantly used, which due to its 
conventional design causes a forced posture on the wrist of the user which can harm 
its performance if it is maintained for long periods of time being carpal tunnel 
syndrome one of the main negative consequences that an incorrect position of the 
wrist can cause. 
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A mouse prototype was developed with a design where the palm of the hand 
is vertically causing a natural position on the wrist and less forced compared to a 
conventional mouse, for its realization recycled materials were used as well as parts 
of a optical mouse which served for the final assembly and its proper functioning, 
said prototype is called "Ergomouse". 
 
Keywords: ergonomic design, carpal tunnel syndrome, mouse.  
 
Relevance to Ergonomics: An ergonomic product perfectly fits the needs of the 
user within a work environment and that the action for which it is intended can be 
performed efficiently, Villareal (s/f) say that a product with an ergonomic design is 
one that meets or gives solutions to the following concepts: 
• Physical operations 
• Biological requirements 
• Adjustment to work 
• Resolve the needs of the user and producer 
The ergonomic design of the ergomouse can reduce the risk of suffering CTS or any 
musculoskeletal injuries on the wrist caused by the repeated and forced use of 
flexion movement’s wrist and fingers. When a product is correctly ergonomic it is 
considered made with better quality, so for this reason it is important to raise 
awareness and sensitize the people of benefits that ergonomic products can 
generate in their physical and emotional health 

 
1. INTRODUCTION 

 

The evolution of industrial society in recent centuries has been demanding from 
ergonomics and production engineering a joint and continuous effort towards the 
supply of solutions through concepts, methods, techniques and tools, in order to 
satisfy the needs of Modern societies (Gomes, 2014). 

Nowadays, the accelerated progress of new technologies and their updating, 
allow man to have a variety of electronic control and manipulation devices that 
facilitate the various activities of daily life also in different tasks of the job. In this 
context, the electronic control and manipulation device known as "mouse" is 
essential to command the actions performed on a computer. 

This device whose size and shape can vary, however the principle of its 
operation is the same for all. His work consists of interpreting the movement made 
by the hand, manipulating the mouse on a surface to be processed by the computer, 
being the result of this process the movement of the cursor through the computer 
screen. In addition, through different buttons the instruction is sent to select and 
execute various actions of interest to the user. 

When the user uses a conventional mouse for prolonged periods of time, 
there is a risk of suffering carpal tunnel syndrome caused by increased pressure on 
the median nerve at the wrist, generating venous stasis, increased vascular 
permeability, edema and fibrosis followed nerve, continuing degeneration of the 
myelin sheath to the interruption of nerve conduction occur (López, 2014). That is 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 11 2018 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 44 

 

why the ergonomic design can reduce the chances of an injury of this type and thus 
prevent the effects that the CTS causes to the population. 

An ergonomic mouse is designed to maintain the natural position of the hand 
during work, which causes a decrease in the tension in its lower part of the hand, 
thus avoiding the pressure that the median nerve can suffer during prolonged time 
when remaining in a forced position caused by the use of a mouse designed in a 
conventional way. 

This article shows the procedure to develop an ergonomic mouse prototype 
that is suitable to preserve the natural position of the wrist, conserving its wireless 
functionality for the comfort of the user. It is intended that the prototype developed 
the first stage for the impact it can have on society for its future evaluation in various 
work activities. 
 

2. OBJECTIVES 

GENERAL OBJECTIVE: 
Design an ergonomic mouse prototype that tries to maintain the natural position of 
the wrist and that is functional in any computer equipment. 
SPECIFIC OBJECTIVES 

 Identify the different types of ergonomic mouse that exist. 

 Adapt the functions of a conventional mouse to the proposed design.  

 Promote the natural posture of the wrist through the proposed design. 

 
3. METHODOLOGY 

 

For the design prototype of "ergo mouse" it was decided to use a PET bottleneck 
which turned out to be suitable for its shape, the upper part of the hand and the 
fingers adjust to its handling. Subsequently, a conventional mouse was dismantled 
to reuse its useful parts such as the optical sensor and the buttons, ensuring that 
these can be functional for the prototype. For this it was necessary to soldering new 
wires so that the conventional mouse's electrical system was compatible with the 
new design of the prototype and the base of the conventional mouse was retained 
in order to maintain the mouse type design with optical sensor, this being 
comfortable for the user because that a wireless mouse does not use any wire that 
could interfere in the physical working space. 

Finally, the left button was adapted to the upper part to be operated by the 
thumb and the right button by the index finger as shown in the following images.  
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4. RESULTS 

 

Once the electronic components were integrated in the prototype, it was proceeded 
to give a vertical design, thanks to this the wrist is in its natural position, thus 
avoiding the pressure of the middle nerve that can cause carpal tunnel syndrome. 
The optical sensor of the ergo mouse works on any surface where it can slide 
properly. In addition, the wireless functionality that allows you to work without 
problems and in a comfortable way to the user was preserved. 
 The left button is located at the top of the prototype to be 
activated with the thumb and the right button was adapted to the front at the height 
of the index finger for manipulation when required. The functionality of the ergo 
mouse is in its entirety similar to that of a conventional mouse, which makes it useful 
for any type of use that is required. 
 

 

Image 1. Conventional optical mouse 
dismantled. 

 

Image 2. PET bottleneck assembly with 
optical mouse base to integrate the Ergo 
mouse prototype. 
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Image 3. Top view 

 

 
 
 
 
 

 

        

 

 

 

 

 

 

Image 4. Side view.                      Image 5. Lower view. 

            

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

To verify its functionality, various tests were performed for indefinite periods 
of time only to check the operation of the ergomouse. These tests were carried out 
by students and teachers of ITSCC where the mouse was manipulated in a normal 
way simulating an activity of daily work. The results were liked by the users since 
they felt greater freedom of movement when handling it during the movement on 
the work surface feeling more comfort in their wrist to not be under the tension of 

Left button 

Right button 
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the median nerve that originates from the position of the hand to the use a 
conventional mouse. 

 
 

 

Image 6. Usability test. 

 

Image 7. Usability test. 

 

5. CONCLUSIONS 
 

The preventive and effective ergonomic education is a measure to avoid situations 
that put at risk the health of the user, that is why it was considered to make a 
prototype of ergonomic design in an electronic tool of daily use in secretarial and 
office work, that for its nature, the manipulation of said tool known as mouse can be 
prolonged for long periods and repeatedly causing the described injuries. 

This prototype was made with the available resources so it can be improved 
aesthetically but retaining its main characteristic of vertical design that helps 
maintain the natural posture of the hand, which avoids the pressure of the middle 
nerve that can generate discomfort and carpal tunnel. 

The design was well accepted by the users who had the opportunity to 
manipulate the ergomause, however it is important to point out that it is intended to 
perform more specific tests to know if the prototype has the total acceptance of the 
users and also if its design is really beneficial in the realization of work activities, 
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therefore we intend to continue investigating the possible benefits and opportunities 
of ergomouse. 
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Resumen: El análisis ergonómico de un sinfín de herramientas, estaciones de 
trabajo y procesos, contribuye en la actualidad a proteger al trabajador de lesiones 
o riesgos ergonómicos que son causan baja productividad y menores ganancias en 
las empresas. Mediante la creación de un diseño y elaboración de un prototipo se 
podrá generar más productividad y menos lesiones. Debido a que el actual diseño 
tiende a generar mucho peso para la compactación del café, lo cual conlleva a 
utilizar esa fuerza en posturas muy descuidadas. Por lo que se observó la actividad 
de elaboración de espressos en una sucursal de venta de bebidas a base de café, 
generando de esta manera un diseño con agarre más ergonómico. Lo ideal es que 
se hicieran las mediciones en cada uno de los puntos de venta para que sea más 
cercano a la realidad. El diseño del prototipo del tamper con características 
específicas en cuanto al agarre, principal problema detectado, se propuso un mango 
recto con una guarda en la parte final de la empuñadura, sin comprometer la 
integridad del proceso (aplastar café molido) de la actual herramienta. El diseño del 
tamper para distribuir la fuerza, aunado con la técnica adecuada, de manera 
uniforme por toda la mano, evitará dolencias ocupacionales y otros DTA's que la 
tarea de elaborar espressos conlleva. 
 
Palabras clave: Barista, compactador, expreso, salud ocupacional 
 
Abstract: The ergonomic analysis of endless tools, work stations and processes, 
currently contributes to protect the worker from injuries or ergonomic risks that are 
causing low productivity and lower profits in companies. Through the creation of a 
design and development of a prototype can generate more productivity and fewer 
injuries. Because the current design tends to generate a lot of weight for the 
compaction of coffee, which leads to using that force in very neglected postures. 
Therefore, the preparation of espressos was observed in a coffee-based beverage 
sales branch, thus generating a more ergonomic design. Ideally, measurements 
should be made in each of the points of sale to be closer to reality. The design of the 
tamper prototype with specific characteristics in terms of grip, main problem 
detected, was proposed a straight handle with a guard in the final part of the grip, 
without compromising the integrity of the process (crush ground coffee) of the current 
tool. The design of the tamper to distribute the force, combined with the appropriate 
technique, uniformly throughout the hand, will avoid occupational ailments and other 
DTA’s that the task of producing espressos entails. 
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1. INTRODUCTION 

 
The tamper is composed of a weight (aluminum or any other light metal) designed 
to fit in the filter cavity and manually press the coffee, this technique allows to prepare 
a coffee of optimum quality. 
"Tamping is definitely a point in the preparation of drinks where baristas can hurt 
themselves," says Gimme! the regional manager Devorah Freudiger on the 
company's blog. "It's hard to tamp down in a way that is not stressful to your body 
unless you're quite tall because keeping the shoulder blades on your back is difficult 
with a tamping counter that is too high for your body." The best thing that has been 
found is to keep the wrists straight and make sure that the power of the tamping 
comes from the nucleus of our body, never from our fingers or palms. In the study 
prepared by Dainty et al. (2014) "Prevalence of pain related to occupation among 
baristas and an examination of the demand for lower back and shoulder during the 
preparation of espresso-based beverages" found that, of the respondents, at least 
half of the baristas suffer from back pain or shoulder attributed this pain to their work. 
In addition, these individuals, in general, have higher loads in the lower back and 
higher moments in the shoulders. 
 
1.1 Ergonomics for design 

 
Ergonomics can be defined for industrial design as the discipline that studies the 
relationships that are established reciprocally between the user and the objects of 
use when performing any activity in a defined environment. Cecilia Flores (2001) 
proposes the trinomial user-object-environment, since each of these elements is 
essential to maintain the ergonomic relationship and, therefore, ergonomics. 
 
1.2 Coffee Compactor (Tamper) 

 
One of the tools that characterizes baristas is the coffee compactor (see image 1) or 
also known as Tamper, this tool allows to press, press and compact the ground 
coffee in the filter of the machine during the preparation of the espresso coffee. The 
tamper is composed of a weight (aluminum or any other light metal) designed to fit 
in the filter cavity and manually press the coffee, this technique allows to prepare a 
coffee of optimum quality. 
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Image 1. Traditional design of the Coffee compactor 

 
While automatic and semi-automatic tamping machines are likely to reduce the 

risk of injury, an alternate design hand rammer can offer the ergonomic benefits of 
a tamping machine while allowing baristas to control the tamping style and the 
application of force. 
 
1.3 Ergonomic Adjustments 

 
These can be of different types, such as anatomical, biomechanical, psychological, 
psychosocial and obviously anthropometric adaptations. All these are important, but 
the anthropometric measures are of particular relevance, since they are the basis 
for achieving physiological and biomechanical adaptations. (Prado, Ávila and 
Herrera, 2005) 

The adjustments in the designs of a great variety of tools are necessary due to 
the frequent incidence of the rudimentary designs that are found in the tools that are 
currently in the market, neglecting the health of workers in all areas of the industries. 
 
1.4 Anthropometry 

 
It is the application to the human being of physio-scientific methods for the 
development of design standards for specific requirements and for the evaluation of 
engineering designs, scale models and manufactured products, in order to ensure 
the adequacy of all of them to the characteristics of the user. (Llaneza Álvarez, 
2006). 
 
1.5 Musculoskeletal disorders 

 
One of the most common diseases in the family, work and personal are the tendinitis, 
the most diagnosed in recent years. It is a very common pathology due to the varied 
forms that usually occur, such as excessive efforts, repetitive movements and direct 
trauma. Repetitive movement is characterized by being actions that are carried out 
in the same way numerous times throughout the workday. 
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2. GENERAL OBJECTIVE 

 
Through the design and development of a Tamper prototype that contributes to 
improving the health of operators, avoid injuries due to repetitive and non-ergonomic 
movements, increasing the productivity of barista operators. 
 

3. METHODOLOGY 

 
The espressos elaboration activity was observed and inadequate posture and 
movements were identified that compromised the health of the operator, for which a 
more ergonomic grip was designed through software. 
 

3.1 Background of the Tamper 

 
The vertical handle used with traditional tampers and, subsequently, how the barista 
must sustain and apply force through these traditional tampers, is what gives rise to 
awkward and non-neutral postures of the spine (Dainty et al., 2014 ) 
 

3.2 Hand (measurements) 

 
This study was carried out with the cooperation of the operators of a branch of the 
preparation of coffee-based drinks in the city of Los Mochis. 
We proceeded to record the measures (see table 1) of the hands of all the operators 
that work in both shifts. 
 

Table 1. Measures of the hands of the operators that cooperated with the investigation 

Operator grip width 

Valeria 55 8.3 
María 43 7.5 
Karely 42 7 
Rubén 42 7 

Denisse 54 9 
Zulma 51 8 

Faustina 54 8.2 
PERCENTILES 51 8.79 

. 

 
4. Results of the Redesign 

 
A prototype of tamper was designed with specific characteristics in terms of grip, this 
being the main problem detected, a straight handle with a guard was proposed in 
the final part of the handle, without compromising the integrity of its functionality 
(crush ground coffee) of the original design. 
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Although the calculations resulting from the design are only for a specific 
branch, it is only presented as a recommended prototype. 
It was identified that the measurements are very close to the traditional design, so 
to standardize the size of the handle of the tamper we use for the width of palm the 
95th percentile of 8.79 cm so that any person can hold it without discomfort, and the 
grip on the contrary we use the 50 percentile of 51 cm, because if the smallest one 
can grasp it with more reason the biggest person. 
 

4. CONCLUSIONS 

 
The design of the tamper to distribute the force, combined with the appropriate 
technique, uniformly throughout the hand, will avoid occupational ailments and other 
dta’s that the task of producing espressos entails. 

If for the moment the implementation of a design that addresses the 
conditions that baristas suffer is not submitted to consideration, it is necessary to 
introduce improvements in the process of coffee compaction, perfecting the 
movements to delay the effects that the constant repetition of said task generates, 
as well as reducing the impact and ailments that would arise from not changing or 
paying attention in the process. 

Ideally, these measurements should be made in each of the points of sale to 
be closer to reality, as well as it is advisable to make fatigue assessments to all 
operators of the other points. 
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Resumen:El guante de látex ha sido utilizado en el proceso de descabezaedo de 
camarón históricamente con resultados parcialmente deseables, debido a que si 
bien aisla la piel del operador de los ácidos del camarón y de la humedad, lo frágil 
del material del guante hace posible que el el tórax del crustáceo  el guante, 
generando el estado de malestar, dolor y heridas en la mano del operador. 

Por lo tanto se propone implementar una mejora al guante de látex, la cual 
consiste en diseñar una uña resistente para el dedo pulgar y adaptar un 
antideslizante en el costado del dedo índice, además se le agregara una plantilla de 
silicón en frio, a  la parte central interna del guante (palmar), esto con la finalidad de 
crear un mecanismo de protección al momento de alcanzar, tomar  y mover el 
crustáceo, por parte del camarón. 

 
Palabras Clave: guantes ergonómicos, diseño, protección. 

Abstract: The latex glove has been used in this process historically with partially 
desirable results, because this product isolate the operator’s skin of the shrimp’s 
acids and humidity, because the brittleness of the material causes that the shrimp’s 
torax breaks the glove, generating a state of discomfort pain and injury on the 
operator’s hands. 

Given this, is proposed to implement an improvement to the latex glove, this 
consist of the design of a resistan nail on the thumb and to adapt an non-slip on the 
side of the index finger and we’ll add cold silicon to the central part of the 
glove(internally), all this with the purpose of to create a protection mechanism when 
we have the shrimp on our hands. 

 
Keywords: ergonomic glove, design, protection 
 
Relevance to Ergonomics: Through this article, in the area of ergonomics, a tool 
proposal for shrimp headings is offered, which offers aquaculture workers a better 
quality of work and personal life. An ergonomic glove design is proposed that 
provides protection, hygiene and ease of handling. It is important to publish it since 
it is a way to publicize and share a proposal for a new work tool aimed at improving 
and preserving the worker's health. 
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1. INTRODUCTION 

 

According to an article made by Ma. Asunción Mirón Hernández, of Centro Nacional 
de Medios de Protección (INSHT) Sevilla España, “Enfermedades por agentes 
biológicos en El Sector De La Pesca” , 04 de julio del 2011, “Fishing workers are 
exposed to risk factors: psychosocial, physical, chemical and biological, that can 
produce diseases (mental, infectious, allergic, muscular-skeletal), this shows the 
pathologies that can be suffered the worker of the fishing sector, as a result of 
exposure to biological agents during his work. Some of these pathologies are 
considered as professional diseases. 

A lot of the diseases caused by biological agents on the work environment 
can to become a public health problem”. Based on this, the document presents a 
proposal for improvement the tool to remove heads of shrimp (activity that causes 
deep wounds on the hands), with this it is intended that the workers have a better 
quality of life, to improve security conditions and hygiene, it is a team designed to 
partially protect the hand, it’s ergonomic, their characteristics are: carcase that 
covers the thumb for force application, non-slip material on the index finger to sustain 
it on the process, the glove is flexible with a resistant material that protects nails and 
skin. 

 
1.1. JUSTIFICATION. 

A publication made by “Instituto Nacional de Seguridad e Higiene en el Trabajo y el 
Ministerio de Empleo y Seguridad Social al Sector Pesquero de España” on the 
2014, found that dermatological conditions on the fisher’s skin is exposed during the 
long working day, to environmental factors like solar light, temperatura and humidity. 
A survey was made to 100 fisherman asking them about their risk factors on the 
working environment and their health. 23 % of workers had a dermatological 
problem. The review of the literature of Matheson, 2001 collects the results on 
dermatological conditions in the study of Casson, 1998 the objective was to relate 
the work of the fishermen with chronic diseases in Italy. 

For the above, a flexible ergonomic glove prototype proposal is created to 
give movement to the wrist and fingers, with a resistant material that covers of acid 
substances that secrete the shrimp. 

 
1.2. GENERAL OBJECTIVE 

Design an ergonomic glove for the purpose of create a barrier between the worker 
and the shrimp by the wear of the operator's hands when handling by friction and 
receive the characteristic substances of the crustacean. 
 
1.2.1. SPECIFIC OBJECTIVES 

Identify the most functional and comfortable protection model. 
Verify and do a survey to see the need for this type of glove. 
Improve the operator’s occupational health using the ergonomic glove. 
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1.3 DELIMITATION:  
This study is aimed at working people in the aquaculture sector in northern of 
Sinaloa, specialized on removing shrimp heads with an age range between 18 and 
50 years old. 
 

2. METHODOLOGY 

 

The author John Elliot says the next concept: “Action-Research is a solution to the 
question of the relation between theory and practice” (ELLIOT, 2002). By the 
characteristics of the study that was developed the inductive method was used 
generating actions focused on the proposal to implement this type of glove on the 
freezers that do this activity. 

For the creation of ergonomic glove design field research was used doing a 
descriptive study, this study was carried out with workers of a freezer company of 
products derived from the sea, where their main activity is processing, storage and 
distribution of marine products. This company is located on the common “ Ricardo 
Flores Magón” of the municipality of Ahome, Sinaloa, 20 workers from this area were 
surveyed for the study, the age of respondents is in the range of 18 to 50 years. At 
the time of the survey, everybody had a damaged on their hands. 

 
2.1 PROCESS DESCRIPTION.  
 
The operator that do operations of this activity do repetitive movements (remove the 
shrimp’s head). This procedure is done in the following way: 

The shrimp is taken with both hands with your thumb you look for the joint 
between the head and the body the nail is pushed hard, applying pressure and force 
for separation, then the shrimp body is placed in a container and the head is 
discarded. This process is repeated as often as necessary during the working day 
reaching up to 124800 moves in 8 hours on each hand. 
 
 

 
 

 

 

Fig. 1 Results of the question 1. 

 

The figure 1 shows that of 20 people surveyed, 100% suffers from 
discomfort in the hands with the gloves they currently use in their operations. 
Why?, because the material is thin, this causes the shrimp thorax to snap and peel 
the skin off the sides of the fingers,  because the shrimp is slipping, the material of 
the glove causes me hives on the skin, the material takes away my performance at 
work.  
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Fig. 2 Results on the question 2 

The figure 2 shows that of  20 persons, 3 mention that the glove material they 
use are plastic, 1 latex, and 16 didn’t respond. 
 

 

 

      
 

Fig. 3 Results of the question 3 

The figure 3 shows that of 20 people surveyed, 100% agree that the glove 
used does not satisfy the characteristics necessary to do the process. 
 

 

 

  
 

 

Fig. 4 Results of question 4 

The figure 4 shows that of 20 people surveyed, 100% says that they do not 
receive medical attention to prevent infections. 
 

 

 
 

   
    
    Fig. 5 Results of question 5  

 
The figure 5 shows that of the 20 people surveyed mention that the gloves 

used in the process are provided by the company. 
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Fig. 6 Results of question 6 

 
The figure 6 shows that of the 20 people surveyed, 100% says that they 

always receive gloves of the same material. 
 

 
 
 
 
 
 
 
 

Fig. 7 Results of question 7 
 

 

 The figure 7 shows that of the  20 people surveyed, 4 use gloves every day, 
16 do not use them. 

 
 

 
 

 
 
 

 
Fig. 8 Results of question 8 
 

The figure 8 shows that of the   20 people surveyed, 100% says that the 
durability of gloves is low. 
 

 

 
 

 

Fig. 9 Results of question 9 
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The figure 9 shows that of the 20 people surveyed, 19 say that it is advisable 
to use gloves to carry out the process of removing heads of shrimp and only 1 thinks 
that no 
 

 

 

 
 

Fig. 10 Results of question 10 
 
The figure 10 shows that of the 20 people surveyed, 10 say that the glove 

lasts a short time, 4 that the glove lasts 2 hours and 6 did not respond. 
 

 

 
 
   
 

 

 

Fig. 11 Results of question 11 
 

The figure 11 shows that of the 20 people surveyed, 5 think that the glove could 
be made of plastic, 4 that the glove must have a metal finger, 2 that it must be made 
of resistant material and 10 did not respond. 

With the information from the survey, an ergonomic glove design is proposed, 
therefore according to the results of the survey, there is a need to propose a tool 
design to remove shrimp heads, which meets the characteristics demanded by 
users. Resistance and flexibility at the same time, with a fingernail on the thumb that 
offers a barrier that prevents damage to the skin of the fingers and allows you to 
continue your work without diminishing its performance. 

 
3. RESULTS 

Due to the process of removing shrimp heads, it is imperative that the operator uses 
a glove that adheres completely to his skin but at the same time protects his index 
and thumb fingers from the acid that comes off the shrimp when the head comes off, 
this with the purpose of avoiding wounds, pain and loss of skin in these areas. 

The latex glove has been used in the process of removing shrimp heads 
historically with partially desirable results, because it isolates the operator's skin from 
shrimp acids and from moisture, the fragile material of the glove makes it possible 
for the thorax of the crustacean breaks the glove, generating the state of discomfort, 
pain and wounds on the operator’s hand. 
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Therefore it is proposed to implement an improvement to the latex glove, 
which consists of designing a resistant nail for the thumb and adapting a non-slip on 
the side of the index finger, and adding a cold silicone template, to the internal center 
of the glove, this with the purpose of creating a mechanism of protection when 
reaching, taking and moving the crustacean 

For the design of the nail the anthropometric measurements of 30 workers of 
the study area were taken, considering the following: Width and depth of the thumb 
and even the angle of the nail. The 95 percentile was taken as a reference, to 
propose the final design, because it should be used by most of the population. In 
this section we propose a prototype tool to remove shrimp heads that offers 
aquaculture workers a better quality of work and personal life. An ergonomic glove 
design is proposed that provides protection, hygiene and ease of handling, which 
also increases the performance of your work. 

According to the above, a random sample of 30 operators was taken, which 
were taken the measures of depth and width of the thumb, to determine the 
appropriate percentile for the design of the ergonomic nail, the instrument used was 
a vernier and a personal computer to carry out the registration of the data. The 
results are shown in table No. 1. 

For development of coverage of a thumb and anti-slip on an index finger on a 
glove, the standard measurements of the latex glove (you see the table 2) were used 
and taking that as a basis, the complete prototype was elaborated, the material used 
was silicone. 

 
3.1 IMAGES OF THE PROTOTYPE OF GLOVE 
 
Next are the images of the glove prototype from different perspectives. In figure 12, 
you can see the design and prototype of the nail made with hard polymer material, 
the width of the nail is 17.2 mm, measured corresponding to the 95th percentile of 
the sample studied 

 

 

 

 

 

 

 
 
Fig. 12. Nail design, with top view and front view. 
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Table No. 1 Sampling results, for depth and width of the thumb 
 
Number Depth (mm) 

Width 
(mm)  

  Number Depth (mm) Width 
(mm) 

1 
6 14 

16 
7 16 

2 9 15 17 10 15 

3 
9 16 

18 
11 14 

4 8 16 19 13 19 

5 
6 14 

20 
5 11 

6 9 12 21 8 16 

7 
8 14 

22 
6 14 

8 8 15 23 9 12 

9 
4 11 

24 
8 14 

10 6 11 25 4 11 

11 
4 7 

26 
6 11 

12 7 12 27 4 7 

13 
6 11 

28 
7 12 

14 6 13 29 6 11 

15 
9 12 

30 
6 13 

 
Percentil 

95 11.8 17.2 

The 95th percentile of the total 
sample for the depth of the 
thumb is 11.8 mm and the width 
of the thumb is 17.2 mm, this 
being the most adequate to 
develop the prototype of the 
nail, because with this measure 
it could be used by 95% of the 
sample. 

Percentil 
50 7 13 

Percentil 
5 

4 4 

 
Table No.2 Technical measures of latex gloves already established. 
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In figure 13, you can see the design and prototype of the nail, the width of 
the nail is 11.8 mm, measured corresponding to the 95th percentile of the sample 
studied.  In figure 16, you can see the side view of the length of the anti-skid on the 
glove (70mm). 

 
 
 

 

 

 

 

 

 

  

Fig. 13 Nail design, with an angle view and depth (11.8mm). 
 

 
 

 

 
 

 
Fig. 14 Side view of anti-skid.  Fig. 15 Side view of the nail. 
 
In figure 14 and 15, you can see 

the side view of anti- skid. 
 

 

 

 

 

 

 

Fig.16 Side view of the length of the anti-skid on the glove 
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4. CONCLUSION 

 
With the results obtained we provide the design of a tool that helps to protect the 
hands of the worker avoiding wounds, as blisters and painful infections. Therefore it 
has been innovated in a tool that helps to carry out in a safe and hygienic way this 
work. It is considered to be of much support to the fishing sector in the northern 
region of the state of Sinaloa.  

For the design of the glove, anthropometric measures of 20 workers were taken, 
all of them lives on the common “Ricardo Flores Magon” located on the municipality 
of Ahome, Sinaloa. In addition a survey will be applied to this same population to 
know in a reliable way the current position of the worker (do the operations without 
ergonomic glove). 
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Resumen: En este proyecto se pretende presentar un rediseño de un cubierto, 
específicamente un tenedor, que sirva para aquellas personas que padecen de 
discapacidad en la parte superior del cuerpo. Esto incluye personas con 
malformaciones parciales de brazos, ausencia parcial de brazos, ausencia total de 
brazos y amputaciones parciales o totales de brazos. Ayudará en la manipulación 
de los alimentos, en la destreza del manejo de los utensilios, la fuerza de agarre de 
los pies y en el movimiento de los mismos. 
 La idea surge de haber observado la dificultad que representa, para 
estas personas impedidas, realizar una de las actividades necesarias y más 
comunes en el ser humano, alimentarse. Se notó que estas personas tenían una 
postura muy incómoda o tenían que recurrir a la ayuda de alguien más para poder 
ingerir sus alimentos.  
El funcionamiento de este producto es básicamente mediante el uso de los pies del 
individuo, utilizando principalmente sus dedos. Contará con un mango más largo y 
el cual tendrá un accesorio que se trasladará a lo largo de este, disminuyendo 
principalmente la postura encorvada de la persona impedida. Por otra parte, aunque 
el tenedor está concebido como ayuda técnica y la función del mismo es lo que 
predomina, no se descuida la estética del producto.  

Como resultado se tiene que el tenedor cuenta con una base convencional 
de 4 dientes en uno de los extremos del mango para pinchar los alimentos. Cuenta 
con un mango más largo, de aproximadamente 30 cm, y un diámetro de 0.7 cm. 
Tiene un accesorio que mantiene el tenedor firme entre el dedo gordo y los demás 
dedos del pie, el cual consiste en una media argolla para el dedo gordo y un soporte 
para los demás dedos cuya función es posicionar el tenedor y deslizarse a lo largo 
del mango. 
 
Palabras clave: Discapacidad física, discapacidades de las extremidades 
superiores, cubiertos especiales, dificultad para comer, rediseño ergonómico 
 
Abstract: The objective of this project is to present the redesign of a piece of cutlery, 
particularly a fork, for it to be useful to those people who suffer disability on the upper 
half of their body. This includes people with partial malformations, partial absence 
and partial or total amputations of arms. It will help with the manoeuvre of the 
utensils, the grip strength on the feet and the movement. 
 The idea came out observing the difficulty that it presents, for this 
handicapped people, carry out one the most necessary and common activities the 
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human being has, feeding. It was noted that this people had a very uncomfortable 
posture o had to ask for someone else’s help so they could eat.  
 This product works basically through the use of the individual’s feet, using 
mainly the toes. It will have a longer handle and this will have an accessory that will 
move on the length of it, decreasing mostly the hunch posture of the person. On the 
other hand, although the fork is made up as a technical help and the functionality of 
it is fundamental, the aesthetic of the product is not neglected.  

As a result, there is a fork has a base with four points on one of the ends of 
the handle to pinch the food. This fork has a longer handle of approximately 30 cm, 
and diameter of 0.7 cm, so the person could eat more comfortably without having to 
bend their body too much. On the other end of the handle, above the base, it has an 
accessory that keeps the fork firm between the first toe and the other ones, which is 
made up of a half ring for the first toe and a holder for the other toes, which function 
is positioning the fork and sliding it across the handle. 
 
Key words: Physical disability, upper extremities disability, special cutlery, difficulty 
to eat, ergonomic redesign.   
 

Relevance to ergonomics: This is a proposal of redesign an every-day tool. This 
will include people with disability in the upper part of their body so they would feel 
more integrated in society, and it will avoid possible injuries in other parts of the body 
like back, neck and legs. 
 

1. INTRODUCTION 

 

The purpose of this project is the design and manufacture of an item (fork) which 
could change the lives of the people that do not have their upper limbs, when they 
take the food to their mouths, having a result a more comfortable and normal way to 
eat.  
It is observed that this people take very uncomfortable positions when they eat, since 
they do it with their feet o they need someone to help them with that very basic action 
such as feeding yourself. Assuming they do feed themselves, they sit on the edge 
of a chair, cross their legs too much and lower their head applying pressure on the 
neck, which can cause pain and injuries. Besides using utensils made for people 
who have no problem using them for most of them are made of stainless steel or 
others materials that can become very heavy to hold with the toes, apart from having 
a design with a very thick handle which makes grabbing more difficult if it is not 
grabbed with the hands. Moreover, there exists another kind of utensils made for 
people with other kinds of physical or mental impairments, meaning they do have 
their upper limbs, excluding the ones that do not have them. 
Since the product is of common use, the only alternative that people without their 
upper limbs can take is limited to the selection of the ones that already exist and, 
afterwards, alter them to their needs, without having the chance of acquire them in 
a simple way like any other person who acquires items that satisfy their needs. 
Furthermore, it is necessary to stress that its design is meant to made the use easier 
to the person given its shape, it also has to be light and flexible, having the proper 
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materials and manufacturing process so the product fits the user and not the user to 
the product, providing autonomy and comfort. 
 

1.1 General objective 

 
Devise a tool that makes eating easier to people with limited or no use of their upper 
extremities. 
 

1.2 Specific objectives  

 

 Redesign a fork that is gripped with the toes through an accessory and a 
longer handle. 

 Reduce uncomfortable postures that could cause some kind of injury. 

 Improve the quality of life of people with special needs.  
 

1.3 Delimitation 
 
This project is limited to the population that suffers the deficiency of their upper 
extremities, making a simple activity such as eating very difficult. 
Based on 2010 population estimates – 6.9 billion with 5.04 billion of 15 years and 
over and 1.86 billion under 15 years – and 2004 disability prevalence estimates, 
there are around 785 (15.6%) to 975 (19.4%) million persons of 15 years and older 
living with disability. Of these, around 110 (2.2%) to 190 (3.8%) million experienced 
significant difficulties while carrying out a function. Including children, over a billion 
people (or about 15% of the world’s population) are estimated to be living with 
disability. (World Health Organization, 2011) 

Mexico has 119,530,753 people, according to the latest INEGI inquiry, of 
which 5,739,270 people has some kind of disability. Of the population of people with 
disabilities, 5.5% has difficulty attending their personal care, which include being 
able to feed themselves. The aim of this tool is to make eating easier for 315,659 
people, approximately. (INEGI, 2010) 
 

2. METHODOLOGY 
 
The original idea was to build a set of cutlery for people in this particular condition. 
After that, it was decided to focus on one piece and it was selected that a spoon 
would be easier to ingest food. The plan was that the spoon would have more depth 
in order to not spill liquids, because this people have to handle cutlery with their feet. 
It was also planned that the handle of the spoon would have an accessory to help 
maintain the spoon between the first toe and second toe, to avoid spilling food and 
keep the spoon in place. 

Following a detailed analysis of the functionality of said tool, the result was 
that it had a high level of difficulty, because it needed certain measurements, tests 
and calculations, for which there is not enough knowledge.  
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Finally, it was decided that the best utensil that could be redesigned, for 
people with this kind of condition, was the fork, since it does not represent many 
complications according to the authors. 
The tool is designed for people with limited o no use of their upper limb, as a result 
they have to use their lower limbs. This includes people with partial deformities of 
arms, partial absence of arms, total absence of arms and partial and total surgical 
amputations of arms. 
Making a wider analysis, the fork is meant for people of any age with one of the 
former conditions, which provoke physical disability affecting the manipulation of 
food, the skill on handling utensils, on the feet’s grip strength and on their movement.  

The function is that when they eat, the user puts the first and second toe in 
the respective rings. When they pinch the food, the fork will stay in its place because 
the lock will stop the movement. When they take the food to the mouth, the user 
could deactivate the lock and the handle will slid by gravity in the accessory. The 
handle will become larger automatically, providing more grasp while avoiding 
bending over. 

On the other hand, the fork fits in the products for individual use category. The 
aesthetics are fundamental for this kind of products. Although, the fork to design is 
meant as a technical help, and thus the practical function is prominent, the aesthetics 
should not be overlooked as a product of individual use. As said before, it must be 
considered that, if it should be practical but not aesthetically attractive, it would not 
satisfy the user’s need completely and, as a result, the chances of sales would 
decrease significantly. (Rodríguez, 2013) 

As the product to be designed belongs in the kitchen utensils category, these 
must have the approval for feeding uses. Besides, the manufacturing materials for 
the product must be neither porous nor absorbent, and it must be impact or scratch-
resistant, in order to prevent bacterial development.  

The materials that are most used on cutlery, and which could be used to 
manufacture the fork are: stainless steel, silver, solid silver, silver metal, gilded silver 
and plastic.  
The final product must be resistant and that, in case of drops, the different elements 
that make up the fork do not separate.  

 
3. RESULTS 

 
The fork has a base with four points on one of the ends of the handle to pinch the 
food as seen in figure 1. This fork has a longer handle of approximately 30 cm, and 
diameter of 0.7 cm as seen in figure 2, so the person could eat more comfortably 
without having to bend their body too much. On the other end of the handle, above 
the base, it has an accessory, as seen in figure 3, that keeps the fork firm between 
the first toe and the other ones, which is made up of a half ring for the first toe and a 
holder for the other toes, as seen in figure 4, which function is positioning the fork 
and sliding it across the handle, as well as manoeuvre the fork from one side to the 
other and from the plate to the mouth.  
Its elements have to be flexible and light materials like plastic or sponge, and the 
base could be made of silver or stainless steel. 
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Figure 1. Top view of the fork. 

   
Figure 2. Lateral view of the fork.                         

  
Figure 3. Back view of the fork. 

 
Figure 4. View of the accessory. 
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4. CONCLUSIONS 
 
To sum up, to design an ergonomic tool, common sense must be used, since the 
function it wishes to provide is an easy use and that the people with this life condition 
do not feel excluded. Beyond an extensive analysis, the senses must be sharpen to 
understand the logic of the process and in that way find all the ramifications that 
could result from it, employing creativity as well.  
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Resumen: El diseño emocional como propuesta metodológica conceptualiza el 
diseño de productos a partir de emociones predefinidas. Dicho acercamiento puede 
ser utilizado para: 1) definir efectos emocionales apropiados, 2) obtener información 
relevante de los usuarios para que dicho efecto pueda ser alcanzado, 3) 
conceptualizar conceptos evocadores, o bien, 4) establecer la medida en que un 
concepto evoca la emoción pretendida. Investigadores como Donald Norman 
(2002), y Pieter Desmet (2003) han discutido la influencia de las emociones en el 
proceso cognitivo, el cual afecta de manera directa la interacción y usabilidad de los 
productos. Esta investigación analiza el potencial del diseño emocional -usualmente 
concentrado a estimular la compra- para contribuir al proceso de conceptualización 
de productos ergonómicos, tanto en el ambito físico como en el cognitivo. 
 
Palabras Clave: Diseño emocional, Ergonomia, producto 
  
Abstract: The emotional design as a methodological proposal conceptualizes the 
design of products based on predefined emotions. This approach can be used to: 1) 
define appropriate emotional effects, 2) obtain relevant information from users so 
that this effect can be achieved, 3) conceptualize evocative concepts, or 4) establish 
the extent to which a concept evokes the pretended emotion. Researchers such as 
Donald Norman and Andrew Ortony (2014), and Pieter Desmet (2012) have 
discussed the influence of emotions in the cognitive process, which directly affects 
the interaction and usability of products. This research analyzes the potential of 
emotional design -usually concentrated to stimulate the purchase- to contribute to 
the process of conceptualization of ergonomic products, both in the physical and 
cognitive fields. 
 
Keywords: emotional design, ergonomics, product. 
 
Relevance to ergonomics: Contributing to the teaching of ergonomics by 
incorporating - from conceptualization to evaluation - the process of developing new 
products. Disseminating and analyzing the new design approaches, developed and 
concentrated mainly in Europe and the United States, will allow to expand and enrich 
the ergonomic field. 
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1. INTRODUCTION 
 
The development of ergonomics in the last decades has allowed to expand the field 
of knowledge, mainly, from the evaluation and optimization of workspaces. The 
concept of ergonomics accepted by the International Ergonomics Association, 
considers the understanding of the interactions between humans and the elements 
of the system as its central concern and the optimization of the well-being of people 
and the performance of the system, as the main purpose; achieving the above 
implies applying theory, principles, data and methods to design. 

Designing, on the other hand, is a process that generally requires following a 
series of steps to define a problem, generate alternative solutions, evaluate them 
and select the most appropriate one. At first sight, both ergonomics and design 
pursue the same objectives: optimization of human well-being and system 
performance, however, the scope of the term well-being can vary and, with it, change 
the meaning of the problem to be solved, especially, when dealing with it from the 
cognitive side. 
   Traditionally, ergonomics recognizes three areas of specialization: physical, 
cognitive and organizational ergonomics. Cognitive ergonomics recognizes the 
concern for mental processes, such as perception, memory, reasoning and motor 
response as the main elements that intervene in the interaction of humans with the 
elements of a system. The relevant topics for this field of action are the mental 
workload, decision making, performance, human-computer interaction, human 
reliability, work stress and training, all of the above depending on the relationship 
that has between the human and the system (IEA, 2018).  
 In a work environment, cognitive ergonomics focuses on the adjustment 
between human cognitive abilities (abilities and limitations) and machines, tasks and 
environments (Budnick & Michael, 2001). Although cognitive ergonomics has been 
applied to improve the human-system interaction (Velazquez & Díaz, 2005), the 
complexity of the new technological systems and the change of epistemological 
paradigms (Mattelmäki, Vaajakallio, & Koskinen, 2014), demand to consider the 
human beyond the merely rational and take into account subjective factors such as 
affective and emotion, to understand the interaction in a much more complete way 
(CIEHF, 2016).  
 Industrial design has not been oblivious to this paradigm shift, with a shift of 
traditional methods predominantly linked to cognitive models, which consider design 
as the solution (exit) to specific problems, and in which the user is one of the inputs 
of information to define the problem, until the link - at the end of the 20th century - of 
feelings and moods with design solutions. Then, methodological approaches arise 
with topics such as experience, meaningful daily practices and emotions 
(Mattelmäki, Vaajakallio, & Koskinen, 2014), the latter being approached within a 
particular focus of projective exercise: emotional design. 
    
 
 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 11 2018 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 73 

 

 
2. OBJECTIVES 

 
1. Determine if design can contribute to the design of ergonomic products.  
2. Describe the effects that emotions have on cognitive processes. 
3. Explain the main approaches of emotional design, its scope and limitations. 
4. Identity areas of emotional design intervention in the conceptualization of 
ergonomic products. 

 
3. METHODOLOGY 

 
The developed research takes up the proposal of Donald Norman (2002), from the 
cognitive sciences and Pieter Desmet (2004), which argues that the emotional 

response evoked by a product can determine the usability and effectiveness of it. 

The scope and limitations of this proposal analyze its relationship with mental 
processes studied by cognitive ergonomics, such as perception, memory, reasoning 
and motor response. 
 

4. THEORETICAL DISCUSSION 
 

The theoretical discussion is divided into two sections: 1) the conceptualization of 
emotions and their effects on the cognitive processes considered, and 2) the main 
proposals of emotional design, its scope and limitations. 
 
4.1 Emotions and cognitive effects 
 
Emotions are defined from psychology as "a multidimensional experience with at 
least three response systems: cognitive / subjective; behavioral / expressive and 
physiological / adaptive "(Choliz, 2005, p.3). These three dimensions are linked and 
are manifested in virtually all human activity at different levels and respond to three 
basic functions: adaptive, social and motivational. The adaptive function of emotions 
is one of the most important, since it prepares the response of the organism to 
particular environmental conditions. Social functions facilitate the appearance of 
"appropriate behaviors" that favor interpersonal relationship processes. Finally, the 
motivational directs and intensifies the behavior to achieve some goal, an 
emotionally charged behavior will be performed more vigorously (Choliz, 2005). 
 Each emotion can be provoked, and its intensity stimulated, by external 
factors triggering physiological and cognitive changes in individuals, for purposes of 
this work we will only consider the latter. (Table 1). 
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Table 1. Dimensional analysis of basic emotions. Choliz (2005) 
Emotion Instigators Cognitive process 

Happiness 
 
 

-Successful achievement of 
objectives. 
-Congruence between what is 
desired and what is possessed. 
 

-Increase in the ability to enjoy. 
- Positive attitude. 
-Favors cognitive and learning 
processes, curiosity and mental 
flexibility. 
-Sense of vigor and 
competence, transcendence and 
freedom. 

Anger 
 
 

-Aversive stimulation: physical, 
sensory and / or cognitive. 
-Conditions that generate 
frustration: interruption of 
motivated behavior, immobility, 
physical or psychological 
restraint. 

-Focus of attention on external 
obstacles that impede the 
achievement of the objective or 
are responsible for frustration. 
-Inability or difficulty for the 
efficient execution of cognitive 
processes. 

Fear 
 
 

-Potentially dangerous situations. 
-New and mysterious situations. 
-Height and depth. 
-Pain and anticipation of pain. 

-Reduction of the effectiveness 
of cognitive processes. 
-Obsession. 
-Focalization of perception to the 
feared stimulus. 

Sadness 
 
 

-Physical or psychological 
separation. 
-Loss or failure. 
-Disappointment 
-Situations of helplessness, lack 
of prediction and control. 

-Focus of attention on the 
consequences internally. 
-Cognitive process characteristic 
of depression. 
-Errors in information 
processing. 

Surprise 
 
 

-Novel stimuli weak or moderately 
intense. 
-Unexpected events. 
-Sudden increase of stimulation. 

-Attention and memory 
dedicated to processing novel 
information. 
-Increment in general cognitive 
activity. 

Disgust 
 
 

-Unpleasant stimuli (olfactory or 
gustatory). 

There are not considered 
cognitive implications. 

 
On the other hand, Mihaly Csikszentmihalyi (1997), in his study on optimal 

experiences, proposed a relationship between the abilities (physical and cognitive) 
of people and the level of demand required, identifying the emotions generated. The 
central idea is that negative emotions produce "physical entropy" in the mind, which 
means that it is not possible to pay attention in an affective way until the internal 
subjective order is restored; on the contrary, positive emotions produce 
"negentropia", facilitating the development of other activities. 
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Figure 1. Model proposed by Csikszentmihalyi (1997) 
 

If the level of demand is too high, the person will feel frustrated, worried and 
anxious. If the challenge is too easy compared to the capabilities of the person, it 
will feel relaxed and after a while, boring. On the other hand, if the challenge and 
capabilities are minimal, the person will experience apathy. When challenges are 
difficult and combined with adequate capacities, the level of attention and 
involvement increases, which for Csikszentmihalyi represents the ideal state or 
“Flow”. 

 
4.2 Approaches to Emotional Design 
 
For the field of ergonomics and human factors, the emotional dimension and 
experience were relegated issues until, at the beginning of the 21st century, they 
began to be taken into account as key factors to evaluate and conceptualize 
products. Emotional Design as an informed theoretical perspective has as main 
exponents Donald Norman (2004) and Pieter Desmet (2012), whose proposals will 
be described below. 

Norman, generates a proposal of neurobiological character to analyze, from the 
level of cognitive processing, the emotional responses provoked by the products in 
different stages of the interaction, identifying three levels. The first level, called 
visceral, is directly related to the sensitive experience: smell, sight, hearing, touch 
and taste, which together define the appearance of the perceived product. The 
second level is determined by the evaluation of the function in relation to what the 
product has to do, its performance (as it does) and its usability (how easy it is). At 
this level, the user's response may be frustration or satisfaction regardless of what 
has previously been experienced. The third level, reflective, implies a much longer 
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period of experience, which can lead to a more objective opinion about what the 
product represents for the user, since it can link it to their culture, identity, education 
and his memories. 

Derived from years of experience and study, Norman states that "attractive 
things work better", arguing that affectivity (or emotional state) changes the 
parameters in which cognition operates: positive affectivity improves creativity and 
broadens thinking, while the negative centers or improves attention, minimizing 
distractions. Therefore, the products that will be used under the stress level must 
follow a good human-centered design, since in these conditions people will have 
less capacity to face difficulties and their ability to solve problems will be less flexible. 
The products conceptualized to cause pleasure improve their usability through an 
aesthetic and pleasant design (Norman, 2002). 
 On the other hand, Pieter Desmet (2003) considers emotion as an 
instrumental element in the product design process, establishing a model with four 
parameters: evaluation, concern, product and emotion. All these parameters are 
interconnected and determine if a product generates an emotion, in which case, it is 
also important to identify its type. The emotion, from the cognitive theory, always 
involves an evaluation, of how an activity / product can harm or benefit a person. 
 

 
 

Figure 2. Model proposed for Pieter Desmet (2004).  
 

The concern, also understood as needs, impulses, instincts, motives, goals and 
values, is the point of reference in the evaluation process. The products that match 
our concerns are evaluated as beneficial, and those that do not are considered 
harmful (this relationship can be linked to efficiency.) The products in turn can trigger 
emotions in two senses: by directly sensing experience with the object, or, by 
experiences attached to these. 
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Figure 3. Classification of emotions linked to products (Desmet,2004). 
 

Moreover, emotional design as a method is considered a systematic approach 
to design products with predefined emotional intentions. This approach can be used 
to: 1) define an appropriate emotional effect, 2) collect relevant information so that 
the defined emotion can be generated, 3) imagine concepts that can evoke the 
defined emotion, and 4) identify to what extent the concept is able to evoke the 
emotion defined (van Boeijen, et al., 2013). 

One of the project proposals, derived from emotional design, is the so-called 
Hedonomics, defined as the "branch of science and design dedicated to the human-
technological promotion of pleasure" (Hancock, et al., 2005, p.8), that it differs from 
traditional ergonomics - which is called ergonomics of negation - that seeks to 
eliminate the negative, look for the pleasant aspects of interaction. In this sense, 
recognition of motivation, quality of life, enjoyment and pleasure are incorporated 
into design recommendations. The methodological proposal consists in linking 
positive attributes to the conceptualization of experience, also allowing the 
individualization of it. 

The principles of personalization are: 1) aesthetic longevity, design principle that 
maintains a classic form combined with optional functional elements that can be 
modified; maintaining in this way the norm and the novelty; 2) Fluid interaction, this 
principle seeks to facilitate the "transparency" of the tool, allowing the operator to 
concentrate on the task and not on the tool (with which it becomes an extension of 
the body of the person). 

The Hedonomics perspective establishes that designing for pleasure must be an 
explicit objective from the beginning of the design project, although, subordinating 
compliance with security, functionality and usability conditions. Applying this 
proposal therefore requires establishing evaluation criteria to "measure pleasure". 

In all the design perspectives analyzed, as well as in the ergonomics itself (both 
physical and cognitive), the concept of usability is referred to as one of the operative 
qualities of any object or system. Specifically, Demir & Erbug (2008) in their study 
on the determinants of product satisfaction, found that usability is one of the most 
important factors that influence not only the purchase but also the acceptance of the 
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products. In their analysis they define it from the following dimensions: effectiveness 
(extent in which the goal of using a product is achieved), efficiency (effort required 
to reach the goal) and satisfaction (ease of use). 

Based on the perspectives analyzed and the factors considered by each of them, 
the following model was developed in which the relationship they have in the design 
process is considered, both in the initial conceptualization and in the evaluation of 
interactions in spaces of work or with products 

 

.  
 

Figure 4. Relationship model of emotional design and ergonomics. 
Based on Hancock (2005), Demir (2008) and Desmet (2003). 

 
5. CONCLUSIONS 

 
While human factors and ergonomics work with negative aspects -which must be 
avoided or corrected- the emotional design works with the positive aspects, which 
generates a substantial difference in the way of approaching the projects (this 
category also includes the design of experiences). The practice of industrial design 
- under the approach of Human Centered Design and with methodologies such as 
Design Thinking - has incorporated its process the analysis of the experience of 
people in the use or interaction of products, in addition to to take into account the 
psychological, cultural and social aspects of the individuals for whom it is intended 
to design. Although it has been theoretically advanced, it is necessary to carry out 
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specific investigations that allow measuring the impact of emotions as the axis of the 
ergonomic design process. 
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Resumen: La plastilina por generaciones se ha considerado como un material 
sumamente especial, pues tiene color y volumen, características invaluables para 
llevar a cabo el ejercicio de crear. Este material, debido a sus características 
flexibles y polivalentes permite: Modelar, esculpir, animar; y ha acompañado de 
manera activa gran parte de manifestaciones culturales, de manera que forma parte 
de la historia del cine, la animación, la caricatura, entre otros. 

Por lo tanto se propone implementar una mejora al material didáctico 
(plastilina), la cual consiste en crear una plastilina 100% inocua y apta para toda la 
población infantil y docente (Celiacos y no celiacos), con una fórmula 100% libre de 
tóxicos, en su mayoría casera, de fácil y agradable olor y manipulación, totalmente 
higiénica y amigable con el medio ambiente, que cubra las variables de la salud, 
seguridad y bienestar del infante y su educador. 

 
Palabras Clave: Higiene, Seguridad, Salud, Didáctica. 
 
Summary: Plasticine for generations has been considered as a very special 
material, because it has color and volume, invaluable characteristics to carry out the 
exercise of creating. This material, due to its flexible and versatile characteristics 
allows: Modeling, sculpting, animating; and has actively accompanied many cultural 
events, so that it is part of the history of cinema, animation, caricature, among others. 

Therefore it is proposed to implement an improvement to the didactic material 
(plasticine), which consists of creating a plasticine 100% innocuous and suitable for 
all the child and teaching population (Celiac and non-celiac), with a 100% free of 
toxic formula, mostly homemade, easy and pleasant smell and handling, totally 
hygienic and friendly to the environment, which covers the variables of health, safety 
and welfare of the infant and his educator. 

 
Key words: Hygiene, Security, Health, Didactic. 
 
Relevance to Ergonomic: Through this article, in the area of occupational health 
and hygiene, a tool proposal is offered for the didactic area of preschool children, 
which offers to children teaching workers a better quality of working life and personal 
and the infant greater security when interacting with these materials at the time of 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 11 2018 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 81 

 

the classroom. A totally innocuous design of didactic materials is proposed that 
provides protection, hygiene and ease of handling. It is important to publish it since 
it is a way to publicize and share a proposal for a new tool (material) to work to 
improve and preserve the health of the infant and teacher. 
 

1. INTRODUCTION. 
 
Celiac disease (CD) or autoimmune response to gluten consumption affects a world 
average of one in every 150 births; it is estimated that only 9% are diagnosed, with 
an approximate volume of 2.6 million potential celiacs in Mexico, according to figures 
provided by the National Institute of Medical Sciences and Nutrition Salvador Zubirán 
(INCMNSZ), the EC causes the atrophy of the intestinal villi, which in turn leads to 
poor absorption of the nutrients that make up the daily diet. Gluten, the basic protein 
in cereals such as wheat, barley, rye and oats, is part of 80% of the food, either 
directly or as a thickener, support of aromas and binder. From which it follows that 
90% of the manufactured products that we find in the market are not suitable for 
celiacs. Based on this, this document presents a proposal for tool improvement for 
the manipulation of didactic materials (plasticine), with this it is intended that infants 
and educators (celiac and non-celiac) achieve a better quality of life in the 
environment of their pedagogical and motor training and the relationship they have 
with these materials, improve safety and occupational hygiene conditions in such 
work, the prototype alternative material is a mass destined to be suitable for handling 
people (celiac and non-celiac) for so protect them at the time of intake and interaction 
with the material, it is hygienic, its characteristics are: 100% gluten-free dough, home 
ingredients for its composition, hardness and conservation. 
 
1.1 Justification. 
 
One of the most popular trademarks currently manages a mass composed of flour, 
water, boric acid and silicone oil, however, this clay is not toxic, you must take special 
care not to use it in case of having children and teaching celiacs, since being made 
of wheat flour it contains gluten, which for them would be harmful because they could 
accidentally ingest it or remain traces between the fingers that could contaminate 
what they consume. 

It was found that in an evaluation study created for this brand published in 
2007 in The Lancet, a British medical journal, it suggests that children who ingested 
artificial dyes were more likely to show decreased attention and hyperactive 
behavior. In some children, artificial colors have been associated with allergic 
reactions and other adverse effects. Also in December of 2015, a web page 
dedicated to food information published a note, explaining how risky the 
consumption of this product could be, and its repercussions, specifically on children. 
The report of the page explained, that it was common in children, to ingest by 
accident or curiosity a little of this plasticine. Although it is emphasized that the 
plasticine is not edible, likewise, it could affect consumers with allergies to any of the 
ingredients, however the page, explained that the product had an incredible risk to 
health, due to its high content of salt, which could seriously affect the health, of 
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children, even adults. Later, on July, 2017, more ingredients that made up the 
product were released, in this report it was explained that for a child, a little less than 
half an ounce of salt could be toxic, a portion that could be achieved with plasticine. 

Acording to an article found in the newspaper “El Debate” of Los Mochis, 
Sinaloa 28 of February of 20128 we’ve found the next note: .- The Maria Montessori 
kindergarten in the Nueva Revolución neighborhood will not be the same again. In 
their corridors and their classrooms will lack the smiles, the quick steps and the 
innocent mischief of the small Jesus Tadeo, who lost his life in a tragic way after 
suffocating with the piece of a crayon. In a press conference in the teaching area of 
the General Hospital, Román Messina stated that the child died of irreversible brain 
damage due to lack of oxygenation and ruled out that medical malpractice had 
occurred, as the specialists acted immediately from the first minute, without even 
stop to ask if the infant was entitled or not. For his part, the head of the SEPyC 
explained that the child had shown his teacher some difficulty breathing and went to 
the bathroom. He returned and it was when the same problem was detected but 
more acute. Robles, Blanca. 5 "Between applause and tears, teachers and children 
say goodbye to Tadeo".  

For the above, a prototype proposal of didactic material (plasticine) suitable 
for celiacs and non-celiacs is created, 100% safe, homemade and dissolvable in 
contact with the saliva of those who ingest it, since the infant is in frequent contact 
with said material and educator. 

 
1.2. General Objective: 

 
To create a didactic plasticine with the porpoise of increasing safety and comfort 
between the infant, educator, and the material, eliminating the manipulation of 
materials with comon components, harmful to the infant and the same educator 
(celiacs). 
 

1.2.1.  Specific Objectives: 
 

To Identify the most functional, hygienic and safe model of teaching material for the 
infant and educator. 

Define the functional control techniques that meet the objectives of the 
standards established for this type of materials. 

Make and verify a survey to see the need for this type of material in society 
and its acceptance by it. 

Improve the occupational health of the teacher and the student, by using the 
didactic material (Hygiene, protection, ease of handling, health in the intake). 
 
1.3. Delimitation:  

 
This test is aimed to the infants, teachers and parents of sane children and with 
celiac, with a range of age that is a round 2 – 60 years. 
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2. METODOLOGY: 
 
The author John Elliot conceptualizes the following: action research constitutes a 
solution to the question of the relationship between theory and practice "(ELLIOT, 
2002). 

For the creation of the design of 100% innocuous ergonomic didactic material, 
the field research will be used, carried out with a descriptive study, for the 
characteristics of the study will be developed for the inductive method, by proposing 
a design of ergonomic didactic material for the area of education, the project will be 
developed as a practical investigation, generating actions focused on the proposal 
of implementation of this type of material in the institution.  

For the elaboration of the material, an interaction evaluation will be made to 
the preschool students. Full-time children's garden: Margarita Maza de Juárez. 
Password: 25DJN0878V. Location: street: ejido nine of Dicember and ejido Mochis, 
Sinaloa. Colonia: Roberto Pérez Jacobo, all of them inhabitants of the city Los 
Mochis, located in the municipality of Ahome, Sinaloa, Mexico. In addition, a survey 
will be applied to educators and parents, with the aim of knowing in a reliable way 
the current position of the infant and the educator regarding the condition in which 
they interact with these teaching materials. Subsequently the proposal of the 
prototype of the material for this group of people will be presented. 

 
2.1. DESCRIPTION OF THE PROCES.  

 
The teacher of the preschool area is the one who is dedicated to attend the area of 
initial training of infants, who directs and coordinates activities to stimulate their 
intellectual and physical development, as well as emotional growth, must conceive 
this stage of didactic planning as a fundamental methodological process, therefore 
when in contact with plasticine toxic for celiacs, should avoid its use, seeking health, 
safety and welfare of students. 

For the above, a prototype proposal of didactic materials (plasticine) 100% 
innocuous and suitable for the entire child and teaching population (Celiac and non-
celiac), with a formula 100% free of toxins, mostly homemade, is created. and 
pleasant smell and manipulation, totally hygienic and friendly with the environment, 
covering the variables of health, safety and well-being of the infant and his educator. 

Below is the graphs of the survey applied in the present investigation which 
had the objective of obtaining information about the repercussion of the use of 
didactic materials (suitable for celiac and non-celiac) or absence of them in the work 
of pedagogy. 

Figure 1 shows that of 12 people (teachers) surveyed, 80% do not carry out 
activities with this material due to the prevention of accidents and the components 
of said material. Why? Because the safety of the students is sought and there have 
been cases of accidents due to poisoning of these materials even recently due to 
their consistency and chemical composition. 
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Fig. 1 Results of the question 1. 

 
The figure 2 shows that of the 12 people (teachers) surveyed, 100% do not 

carry out activities with this material because they do not feel safe when 
implementing the activity. 

 

       . 
                           Fig. 2 Results of the question 2. 
 

The figure 3 shows that of the 12 people surveyed, 5 think it would be perfect, 
7 would be a good option, and 0 would not like it. 

 

 
Fig. 3 Results of the question 3. 

 
The figure 4 shows that of the 12 surveys, 40% knows about the existence of 

ingestible didactic material and 60% doesn’t know about it. 
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1- Do you use to use this 
kind of material for …
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2- Do you feel secure at 
interacting with this kind of …
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3- Would you like to manage a 
material (plasticine) that …
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Fig. 4 Results of the question 4. 

 
The figure 5 shows that of the 12 people surveyed, 100% liked the activity 

with the prototype proposal of teaching material 
 

 
 

Fig. 5 Results of the question 5. 
 

 
Derived from the information gathered through the survey, a 100% innocuous 

didactic material design is proposed and suitable for all types of population (celiac 
and non-celiac) for its same benefit, therefore according to the results of the survey, 
inferred the need to propose a tooling design for pedagogical use, which meets the 
characteristics that users demand: Healthy, Easy Handling, Hygienic, with a 
composition of completely healthy and friendly ingredients for this type, easily 
digested and that comply with all the requirements that this type of materials must 
cover and this way allow their free and safe interaction both the infant and the 
educator. 
 
2.2 FIGURES OF ELABORATION OF THE PROTOTYPE MATERIAL 
 
The figures 6, 7 and 8 show the elaboration process that is carried out to create the 
prototype of didactic material (plasticine). 
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3. RESULTS. 
 
Due to the importance of early childhood education due to the need of stimulation in 
their intellectual and physical development, as well as their emotional growth, it is 
imperative that the preschool teacher use teaching materials which facilitate their 
work and so that he can achieve his goals as a child trainer, this in order to provide 
the infant with all the possible stimulation tools for his personal development. 

Plasticine has been used in the process of education and training of the child 
historically with partially desirable results, because although it meets the 
expectations of helping the teacher in his work to stimulate the infant in their 
intellectual and physical development, as well as their emotional growth, the 
components with which this material is made up to the present time, causes that 
when the educator imparts his class with this material he does it with extreme care 
and concern about how the interaction of the infant with the material is carried out , 
generating the work and psychological stress of the teacher. 

Therefore it is proposed to implement an improvement to the current didactic 
material (plasticine), which consists of creating a composition of ingredients for the 
preparation of such material and adapt the formula to be suitable for celiac people, 
looking for these ingredients are in their all homemade, to convert this modeling 
dough into a 100% eatable and easily digested modeling clay with the purpose of 
creating a protection mechanism for the infant and educator when interacting with 
said material. 

For the creation of the composition of the formula, numerous investigations 
were carried out on the components of the different current varieties of this material 
and their acceptance by society. At the same time, investigations of the diet 
governed by celiac people were also carried out and elaborated the composition for 
this prototype of didactic material (plasticine). 

In this section we propose a prototype of didactic material (plasticine) 100% 
safe and suitable for all children and teachers (Celiac and non-celiac), with a 100% 
free of toxic formula, mostly homemade, easy and pleasant smell and manipulation, 
totally hygienic and friendly with the environment, that covers the variables of health, 
safety and well-being of the infant and his educator what offers the worker of 
pedagogical branch a better quality of work and personal life. A design of didactic 

Fig.6: Mix of the 
ingredients to the 

prototype. 

Fig.7: Final mix for the 
prototype. 

Fig.8: Observation of 
the final paste for the 

prototype. 
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material is proposed that offers protection, hygiene and ease of handling, and that 
also increases the performance in your work. 

According to the above, a test of this material prototype was made to a total 
of 18 infants, students of the before mentioned institution to observe their interaction 
and acceptance of said material. The results are shown in figures No. 4, 5, 6 and 7. 

 
3.1 FIGURES OF THE TESTS WITH THE PROTOTYPE OF THE DIDACTIC 
MATERIAL (PLASTICINE)  
 
The figures 9, 10, 11 and 12 are the samples of the test that was done in the 
institution mentioned earlier in this article, to confirm that this teaching material does 
meet its objectives. 
 
 

                       
 
 
 
 
 

                            
 

 
 
 
 
 

4. CONCLUSION: 
 
After obtaining the information and evaluation of the didactic material of the 
institution that was visited, it was observed that during this activity, both the infant 
and the educator interact with said material with great care due to the design of the 
material seen, they tended to adopt a behavior where safety and hygiene are losses, 
and without being a professional in the field we can appreciate that surely in the 
future this causes, an inefficient safety for infants and the teacher as well as work 

Fig.9: Interaction of infants with the 
prototype. 

Fig.10: It is observed that this material 
does not adhere or leave a trace on 

the tables. 

Fig.11: It is observed that this 
material does not leave a trace 

on the hands of the infants 

Fig.12: It is observed that this 
prototype is pleasant for the 

management of infants. 
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stress for the same. This way rectifying the low efficiency of these materials for the 
preschool now reveals more of a problem. 

With the results obtained, we provide the redesign of a material that helps a 
better interaction of infants and teachers (celiacs and non-celiacs), therefore it has 
been innovated in a material that helps them perform this work safely and 
hygienically. It is considered that it will be of great support to the pedagogical sector 
of the country. 
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Resumen:  Las mujeres son un sector de la población, que se ha dedicado a 
actividades no profesionales, como son la costura en el ámbito de sus hogares, que 
como sabemos es una actividad esencialmente femenina, siendo para muchas de 
ellas una actividad no profesional remunerativa, debido a esto, existen pocos 
estudios que refieran a los problemas de tipo biomecánico en particular en 
segmentos como el cuello y los hombros, sin embargo, en el sector industrial si 
existen estudios que revelan la incidencia de trastornos músculo-esqueléticos 
debidos a tareas repetitivas y posiciones incómodas.  En esta investigación, se han 
estudiado bajo un modelo biomecánico los momentos de fuerza generados durante 
la actividad de costura en las condiciones habituales, es decir en la posición 
sedente, a fin de comparar el resultado con la evaluación de los momentos de fuerza 
generados respecto del centro de rotación de la espalda baja en la misma posición,  
después de que se han realizado recomendaciones para modificar la postura 
original, a través de un dispositivo que se inserta en la base de la máquina de coser, 
el cual modifica el ángulo de rotación del cuello y espalda.  De acuerdo, a los 
resultados obtenidos, el momento de fuerza generado respecto al centro de rotación 
de espalda baja, revela que los momentos de fuerza son menores después de 
colocar el dispositivo, el cual es un soporte fijo fabricado en acrílico, que  tiene una 
pendiente fija respecto de la horizontal de 26 grados. 
 
Palabras Clave: Costura, Biomecánica, Análisis 
 
Relevancia para la Ergonomía: Este estudio ofrece una información invaluable en 
relación con algunos aspectos ergonómicos a considerar en las tareas  de las 
mujeres que realizan labores de costura en máquina, en el ámbito de sus hogares 
y que tienen actividad remunerativa, las cuales no se encuentran documentadas, 
debido  a que la mayoría de ellas no cuentan con servicios médicos sociales.  Se 
proponen modificaciones a la postura, a través del uso de un dispositivo que ha de 
colocarse bajo la máquina de coser. 
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Abstract: Women are a sector of the population, who has devoted itself to non 
professional activities, such home sewers, which we know it is an essentially 
feminine activity and in most cases a non remunerative activity, due to this, there 
exist few studies regarding to this activity, however, in the industrial sector, there are 
several studies that reveals the prevalence of muscle skeletal disorders, especially 
in body segments, like neck and shoulder, and specifically in tasks where there are 
repetitive movements and awkward positions.   In this research, there have been 
studied under a biomechanical model the moments of force generated during the 
activity of home sewers at the seat position in the habitual condition, then a new 
evaluation of force moments is done, in order to compare both conditions, after a 
given number of recommendations is done and a device is positioned under the 
sewing machine in order to modify the neck and low back rotation angles.    The 
results reveal that moments of force are lower than the moments of force before 
inserting the device under the sewing machine, which has been made of acrylic with 
a fixed slope respect to the horizontal axis and has a slope of 26 degrees. 
 
Key Words: Sewing, biomechanical, analysis 

Relevance to Ergonomics: This study offers a valuable information in regards to 
ergonomic aspects in the home sewers with remunerative activity, which normally 
are poorly documented, and also, because most of them are not under medical 
social services.  Recommendations are done to improve posture, and a proposed 
design is presented to reduce strengths. 
 

1. INTRODUCTION 
 

Women are a population sector that has been dedicated to non professional sector 
activities such  home sewing,  that is feminine in nature, due that home sewing is a 
non professional activity, there are few studies related to the research of 
Biomechanical  problems associated with neck and shoulders in this population 
sector, however, international studies  (Brar et al, 2004) have shown the incidence¨of 
Musculoskeletal Disorders in the manufacturing industries, where a combination of 
repetitive tasks and awkward postures exists.    Home sewers are subject to the 
same physical problems, due to that the garment manufacture, takes on average, 
an exposition to the same posture for about 46 minutes and for a total time of ten 
hours, and also because they perform unvaried tasks for long periods; all of these 
characteristics have been observed in the home sewers that have a remunerative 
activity. 

Studies have shown that operators of sewing machines, experience pain in the 
shoulders, wrists and hands  and pain in the neck and shoulders (Delleman and Dull, 
2002).   Pain in neck and shoulders relates to long working hours in the same 
working posture.   Also, some research papers  report that sewing operators 
presents pain in the head and lower back . 

This study is dedicated to formulate the biomechanical analysis of neck and 
shoulder strengths, and propose the biomechanical considerations to reduce them. 
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2. OBJECTIVES 
 

Three objectives has been established in this work:  
To perform a biomechanical analysis of neck and shoulder of home sewers,  while 
they are doing the sewing tasks. 
To establish the biomechanical considerations to be taken in order to reduce 
strengths in neck and shoulders. 
To design a gadget for home sewers, that help to reduce strengths in shoulders and 
neck. 
 

1. METHODOLOGY 
 
3.1 Subjects of study 
  
This study has been focused to perform a biomechanical analysis of 46 women 
dedicated to home sewing tasks with remunerative activity in the city of Hermosillo, 
Sonora, México. A stratified sampling was used in order to select the sample from 
the defined subgroups of the given population corresponding to the diverse 
neighborhoods in the city which were stratified according to the 113 postal zones 
defined for the city.     All subjects in the sample were healthy women from 23 to 54 
years. 
 
3.2 Materials and Equipment 
  
Two basic anthropometric measures were performed: corporal weight and stature, 
using a weight scale and anthropometer set.     The measurements of rotation angles 
were taken with a calibrated goniometer and a repeatability and reproducibility study 
was performed over the measurement system in order to verify that the system error, 
equipment error and inspector error were aleatory.  A 2.3 m by 3 m white screen with 
a blue grill was placed behind the sewer, and used as a support measurement device 
when was not possible to have free access to measurement.   

A Nikkon camera with a twenty pixels of resolution was used in some cases to 
take a photograph of a position that was difficult to verify and measure with 
goniometer.     When the camera was used, a laser level was used to align it. 
 
3.3 Procedure 
  
A Corlett and Bishop’s body part discomfort subjective symptom survey  was applied 
to evaluate the direct experience of discomfort at the different body parts in home 
sewers that perform a remunerative activity. 

A biomechanical model was developed to study the static loads over the body, 
according to results obtained from Corlett and Bishop’s survey. 

Static loads were estimated  in regards to the stature and weight of each 
individual, which correspond to head, trunk, arm and forearm weights.    Also, were 
estimated the neck, arm, forearm and trunk segment lengths and segment rotation 
centers, where, the center of rotation of low body back segment, is the basis point 
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to perform the calculation of force moments generated by the static loads from body 
segments. The force moment was obtained through an excel spreadsheet template 
developed by the author.   

A set of recommendations for posture changes were established and a new 
biomechanical analysis was performed in order to compare force moments  after 
changes in posture.   

 A proposed gadget was designed in order to reduce force moments over the 
entire upper body.    The proposed gadget allows home sewers to take a posture 
which promotes a better corporal posture, avoiding rotate the neck at a rotational 
angle higher than 35° from vertical in the sagittal body plane; and also, letting the 
sewer, to  maintain a straight back posture. 

 
4. RESULTS 

 
4.1 Corlett and Bishop’s Body Part Discomfort Scale 
 
The forty six women were asked to answer theCorlett and Bishop’s Body Part 
Discomfort Scale, and results helped us bypass our biases and judgments and 
expectations that affect responses, because it anchors users to their specific 
physical sensations.   The results of that survey are presented in figure No. 1: 
 
 
 

 
 
                     Figure No. 1  Corlett and Bishop’s body Map Results 
 
 According to Figure No. 1 the three most important discomfort sensations 
experienced by women are in the neck, shoulders and high back, and this resultant 
lead us to think that an upper body biomechanical model will let us to have an 
understanding of the forces acting during home sewers tasks. 
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4.2  Biomechanical Model for the Home Sewer  
 

The resulting biomechanical model reflects the upper body segments which are 
related to the tasks developed by a home sewer, and it was used to calculate force 
moments at the static body sustentation point, which is located in the back segment.   
The biomechanical model comprehends five variables:  body segment weight, body 
segment mass center, body segment length, location of body rotation centers, which 
are the joint points between two adjacent body segments, and rotation angles of 
body segments measured counterclockwise from horizontal to vertical at the sagittal 
plane of the body. 

 The body segments comprised in the model are the head, neck, back, forearm 
and arm.   They were assigned the following letters and numbers for the model 
variables:  CR for the rotation center,  CM for the center of mass,  mg for the mass 
of body segment and L for length of body segments, which are shown in figure No. 
1:  

                                          
 
 

Figure No. 2     Biomechanical Model for the Home Sewer 
 
 
4.3   Force Moments Before and After recommendations 
 
In order to calculate moments of force in regards to the rotation center (CR4) located 
at the lowest point on back, they were estimated the following variables: mass 
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center, body segment mass and body segment length of the measured stature and 
weight, and also the rotation angles of body segments for every woman.    The force 
moments were calculated under the normal conditions observed for every woman, 
using an excel spreadsheet designed by the author and other force moments were 
calculated after the addition of the device proposed and the recommendations in 
postures. 

 They were established the following recommendations in order to improve 
posture of home sewer:  angles of rotation for neck and back segment were modified 
adding a device positioned under the sewing machine as shown in figure No. 3: 

 
 

                  
 

Figure No. 3  Sewing Machine Slope Angle 
 

 The addition of the device under the sewing machine promotes the 
reduction of neck and back rotation angles which provides a comfort during sewing 
tasks.  The Slope in regards to horizontal plane for device is 26 degrees.   

 A reduction of 56% of force moments was noticed  in the average moments 
calculated after the changes were implemented. 

 
5. CONCLUSIONS 

 
According to results from Corlett and Bishop’s Comfort Map, there were three 
important body areas where women experience discomfort: neck, shoulders and 
back, 100% of women reported neck discomfort, and the most important areas 
reported where the corresponding to the upper body. 
 The proposed biomechanical model was developed for the upper body, in 
agreement with results found from Corlett and Bishop’s Comfort Map.  The model 
lets us perform the mechanical analysis of force moments generated in the actual 
postures held by women during the execution of sewing tasks and also make a 
second analysis after making changes in the posture due a device to modify rotation 
angles was placed under the sewing machine.    It is important to say, that the slope 
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of the device against the horizontal was 26 degrees, and for this angle, it was found 
a reduction of 56% in the force moments average in the total population. 
 There were performed twenty calculations of moments changing the angles 
of rotation of two segments: back and neck, in order to find out the reduction of 56% 
in the generated force moments.   We cannot say that slope obtained is the optimum 
value.   Optimum value could be got  thru the development of a linear programmation 
model, that minimize a moment of force subject to certain restrictions that 
comprehend the maximum and minimum rotation angles for every  segment 
considered.  
 It is important to mention the limitations that surround this study.    The results 
of Corlett and Bishop’s Map were obtained thru the self reported discomfort by 
women.   The cross sectional nature of data conduces to think that  it is not possible 
to define causal inferences regarding the nature of the work itself. 
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Resumen: Una cubeta es un recipiente en forma cilíndrica que puede retener 
sustancias fluidas. Para facilitar su uso y el transporte dispone de un asa 
semicircular que está sujeta por sus extremos al borde superior. Esta herramienta 
se utiliza en diferentes trabajos como la agricultura, pintores, albañilería o amas de 
casa. En este documento se presentan las muestras de 20 personas que se dedican 
a estos trabajos, con el fin de conocer los percentiles necesarios para el rediseño 
de la cubeta como herramienta manual. 
 
Palabras clave: Percentil, Herramienta, lesiones.  
 
Abstract: A bucket is a cylindrical container that can hold fluid substances. To 
facilitate its use and transport it has a semicircular handle that is attached at its ends 
to the upper edge. This tool is used in different jobs such as agriculture, painters, 
masonry or housewives. This document presents the samples of 20 people who are 
dedicated to these works, in order to know the percentiles needed for the redesign 
of the bucket as a manual tool. 
 
Keywords: Percentile, Tool, injuries. 
 
Contributions to Ergonomics: Provide a proposal to redesign a bucket to prevent 
injuries to workers and improve their quality of life. The study of hand tools to improve 
the quality of life of people is a very important part within the field of action of 
ergonomics. 
 

1. INTRODUCTION: 
 
Our ancestors built their tools from their own needs and discoveries, as the human 
being was developed, it was transformed and applied for different uses. Nowadays 
the use of manual tools is very common in many work environments. The problem 
is that this type of media does not adapt to the workers and the task to be carried 
out, thus generating risk during its handling. 
The design of the tools is of the utmost importance since it facilitates their use and 
helps to avoid diseases of the operator's work, which can generate expenses for the 
company or industry and decrease the worker's performance. 
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The bucket is a container or vessel in the shape of an inverted truncated cone 
so that its concavity can retain fluid substances. To facilitate its use and transport it 
has a semicircular handle that is attached at its ends to the upper edge. 
In most cases, the tool must be in the hand preferred by the user. The right is 
preferred by approximately 90% of the population, a percentage that seems to be 
similar in all cultures and in both sexes. 

The main benefit of a tool that can be used with any hand favors the remaining 
10% of the population. (Konz, 2005). 

 
2. OBJETIVES: 

 
Achieve a satisfactory adaptation of the characteristics of the bucket as a working 
tool to safeguard the health and welfare of the operator while improving the efficiency 
and safety of the same. 

­ Optimize the use of the bucket. 
­ Find a suitable design for the best use of the bucket. 
­ Minimize injuries in operators who use buckets. 

 
3. METHODOLOGY: 

 
In order to improve the ergonomic characteristics of the bucket, tasks were carried 
out with this tool, identifying the parts that needed improvement. 

It was observed that it did not have an optimal grip in the upper part and that in 
the lower part it needed another to be able to improve the emptying of the same one. 
In addition, the width of the arch that this tool has is very thin and it was decided to 
add wider grips for better operator comfort. 

 
3.1. Delimitation 
 
According to the NOM-006-STPS-2014 the research focuses on men between 18 
and 50 years. 
 
3.2. Determination of the sample  
 
According to the National Institute of Statistics and Geography (NISG), Mexico has 
a territory of 198 million hectares, of which 30 are agricultural lands. 

Mexico has 5.5 million people engaged in agricultural activities as of 
December 2015, of these, 56% are farmers and 44% support agricultural workers 
(peon or laborers), this gives a total of about 2,420,000 support workers of which 
Sinaloa has the amount of 266,200. 

In Mexico, according to the NSOE, in the fourth quarter of 2016 the 
population with this occupation amounts to about 190 thousand people of whom 
Sinaloa has around 5,470 people dedicated to the work of painters of fat brush. 

According to the National Survey of Occupation and Employment (NSOE), 
in the year of 2013 the population employed as a bricklayer in Mexico, amounts to 
two million 419 thousand people. Of which Sinaloa has around 55,600 masons. 
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Measures were taken of 20 people of different ages between 18 and 50 
years old. 5 people who work in the fields, 5 painters, 5 masons and 5 housewives 
in the city of Los Mochis, Ahome, Sinaloa, who use a bucket as a work tool. 

In the case of manufacturing the tool, this study would have to be done on a 
larger scale so that the measures include most people. 

 
4. RESULTS 

 
Table 1. Average percentage. 

 
Dimensions In cm. 

PERCENTIL 

Mens 
5 % 100 % 

1 Pinky width in the palm of the hand 1,6 1,8 
2 Width of the little finger close to the bud 1,5 1,7 

3 Width of the ring finger in the palm of the 
hand 

1,8 2,1 

4 Width of the ring dew close to the yolk 1,5 1,9 

5 Width of the big toe in the palm of the 
hand 

1,9 2,3 

6 Width of the big toe close to the bud 1,7 2,0 

7 Width of the index finger in the palm of 
the hand 

1,9 2,3 

8 Width of the index finger close to the bud 1,7 2,0 

9 Length of the little finger 5,6 7,0 
10 Ring finger length 6,9 8,6 
11 Length of the big toe 7,5 9,2 

12 Length of the index finger 6,8 8,3 
13 Thumb length 6,0 7,6 

14 Length of the palm of the hand 10,2 11,7 
15 Total length of the hand 17,0 20,1 
16 Thumb width 2,0 2,5 

17 Thickness of the hand 2,4 3,2 
18 Width of the hand including the thumb 9,8 11,6 

19 Width of the hand excluding the thumb 7,8 9,3 
20 Hand grip diameter 7,5 8,5 
21 Hand perimeter 19,5 22,9 

22 Perimeter of the joint of the duster 16,1 18,9 

 
There must be enough space for the four fingers to fit. The width of the hand 

along the metacarpals varies between 2.8 inches (7.1 cm) for the 5th percentile of 
women and 3.8 inches (9.7 cm) for the 95th. Percentile for men. (Garrett, 1971). 

This tool was designed with a grip on both sides so that both right-handed 
and left-handed can use it, as stated "the tools are designed to be used with one 
hand (...) if it is designed to be used with the hand that the user prefers, that for the 
90% of the population is right, the rest, or 10%, would be dissatisfied "(Miller & 
Freivalds, 2009) 
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Based on these studies, a lower part of the tray was first removed and a plastic 
tube was placed to facilitate the emptying of the tray since there is no part with which 
to hold it, using a 5 percentile for its width and a 100 percentile for the length of the 
tube so that the grip is suitable for small and large hands. This was done for the 
reason that it causes injuries to fingers, hands and wrists at the time of emptying. 

On the other hand the grip of the upper part is not adequate and it was decided 
to put a grip on both sides to be able to eliminate the arch that caused great damage 
in joints and ligaments mainly in the wrist and that covers up the back, column, legs 
and arms. These grabs were made with a 5 percentile for the tube width and 100 
percentile for the length. 

The grabs were made with a depth of 100 percentile so that the grip is 
comfortable and easy for any measurement of the hands depending on the width of 
the fingers of the same. In addition all the grips have an inclination which allows the 
correct position of the hand and wrist when lifting or emptying the contents of the 
bucket. 

 
5. CONCLUSIONS 

 
With the passage of time, people have sought an improvement in the area where 
they develop their work activities, that is why the concept of ergonomics emerged. 
The study of risk factors in the workplace is a very important part in the field of 
ergonomics. 

In a large number of work activities, manual tools are those work tools usually 
used individually and which only require human force to activate them. It is therefore 
important that these tools have a good design so that users do not suffer injuries or 
accidents. 

The bucket is a tool that coexists daily and is used by a large percentage of 
people in different activities especially in the field, home, by painters and masons, 
so the fact that it has a bad design makes that many people are at risk. 

The redesign of the bucket as a manual work tool allows many people to 
improve their quality of life. 

The manual handling of loads includes the synchronized action of legs, column 
and arms with the grip of the hands or other parts of the body, such as the back or 
shoulder, this makes the position of these parts have to be adequate for operators 
do not suffer injuries. 
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Resumen: Las herramientas manuales son utensilios que se utilizan 
cotidianamente y por ello es importante que estén diseñadas con un enfoque 
ergonómico. En el presente documento se realiza el rediseño de la herramienta 
formón, que es utilizada por los carpinteros para la realización de algunas de sus 
actividades. En base a un estudio de medición antropométrico de carpinteros 
mayores de edad en las ciudades de Los Mochis y Guasave Sinaloa, se propone un 
rediseño del formón agregándole una guarda formando un mango en T, que ayudará 
a disminuir los riesgos por deslizamiento en su utilización, brindando la seguridad 
necesaria para la realización de las actividades. 
 
Palabras clave: Antropometría, guarda, carpinteros. 
 
Abstract: Hand tools are dispositives that are used on a daily basis and it is 
therefore important that are designed with an ergonomic approach. In the present 
document is the redesign of the wood chisel tool, which is used by carpenters for the 
realization of some of its activities. Based on an anthropometric measurement study 
of adults carpenters in the cities of Los Mochis and Guasave Sinaloa, proposed a 
redesign of the wood chisel by adding a guard forming a handle on T, which will help 
reduce the risks by using sliding, providing the security needed for the realization of 
activities. 
 
Keywords: Anthropometry, guard, carpenters 
 
Contribution to ergonomics: Mayor security of the workers, the productivity and 
get better the products of daily use in the occupation. 
Increase the safety of the worker, the productivity and improve the products of daily 
use in the office. 

 
1. INTRODUCTION 

 
Throughout history, human beings have acquired different skills: wit and survival. As 
they were discovering your environment, they analyzed it to know their qualities and 
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discover how to use the resources it provided them in nature to meet one of the most 
basic needs of humans, feeding to survive. That was how, someone take a stone 
and sharpen to cut something, and thus, to create tools that facilitate them work, 
they were not the most efficient tools, but they fulfilled their purpose. 

"Hand tools enhance the ability of the hands"  (Konz, 2005), can be used at 
any time and, to be more compact, they are easier and lighter to carry.  
A definition of hand tool would be: utensil that is conceived as an extension of the 
human hand and requires for its operation of the human driving force, alone or in 
combination with any type of auxiliary mechanical energy; being the most common 
electric power. 

On the other hand, "it is necessary that the tools comply with design 
conditions from the ergonomic point of view, which implies that the instruments must 
be adapted to the characteristics and needs of workers to reduce the exertion by 
its" "use and avoid uncomfortable hand postures or wrist, especially, which reduces 
fatigue". (Sibaja, 2002) 

A hand tool used by carpenters is the wood chisel, its design has remained 
equal for a long time, however, does not provide sufficient protection to the worker 
during use, a slip of the hand may occur, and in case of having a barrier, this is not 
suitable since the risk persists. 
With this research pretend to reduce the risk by slip of the hand, adding a 
guard. Guards in the hands can improve accuracy during use and prevent accidents, 
helping to make a safe activity and preserve the physical health of the worker. 
 

2. OBJETIVE 
 

The main objective of this investigation is redesign the wood chisel adding a guard 
on the handle to improve accuracy during use and decrease the severity of accidents 
in the use of the same by reason of slide due to the manipulation of the tool. 
 
Delimitation: The study only includes the use of the tool by adults carpenters (male 
gender). 

 

3. METODOLOGHY 
 

For the present project is necessary to carry out the following sequence of activities: 
1. Scan tool and determine the necessary dimensions for your redesign 
2. Measure the dimensions of the hand needed to redesign the wood chisel. 
3. Guard design for the improvement of the wood chisel design. 
4. Redesign the wood chisel adjusting the guard on the handle grip. 
5. Check the operation of the tool and its efficiency. 
6. Finished tool. 
 
Two measuring instruments were used to collect the necessary information on 

the redesign of the guard, anthropometric tape and cone for grip diameter. 
The tool of greater relevance to use was the cone for the measurement of grip, 
because it offers more accurate and reliable measurements relating to the 
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dimensions of the diameter of the grip, which were subsequently needed to redesign 
both the handle of the tool, as the guard. 
  

3.1. Determination of the necessary dimensions for your redesign. 
 

Was initially designed an anthropometric identification for data collection to 
carpenters of the male sex. The dimensions required for the preparation of the 
prototype were the following: 

a) Long hand 

b) Long Palm 

c) Length of thumb 

d) Length of the index finger 

e) Palm width 

f) Grip perimeter 

g) Width of the index finger 

 
3.2. Determination of anthropometric measures required 
 

Once determined the necessary dimensions of anthropometric identification, 20 
carpenters’ data was taken in the city of Los Mochis and Guasave, Sinaloa, 10 and 
10 workers respectively (see table 1). 

The number of samples is small due to the fact that the elaboration of a 
prototype is being approached to measure its efficiency in a certain segment of the 
population. 
 

Table 1. Samples taken to carpenters in the region. 
Source: Own elaboration 

Measures in centimeters 

No. samples a) b) c) d) e) f) g) 

1 20 9.5 8 9 10 5 2.9 

2 21.5 10.4 9.2 10.3 11.1 5.9 3.2 

3 19.8 8.1 7.5 8.4 8.9 4.3 2.8 

4 20.6 10 8.5 9.4 10.6 5.5 2.9 

5 22.6 11.1 9.8 10.5 11.3 5.9 3.2 

6 19.5 9.1 7.3 8.4 9.5 4.2 2.7 

7 20.5 11.5 7 8 10 5.5 3.1 

8 22.3 10.9 8.7 9.1 9.8 5.8 3.1 

9 20.5 11.8 6.8 8.2 9 5.2 3 

10 16.8 9 6.5 7 9 4.8 2.6 

11 19.5 9 7.5 8 9.6 4.8 3.1 
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12 22.7 11.5 8.9 9.3 10 5.7 3.5 

13 17.7 10 6 7.1 7.8 5 2.9 

14 20 9.2 7.8 8.9 10 5.4 3 

15 21.5 12 8 9 10.6 6.2 2.8 

16 19.6 8.8 7.6 7.9 9.4 5 2.9 

17 17.3 10.1 6.7 7.1 8.5 4.9 2.8 

18 21.6 10.9 8.4 9.1 10.5 6 2.9 

19 19 10.5 7.5 7.5 8 5.4 2.7 

20 20.6 11.1 7 8.1 10.2 5.7 2.8 

 
Once collected the data collected in table 1, was to determine the 5, 50 and 

95 percentiles concerning to measures by formulas 1 and 2, relating to the average 
and standard deviation. 

𝑥̅ =  
∑ 𝑥𝑖

𝑛
𝑖=1

𝑛
                                                                                                                             (1) 

 

𝑆 =  √
∑ (𝑥𝑖−𝑥̅)2

𝑖

𝑛
                                                                                                                       

(2) 
 

The data in each of the dimensions shows in table 2. 
 

Table 2. Result in the use of the formulas for each dimension 
Source: Own elaboration 

 
 
On the basis of the table of areas under the standard normal curve, from scratch to 
z, were determined for 5° and 95° percentile values.  
-1.645 = 5 °. Percentile = -Z.05 
1.645 = 95avo. Percentile = Z.05        (Niebel & Andris, 2009) 
  

According to the data in the use of both formulas (1) y (2), calculated the 
percentiles for each dimension using the normal distribution in each dimensions. 
 

Table 3. Necessary measures for the redesign. 
Source: Own elaboration. 

Percentiles 

Dimensions 5o 50o 95o 

(a) Long hand 17.4719 20.18 22.8880 

(b) Long Palm 8.3785 10.225 12.0714 

Dimension a) b) c) d) e) f) g) 

Media 20.18 10.225 7.735 8.515 9.69 5.2894 2.945 

Standard 
deviation 

1.6462 1.1224 0.9680 0.9831 0.9486 0.5616 0.2111 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 11 2018 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 106 

 

(c) Length of thumb 6.1425 7.735 9.3274 

(d) Length of the 
index finger 

6.8977 8.515 10.1322 

(e) Palm width 8.1295 9.69 11.2504 

(f) Grip perimeter 4.3655 5.2894 6.2133 

(g) The index finger's 
width 

2.5971 2.945 3.2928 

  
3.3 Design of the guard for the improvement of the wood chisel 

 
The guard design is based on the measure concerning the subparagraph f) (see 
table 3) where the diameter of the grip is reflected in percentiles. 
Initially, the width of the handle of the wood chisel was designed for 5°, measure that 
was also used for the diameter of the guard, and 95° was used for the length of the 
guard. The width of the guard was determined by a ratio between long wood chisel 
and the length of the guard. 

It should be noted that when designing the prototype, we round up to the 
nearest integer measures in order to be more inclusive. 
 

 
Figure 1. Guard and wood chisel design in AutoCaD (with measures). 
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Table 4. Determination of the dimensions of the prototype 
Source: Own elaboration 

Dimension of the 
prototype 

Dimension used 
(based on table 2) 

Percentile Measured in 
cm. 

Rounded 

Length of the handle Palm width 95o 11.2504 12 

Width of the handle 
Perimeter guard 

Grip diameter 5o 1.5915 2 

Length of guard   95o 6.2133   

Saves bandwidth Width of the index 
finger 

95o 3.2928 4 

 
 

4. RESULTS 
 

With this improvement of the wood chisel (see Figure 1) it managed to get greater 
protection to the worker, already that guard that was added as a T-handle, causing 
that more force along the axis of the tool, causes the muscles of the forearm and 
shoulder are not limited by the strength of the fingers grip with the surface of the 
handle. 
 
4.1. Redesign of the chisel adjusting the guard on the handle 
Once placed the guard, managed to observe a significant change (see Figure 2) 
which served to give more protection to workers and security to carry out its activities 

 
Figure 2. Prototype view 

 
 

5. CONCLUSIONS 
 

Currently, there are a myriad of tools, so many that we can almost say that everything 
is invented, however, while they are created for the man and play a role, most of the 
cases are not suitable for use. 
With the redesign of the present tool called "wood chisel" is intended to reduce the 
risks of work associated with the activity of carpenters for the own use of this tool, 
the above, putting into practice the anthropometric measurements of the hand to 
give an ergonomic twist. 
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6. RECOMMENDATIONS 
 

Helped to reduce risks by slide and was a very efficient tool for workers. However, 
the carpenters have not only a wood chisel of if not, in the majority of the times 4 
different. A future proposal would be designing a guard which is adaptable to each 
of the wood chisel with which they have the possibility of having protection 
regardless of the thickness being used. 
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Resumen Diseñar se ha convertido en una actividad que ha evolucionado en las 
últimas décadas. Esta evolución ha cambiado con el paradigma de solo crear y 
diseñar contra diseñar y crear para satisfacer las necesidades del usuario, 
integrando responsabilidad social, compatibilidad con el medio ambiente, 
sustentabilidad, funcionalidad y economía. Ante esta serie de restricciones, surge la 
necesidad de contar con información fidedigna de las consideraciones mínimas para 
un diseño exitoso. En este tenor, la creación de diseños dirigidos al uso directo por 
parte de seres humanos, hace necesario que estos integren principios ergonómicos 
por su funcionalidad y adaptabilidad. Ante la necesidad de determinar cuáles son 
las características con las que debe contar el diseño de aparatos para hacer 
ejercicio, primero se realizó el despliegue de la función de calidad (por sus siglas en 
ingles QFD) para definir cuáles son las necesidades del cliente. A partir de los 
resultados obtenidos del QFD, se desarrolló la revisión de literatura asociada, bajo 
la operación de búsqueda sistemática en la que el objetivo fue identificar información 
relevante para el diseño de este tipo de productos. Debido a que el diseño depende 
de la subjetividad del diseñador, se complementó la investigación asociando la 
técnica de diseño axiomático, la cual es una metodología compleja y recientemente 
empleada para hacer objetivas las necesidades de los usuarios finales. Se 
identificaron 18 artículos que exponen la integración del diseño axiomático, la 
ergonomía y la antropometría como principios para el diseño de productos. Estos 
provenientes de una revisión de 108 artículos encontrados en 5 bases de datos, 
publicados en el periodo 2010-2018.  
 
Palabras clave: Ergonomía, antropometría, diseño, diseño de producto, diseño 
axiomático. 
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Relevancia para la Ergonomía: La información obtenida presenta una fuente de 
información sintética, que puede ser considerada por los diseñadores de productos 
para ejercicios, con la certeza de que se declaran implícitamente los principios de 
ergonomía y antropometría. 
 
Abstract Design is an activity that has been changed in the last decades. This 
evolution has changed the paradigm of only create and design versus design and 
create to satisfy the user necessities, integrating social responsibility, environment, 
sustainability, functionality, and economy. With these restrictions, there is a need to 
have reliable information on the minimum considerations for a successful design. In 
this regard, the creation of designs aimed at direct use by human beings makes it 
necessary the integration of ergonomic principles for their functionality and 
adaptability. The present work arises from the need to determine what are the 
characteristics with the design of exercise equipment should count, for this, the 
information obtained from the of the quality function deployment (QFD) was 
considered to define the client's needs. With these results, a literature review was 
developed using systematic research technique with the aim to identify relevant 
information for the design of exercise products. Due that the design depends on the 
subjectivity of the designer, the research was complemented considering the 
axiomatic design methodology. 18 articles were identified, those articles expose the 
integration of axiomatic design, ergonomics, and anthropometrics as a principle for 
the product's design. Those papers come from a review of 108 documents founded 
in 5 databases, published in a period from 2010 to 2018.  
 
Keywords: Ergonomics, anthropometry, design, product design, axiomatic design.  
 
Relevance to Ergonomics. The information generated is a resource of synthetic 
information that could be considered by exercise product designers, with the 
certainty that the principles of ergonomics and anthropometry are implicitly declared. 

  
1. INTRODUCTION 

 
Designing exercise products for a population with a diffuse range of characteristics, 
represents a challenge for market analysts, designers, manufacturers also, for the 
participant as a user’s of future products. The design of a product for exercising must 
be a subject to different restrictions. In this way, the inclusion of social responsibility, 
sustainability, environment and, functionality, have become the trigger for the 
inspiration of the designers and creators to establish rules and protocols for the 
development of their products. Given these considerations, this research describes 
information associated with obesity and overweight as part of the social element, the 
use of ergonomics and anthropometry as part of sustainability and finally the use of 
axiomatic design as a critical element of functionality. 
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1.1 Obesity and overweight versus physic activity. 
 

On this subject, it is essential to define the concepts carefully. Overweight and 
obesity are defined as an abnormal or excessive accumulation of fat that can be 
detrimental to health. Both are global health indicators. The determination of those 
indicators is based on the percentage of the total population that has a body mass 
index (BMI). Where 25 to 30 is the BMI for overweight and, higher than 30 is for 
obesity – The BMI is calculated by dividing the weight in kilograms by the square of 
the height in meters (kg / m2) –  
(Organización Mundial de la Salud, 2017). 

At present, many of the countries have integrated education plans, health plans, 
security plans, etc., into their policies. It is not a coincidence that within the health 
plans there is concern about the rates of overweight and obesity. According to, World 
Health Organization (WHO), (2017), 57% of the world population lives in countries 
where overweight and obesity cause more deaths than weighted insufficiency 
(insufficiency generated by being below the weight that is considered healthy).  

According to the WHO and the Food and Agriculture Organization of the United 
Nations (FAO, 2017), obesity is a disease that affects a large part of the population 
of the countries of the world and presents a trend that is increasing. In many cases, 
it is a risk factor for developing other diseases such as diabetes, ischemic heart 
disease and certain cancers that are attributable to overweight and obesity. 

On the other hand, the World Health Organization (WHO) has declared that the 
two leading causes to generate overweight are eating habits and the level of 
sedentary lifestyle, coupled with the malfunction of some parts of the 
body(Organización Mundial de la Salud & Organización Panamericana de la Salud, 
2016). 

In Mexico, the prevalence of overweight and obesity among women aged 15 and 
over-represents a percentage between 71.0 and 77.2 percent. Which means that 3 
out of 4 women have a problem with overweight and obesity (Romero, 2013). These 
records represent a significant change in the epidemiological profile.  

In the past, the main problems were infectious diseases and malnutrition. 
Nowadays, overweight and obesity represent a factor that generates other diseases. 
Those affect the female population such as cancer (breast, endometrium, vesicle 
and biliary tract), cholelithiasis and hepatic steatosis (fatty liver), psychological 
problems (depression and anxiety), peripheral venous insufficiency (varicose veins, 
edema and trophic changes in the lower extremities) and problems of the locomotor 
system (osteoarthritis of the spine and knee) (Sánchez-castillo, Pichardo-ontiveros, 
& López-r, 2004). 

Finally, it is important to highlight that in Mexico efforts are being made to reduce 
the percentage of the female population that suffers from overweight or obesity 
through health activation programs. The national statistics show that of 56% of the 
physically active people, only 45.8% corresponds to the female population. Of which, 
58% corresponds to women over 25 years. This numbers suggests that the 
realization of physical activities is essential for this population and are usually a 
function of the timely disposition of those who perform them. Due to the schedule 
preference, 41.9% of the population that performs physical activities, prefers a 
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morning schedule, which is opposed to the period of activities conducted by this 
population. 

Of the physical activities in which the woman has participation, the exercises or 
routines considered as aerobics, have a preference of 1.6% of the active female 
population. Which represents the percentage of interest for the present investigation 
due to the variety of elements of exercise that are used in this discipline as 
complements to increase the degree of difficulty and the demand of effort on the part 
of the users. 
 
1.2 Axiomatic Design 

 
The methodology and theory of Axiomatic Design (AD) is one of the most cited works 
in engineering design publications. The state of the AD is the best solution for the 
design based on two axioms: 
 

1. Maximum independence of functional elements. 
2. The minimum information content.  

 
The first axiom ensures that the designs will be adjustable, controllable and avoid 

unintended consequences. The second axiom guarantees that the design will be 
robust with a maximum probability of success. The success of the AD consists of 
three elements each of two parts. The parts of the first element are the axioms, by 
applying the axioms systematically through the design of the structure where the 
design of the components is required. The structure is the second element, and its 
two parts are the horizontal decomposition into client, functional, physical and 
process domains. And the vertical disintegration into hierarchies from general 
aspects to specific aspects of the design. The third element is the process. This is a 
zigzag decomposition to create hierarchies in top-down domains by first performing 
the functional requirements (FRs) for the client attributes (CAs) in the client domains 
and then selecting the Design Parameters (DPs) in domains physical to satisfy the 
FRs and correspond to the Process Variables (PVs) in the process domain to create 
PDs. The zigzag decomposition continues up and down through the hierarchy of the 
most specific level of simple design features where the solution is obvious (Suh, 
1990, 1995, 2001; Tomiyama et al., 2009). 
 
 

2. METHODOLOGY  
 
A methodology for a systematic search was developed, Figure 1 presents the flow 
diagram of the method. The following phases integrate this methodology: 
 

 Phase 1. Formulation of the search question from the results of the QFD. In 
this phase, the core question of the investigation is declared. Because the 
objective of this project is to present a literature review associated with the 
design of exercise devices, specifically aerobics. It was established as a 
restriction that the question should integrate the words: design, ergonomics, 
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anthropometry, products for exercise, aerobics, product design and axiomatic 
design. 
 

 Phase 2: Literature Review. During this stage, a database of the Universidad 
Autónoma de Ciudad Juárez was used as a resource. The database used 
was: Springer Link, Scopus, Science Direct, Emerald y EBSCOHost. The 
search syntax as built using the following words: design, ergonomics, 
anthropometry, exercise products, aerobics, product design and axiomatic 
design. Search constraint subject to the parentheses functions for different 
search combined with combinations of them linked to the "and" connector. 
Search for the concordance in the title of the publication, summary, and 
keywords. Search restriction by period subject to the interval of years from 
2010 to 2018. Spanish and English as a restriction on the language of 
publication. Consider only scientific articles. 

 

 Phase 3: Reading of information. The process of reading the information lies 
in the rapid sweep of the information, which consists in first identifying the 
restrictions considered in Phase 2. With the articles obtained from the 
discrimination process, the aim is to identify the type of product developed, 
the author, the design methodology, the tools used, and the design 
considerations. Typically, we seek to identify the following elements for the 
first table: Adaptability to human dimensions, design considerations based on 
posture, use of the client's voice for design, anthropometric considerations, 
type of grip, weight considerations, considerations of form, Easy to use. For 
the construction of the second table, we look for information related to the 
axiomatic design, where the author is identified, the type of product, the axiom 
used, the complementary methodologies, economic attributes and 
anthropometric attributes.  
 

 Phase 4: Data extraction. The extraction phase consists of identifying the 
elements mentioned in stage 3 and proceeding to the identification of the 
information pertinent to the search. 

 

 Phase 5: Classification of information. The classification phase of the 
information is developed in two aspects, the first in the allocation of the 
information obtained to table number 1 called "Product Designs" or to table 2 
called "Axiomatic Design." 

.. 
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1. Formulation of the search question from the 

results of the QFD.

2. Literature review. A search of the topic using 

SpringerLink, Scopus, Science Direct, Emerald 

and EBSCOHost databases.

3. Review information.

Aerobic exercise devices with ergonomic 

considerations?

Aerobic exercise devices with anthropometric 

considerations?

Products or devices developed under Axiomatic 

Design methodology?

4. Data extraction. 

5. Classification of information: It could be 

classified as a product to make aerobics with 

design considerations and product design with 

considerations of axiomatic design.

6.1.Table 1, Product design by 

ergonomically and 

anthropometric attributes.

6.2. Table 2, Design of 

products with evidence of 

axiomatic design during their 

design.

YES NO

 
 

Figure 1. Flow chart of systematic search. 
 
 

3. RESULTS 
 
The results generated by the systematic search, it was possible to build two tables. 
Table 1, exposes the information made under the restriction of product design of 
exercise devices ad, table 2 presents the insertion of axiomatic design as a pure or 
hybrid methodology for product design. Both tables synthetize the information with 
the aim to show only the most relevant information.  
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Table 1. Product design by ergonomically and anthropometric attributes. 

 
Author Journal Methodology Ergonomically 

attributes  
Anthropometric 

attributes  

Castellucci, 
Arezes, & 
Viviani, 
(2010) 

Applied 
Ergonomics 

Anthropometric 
measures for 
design 

Students of 
8th grade 

6 
anthropometric 
measures: 
Stature, 
Popliteal 
height, 
Buttock-
popliteal 
length, Elbow 
height while 
sitting, Hip 
width, Thigh 
thickness and 
Subscapular 
height 

Castellucci 
et al., 
(2010) 

International 
Journal of 
Industrial 
Ergonomics 

Design of 
ergonomic-
oriented 

Students of 
1st grade in 
the 
elementary 
school 

Anthropometric 
measures such 
as stature, 
weight, body 
mass index 
(BMI), 
popliteal 
height, buttock-
popliteal 
length, and hip 
breadth shows 
that stature and 
body mass 
index 

Castellucci 
et al., 
(2010) 

Applied 
Ergonomics 

Anthropometric 
measures for 
design  

High school 
students 

Anthropometric 
measurements 
(stature, sitting 
height, sitting 
shoulder 
height, 
popliteal 
height, hip 
breadth, elbow 
seat height, 
buttock 
popliteal 
length, buttock 
knee length 
and thigh 
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clearance) and 
five dimensions 
from the 
existing 
classroom 
furniture. 

(Castellucci 
et al., 2010) 

International 
Journal of 
Industrial 
Ergonomics 

Anthropometric 
measures for 
design by 
mismatch 
computed 
through a 
set of 
equations 

Students of 
basic and 
secondary 
school 

Stature, sitting 
shoulder 
height, elbow 
seat height, 
Thigh 
thickness, 
Buttock-
popliteal 
length, 
subscapular 
height, and Hip 
width. 

Castellucci 
et al., 
(2014) 

Applied 
Ergonomics 

Anthropometric 
measures for 
design by 
mismatch 
computed 
through a 
set of 
equations 

Students of 
basic and 
secondary 
school 

Stature, sitting 
shoulder 
height, elbow 
seat height, 
Thigh 
thickness, 
Buttock-
popliteal 
length, 
subscapular 
height, and Hip 
width. 

Butlewski, 
Misztal, & 
Belu, (2016) 

ModTech 
Design by 
modeling 

Cognitive 
techniques, 
ergonomic 
modeling 

Anthropometric 
measures.  

Münster, 
Schäffer, 
Kopp, 
Kopp, & 
Friedrich, 
(2016) 

Transportation 
research 
procedia 

Lightweight 
design 
automotive 

Geometric 
design phase 
begins with 
the 
positioning of 
the occupants 
in the 
passenger 
compartment 
and the 
ergonomic 
layout 

Anthropometric 
measures for 
passenger.  

Xin, (2017) 
Physical 
Education 

Fitness 
Equipment 
design 

Function, 
weight, 
posture. 

Anthropometric 
measures for 
users. 

W. Lee 
et al., 
(2018) 

Computers & 
Industrial 
Engineering 

Sizing analysis 
system 

Complex 
body 
dimensions. 

Anthropometric 
dimensions 
based on the 
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CAESAR head 
measures. 

Da Silva, 
Gordon, & 
Halpern, 
(2018) 

International 
Journal of 
Industrial 
Ergonomics 

Design by 
anthropometric 
data base 

Workplace, 
systems, 
persona 
protective 
devices. 

Anthropometric 
measure by six 
dimensions. 

Zitkus, 
Langdon, & 
Clarkson, 
(2018) 

Applied 
Ergonomics 

Design 
evaluation 
tools 

Ergonomic 
task demands 

Anthropometric 
data. 

 
Table 2 exposes the synthesis of information gained under the search 

synthases. Due the size of the table, the columns that use number that describes 
the next information: column with number 1, presence of axiomatic design, column 
with number 2, presence of information axiom, column with number 3, application 
area of product design, column with number 4, axiomatic design application, column 
with number 5, method integrated by more than two design mythologies and, column 
with number 6, theoretical development.  
 
Table 2. Design of products with evidence of axiomatic design during their design.  

 

Author 1 2 3 4 5 6 Product Attributes  

Yang, Yu, & 
Sekhari, (2011) 

X   X X X X Refrigerator 

 +Electronic and electric product. 
 +Product integrated by many 
components 
 +Recycled. 

Cheng, Zhang, 
Liu, Gu, & Cai, 
(2011) 

X   X X X X 

Motherboard of 
personal computer in 
a quadrate integrated 
circuit 

 + Keep CPU and equipment in a 
collaborative environment work. . 

Kremer et al., 
(2012) 

X     X X X 
Ballast arrangement 
locomotive 

 + Lack of standardization 
 + Cost 
 + Complicated process 

Lee & Park, 
(2014) 

X     X X X 
Ceiling type air 
conditioning system 

 + Air flow 
 + Capacity of air cool 
 + Capacity of exchange from 
heat to cool 

Song & Zhang, 
(2013) 

X   X X     Microchanel  

 + Size of microspheres.  
 + Consistency of the 
microspheres 
 + Flow 
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Hong & Park, 
(2014) 

X   X X X X 

Water faucet  
Stering column, 
ceiling type air 
conditioner 

 P1 
+ Control of water flow 
+ Control of water temperature.  
 
P2 
+ Movement restrictions during 
assemble.  
+ Movement control to high and 
low position of a assemble tube.  
+ Tube assemble adjust.   
 
P3 
+ Minimize the space used by the 
air conditioned.  
+ Generate the adequate quantity 
of air in the area,  
+ Generate enough cold air,  
+ Minimize vibration and noise. 
+ Purify the air in the area. 
+ Keep temperature programed 
on equipment and, 
+ Assure the accessibility to the 
equipment for maintenance and 
system fix. 

Kumar & 
Tandon, (2016) 

X   X X X X Hair dryer  

+ Capacity to dryer.   
+ Portability. 
+ Ability to concentrate cold air.  
+ Security during operation.  
+ Life length. 
+ Economy. 

 
 

4. CONCLUSIONS 
 
The results express the impact in ergonomics and anthropometrics as a principal 
actor in general process design. Those considerations are logical due to the products 
nature that is developed for human use or to perform in a controlled environment for 
people. The results presented in Table 1 refer to the development environment that 
implies considerations ergonomically in a work area, factors that generate fatigue, 
environment, among others. Other concern is restricted by anthropometric attributes, 
which are a restriction for the design of elements that need to be adjusted to a 
specific population. Is essential mention that the variability is a predominant factor in 
many people, which tries to be explained and measured by anthropometric studies 
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that must continuously be updated. Due to the characteristics of the template, only 
the most meaningful articles are exposed, those cover the conditions of ergonomic 
and anthropometric attributes.  Table 2 present a group of information more critical 
due to the shortage of existing data in the use of the axiomatic design as a pure or 
hybrid methodology for the design of products in general. In this way the results 
obtained in search of these syntaxes is restricted by “product to do exercise,” 
reduces the number of articles published. This represents an area of opportunity for 
futures searches in the field of exercise products design.  
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Resumen: La ergonomía es indispensable para complementar el diseño propuesto 
que se centra al usurario final. Esto indica tomar en cuenta las necesidades 
expuestas para la solución de problemas causados por insuficiencia de 
características implementadas en diseños convencionales. El uso de herramientas 
no adecuadas para realizar la actividad de abrir almejas, con el paso del tiempo 
originan lesiones en piel, manos, brazos, hombros y columna, es por eso que el 
prototipo de prensa para abrir almejas con enfoque ergonómico se diseñó gracias a 
esos problemas, con la finalidad de lograr reducir esas lesiones causadas por las 
posturas forzadas que el usuario realiza con los cuchillos y herramientas de cocina 
convencionales. Se realizaron investigaciones de prensas y utensilios de cocina que 
normalmente se utilizan en la actualidad, para observar las bases existentes de 
estos. Como resultado obtenemos este prototipo de prensa abre almejas con 
enfoque ergonómico para promover la salud, satisfacción laboral, y lo más 
importante que es la calidad de vida de los usuarios y sus familias.  
 
Palabras clave: Rediseño Ergonómico; Trastornos Musculo Esqueléticos; Salud 
Ocupacional. 
 
Abstract: Ergonomics is essential to complement the proposed design that focuses 
on the final usury. This indicates taking into account the needs exposed for the 
solution of problems caused by insufficient characteristics implemented in 
conventional designs. The use of unsuitable tools to perform the activity of opening 
clams, with the passage of time originate injuries in skin, hands, arms, shoulders 
and spine, that is why the prototype press to open clams with ergonomic focus was 
designed thanks to those problems, in order to reduce those injuries caused by the 
forced positions that the user makes with conventional knives and kitchen tools. 
Investigations of presses and kitchen utensils that normally are currently used were 
conducted to observe the existing bases of these. As a result, we obtain this press 
prototype that opens clams with an ergonomic approach to promote health, job 
satisfaction, and the most important thing is the quality of life of users and their 
families. 
 
Keywords: Ergonomic Redesign; Musculoskeletal Disorders; Occupational Health. 
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Relevance to ergonomics: Proposal of a tool designed to reduce occupational 
risks, diseases and diseases, as well as to increase the quality of life of the user. 
 

1. INTRODUCTION 
 

Fishermen and seafood workers of the Port of Topolobampo Sinaloa,they usually 
use kitchen knives to open clams, which generates exposure to occupational risks. 
Over time these tools cause injuries due to the excessive force applied to the handle 
of the knife and fragile handling due to the viscous consistency produced by the 
residues of the maritime product, These risks are reflected in the arm, hand and 
back, that's why the prototype tool to open clamshell with ergonomic focus was 
designed based on those problems taking into account injuries caused by forced 
postures that the user performs with conventional tools and inadequate for their 
function. The author Guillet, in 2007 it reported that the most cited risks are the risks 
that refer to safety: physical risks/Work accidents (51,12%) – especially the risks of 
cuts(10,98%), the risks of falls (17,22%), the risks related to the work rhythms 
(7,42%), the risks to the functional unit(fishing boat) (5,87%). 

After carrying out bibliographic research on tools to open oysters and clams that 
exist today, As a result, a prototype of the clamshell press is proposed with an 
ergonomic approach to promote health, job satisfaction, and the most important thing 
is the quality of life of the users, as well as being a multifunctional tool. 
 
1.1 DELIMITATION 
 
The research was developed in the port of Topolobampo, Ahome, Sinaloa, to shower 
workers region. 
 
1.2 GENERAL OBJECTIVE 
 
Design a prototype of a multifunctional tool that solves the problems of users who 
practice the activity of opening sea products such as clams, mussels and oysters, 
caused by the use of conventional cutting tools. 
 
1.3 ERGONOMICS 
 
Scientific discipline is interested in understanding the interaction between human 
beings and the elements of a system; And the profession that applies theory, 
principles, data and methods to design in order to optimize human welfare and the 
overall performance of the system. (Ruiz, Ochoa, De la Vega, Villarreal 2009). 
 
1.4 GRIPPING POWER 
 
A strength grip: used to hold a hammer, for example, that uses relatively strong 
muscles in the forearm. Your whole hand is wrapped around the handle. (Pheasant, 
1998) 
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2. METHODOLOGY 
 

The elaboration of this prototype arose through the considerations that were 
reflected in seafood workers and fishermen when observing how they opened clams 
and oysters with a kitchen knife in a restaurant in the Port of Topolobampo. The 
worker placed the clam on a table where he struck with the right hand the upper 
edge of the knife exerting pressure and with the left hand he held the handle of the 
utensil in order to open the clam. It was observed that the person presented redness 
in the proximal dorsal part of the right hand caused by the blow exerted on the edge 
of the knife, and symptoms of discomfort in the wrist by the grip of the handle. 

The author Frantzeskou in 2012, found that Muscle Skeletal Disorders affected 
71% of the sample. When analyzing the results according to the age variable, it was 
observed that 77% of fishermen surveyed under 50 years of age suffered from this 
disorder, while among those aged 50 or older this percentage was 68%. 
According to the author Novalbos, in 2008, in the Andalusian fishing sector, a cross-
sectional study was carried out through a questionnaire to find out the health status, 
working conditions and lifestyle of workers in that sector. The sample consisted of 
247 workers, with an average age of 40.3 years and an average seniority of 24.4 
years. In 32% of the cases, fishing was the second job after agriculture and 
construction. The results presented as one of the main problems of the fishermen 
the TME, in particular, 29% of the respondents (n = 72) reported having suffered 
them. 
On the other hand, given the high physical workload, the continuous tension to which 
they are exposed, undefined work and rest regimes and long working hours, it is very 
common for fishermen to experience fatigue. Due to the above points it is very likely 
that fatigue is one of the health damages that is most frequently mentioned in the 
literature related to the risks of sea workers.   
The author Smith in 2007, argued that to address the fatigue of the sea workers it is 
necessary to verify various points such as: the rest of the work hours as well as 
organize information campaigns and fatigue management, as well as the 
development of a tool that facilitates the tasks. On many occasions, fatigue and 
stress are analyzed together. Security risks have a fundamental role in fishermen 
and seafood workers in the port of Topolobampo Sinaloa, since activities that can 
generate exposure to occupational risks are carried out.  The reason for these 
problems is related to the ability to use their tools, which do not fulfill the necessary 
function required by the fisherman to perform their work efficiently and safely 
because of the negative factors that affect the user. 
 
 2.1 DESIGN OF THE PRESS OPENS CLAMS 
 
Currently there is not much information about presses to open clams, the results of 
the research are based on kitchen tools such as knives and press to mold tortillas. 
That is why we saw the need to complement articles and tools related to design, and 
the function of a press opens clams. 
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Most of the presses use a handle that makes handling difficult, this design will 
help to be handled by people with different hand anthropometric measurements, 
allowing a comfortable grip and a safe drive. 
 
2.2 FORMULATION OF PRESS DESIGN 
 
The press is a manually operated tool, made of silicone material, stainless steel, 
steel and rubber. The importance of providing security and comfort required by 
fishermen and shellfish workers has become an indispensable element in any trade 
that handles this type of activities such as clams and molluscs. 
 
2.3 STATE OF THE ART 
 
The first tools used to open clams, were made by hand with materials such as wood 
and blacksmithing, around the eighteenth century. The following tool has dimensions 
of 25 x 8 x 7 cm, consisting of a blade that is made in forge, unique piece, its function 
is to place the oyster or clam in the groove of the base of the tool, then pull the blade 
to exert pressure on the mollusk and thus be able to open it, as can be seen in the 
following figure: 
 

 
Figure 1. Wooden press to open clams 

Source: (All collection, 2000) 
 
 

A publication of a research developed in the católic university of chile was found, 
which aimed to design a tool to facilitate the work of the working area of said nation. 
The difficulty to open bivalve shellfish was chosen as a design opportunity. 
According to the Office of Agricultural Studies and Policies (ODEPA), during 2013 
the total landfall in the country of aquaculture products was around three million tons, 
50% of which was of an artisanal nature. 

Based on the results obtained in this research, they developed the following 
prototype: a circlip pliers, to which the ideated tips are exchanged (Figure 2). This 
first prototype was tested with different users, such as fenadores and owners of the 
house. The purpose of this was to receive feedback from potential users. As 
suggested by experts in the field, a tool to open seafood "should be hygienic, fast 
and safe." 
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Figure 2. Knife opens oysters, Victorinox black nylon handle 

Source: (Camps, 2013) 
 
 

The next prototype is that the handles were coated in a waterproof, non-slip 
and not retain odors or moisture, in addition to several anticorrosive layers. In this 
way, a fast, safe and hygienic prototype with a more aesthetic finish was achieved. 

 
Figure 3. Pliers with interchangeable tips to open seafood 

Source: (Camps, 2013) 
 
 

One of the first tools that have been used to open oysters or clams is a knife 
dyer, which has a round tip ideal for the process is thin and is 7.5 cm (3 inches) long. 

 
 

Figure 4. Pliers with universal tips to open seafood 
Source: (VICTORINOX, 2018) 

 
 

3. RESULTS 
 

After the investigation focused on the occupational risks suffered by fishers and 
seafood workers in the port of Topolobampo Sinaloa, and the health problems that 
are most commonly presented, based on this, a decision was made to elaborate a 
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proposal design of a press opens clams, and to be able to carry out the design, 
identified certain factors that generate them. 

The decision was made to cover and resolve all the aspects that affect in some 
way the productivity and health of the worker, through the following components 
captured in the design (figure 7, 8): Handle of yellow color, this striking color is 
chosen because it is the color that is best appreciated by people with color blindness, 
likewise consists of a handle with ergonomic grip of 40 mm (1.5 inches) in diameter, 
with a range of 30-50 mm (1.25 to 2 inches), as well same with an inclination of 19 ° 
based on the study carried out by Knowlton and Gilbert in 1983. These authors 
described the muscular load that was needed when hammering. They observed that 
with a hilt with a curvature the muscular load was reduced due to the lower grip force 
that was exerted. They studied the effort that was made when nailing 20 nails with 
different hammers: one with a handle with an inclination of 19 ° and a straight one of 
0 °. 

It consists of removable components for complete cleaning, stainless steel 
material to avoid contact of physical wounds with ferrous contaminants, lever with 
stainless steel punch to easily open the clam, base with rough surface in "V" shape 
where the product, a base was added to rest the handle and prevent damage to the 
punch, the main base is composed of four rubber plugs to prevent unforeseen 
movements when handling the press. 

Next in figure 5, the design of the press prototype to open clams is shown, 
prepared with the results of the investigation to solve all the risks and accidents in 
which seafood workers of the Port of Topolobampo, Ahome, are exposed , Sinaloa. 
 

 
Figure 5. Enhanced pliers with coated, non-slip handles. 

Source: (Own elaboration) 
 
 

The exploded drawing that can be seen below in figure 6, indicates the 
components that make possible the operation of the press. 
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Figure 6. Drawing in press explosion to open clams. 

Source: (Own elaboration) 
 
 

4. CONCLUSIONS 
 

In order to offer a better quality of life to the user through an ergonomic redesign, it 
is essential to know the main risks that are generated in this type of activities in order 
to identify the area in which solutions can be provided to seafood workers. and 
fishing through the innovation of the press tool opens clams with an ergonomic 
approach that facilitates clam preparation activities in seafood restaurants and 
homes.  
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Resumen: Actualmente, el mobiliario escolar que tienen las instalaciones 
educativas no es adecuado para la postura del alumno, ya que no tiene un diseño 
ergonómico. En esta investigación, el objetivo fue diseñar una silla de la escuela 
con mejora estructural, funcional y ergonómica, utilizando un diseño experimental 
DOE 23, con dos estudiantes, 1 hombre y 1 mujer como modelo. Luego de analizar 
los resultados obtenidos, se presentó una propuesta de mejoras y diseño de un 
asiento escolar. 
 
Palabras clave: Confort, ergonomía, funcional. 
 
Summary:  Currently the school furniture that educational facilities have is not 
suitable for the posture of the student, because they do not have an ergonomic 
design. In this research, the objective was to design a school chair with structural, 
functional and ergonomic improvement, using an experimental design DOE 23, with 
two students 1 man and 1 woman as a model. After analyzing the results obtained, 
a proposal of improvements and design of a school seat was presented. 
 
Key words: Comfort, ergonomic, functional. 
 
Relevance to ergonomics: The design of an ergonomic and functional school seat, 
which is able to self-adjust and to adapt to the students’ physical needs, is of great 
importance. In this way discomfort and injuries will be avoidable in the future, as well 
as increasing the quality in the educational service, offered by academic institutions. 
 

1. INTRODUCTION 
 
This research emerges from a problem detected within the institution; the school 
furniture that is currently in use is unsuitable for the students, the development of an 
ergonomic school seat and its functional design, aims to the basis for the 
acquirement of new seats, to enhance the teaching-learning process quality and the 
academic services.  

When a user sits, then looks for a stable body position, this action ensures a 
greater control of the movements and increases visual capacity, which is necessary 
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to determine tasks. Additionally muscle activity and the inner tensions are reduced, 
which provides a greater body comfort. (Anderson 1986).  

The furniture must have adjustable dimensions that allow different 
adaptations and activities for the users, such as height of the seat, lumbar support 
and a great angle of the backrest. Oborne (1992), Mondelo (2002 and 2003). 

In this present project a prototype of a school chair was designed and 
constructed distinguished from the rest because of its ergonomic and functional 
model, adding a system of self-adjusting height. Taking into account that the 
physiological conditions which affects the curvature of the spine is the deflection of 
the hip, but also the exemption from the knee, makes it to a lesser extent. (Keegan 
1953, Braunschweig 1984, Eklund and Liew 1991). 

In this manner the seat will allow the student to hold a correct sitting position, 
providing safety and comfort, as well as ease their performance within the 
classroom, integrating elements such as a palette for left-handed and right-handed 

people, including a self-adjusting height seat. 
 

2. OBJECTIVE 
 
Designing a school Chair, with an improved, functional and ergonomic structure, it 
provides a greater comfort in students considering the quality on their teaching-
learning process. 

 Review and analyze based on an experimental design (DOE) 23 using 2 
students (1 man and 1 woman) as a model, to carry out the runs at different 
levels and factors. 

 Compare different models of school chairs, to determine particularities of the 
new design and problems that may generate the current designs. 

 Designing a school Chair with feasible features for suitable comfort of the 
students. 
 

3. INVESTIGATION METHODOLOGY 
 
The development of this method was carried out with 2 students in the seventh 
semester of Industrial Engineering at the Instituto Tecnológico Superior de Guasave. 
The students were selected randomly by choosing a male and a female gender. The 
students participated in a 3 week period experiment, which consisted of a factorial 
design 2³ currently taken from (Gutierrez Pulido, 2009). 

1. Select randomly 2 students to participate in the experiment. 
2. Adjusts suitable measures for each experimental run. 
3. Carry out a survey to grade the level of comfort of the prototype. 
4. Obtain the statistical data analysis. 

 
4. RESULTS OBTAINED 

 
Results: Through the first objective, based on the experimental design DOE 
factorial 2³ allowed the research to study and analyze a man and a woman, with 
different factors and parameters. 
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Figure 1: The matrix experiment 

 
Based on the second objective different designs of school chairs were analysed 
and compared from different authors, which helped to determine the features of 
the new design and problems that emanate the current designs. This was highly 
useful to determine the new design of the school chair. 

Subsequently the investigations were decisive to design the school chair with 
feasible features for an adequate comfort of students, which was the most 
variable response in this experiment 

 
5. CONCLUSIONS 

 
It is determined in order to obtain the best quality according to Genichi Taguchi, 
you must have a 5 hours’ time exposure, a 47 cm height and a level of 7.5 
cushioning, considering these factors the school chair will have the best 
convenience and it will provide greater comfort in the experimentation using a 
woman as a model. 

It is determined in order to obtain the best quality according to Genichi 
Taguchi, you must have a 2 hours’ time exposure, a 40 cm height and a level of 
7.5 cushioning, considering these factors the school chair will have the best 
convenience and it will provide greater comfort in the experimentation using a 
man as a model. 

 
 
 

Run Sequence Blocks Exposure Time Seat Height Level of Cushioning

1 1 2 43 5

2 1 5 43 5

3 1 2 47 5

4 1 5 47 5

5 1 2 43 7.5

Low High 6 1 5 43 7.5

7 1 2 47 7.5

8 1 5 47 7.5

Run Sequence Blocks Exposure Time Seat Height Level of Cushioning

1 1 2 40 5

2 1 5 40 5

3 1 2 42 5

4 1 5 42 5

5 1 2 40 7.5

6 1 5 20 7.5

7 1 2 42 7.5

8 1 5 42 7.5

47 cm.

Level of 

Cushioning
7.5 cm.5 cm.

WOMAN

MAN

FACTORIAL DESIGN MATRIX

FACTORS
LEVELS

Time of 

Exposure
2 hrs. 5 hrs.

School Chair 

Height
43 cm.
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Figure 2: Design of the School chair 

. 

 
Figure 3: Residual Graphics 
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Resumen: La ergonomía es una rama de la ciencia que abarca desde fisiología, 
ingeniería y estudios de psicología. Se trata de armonizar la funcionalidad de las 
tareas con las necesidades humanas. 

El diseño ergonómico se centra en la compatibilidad de los objetos, sus 
entornos con los humanos que los usan. Los principios de diseño ergonómico se 
pueden aplicar a objetos cotidianos y espacios de trabajo. La palabra ergonómica 
significa: ingeniería humana. 

El diseño ergonómico que se dice que es el diseño centrado en el hombre se 
centra en la usabilidad. Su objetivo es garantizar que se cumplan las restricciones 
y las capacidades humanas y el respaldo de las opciones de diseño. En un entorno 
ergonómico, los equipos y las tareas se alinearán. 
 
Palabras clave:Ergonomia, usabilidad, cuchillería, discapacidad 
 
Contribución a la ergonomía: una propuesta de un nuevo rediseño de los 
cubiertos a partir del mango ergonómico inclusivo; mejorar la calidad de vida de las 
personas que tienen esta discapacidad en el momento de la comida y el rediseño 
que brindamos puede mejorarse en otras investigaciones 
 
Summary: Ergonomics is a branch of science ranging from Physiology, engineering 
and psychology studies. It is harmonizing the functionality of tasks with human needs 
to be conducted. 

Ergonomic design focuses on the compatibility of the objects, their 
environments with humans who use them. The ergonomic design principles can be 
applied to everyday objects and workspaces. The word ergonomic means: human 
engineering. 

The ergonomic design that is said to be the male-centered design focuses on 
usability. Its objective is to ensure that the restrictions and human capacities are met 
and the support of design options. In an ergonomic environment, teams and tasks 
will align. 
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Keyword: Ergonomics, usability, cutlery, disabilities 
 
Contribution to ergonomics: A proposal of a new redesign of the flatware from the 
inclusive ergonomic handle; improve the quality of life of people who have this 
disability at the time of their food and the redesign that we provide can be improved 
in other investigations. 
 

1. Introduction 
 
This project is carried out in order to make life easier for the disabled who have 
deformities in his hands caused by arthritis or that have amputated les one of his 
fingers, and that common feeding activity is just as easy for them as for us. In other 
words, that they feel have no disability, and that they can do things without 
complications  only with a small but significant redesign in the handle of the cutlery 
material. 
 
Objectives: redesign the cutlery to eat more ergonomic way for people with 
disabilities caused by arthritis or amputation of one of his fingers, so that can improve 
the quality life. 
 

2. Methodology: 
 
Apply the principles of inclusive ergonomics and improving the quality of life of the 
disabled. 
 

3. Results: 
 
As we can observe, these utensiles fulfill their function but they are not suitable for 
people with disabilities as they do not have an inclusive desing, only for a percentage 
of the population.  

So with my new redesing we want to be inclusive in a general way, people 
with disabilities and without disabilities can use it and contribute a new redesign to 
brings better quality of life and self esteem to ergonomics and be able to help future 
research to improve its fuction. 
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Redesign: 
 
We have three types of utensil ergonomic (spoon, fork and knife) that mold to the 
fingers of people. The idea is to design it  gel, so that the utensil not be heavy and 
be easily moldeable to the disability. 
 
 
 

 
 
 
Delimitation: 
 
This design is made for the disabled people whose hands have been deformed by 
arthritis or who have amputated any of their fingers. The redesign is applied to the 
handle of the utensils that they use to bring the food to their mouth: spoon, fork and 
knife. Each utensil has its weight and measure. The weight of the spoon is 65 grams 
and has 17 centimeters long. The weight of the knife is 60 grams and has 20 
centimeters long. The weight of the fork is 55 grams and has 19 centimeters long. 
The redesign applied only to the handle of the utensils with a gel material, so that 
the handle can be grasped and molded according to the disability presented. 
 

4. Conclutions: 
 
This project aim to improve the quality of life of disabled people when they eat their 
food, and that once people use these three types of utensils, not be an impediment 
and not be difficult for them. 
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Resumen: el trabajo de las escultoras de uñas puede ocasionar lesiones cutáneas 
como lo son las callosidades, lo cual hace que su trabajo se torne un poco más 
complicado, debido a que su oficio implica mucho el trabajo de  herramientas 
como pinceles, brochas y algunas pinzas las cuales requieren que la trabajadora 
este aplicando presión, que es lo que ocasiona dichas lesiones en sus manos. 

Debido a eso, en el presente estudio se propone un accesorio especialmente 
diseñado para que a las escultoras de uñas no se les formen las lesiones 
anteriormente mencionadas, específicamente, se trata de un dedal, que tiene como 
objetivo proteger los dedos de la trabajadora, así como también, hacer que su labor 
sea más fácil y cómoda de realizar. 

 
Palabras clave: dedal, escultoras de uñas, antropometría, callosidades 
 
Abstract: the work of the nail sculptors can cause skin lesions such as calluses, 
which makes their work a bit more complicated, because their job involves a lot of 
work tools such as brushes, brushes and some tweezers which they require that the 
worker is applying pressure, which is what causes these injuries on her hands. 

Due to this, in the present study we propose an accessory specially designed 
so that the nail sculptors do not have the aforementioned injuries, specifically, it is a 
thimble, which aims to protect the fingers of the worker, as well as well as making 
their work easier and more comfortable to perform. 

 
Key words: thimble, nail sculptors, anthropometry, callosities 

 
Relevance to ergonomics: thimble design proposal for nail sculptors that makes 
the work offered more comfortable. 
 

1. INTRODUCTION 
 

Calluses are thickened skin layers caused by repetitive pressure or friction at the 
point where the callus or callus occurs, this thickening of the skin is the way in which 
the body reacts as a measure of protection to certain pressures, although, In most 
cases they are not a serious condition, the comfort of the manicurists can be affected 
when performing their services, therefore, the design of a thimble that can fulfill the 
function of protecting the supporting finger used by the manicurists, in order to make 
your work more enjoyable and prevent the appearance of blisters and future 
calluses. 
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2. OBJECTIVES 
 
2.1 General objective 

 
Design a thimble for women between the ages of 18 and 60, from the city 
of Los Mochis, without. And nail sculptors in order to avoid apparitions of 
blisters and calluses. 
 

2.2 Specific objectives 
 

 Conduct an ergonomic study applying anthropometry to the design of 
the thimble. 

  Improve the experience of nail sculptors by providing their services to 
their clients. 

  Avoid that the calluses reach a state of seriousness that can result in 
a skin infection. 
 

3. JUSTIFICATION 
 
This investigation was carried out because when analyzing the work performed by a 
nail sculptor, it was possible to see a "callus" on the support finger used by the 
worker, which visibly distorted said finger and caused discomfort. took as reference 
the thimbles used by people who have calluses on the toes, however these thimbles 
are usually made of rubber or cloth, and the proposed design is a cloth thimble with 
a small cushion cushion to serve as support for perform these works and in this way 
protect the finger avoiding the appearance of more calluses or blisters. 
 

4. DELIMITATION 
 
The study was carried out on a group of five nail sculptors taken as samples in the 
city of Los Mochis, Sinaloa. 
 

5. THEORETICAL FRAME 
 
Calluses: Calluses, also called helomas or tilomas, are hyperkeratotic surface areas 
of the skin, the size of a pea or even something larger, that occur in areas that suffer 
small bumps or scratches repeatedly. The thickness of the callus is not uniform and 
its edges are ill-defined, although the skin maintains the characteristic stretch marks 
or "traces". It is a defensive mechanism of the skin before a mild but repeated 
trauma. Its location depends on where the trauma occurs, and can appear on the 
palms (farmers, mechanics, and athletes) or the fingers (people holding the pen 
strongly), on the elbows, knees, or even in the left jaw, in the case of violinists. 
However, most often they appear on the feet. 

Calluses, calluses and nails affect to a greater or lesser extent practically all 
the population, although they tend to be more common, and of greater thickness and 
extension, in adults. The incidence of helomas is greater in the elderly, in which, in 




