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Prefacio

Para la Sociedad de Ergonomistas de México A.C. (SEMAC); la ergonomia se ha
distinguido por ser una ciencia cada vez mas comprometida con el bienestar
humano, ampliando sus intereses y alcances en el estudio de las capacidades y
limitaciones del hombre. Las reglamentaciones y hormativas existentes en torno
a la Ergonomia y Salud Ocupacional existentes en México y que se fraguan en
Latinoamérica deben cubrirse por las organizaciones al desarrollar ambientes y
espacios laborales confortables y saludables. Pero la Ergonomia deberia incluirse
en la busqueda de la mejora en la productividad donde la inversién realizada es
retornada para empresas con ergénomos comprometidos.

La Ergonomia también debe aplicarse en la informalidad laboral, donde también
se tienen condiciones riesgosas y peligros laborales que vulneran la calidad de
vida de quienes los realizan. Asi, en México uno de cada dos trabajadores
subsiste en la informalidad laboral y esta proporcidn parece estar aumentando
en los ultimos afios, por lo que representa un desafio complejo con diversas
perspectivas, econdmicas, sociales, ambientales, tecnolégicas y de
sostenibilidad que amerita un esfuerzo multidisciplinario para atender, reducir
y mitigar sus efectos en la poblaciéon laboral.

Los editores, arbitros y comité académico, a nombre de la Sociedad de
Ergonomistas de México, A.C., agradecemos a los autores de los trabajos por
compartir investigacion en este libro que busca recapitular nuevos
conocimientos y aplicaciones creativas. Reconociendo a los autores en su
esfuerzo, compromiso y sacrificio al impulsar la ergonomia en su propio entorno
social y sector de trabajo especifico. Donde su valiosa aportacién estamos
seguros impulsa y contribuye en el avance de la ergonomia a nivel nacional y
mundial en la mejora de entornos de trabajo, el aumento de la productividad
organizacional y hacia el interior de las Instituciones de Educacidon Superior.

Considero que este nuevo libro editado por la SEMAC ha conseguido la meta de
difundir y dar acceso libre a estos trabajos que buscan el bienestar de los
miembros de empresas y organizaciones. Los invito a leerlos, compartirlos y
difundirlos para que sean de utilidad a aquellos estudiosos y practicantes de la
ergonomia en México y el mundo y asi se consiga el objetivo y lema de SEMAC
“TRABAJO PARA OPTIMIZAR EL TRABAJO”

Dr. Carlos Raul Navarro Gonzalez
Presidente SEMAC 2024-2026
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ANTHROPOMETRIC DIMENSIONS OF UNDERGRADUATES
STUDENTS
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Resumen: Este estudio resalta el papel fundamental de la antropometria en el
disefio ergonémico de mobiliario y espacios en entornos educativos. Su objetivo
principal fue identificar y analizar las dimensiones antropométricas de 50
estudiantes de Ingenieria Industrial, conformados por 25 hombres y 25 mujeres, en
la Universidad de Guadalajara. Se registraron dimensiones antropométricas como
estatura, peso y diversas medidas en posicion sentada, para construir una base de
datos integral destinada a mejorar los estandares ergonémicos en el contexto
universitario. Los hallazgos revelaron diferencias en las dimensiones corporales
entre hombres y mujeres, lo que subraya la importancia de considerar las
variaciones basadas en el género en el disefio. El estudio enfatiza que ignorar estas
diferencias podria derivar en la adquisicion de mobiliario inadecuado, lo que
afectaria negativamente la comodidad y la salud de los estudiantes. La base de
datos generada proporciona una referencia valiosa para disefiadores y fabricantes
de mobiliario escolar, fomentando el desarrollo de disefios ergonémicos que
mejoren el bienestar general de los usuarios en entornos educativos.

Palabras clave: Antropometria, Estudiantes Universitarios
Relevancia para la Ergonomia: Este estudio aporta datos cruciales para el campo

de la ergonomia, destacando la importancia de considerar la diversidad
antropométrica en el disefio de entornos educativos. Los resultados pueden
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utilizarse para desarrollar estdndares ergondmicos mas inclusivos, mejorando asi la
comodidad y el bienestar de los estudiantes. Ademas, el estudio subraya la
necesidad de realizar evaluaciones antropomeétricas regulares para mantener los
disefios ergondmicos actualizados con las caracteristicas fisicas de la poblacion
estudiantil y ampliar la muestra estudiada.

Abstract: This study highlights the critical role of anthropometry in the ergonomic
design of furniture and spaces in educational environments. Conducted at the
University of Guadalajara, its primary objective was to identify and analyze the
anthropometric dimensions of 50 Industrial Engineering students, comprising 25
males and 25 females. Key anthropometric dimensions such as height, weight, and
various seated measurements were recorded to build a comprehensive database
aimed at improving ergonomic standards within the university context. The findings
revealed significant differences in body dimensions between male and female
students, underscoring the importance of considering gender-based variations in
design. The study emphasizes that overlooking these differences could result in the
acquisition of inadequately sized furniture, which may negatively impact students'
comfort and health. The database generated provides a valuable reference for
designers and manufacturers of school furniture, encouraging the development of
ergonomically sound designs that enhance the overall well-being of users in
educational settings.

Keywords: Anthropometry, University Students

Relevance to Ergonomics: This study provides critical data for the field of
ergonomics, highlighting the importance of considering anthropometric diversity in
the design of educational environments. The results can be used to develop more
inclusive ergonomic standards, thus improving the comfort and well-being of
students. Furthermore, the study underlines the need for regular anthropometric
assessments to keep ergonomic designs up to date with the physical characteristics
of the student population, and to increase the student sample.

1.INTRODUCTION

Anthropometry plays a critical role in the design of ergonomic products and spaces
(Prado-Leon & Avila-Chaurand, 2006), particularly in educational environments. In
universities, understanding the anthropometric dimensions of students is essential
for optimizing the design of furniture and equipment, thereby promoting user comfort
and health (Ben Ayed, Yaich, Trigui, Ben Hmida, Ben Jemaa, Ammar, Jedidi, Karray,
Feki, Mejdoub, Kassis, & Damak, 2019). A lack of consideration for these
measurements may result in the acquisition of furniture that does not meet
ergonomic requirements, potentially leading to discomfort and health issues
(Castellucci, Arezes, & Viviani, 2010). This study aims to assess the anthropometric
dimensions of students at a public university, providing data to enhance ergonomic
standards within educational settings.
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At the University of Guadalajara, students spend a significant portion of their daily
lives engaged in various academic tasks, including reading, writing, comprehension,
and teamwork, all while seated on institutional furniture (Podrekar Loredan, Kastelic,
Burnard, & Sarabon, 2022; Sherry, Pearson, & Clemes, 2016). The prolonged
interaction with inadequately designed seating increases the risk of musculoskeletal
disorders, discomfort, and cognitive impairments (Castellucci et al., 2010). In
addition, inappropriate furniture design can limit the effectiveness of pedagogical
strategies, thereby hindering the overall learning experience. Addressing the
ergonomic suitability of school furniture is essential to ensuring the physical well-
being and academic performance of students. By incorporating anthropometric data
into design processes, educational institutions can create more supportive
environments that enhance both comfort and learning outcomes (Ben Ayed, et al.,
2019). The main objective of the study is to identify and analyze the anthropometric
dimensions of students at a public university in Mexico. This includes the
measurement of various body variables in order to create a database that can be
used to improve the ergonomic design of furniture and equipment in the university
environment.

2.METODO

A study was conducted with a sample of 50 randomly selected students from the
Engineering Division at the University of Guadalajara, 25 females and 25 males. The
anthropometric dimensions were collected following the methodology proposed by
Avila, Prado & Gonzalez (2007). Anthropometers -Martin type, U. de G. model-,
scales, large calipers, large 900 mm calipers, variable height benches, and
anthropometric charts were used. Variables measured included (1) weight, (2)
height, (3) seated height, (4) seated shoulder height, (5) Height at elbow seated , (6)
Knee height seated, (7) popliteal height, (8) buttock-popliteal length, (9) seated hip
width (see table 2.1 and figures 2.1 and 2.2).

Table 1 Anthropometric dimensions

Post Anthropometric Dimensions
Post 1 (1) Weight.

(2) Height.
Post 2 (3) Seated height

(4) Seated shoulder height
(5) Height at elbow seated

(6) Knee height seated

(7) Popliteal height.

(8) Buttock-popliteal length.
(9) Seated hip width.
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2.1 Description of Measurement Postures
2.1.1 Standing Posture

All subjects were positioned uniformly. They stood barefoot in the Frankfort plane,
with their head facing forward, shoulders relaxed and level, arms resting naturally at
the sides, and hands at ease. The heels were together, while the toes were slightly
apart, forming an angle of approximately 45 degrees. See Figure 2.1.

2.1.2 Seated Posture

The subjects were seated on an adjustable-height bench, adopting the following
posture: the torso upright, maintaining the natural curves of the spine, especially in
the lumbar region, with the head aligned in the Frankfort plane. The thighs formed a
right angle with the torso, and the popliteal area did not contact the bench. The legs
formed a 90-degree angle with the thighs, and the feet were flat on the floor,
maintaining proper alignment between the torso, thighs, legs, and feet. See Figure
2.2. The subjects were barefoot and wore form-fitting clothing.

Figure 2.1 Standing posture
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Figure 2.2 Seated posture

3.RESULTS

Descriptive statistics were obtained for the 9 measurements of the university
students, including the average, standard deviation and the 5th, 50th and 95th
percentiles. Findings were divided into males and females.

The descriptive statistics of the 9 measurements for female university
students, including the mean (x), standard deviation (S.D.), and the 5th, 50th, and
95th percentiles, are presented in Tables 3.1 and 3.2. The data obtained in station
1 are shown in Table 3.1, and the data from station 2 are shown in Table 3.2. All
anthropometric dimensions are provided in millimeters, except for weight, which is
given in kilograms.

Table 2. Anthropometric data University students

19 - 25 years (n=25)
Percentiles
Dimensions
X D.E. 5 50 95
1|Weight (kg) 59.196 36.78 46 58 72
2|Height 15836 42.47 1501 1581 1648

Table 3. Anthropometric data for female university students

19 - 25 years (n=25)

Percentiles

Dimensions
X D.E. 5 50 95
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3|Seated height 842 26.21 800 842 884
4|Seated shoulder height 573 21.42 548 574 615
5|Height at elbow seated 250 67.20 205 241 270
6|Knee height seated 484 22.82 456 485 523
7|Popliteal height. 384 19.68 351 384 412
8|Buttock-popliteal length 453 29.62 397 461 485
9|Seated hip width 392 26.60 356 395 437

given in kilograms.

The descriptive statistics for the 9 measurements of the university students,
including the mean (x), standard deviation (S.D.), and the 5th, 50th, and 95th
percentiles, are presented in Tables 3.3 and 3.4. The data obtained in station 1 are
shown in Table 3.3, and the data from station 2 are shown in Table 3.4. All
anthropometric dimensions are provided in millimeters, except for weight, which is

Table 4. Anthropometric data University students

19 - 25 years (n=25)

. . Percentiles
Dimensions
X D.E. 5 50 95
1|Weight (kg) 78 22.05 55 72 123
2|Height 1738 30.53 1624 1726 1836
Table 5. Anthropometric data for female university students
19 - 25 years (n=25)
. . Percentiles
Dimensions
X D.E. 5 50 95
3|Seated height 854 13.03 827 857 871
4|Seated shoulder height 570 14.99 539 575 585
5|Height at elbow seated 209 12.64 183 211 223
6|Knee height seated 497 14.83 459 502 510
7|Popliteal height. 402 9.92 388 402 414
8|Buttock-popliteal length 442 16.31 419 445 461
9|Seated hip width 344 15.22 317 347 360
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Significant differences in body dimensions were identified between women
and men. These results suggest the need to take anthropometric diversity into
account in the design of university furniture and equipment and to check for
compatibility.

4.CONCLUSIONS

The study concludes that there are differences in anthropometric dimensions
between female university students and male university students, which has
important implications for the ergonomic design of furniture and equipment in the
educational environment. The database generated constitutes a valuable reference
for designers and manufacturers of school furniture and avoids mismatches between
students’ anthropometric characteristics and anthropometric dimensions.
Mismatches between the anthropometric characteristics of students and the
dimensions of furniture can result in improper postures (Batistdo, Sentanin,
Moriguchi, Hansson, Coury, & de Oliveira Sato, 2012), negatively affecting essential
classroom activities such as writing and reading. These misalignments can lead to
discomfort and musculoskeletal pain, particularly in the back, shoulders, neck, and
legs, as well as cause visual strain (Ben Ayed et al., 2019). Furthermore, such
discomfort can impair cognitive functions crucial for learning, including attention and
creativity (Podrekar et al., 2020). In the field of ergonomics, it is well established that
a lack of alignment between human anthropometric data and equipment dimensions
contributes to reduced productivity, fatigue, injury, and accidents (Mandahawi et al.,
2008).

Research in ergonomics has highlighted significant mismatches between the
dimensions of university furniture and the anthropometric characteristics of students
(Podrekar Loredan et al., 2022). However, the University of Guadalajara currently
lacks specific data to assess whether its school furniture is compatible with the needs
of its users, their tasks, and the environment. Adapting school furniture to meet the
anthropometric needs of students is critical not only to enhance academic
performance but also to mitigate the risk of musculoskeletal disorders (Savanur,
Altekar & De A, 2007; Adeyemi, Lasisi, Ojile & Abdulkadir, 2020). This study helps
to establish and encourage the development of a larger database of Mexican
students, aimed at making evidence-based decisions for purchasing school furniture
for universities in Mexico, with the end-users at the core of the process.
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RESUMEN: El presente trabajo forma parte de un estudio que se esté iniciando en
el area agricola de la costa de Caborca, Sonora, México. Como primer paso para el
estudio, se registraron algunas dimensiones antropométricas de los trabajadores
agricolas que laboran en la cosecha del corte del esparrago, donde la antropometria
con fines ergonémicos busca proporcionar datos importantes antropométricos que
sirvan como base para dimensionar herramientas y estaciones de trabajo que se
adapten a las verdaderas necesidades de los trabajadores en el corte del esparrago.

El presente trabajo tiene como objetivo identificar las medidas
antropométricas de los trabajadores del corte del esparrago de la costa de Caborca,
Sonora, México. En un estudio posterior al registro se identificard como éstas
influyen en su desempeifio laboral.

Los registros de las medidas antropométricas en el corte del esparrago son
importantes debido a que se puede evitar que el trabajador se vea en la obligacion
de adaptarse a las condiciones de la estacion o area de trabajo como comunmente
sucede, es decir, permiten adaptar el entorno laboral y las herramientas a las
caracteristicas y alcance fisico de los trabajadores.

Esta investigacion busca en su primera etapa registrar los datos
antropometricos de las personas que participan en el corte del esparrago y en una
segunda y tercera etapa garantizar que los trabajadores estén cdémodos y
ergonomicamente adaptados para realizar su trabajo de manera eficiente y segura.

Palabras claves: antropometria, ergonomia, trabajadores, corte de esparrago,
agricultura.

Aportaciones a la Ergonomia: Estos estudios marcan la pauta para formar una
base de datos antropométricos, que contengan las dimensiones de la poblacién que
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participa en la cosecha y corte del esparrago en la costa de Caborca, Sonora,
México y que puede ser una aportacion para el resto del Estado y Pais.

Abstrac: The present work is part of a study that is being initiated in the agricultural
area of the coast of Caborca, Sonora, Mexico. As a first step for the study, some
anthropometric dimensions of agricultural workers who work in the asparagus cutting
harvest were recorded, where anthropometry for ergonomic purposes seeks to
provide important anthropometric data that serve as a basis for sizing tools and
workstations that are adapted to the real needs of workers in asparagus cutting.

The present work aims to identify the anthropometric measurements of
asparagus cutting workers on the coast of Caborca, Sonora, Mexico. A subsequent
study will identify how these measurements influence their work performance.

The objective of this work is to identify the anthropometric measurements of
asparagus cutting workers from the coast of Caborca, Sonora, Mexico. A post-
registration study will identify how these influence their work performance.

The records of anthropometric measurements in asparagus cutting are
important because they can prevent the worker from having to adapt to the
conditions of the work station or work area as commonly happens, that is, they allow
adapting the work environment and the tools to the characteristics and physical
reach of the workers.

This research seeks in its first stage to record the anthropometric data of the
people involved in asparagus cutting and in a second and third stage to ensure that
workers are comfortable and ergonomically adapted to perform their work efficiently
and safely.

Key words: anthropometry, ergonomics, workers, asparagus cutting, agriculture.

Contributions to Ergonomics: These studies set the standard to form an
anthropometric database containing the dimensions of the population that
participates in the harvesting and cutting of asparagus on the coast of Caborca,
Sonora, Mexico, and that can be a contribution for the rest of the State and Country.

1. INTRODUCTION

Asparagus is one of the main crops in the region of Caborca, Sonora, Mexico, since
it has a good position in the national and international market. In addition, the
production and export of asparagus is a great economic benefit and generates
employment for the region throughout the year, but mainly during the harvest stage.

According to Sagarhpa (Secretaria de Agricultura, Ganaderia, Recursos
Hidraulicos, Pesca y Acuacultura), in 2023 the Caborca region had approximately
13,188 hectares planted with asparagus and a harvest of 135,797 tons, making it
the most productive area for this crop in Mexico.

There are studies of different types of asparagus cultivation, such as the study
developed by Maticorena (2024), which shows the concern for the care of the crop
and the continuous improvement in its harvest and the challenges of the coming
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years. Similarly, Huallanca, C.A. (2024) in his study of agronomic techniques to
reduce heavy metals in the asparagus crop, which indicates prevention in the health
of consumers.

Vasquez, B. M., & Cesar, K. (2024), found that temperature control does
influence the growth of the asparagus plant by developing an experiment in a
greenhouse with controlled temperatures where the plant maintained significant
growth during their research.

In his article published by Quichiz-Ramirez, J. M., Gdmez-Oscorima, R. M.,
Diez-Matallana, R. A., & Vasquez-Quispe, C. Z. (2024), he writes that asparagus in
Peru generates important foreign currency, but depends on the demand from the
United States, so it is important to look for new markets such as Switzerland,
Norway, among others.

The aim of recording anthropometric measurements is to prevent the
development of musculoskeletal disorders due to non-ergonomic postures adopted
during the asparagus cutting process. In addition, the measurement of
anthropometric data of the users will make it possible to identify how important their
physical capacities and reach are when performing their work.

On the other hand, the tools and equipment used in asparagus cutting may
need to be adjusted to fit the body dimensions of the workers, which can significantly
affect the efficiency of the work.

For these and many other reasons, it is important to record anthropometric
data of the people who cut asparagus in the coastal region of Caborca, Sonora,
Mexico.

2. OBJETIVE

To develop an investigation with the necessary ergonomic elements in the field of
anthropometry, seeking to build a first stage database of agricultural workers
involved in the harvesting and cutting of asparagus on the coast of Caborca, Sonora,
Mexico. With this, we are looking for a second stage of the study with the proposal
of tools according to their anthropometric dimensions and with this the possible
reduction of musculoskeletal disorders for the work of harvesting asparagus and an
increase in their productivity.

3. DELIMITATION
The study has certain limitations due to the production dates of the asparagus crop,
which is a short period; in the case of Caborca, depending on the climate, it has a
duration of 4 months regularly from December to March, which makes data collection

difficult and the cost required for transportation to the place of harvest.

4. METHODOLOGY
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4.1 Introduction.

For the recording of anthropometric data of the asparagus cutting workers in the
coastal region of Caborca, Sonora, Mexico, the procedures defined and classified in
the book published by NASA (National Aeronautics and Space Administration), 1978
will be considered. Anthropology Research Project 1978 Anthropometric Source
Book, Vol. I: Anthropometry for Designers.

4.2 Description of the method.

The data recorded were made in a cross-sectional observational manner from a
convenience sample of 100 asparagus harvesting and cutting workers on the coast
of Caborca, Sonora, Mexico.

4.3 Materials.

The following equipment was used for the development of the research:

Two anthropometers model 01140, 01290 and 01291 Lafayette brand.
Two Clarita model anthropometric kits.

One Seca stadiometer.

One Seca analog scale.

Two Stanley Powerlock flexometers.

Two flexible tape measures.

A computer for recording information.

The methodology for taking the measurements was as follows:

To obtain data, the workers who were finishing their work shift and arrived at the
dining room were taken at random, for the realization of this study the participation
of two teams composed of two people each was needed, while one took the
measurements, the other noted the data in the anthropometric chart of each team.

During the data collection, the workers were passing by once they had finished
eating their meals and were resting from the workday.

The 24 measurements shown in Table 1 are those recorded for the case study
of this work, where the worker was standing, the procedure followed for each of the
measurements is the one shown in the book published by NASA (National
Aeronautics and Space Administration), 1978. Anthropology Research Project 1978
Anthropometric Source Book, Vol. I: Anthropometry for Designers.

Table 1. Measurements recorded in the study.

Code | Size name

N920 | Weight

N805 | Height

N328 | Height at standing eye

N23 | Height at shoulder standing
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N309 | Height at elbow standing

N949 | Height at waist standing

N398 | Height at buttock standing

N973 | Height at wrist stationary

N265 | Height at middle finger standing
N797 | Width of outstretched arms

N798 | Width of elbows to center of chest
N80 | Arm length to wall

N122 | Width of shoulders standing

N223 | Standing chest width

N457 | Standing hip width

N144 | Distance from ear to ear above the head
N427 | Head width

N441 | Length of head

N420 | Length of hand

N656 | Length of palm of hand

N411 | Width of palm of hand

N402 | Grip diameter(inside)

N529 | Height from ground to knee

N381 | Length elbow to middle finger

5. ANALYSIS OF RESULTS

The results obtained from the investigation of the anthropometric measurements of
the agricultural population of asparagus cutting and harvesting in the region of
Caborca, Sonora, Mexico are shown in Table 2. The table shows the calculations of
the 5th, 50th, and 95% percentiles, as well as the maximum and minimum of the
measurements. The calculations were analyzed in the Excel spreadsheet. The
calculation of weight is given in kilograms, the rest of the measurements are in
centimeters.

The State of origin of the study subjects, the 100 workers who participated in
the asparagus cutting on the coast of Caborca, Sonora, Mexico, is represented
according to data provided by them, 72% from the State of Chiapas and 28% from
Oaxaca, see Figure 1.

On the other hand, the average age of the workers registered in the study is
25 years, with a minimum of 18 years and a maximum of 55 years.

Table 2. Results obtained from the study of 100 asparagus cutters on the coast of
Caborca, Sonora, Mexico.

Percentiles
Code Size name 5% 50% 95% Minimo | Maximo
N920 Weight 47 56 73 44 84
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N805 Height 150 158 164 147 172
N328 Height at standing eye 139 146 153 136 159
N23 Height at shoulder standing 124 130 137 119 141
N309 Height at elbow standing 92 99 104 87 105
N949 Height at waist standing 78 87 94 69 99
N398 Height at buttock standing 63 72 81 60 85
N973 Height at wrist stationary 69 74 80 68 81
N265 Height at middle finger 53 60 65 52 67
standing
N797 Width of outstretched arms 147 160 173 100 179
N798 Width of elbows to center of 39 50 87 37 90
chest
N80 Arm length to wall 65 75 85 43 87
N122 Width of shoulders standing 38 42 46 33 48
N223 Standing chest width 25 29 33 25 39
N457 Standing hip width 28 32 35 27 39
N144 Distance from ear to ear 16 18 20 16 50
above the head
N427 Head width 10 12 17 9 18
N441 Length of head 22 24 26 21 27
N420 Length of hand 16 17 19 15 20
N656 Longitud de la palma de la 9 10 11 8 85
mano
N411 | Ancho de la palma de la 8 9 9 8 10
mano
N402 Diametro de agarre(interior) 3 4 5 3 9
N529 Altura del suelo a la rodilla 39 44 48 36 53
N381 Longitud del codo al dedo 40 44 48 37 48
medio

6. CONCLUSIONS AND RECOMMENDATIONS

Anthropometry has many practical uses and some of them are just beginning. For
example, it is used to assess nutritional status, monitor the growth of people, assist
in the design of work environments and objects of daily use, etc.

The values resulting from this study are of fundamental importance for the
design of elements to be used when assigning people to cut asparagus, as well as
the tools they use to develop their work
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State of origin

M Chiapas

® Oaxaca

Figure 1. State of origin of the 100 workers registered in the asparagus cutting
study on the coast of Caborca, Sonora, Mexico.

With these records we can begin what could be the study of the population
that participates in agricultural activities as stated by Daniel Vergara Lope (1910),
who recommends that studies be carried out with the Mexican population, because
products and machinery were imported that did not fit the dimensions of the
Mexicans.

The data obtained in this study could be taken as a basis for further research,
which will serve to detect changes in the physical development of workers in the field
of agriculture, the variants that exist in weight, and the different anthropometric data
recorded for the workers, as well as for the design of workstations, tools, etc.

Future research will seek to use this data to compare the measurements of
people from different states and to be able to propose designs of stations and tools
used in the harvesting of asparagus in the field and to be able to reduce the possible
injuries caused by the development of their work.
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Resumen: En las llanteras se realizan diversas actividades las cuales requieren de
bastante fuerza, por lo que los trabajadores estan propensos a diversos dafios
musculares por las posiciones y agarres que realizan. El montar y desmontar llantas
es el trabajo principal que se lleva a cabo en las llanteras el cual es muy pesado ya
gue se requiere de bastante fuerza para la carga de neumaticos, y las posiciones al
igual que los agarres antiergondmicos que realizan algunos trabajadores de manera
repetitiva por el uso de la barra desmontadora. Esto puede llevar a que el trabajador
padezca de dafios fisicos, psicoldgicos y psicosociales los cuales si no se tratan a
tiempo puede llegar a ser un dafio irreversible. En el presente informe se evaluara
el redisefio de herramienta del articulo de publicacion de acuerdo a Armenta |. y
Col, (2023), “Ergonomic redesign of a tire demounting bar 2023” mediante 2
métodos para poder analizar si la barra desmontadora redisefiada tiene un aporte
ergonoémico para las personas que la usan.

Palabras claves: Barra desmontadora, Evaluacion, Riesgos ergondémicos,
neumatico.

Relevancia para la ergonomia: en base al redisefio retomado se pudo observar
gue el montar y desmontar una llanta por la barra desmontadora original genera
problemas a la salud como cansancio, dolores lumbares, irritacion de ojos, dolor de
articulaciones, hernias, y entre muchos mas. El redisefio de la barra desmontadora
esta realizado para aportar mejor manipulaciéon al momento de ser usada por los
trabajadores y generar mayor eficiencia al igual que reducir dafos a la salud. Por lo
tanto, en este articulo la evaluacion de este redisefio se abordara para analizar si la
herramienta rediseflada es apta para realizar las actividades de montaje y
desmontaje de llantas de manera positiva para el trabajador, tomando en cuenta los
agarres y posturas adecuadas para disminuir dafios a la salud tanto fisicos,
psicolégicos y psicosociales.

Abstract: In tire workshops, various activities are carried out that require a great
deal of strength, so workers are prone to various muscular injuries due to the
positions and grips they perform. Tire mounting and demounting is the main work

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 17


mailto:indeliza.aa@mochis.tecnm.mx

Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

carried out at tire workshops, which is very heavy, as it requires a lot of strength to
load tires, and the positions as the anti-ergonomic grips that some of the workers
perform repetitively due to the use of the tire demounting bar. This can cause the
worker to suffer of physical, psychological and psychosocial damages which, if not
treated in time, can become irreversible. This report will evaluate the tool redesign
from the public article, according to Armenta I. y Col, (2023), “Ergonomic redesign
of a tire demounting bar 2023” using 2 methods to analyze whether the redesigned
tool has an ergonomic contribution for the people who use it.

Key words: Tire demounting bar, Evaluation, Ergonomic Risks, Tire.

Contribution to ergonomics: Based on the redesign it was observed that mounting
and demounting tires with the original demounting bar generates health problems
such as fatigue, lumbar pain, eye irritation, joint pain, hernias and more. The
demounting bar redesign is made to provide better handling at the time of being used
by the workers and generate greater efficiency as well as reduce damage to health.

1. INTRODUCTION

According to Armenta I. y Col, (2023), “The muscle injuries in operators are caused
by the mishandling of tools or because of the bad design of them, in a tire workshop
the operators are exposed to a variety of risks because of the activities they perform,
which are considered of high risk because they require a lot of muscle strength in
some cases, and to adopt unsuitable postures because of these activities. Mounting
and demounting tires is one of the most frequent activities they perform, therefore,
there is a high percentage that the operator is unsafe and that this may affect the
operator’s health later, from aches, some injury or maybe even a disease.” This
Project is a continuation of the Redesign of a tire demounting bar, with the goal of
making changes that will improve the ergonomics of the operators.

According to Menéndez Mansilla R. (2020), in a “Ergonomic study of the tire
mounting and demounting job in the area of mechanic maintenance the tire
workshop operators do not take into account both workplace safety and health”. The
LEST method was used in the mentioned article, where the results of the different
evaluations of the conditions in which the operators are exposed show that because
of these conditions, they are exposed to several consequences, such as high
probability of fatigue, and lumbar and dorsal afflictions. In addition, through the
NIOSH lifting equation, it was noted that the equivalent index to the lifting activities
was rated a 10, which shows that the activities that they practice are considered of
high risk and can cause alterations in both muscle and bones.

Moreover, considering the public article by Gémez Rangel R, (2011), “Health and
work on the employees of a tire workshop in the city of Mexico” chapter 3. The risks
that the operator of a tire workshop is faced against are physical, psychological and
psychosocial, which will severely affect the operator’s health over time, some of
these risks are fatigue, eye redness, joint pain, injuries, lumbago, hernias, among
others. Preventive measures are proposed to avoid the presence of these risks,
some of them are the use of back belts, ear plugs, bait or suede gloves and safety
shoes.
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Based on this, this document displays the evaluation of the tool redesign of the
public article according to Armenta |. y Col, (2023), “Ergonomic redesign of a tire
demounting bar 2023”. In a tire workshop, the operator’s job consists of heavy loads
and generally the tools are not suitable for the operator’s health, or the operator
adopts anti-ergonomic positions when using them. When mounting and demounting
tires, the tool that is usually used is the original tire demounting bar, with which the
operator’s effort increases and his wrists, legs and back positions are anti-
ergonomic, which consequently provokes physical, psychological and psychosocial
risks, risks that, over time, can cause severe health damage for the operator. That
is why we chose to use and evaluate the redesigned tool, which was made
considering the positions that the operator does when mounting and demounting
tires, so it can facilitate his duties and correct his handling and positioning when
using the tool.

2. EQUATIONS

Through the method applied the results were significant for the redesigned
demounting bar, since, by means of the NIOSH checklist, the traditional bar got only
1 positive affirmation and 6 negative responses, among which the following stand
out; Do you feel comfortable with the tool, Is the tool handle covered with soft
material, are you able to use the tool while keeping your wrist straight? This
translates into a compliance of 14.3% of the evaluated criteria (1 of 7).
Suppose that:

e Nc is the number of criteria met.

e Ntis the total number of criteria evaluated.

e P s the percentage of compliance.
The equation for the percentage compliance would be:

p= (%) x100 (1)

For the data provided:

Substituting these values into the equation, we have:
5
p= (5) X100  (4)
We calculate this:

5
P= (7) x 100 = 71.4%  (5)
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These results indicate that the redesigned bar is significantly better in
compliance terms with NIOSH criteria list for hand tools compared to the original
demounting bar. Now, with the help of the Ergotec method it was possible to avoid
different risks when using the improved bar while demounting a tire, by performing
an analysis certain improvement changes were observed during tire demounting for
the benefit of the operator.

By means of this method it was possible to analyze the results of the improved
bar, the scale of work characteristics was 33% since a total score of 76 was obtained,
which indicates that this bar is within a medium tabulation, on the other hand, with
the original demounting bar a scale of work characteristics of 67% was obtained
since a total score of 115 was reached, which indicates that the original bar is in a
high tabulation.

Risk of injurie due to DTA’s

Total score for risk of DTA injuries before ergonomic redesign= 115

Total score for risk of DTA injuries after ergonomic redesign= 76

NPS= 38

Tabulation

e High 60%-100%
e Medium 21%-59%
e Low 0%-20%

Scale of work characteristics=

P.T= Total score.

NPS= Number of significant questions.

ECT= Scale of work characteristics.
ECT for DTA injuries before ergonomic redesign:

(115 - 38) 0
W(lOO) =67% (7)

(P.T-NPS)
NPS*3

(100)  (6)

67%= High.
ECT for DTA injuries after ergonomic redesign:
(76=38) o0y =33% (8
(38 * 3) =33% (8
33%= Medium.

3. FIGURES AND TABLES
4.
It can be seen in figure 1 that the operator does not have an ergonomic grip and
therefore this can cause long-term illnesses due to the fact that he works 8 hours a
day and the tire demounting activity is occasional during his work. However, figure
2 shows a better grip, which allows adding force to the bar in a proper way without
hurting the wrist or palm of the hand.
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Figure 1. Original Bar Figure 2. Redesigned bar.

Figure 1 shows that when the operator generates force to dismount the tire, he
opts for comfort and tilts his back to perform his work quicker. It can be observed
that in figure 2 it is easier to apply the force because the bar has an anti-slip
protection for hands and this main point is considered as one of the most common
problems in tire operators.

Being these the two main problems of the operator, it was detected that some
changes that were made to the bar could be improved to the level of being able to
consider it ergonomic with a higher percentage. Therefore, two evaluations were
carried out using the Ergotec and NIOSH methods to obtain a better result for the
improved bar. The results will be announced below.

Activity evaluation of tire demounting with redesigned tire demounting bar.

Table 1. Ergotec evaluation

ERGOTEC
ANALYSIS DATE _19/06/2024 POSITION
DEPT/UNIT SERVICE AREA

PART/UNIT TIRE DEMOUNTING

DURATION CICLE JOB* ___ OCCASIONAL_ NO. OF PEOPLE EXPOSED ___ 1

JOB DESCRIPTION: DEMOUNTING TIRES
* CONTINUOUS >4 HOURS FREQUENT =1TO 4 HOURS OCCASIONAL <1 HOUR

B.- RISK OF INJURY DUE TO DTA

BEFORE AFTER

NA N O F S NA N O F S
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1. THE WORKER REPEATS THE X X
SAME MOTION AT HIGH SPEED

REPETITION IS CAUSED BY:
2. INCENTIVE PROGRAMS X X
3. HIGH PRODUCTION X X
REQUIREMENTS.
4. HIGH SPEED ASSEMBLY LINES X X

THE WORKER'S POSTURE REQUIRES:
5. TURN OR TILT THE TORSO X X

6. BEND X X

7. REACHING AND/OR X X
STRETCHING
8. WRIST IN NON NEUTRAL X X
POSITION
9. EXTENSION OF THE ARM(S) X X

10. ELEVATION OF THE ELBOWS X X

11. SQUEEZING ACTION OF THE X X
WRISTS

CONTROL AND/OR WORK OBJECTS
12. REQUIRES EXCESSIVE X X
STRETCHING
13. REQUIRES EXCESSIVE X X
STRENGTH

WORK CAUSES FATIGUE DUE TO
14. WALKING, CLIMBING AND/OR X X
STOOPING

15. ONE LEG SUPPORTS THE X X
WEIGHT OF THE BODY

16. CHANGES IN WORK DISTANCE X X

17. MATERIAL WEIGHT X X

THE WORK SURFACE

18. IS TOO HIGH OR TOO LOW X X
19. IS AT AN ANGLE THAT DOES X X

NOT ALLOW FOR A NEUTRAL

POSITION
20. GLOVES ARE NECESSARY X X
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21.

GLOVE SIZE IS
INAPPROPRIATE FOR THE JOB

JOB AREA

22.

CAUSES STRETCHING AND/OR
TURNING TO REACH

23.

CAUSES THE NECK TO BE IN A
NON-NEUTRAL POSITION

24.

FOOT, ELBOW, WRIST AND/OR
ARM RESTS ARE NECESSARY

25.

REQUIRES STANDING OR
WALKING FOR LONG PERIODS

26.

CONTRIBUTES TO A NON-
NEUTRAL WAIST

27.

INSUFFICIENT LEG, FOOT OR
ARM CLEARANCE

28.

REQUIRES STRETCHING OVER
OR ACROSS THE WORK
SURFACE

29.

NO ANTI-FATIGUE MATS,
INSOLE OR FOOT SUPPORTS

30.

CAUSES A KNEE ANGLE OF
MORE THAN 100° OR LESS
THAN 60°

31.

JOB ROTATION IS NECESSARY

I

AND TOOLS

32.

CAUSES THE HAND-WRIST TO
BE IN A NON-NEUTRAL
POSITION

33.

CAUSES A NON NEUTRAL
WAIST POSITION

34.

CAUSES THE ELBOWS TO BE
EXTENDED ON THE OUTSIDE,
AND/OR IN FRONT OF THE
BODY

35.

CAUSES THE ARM TO BE
RAISED TO HOLD THE TOOL
ABOVE THE SHOULDER

36.

HAS UNEQUAL (UNBALANCED)
AND/OR EXCESSIVE WEIGHT

37.

THE HANDLE'S DIAMETER IS
TOO SHORT OR TOO LONG

38.

IT REQUIRES GRABBING WITH
FINGERS

39.

GRIP OF THE HAND WRENCH
(PINCER TYPE) TOO LONG OR
TOO SHORT

40.

POORLY DESIGNED FOR THE
TASK
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USE OF COMPUTERS

41. THE HEIGHT OF THE X X
KEYBOARD IS AT A NON-
ADJUSTABLE ANGLE
42. TYPING REQUIRES EXCESSIVE X X
FORCE
43. WRISTS REST ON THE WORK X X
SURFACE DURING TYPING
44, INCENTIVE PROGRAMS ARE X X
PROMOTED TO INCREASE THE
TYPING RATE
45, THE MOUSE IS USED FOR VERY | X X
LONG PERIODS
TOTALS 6. 7 5 20 15 13 5 5
X1 X5 X3 X4 X1 Xo X3 X4
- 14 15 80_ 15 26 15 + 20
6+ + + o+ B
+
TOTAL SCORE =_115_ = 76_
TABULATION
HIGH 60%-100%
MEDIUM 21%-59%
LOW 0%-20%
SCALE OF WORK CHARACTERISTICS=(P.T. - NPS) X100 = _67%__ _33%_
(NPS)(3)

NPS= NUMBER OF SIGNIFICANT QUESTIONS
TABULATION = _ HIGH__ = _MEDIUM__ (B)

Through the Ergotec applied method, it was possible to analyze the
comparison of the traditional tire demounting bar with the improved demounting bar
taking into account different efforts made by the operator during his work, the results
of this method were significant for the improvement since it was possible to avoid
different risks when using the improved bar while removing a tire, “through the
analysis certain changes of improvement were observed during the tire demounting
for the benefit of the operator both in back postures, wrists and applied force, a great
difference was observed between the two types of bars due to the fact that the
traditional bar generates increased efforts during the demounting process; however,
with the use of the new bar, the application of force during the operation was
facilitated”, by means of the result of the improved bar method, its work
characteristics scale was 33%, since a total score of 76 was obtained, which
indicates that this bar is within a medium tabulation, whereas with the original
demounting bar, a work characteristics scale of 67% was obtained, since it got a
total score of 115, which indicates that the original bar is in a high tabulation.

In conclusion, favorable results were obtained for the application of the tire
demounting bar; however, it is important to mention that improvements can still be
made to the bar in order to obtain a low tabulation which ranges from 0% to 20% to
consider the bar as a fully ergonomic tool.

To improve the conventional bar, it is proposed to widen the ends of the bar
and change the position of the paddles, placing them on opposite sides. This will
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allow a more efficient and effective work during tire demounting. It is also suggested
the implementation of a platform with a pneumatic piston to prevent non-ergonomic
postures of the operator. This platform, driven by air compression, can be adjusted
to the most convenient height for the operator, thus optimizing comfort and work

efficiency.

Evaluation of tire demounting activity with redesigned tire demounting bar.

Table 2. NIOSH evaluation.

Tips for selecting hand tools.

Mark if the answer is "Yes”

Checklist for selecting hand tools
Select the tools with the most “Yes” answers

Examples

One handle
tools

Two handle
tools

1 2

1 2

1 Single-handled tools used for power
work: Do you feel comfortable with
the tool? Does the handle of the tool
have a diameter between 1 % to 2
inches? (Page 8)

NO | YES

2 Single-handled tools used for
precision work: Does the handle of
the tool have a diameter between ¥
to % inch? (Page 8)

3 Two-handled tools used for power
work: Is the distance between the
handles at least 2 inches when the
tool is closed and no more than 3 %2
inches when open? (Page 8)

4 Two-handled tools used for precision
work: Is the distance between the
handles less than 1 inch when the tool is
closed and no more than 3 % inches when
open? (Page 8).

5 Two-handled tolos:

Do the handles open
automatically by spring?
(Page 9).

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

PAGINA

25



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024
. . Mark if
Checklist for selecting hand tools Examples the answer
Select the tools with the most “Yes” answers is “Yes”
1 2
6 Does the handle of the tool have sharp edges or
finger impressions? (Page 9). NO NO
7 Is the handle of the tool coated with a soft
material? (Page 9) NO YES
8 Can you use the tool while keeping your wrist
straight? (Page 10) NO YES
9 Can this tool be used with your dominant hand or
any of your hands? YES YES
10 For Jobs that require a lot of force: Is the handle
of the tool longer than the widest part of the palm
of your hand? (Usually 4 to 6 inches) (Page 11) NO NO
11 Does the handle of the tool have an anti-slip
surface? (Page 11) NO YES
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Symbology:

1. =Traditional bar. TOTAL: YES= 1 5
' NO= 6 2

= Redesigned bar.

3. No aplica o no es el caso.

A comparison was made between the traditional tire demounting bar and a
redesigned bar using a NIOSH checklist. The results obtained showed significant
differences in compliance with the criteria established in the checklist.

The traditional bar obtained only 1 positive affirmation and 6 negative
responses. This translates into a 14.3% compliance with the criteria evaluated (1 of
7). On the other hand, the redesigned bar achieved 5 positive affirmations and only
2 negative responses, which translates into 71.4% compliance with the criteria (5 out
of 7).

These results indicate that the redesigned bar is significantly better in terms
of compliance with NIOSH criteria for hand tools compared with the traditional bar.
The improved design contributes to greater safety, efficiency and ergonomics during
use, which is crucial for injury prevention and improved performance when working
with tires.

In conclusion, the redesigned tire demounting bar is presented as the superior
option, with 71.4% compliance with the criteria established by NIOSH, compared to
14.3% for the traditional bar. This percentage difference highlights the importance of
considering redesigned tools that improve both safety and efficiency in tire
demounting operations.
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Resumen. Desde sus inicios, el automovil ha estado acompafiado de elementos
informativos que ayudan a comunicar al usuario el estado del vehiculo, tales como
tacometros y velocimetros, pasando después por dispositivos de entretenimiento
como la radio y reproductores de cassette y CDs, hasta llegar al uso de sistemas de
geolocalizacion para facilitar la navegacion. Todos estos elementos se lograron
conglomerar en los primeros sistemas de Infoentretenimiento a principios del siglo
XXI. Durante las ultimas dos décadas las tecnologias como las interfaces
computacionales en los displays, la comunicacién mévil y el internet de las cosas
(IoT) han inundado gran parte de los dispositivos que usamos y las interfaces de
infoentretenimiento de los vehiculos no son la excepcion.

Las interfaces de infoentretenimiento se han convertido en elementos
fundamentales dentro de los vehiculos, que permiten controlar diversas tareas;
generalmente a través de las pantallas ubicadas en la parte central del tablero del
vehiculo, ocupando una importante parte de la atencién al conducir.

Usuarios de un amplio rango de edades interactlan con estas interfaces,
siendo los adultos mayores uno de los mas vulnerables debido a la degeneracién
de sus capacidades, principalmente la vision, siendo asi mas complicada la
interaccién con las interfaces computacionales.

Esta investigacion busca conocer las capacidades de este grupo etario para
asi conocer sus limitaciones sensoriales, perceptuales y cognitivas; y generar datos
que puedan aportar insights para el desarrollo de interfaces de infoentretenimiento.
El trabajo se llev6 a cabo en dos etapas, donde la primera se trata de la revision de
literatura y posteriormente la aplicacion de un cuestionario a usuarios adultos
mayores que conducen habitualmente. Los datos arrojados por esta investigacion
aportan informacién acerca de la percepcion de las interfaces de infoentretenimiento
de este grupo vulnerable y las tareas que llevan a cabo mientras conducen.

Palabras clave: Interfaz, usabilidad, adultos mayores, interaccién, conduccion.

Relevancia para la ergonomia: Esta investigacion aporta a la ergonomia
informacion relevante y actual para el disefio de interfaces de infoentretenimiento.
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Contribuye a considerar las caracteristicas de los adultos mayores que, a pesar de
los cambios en sus capacidades, son una poblacion que requiere mantener una vida
activa e independiente. Es de suma importancia tener en cuenta las limitantes y
condiciones de este grupo etario, al momento de disefiar y evaluar dispositivos
tecnologicos y de comunicacién; para asi ofrecer productos con una usabilidad
apropiada no solo para los adultos mayores, si ho para otros grupos vulnerables y
asi beneficiar con estas mejoras a los demas usuarios de estos sistemas.

Abstract. From the beginning, the automobile has been accompanied by
information elements that help communicate the status of the vehicle to the user,
such as tachometers and speedometers, then through entertainment devices such
as radio cassettes, and CD players, to the use of geolocation systems to facilitate
navigation. All these elements were successfully combined in the first infotainment
systems in the first years of the 21st century. During the last two decades,
technologies such as computer interfaces on displays, mobile communication, and
the Internet have flooded many of the devices we use and vehicle infotainment
interfaces are no exception.

These interfaces have become fundamental elements within vehicles,
allowing various tasks to be controlled; generally, through the screens in the central
part of the vehicle's dashboard, occupying a significant part of the attention when
driving.

Users across various age groups interact with these interfaces, with older
adults being particularly vulnerable due to age-related declines in abilities, especially
in vision, which can complicate their interaction with the computer interfaces.

This research aims to assess this age group’s sensory, perceptual, and
cognitive limitations and to gather data that can offer insights for developing
infotainment interfaces. The work was carried out in two stages, where the first is a
literature review and then the application of a questionnaire to older adult users who
drive regularly. The data obtained from this research provides information about this
vulnerable group's perception of infotainment interfaces, and the tasks they perform
while driving.

Keywords. Interface, usability, older adults, interaction, driving.

Relevance to Ergonomics: This research provides ergonomics with relevant and
current information for the design of infotainment interfaces. It contributes to
considering the characteristics of older adults who, despite changes in their abilities,
are a very active population that requires maintaining an active and independent life.
It is extremely important to take into account the limitations and conditions of this
age group when designing and evaluating technological and communication
devices; to offer products with appropriate usability not only for older adults but also
for other vulnerable groups and thus benefit other users of these computer systems
with these improvements.
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1. INTRODUCCION

Over the past two decades, display technology, mobile communication, and the
Internet of Things (loT) have permeated much of the devices we use; and cars are
no exception. GPS-based navigation systems and other advanced technology
features have existed in vehicles since the early 1990s (Greengard, S. 2015).

Driving becomes more complex with the integration of a large number of
secondary tasks such as entertainment, communication, or assistance in the
navigation process, these three being the most recurrent. Around 2007 a new era in
automotive infotainment systems began when Ford Motors Company (FOMOCO)
announced the first integrated in-vehicle communications and entertainment system,
SYNC (Greengard, S. 2015).

The vehicle cabin has become increasingly sophisticated and complex due to
the number of indicators and displays that provide information about the vehicle's
status, communication, and entertainment for users. All of this has been brought
together in what we now know as In-Vehicle Information Systems (IVI's). They often
consist of a screen in the vehicle's center console accompanied by some input
devices (Bolder et al. 2018).

In Mexico, there are more than 18 million adults over 60 years old,
representing 14% of the national population (INEGI 2022). According to United
Nations studies, it is expected that by 2050, one in every 6 people in the world will
be over 65 years old, which will represent 16% of the global population. Older people
face an age-related decline in capabilities, such as loss of vision, hearing, memory,
and mobility, which can interfere with the use of interactive systems and make it
difficult to carry out daily life activities.

With the increasing use of digital technologies in daily life activities, these
changes can become factors that increasingly impact essential aspects of the users,
such as independence and autonomy. In this sense, some authors such as
McLaughlin et al. (2020) have highlighted the difficulties in interacting with new
technologies with the elderly population. This makes clear the importance of
designing considering the changes in the capacities that older adults may have, due
to the effects of age on their cognitive, visual, and motor skills (D. Hawthorn 2000),
to adjust new technologies to this population group as well.

Driving as one of the aspects of daily life that is increasingly related to
computer interfaces, it is of utmost importance to analyze the interaction of the
growing population of older adults with these devices and to identify the aspects that
may affect them, also considering the implications that such interaction may have on
driving, as a complex and risky task.

The development of automotive technology and interfaces is taking place in
contexts that are different from those in Latin America. This can constitute a barrier
for users on this side of the world. Faced with this, it is important to analyze the
implications that these interfaces have for users; and in particular, for populations
whose characteristics may put them in greater difficulties in interaction, as is the
case of older adults.
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2. OBJECTIVES
2.1 General Objective

To analyze the use and interaction problems that older adults experience during the
use of infotainment interfaces while driving.

2.2 Specific objectives

e Identify challenges that vehicle infotainment interfaces present for older
adults while driving

e Find out the positive and negative aspects that users over 60 years old
perceive about the Interface

e Understanding the frequency of interaction with infotainment interfaces

e Prioritize the tasks that are most frequently performed in the infotainment
interface.

3. METHODOLOGY

This work is a cross-sectional, descriptive study. A questionnaire was designed to
understand the experiences of older adults when interacting with infotainment
screens in cars. The questionnaire applied consists of 16 open items and one
multiple choice item that covers information on the visual capabilities of the users,
frequency of driving, model of the vehicle they drive, the context in which the
interface is used, opinion, and user experiences while interacting with the
Infotainment interface.

This research was carried out with a population between 57 and 86 years old,
with a mean of 69 (Fig. 1). 60% of the participants were male and 40% female. The
selection of users is around 60 years of age, this being the point at which a subject
is considered to enter old age, where the reduction in physical capabilities begins to
be more noticeable. From the age of 60 onwards, the retina can receive two-thirds
less light (Fig. 2) compared to a 20-year-old person (McLaughlin et al. 2020). Within
this age group, they are more likely to present degenerative vision problems.
Furthermore, its relationship with technology generates a relevant factor to analyze.

Due to the late interaction with the computing devices of this
generation, limitations are added that make the interaction with these digital
interfaces more complex. The research involves users of vehicles from 2008 models
onwards, seeking that, as they are recent models, they are more likely to have an
infotainment interface. This technology was commercially implemented in 2002 by
the FOCOMO brand with its SYNC system (Greengard, S. 2015). The research is
carried out in the Metropolitan Area of Guadalajara.
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Figure 1. Ages range. Source: direct.
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Figure 2. Comparison of visual capacities between young and older adults.
Source: direct.
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4. RESULTS

The questionnaire was applied to 15 subjects with an age range between 57 and 86
years, where 100% said they drive. 40% are retired while 60% continue with work
activities and other routines. 50% claim to drive daily, their main destinations being
family visits, medical appointments, and shopping, all of them within the urban area
of Guadalajara.

In terms of visual abilities, 80% of the users analyzed wear glasses and only
20% do not use magnifying glasses for their daily activities. 66.5% have not
undergone eye surgery, while 33.5% have had surgery. In the case of operations, 2
cases were for cataracts, 2 for myopia, and one for eyestrain (Figure 3).
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GLASSES I
NO GLASSES
0 1 2 3 4 5 6 7 8 9 10 11 12
Cataract m Astigmatism and myopia m Tired eyesight

Figure 3. Comparison of the participants who used glasses for some visual issues.
Source: direct.

The vehicles driven by the participants range from 2008 to 2024 from various
brands, shows to KIA as the one that appears most frequently, in 20% of the cases
(Fig. 4). Within the subjects' vehicles, 33% display the interface at the top of the
dashboard, while the remaining 66% offer a lower location closer to the center of the
dashboard.

Only 20% of the interfaces in the vehicles driven by the participants do not
offer knobs to facilitate control of options and operation of the interface, while the
remaining 80% have, in addition to knobs, buttons for predetermined functions and
navigation in the interface.

Of the sample, 87% have this interface in their vehicle, while all subjects have
interacted directly or indirectly with infotainment interfaces, either as a driver or co-
driver. The perception of 30% of users is negative, for various reasons such as the
difficulty when interacting with the menus and the distraction it generates when
driving, while the remaining 70% affirm that the interface is quite useful for driving,
as an aid to continue a route and facilitate communication when driving (Figure 5).

Regarding the use of the interface, the most common options are listening to
the radio, seeing the time, answering calls, searching for directions, and listening to
music when connecting to your cell phone (Figure 6). 30% of users express having
had problems using the interface while driving, the main reason being the complexity
of the menus and distraction, another factor that generates problems in interaction
(Figure 7). Most users prefer to use the interface while the vehicle is stationary to
avoid distractions and accidents when moving.

Aspects that they perceive positively are the connectivity and communication
technology it offers, the location close to the steering wheel, the dimensions of the
interface, and the information it displays. Negative aspects are the distraction it
generates because it always shows information, in addition to the complexity of the
menus and the order and structure in which the information is presented (Figure 8).

Users share the need for the interface to be accompanied by physical buttons
that facilitate its operation; in addition to better compatibility with voice functions that
also help interaction, without having to lose sight of the road.
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Figure 4. Vehicle models and interfaces of participating users
Source: Motorpasion 2024.

m Positive m Negative

Figure 5. positive vs negative perception of the IVI's.
Source: direct.
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Navigation

Music from bluetooth
Radio

Answer calls
Answer messages
Clock

Calendar

Car status

Music from USB

0 1 2 3 4 5 6 7 8 9 10

Figure 6. Main uses of the interface when driving. Source: direct.

YES [,
NO
N/A

0 1 2 3 4 5 6 7

Distracts m Hardly used m Unclear menu

Figure 7. Perception of difficulties when interacting with the infotainment interface
and the main reasons. Source: direct.

Positive aspects Negativos aspects
Functions Distractor
Legibility Unclear menu
Ubication Nothing
N/A N/A

0 1 5 3 4 5 Needs more info

0 1 2 3 4 5

Figure 8. Positive and negative aspects perceived by users. Source: direct.
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5. CONCLUSIONS

Users in this age group present difficulties when using the computer interfaces in
their vehicles due to various factors, such as the degradation of their visual,
cognitive, and physical abilities. Visual limitations make it necessary to offer greater
adaptability in the way of presenting information to improve the readability of the
elements. On the cognitive side, the continuous presence of many elements in the
interface creates distractions for the user and detracts attention from the main task,
which is driving. The lack of precision in the movements of older users means that
the size of the buttons and controls on the interface is perceived as insufficient,
making it difficult to make the correct contact without having to look at the screen
while driving and limiting attention to the road. The large amount of options and
information that these screens offer inside vehicles while driving is designed to help
make the task of driving easier, but this information is perceived negatively, by
generating distraction from the main task; which becomes even more relevant,
considering the decrease in visual capacities reported by older adults.

This generation is aware that digital technology is here to stay and is open to
learning about the new technologies offered by recent model vehicles. However,
based on the data, it is identified that users only use the most familiar options of the
interface and do not use some of the other resources that technology offers to
facilitate their travels. This limitation in the use of the interface's capabilities is
because how information is presented makes it difficult to locate the options within
the menus, so older users prefer not to delve into these and use only the most
obvious and familiar tasks such as playing music, radio, answering calls and
navigation.
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Resumen: Cada vez es mas demandado que las operaciones en las industrias sean
evaluadas ergonomicamente, pero en muchos talleres esta actividad no es
considerada. En este trabajo se presenta una evaluacion ergonémica, por medio de
RULA y REBA, de una operacion en un taller de Carpinteria ubicado en la localidad
de Ciudad Juéarez, México. Un andlisis de la tarea permiti6 a los analistas
seleccionar la actividad con mayor numero de factores de riesgo ergonémico; dos
analisis, en dias diferentes, se realizaron para la evaluacion por medio de RULA y
REBA. Los resultados de ambos analisis fueron contrastados por medio del
coeficiente de concordancia de Kendall y se encontré un alto nivel de concordancia
en ambos analisis en el método utilizado, por lo que se puede asegurar que en
ambos se tuvo un criterio parecido al evaluar la operacion y que el marco temporal
de la evaluacién no influyo. Los resultados presentados por RULA y REBA muestran
que la operacion presenta un nivel alto de riesgo y se presentaron diversas
propuestas para reducir el riesgo.

Palabras clave: Ergonomia, REBA, RULA, Posturas Musculoesqueléticas.

Relevancia para la ergonomia: Por medio de este trabajo se comparan dos
meétodos de evaluacion (RUBA y REBA) por medio de dos analistas en diferentes
periodos de tiempo en donde se puede comprobar que el marco temporal presenta
un impacto bajo al momento de realizar la evaluacion.
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Abstract: Industrial operations are increasingly demanded to be ergonomically
evaluated, but this activity is only considered in some workshops. This paper
presents an ergonomic evaluation, using RULA and REBA, of an operation in a
carpentry workshop in Ciudad Juarez, Mexico. A task analysis allowed the analysts
to select the activity with the highest number of ergonomic risk factors; two analyses,
on different days, were performed for the RULA and REBA evaluation. The results
of both analyses were contrasted by means of Kendall's coefficient of concordance
and a high level of concordance was found in both analyses in the method used, so
it can be assured that both had a similar criterion when evaluating the operation and
that the time frame of the evaluation did not influence. The results presented by
REBA show that the operation presents a high level of risk, and several proposals
were made to reduce the risk.

Keywords. Ergonomics, REBA, RULA, Musculoskeletal Postures.

Relevance to Ergonomics: The objective of this case study is to demonstrate the
needs for a redesign of the work area for most work activities, especially jobs with
high physical activity.

INTRODUCTION

In several countries, the existence of workshops or small industries is gradually
gaining importance (Carrillo et al., 2024).In the field of ergonomics, the handling of
loads in the workplace is of great importance today, in addition, there are more and
more norms or standards that address the issue of load handling. For example, in
Mexico there is NOM-036-1-STPS-2018, while at the international level there is ISO
11228-1:2003.

However, such evaluations are not as frequent for small companies. Ciudad
Juarez is a city with a significant number of small businesses in which there is no
evidence of evaluating the risk factors present. If the conditions of the workstations
are not verified, musculoskeletal injuries can occur that have a great impact on
workers' health (Ogedengbe et al., 2023; Sirikasemsuk et al., 2024; Stanton et al.,
2013).

The objective of this case study is to demonstrate the need to redesign the
work area in a woodworking shop for tasks with high physical activity. According to
Stanton (Stanton et al., 2013), various methods must be used when performing an
ergonomic intervention. Therefore, for this work, the RULA and REBA evaluation
methods were selected, which, according to several authors, are the best known and
most widely used (Ogedengbe et al., 2023; Ortiz Solis et al., 2018; Sirikasemsuk et
al., 2024).

Additionally, it is also intended to check if there is any significant difference in
the evaluations performed by two different analysts on different days to verify if the
same evaluation criteria are used regardless of the time of execution.
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Background

The word ergonomics derives from the Greek épyov (ergon, 'work') and vouog
(nomos, 'law"). Is understood that ergonomics is the set of techniques and scientific
knowledge applied so that work, systems, products and environments adapt to the
person's physical and mental capabilities and limitations (Asociacion Espafiola de
Ergonomia, 2024). Also, according to the International Ergonomics Association
(2024), Ergonomics can be defined as the scientific discipline that deals with the
understanding of the interactions between humans and other system elements and
is the discipline responsible for applying theories, principles, data and methods to
design to optimize human well-being and overall system performance. In some
countries, for example, in the United States of America, ergonomics is mainly known
as human factors (Cafas and Waerns, 2001).

Ergonomics has always been present in human history, although it has not
been defined as such; for example, in ancient Greece, around the 5th century B.C.,
its use in the design of tools was already present (Marmaras et al., 1999). In the
middle of the 19th century, according to Leirés (2009), the word ergonomics was
used for the first time in the philosophical treatise “Compendium of Ergonomics, or
the Science of Work Based on Truths Taken from Nature” written by the natural
philosopher Wojciech Bogumil Jastrzebowsk in 1857. At the beginning of the 20th
century, Frederick W. Taylor began to work with aspects related to the analysis of
the movements performed by workers during their tasks; thus, it was intended to
reduce inefficient movements and thus perform the work more quickly (Taylor, 1911),
in this way, it began to adapt the movement of the person to the work.

Currently, the field of action of ergonomics can be divided into three aspects:
on the one hand, there are physical aspects (body posture when working,
arrangement of tools, among others), environmental aspects (lighting, noise, thermal
sensation, among others) and those related to human behavior and its perceptions
or elements called non-physical or cognitive (decision making, perception, attention,
motivation, among others) (Asociacion Espafiola de Ergonomia, 2024; Leirés,
2009). In the case of the study of physical elements, physical ergonomics oversees
physical ergonomics, environmental ergonomics oversees environmental elements,
and cognitive ergonomics oversees non-physical and cognitive elements. Within
physical ergonomics, there are many ergonomic evaluation methods; some are
REBA, RULA, NIOSH Equation, OWAS, among others.

RULA (Rapid upper-limb assessment) was developed by McAtamney and
Nigel Corlett (1993) to provide an easy-to-perform assessment of musculoskeletal
loading in tasks where people are at risk of loading the neck and upper extremities.
This method provides a single “snapshot” score of the task, which rates posture,
strength, and movement. Risk is calculated on a score from 1 (low) to 7 (high). These
scores are grouped into four action levels that provide an indication of the time frame
in which it is reasonable to expect risk control to be initiated (McAtamney & Corlett,
2004). The four levels of action are listed in Table 1.

On the other hand, REBA (Rapid Entire Body Assessment) was developed
by Hignett and McAtamney, (2000). The assessment focuses on analyzing body
postures, applied forces, types of movements, and task repetitiveness to identify
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potential risks and suggest improvements in work design. It follows a risk
assessment very similar to the RULA method, presenting five risk levels shown in
Table 2.

Table 1. RULA risk levels

Score Level Action

lo02 1 Acceptable Risk
Changes to the task may

304 2 be required; further study
is desirable

506 3 Red¢5|gn of the task
required
Urgent changes to the

7 4 .

task required

Table 2. REBA risk levels

Score | Level Risk Action
1 0 Insignificant| No action is required
Action may be
203 1 Low necessary
4a’7 2 Medium Action is necessary
Action is required as
8all 3 High soon as possible
Action is needed
11al15 4 Very High immediately

Musculoskeletal disorders (MSDs) are conditions that impact the muscles,
bones, joints, tendons, ligaments, and other connective tissues (World Health
Organization, 2024). They can cause pain, stiffness, swelling, and reduced mobility
(Morales et al., 2021).

Some common types of musculoskeletal disorders include (Fernandes et al.,
2018; LeBlanc and LeBlanc, 2010):

e Osteoarthritis: A degenerative joint disease that causes pain and stiffness.

¢ Rheumatoid arthritis: An autoimmune disorder that causes inflammation in
the joints.

e Tendonitis: Inflammation of the tendons, often due to repetitive strain.

e Bursitis: Inflammation of the bursae, which are fluid-filled sacs that cushion
the joints.

e Osteoporosis: A condition in which bones become weak and brittle.
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e Fibromyalgia: A disorder characterized by widespread musculoskeletal pain,
fatigue, and tenderness in localized areas.

METHODOLOGY

The methodology used to carry out this case study was divided into three parts. The
first was the selection of the task, where a quick analysis of the tasks performed in
the workshop allowed the analysts to select the activity with the highest number of
ergonomic risk factors: stressful postures, extreme efforts, static postures,
mechanical stress, and vibration. The second part of the methodology involved the
evaluation of the task by the RULA and REBA methods on different days and
schedules, and, finally, analyzing the results and determining the level of agreement
of the criteria used in the evaluation by both analysts and generate the
recommendations. This methodology is illustrated in Figure 1.

» Task selection. ]

* Analyst 1's evaluation of the operation
» Evaluation of the operation by Analyst 2

» Determination of RULA and REBA risk
levels.

» Comparison of results using Kendall's
coefficient.

» Generation of recommendations

Figure 1. Methodology used in this work.

RESULTS

The operations carried out in the workshop for the different products manufactured
are as follows:

e Edging: This operation, performed with precision by our edging machine,
ensures the wood has an even surface on one of the edges, serving as a
reliable reference for subsequent operations.

e Plane: The wood is given the appropriate thickness for use.
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e Length dimensioning: The wood is dimensioned lengthwise, using the even
side resulting from edging.
e Width dimensioning: The wood is dimensioned in width.
e Assembly: The furniture is assembled.
e Finishing: The final finish is given, which can be natural, solid color, or
varnished.
Considering that the edging operation involves a series of repetitive tasks, this is
the operation that began to be analyzed using RUBA and REBA. This operation is
performed by a standing operator (Figure 2), using an edging machine (Figure 3).

Figure 2. Operator edging a wooden board.

The first analyst performed the analysis during the first hour of work. The
second analyst evaluated the operation two days later, at the end of the work shift.

The RULA results are reported in Table 3.

As seen in the above results, the result, 7 in both analysts and based on Table
1, indicates that the operation should be studied and modified immediately.

Regarding REBA, whose results are presented in Table 4, the final results, 11
and 10, indicate that the operation should be studied and modified immediately.
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Figure 3. Edging machine.

Table 3. RULA results

RULA scores
Step Analyst 1 Analyst 2
1 3 3
2 3 2
Section A. 3 3 3
Posture 4 1 1
5 4 4
6 0 1
7 3 3
Score Section 3 - 8
A
9 4 3
Section B 10 s 3
11 2 2
Neck, trunk
and leg 12 / 5
13 0 1
14 0 2
Score Igectmn 15 7 8
Final Score 7 7

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA

43



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17

2024

Table 4. REBA results

REBA scores

Section

Analyst 1

Analyst 2

Step 1

3

2

Step 2

Group A | Step 3

Step 4

Step 5

Score A

Step 1

Step 2

Group B | Step 3

Step 4

Step 5

WIN|PDPWINOINIO|W|N

Score B

[EY
o

MWW IWIN|ININOTWIN

Final Score

|_\
|_\

=
o

To determine whether the criteria of the two analysts' evaluations differed,
their evaluations were analyzed using Kendall's Coefficient of Concordance. It was
found that both analysts used similar criteria in both methods. These results are

shown in Table 5.

Table 5. Kendall's Coefficient of Concordance

Kendall’'s
Method Coefficient
RULA 0.923
REBA 0.888

CONCLUSIONS

According to the results of this work, the following can be concluded:
e The operation, as it is currently performed, represents a high risk to the health

of workers, both methods confirm this.

e The analysts use very similar criteria when evaluating the operation, thus

confirming the risk posed by it.

Regarding recommendations, it's suggested to place the edging machine on a
platform where the machine's height can be adjusted. This will help the operator
perform the operation without excessive leaning. Furthermore, the use of an anti-
fatigue mat in the work area is strongly recommended to enhance worker comfort

and safety.
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Resumen: El presente proyecto presenta los resultados obtenidos de la aplicacion
de evaluaciones en los puestos de trabajo de la linea M42 de una empresa, para
determinar el nivel de riesgo presente en las estaciones de trabajo, implementando
mejoras, redisefio de métodos de trabajo y sugerencias que eliminen los posibles
dafios a la salud de los trabajadores de raiz.

Con este proyecto se pretende identificar las estaciones de trabajo con mayor
probabilidad de provocar lesiones en los operadores, utilizando formatos de
evaluacion ergondmica para identificar factores de riesgo presentes en cada tarea
y modificar los métodos de trabajo para reducir el nivel de riesgo asociado a cada
tarea.

Para la aplicacion de los métodos de evaluacion ergonémica se identificaron los
factores de riesgo predominantes en cada tarea, (posturas inadecuadas,
movimientos repetitivos y manipulacién de carga), para cada uno de estos factores
de riesgo existen diversos métodos de evaluacion ergondémica, por lo cual, se
selecciond el método que mejor se adapta a las caracteristicas de la tarea analizada
y en funcién del andlisis que se pretende llevar a cabo, se seleccionaron los
métodos REBA, JSl y las tablas de Snook y Ciriello respectivamente.

Palabras clave: Ergonomia, trastornos musculoesqueléticos, factores de riesgo,
carga postural.

Relevancia para la ergonomia: Mejora en puestos de trabajo y en condiciones
laborales, aumento de la produccién.

Abstract: This project presents the results obtained from the application of
evaluations in the workplaces of the M42 line of a company, to determine the level
of risk present in the workstations, implementing improvements, redesign of work
methods and suggestions that eliminate possible damage to the health of workers
at the root.

This project aims to identify the workstations most likely to cause operator
injuries, using ergonomic assessment formats to identify risk factors present in each
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task and modify working methods to reduce the level of risk associated with each
task.

For the application of the ergonomic evaluation methods, the predominant risk
factors in each task were identified (inappropriate postures, repetitive movements
and load handling), for each of these risk factors there are various ergonomic
evaluation methods, for which the method that best adapts to the characteristics of
the analyzed task and depending on the analysis that is intended to be carried out
was selected. the REBA, JSI and Snook and Ciriello tables were selected,
respectively.

Keywords: Ergonomics, musculoskeletal disorders, risk factors, postural load.

Relevance for ergonomics: Improvement in jobs and working conditions, increased
production.

1. INTRODUCTION

Ergonomics is the discipline that studies the adaptation of work to man and machine,
to improve safety, well-being, efficiency and effectiveness in the performance of the
task. The benefits of the e(Fajardo Bautista, y otros, 2024)Ergonomic functions go
beyond improving people's comfort and reducing costs, but allow them to have a
better posture and perform their activities with greater comfort, which is reflected in
the quality of work and an increase in productivity. Ergonomics can renew efficiency
and safety in the work environment, its role in improving the value-added service of
professional insurance agents, and the identification of related musculoskeletal
disorders.( Mamani Hualpa, 2021).

Ergonomics is a science where work is evaluated and the different conditions
that workers can suffer due to exposure to risks at work, one of these conditions is
musculoskeletal disorders, which are one of the most reported conditions in medical
centers, caused by multiple situations such as social problems, psychic, physical
and environmental factors. Ergonomics provides methodologies to detect possible
problems that are affecting the worker through ergonomic assessments. (Diaz
Tenesaca, Rivera Chacon, Ofiate Haro, & Garay Cisneros , 2022)

This project carried out in an electronics company presents the results obtained
from an ergonomic evaluation carried out in the packaging area in the M42 line,
which is specialized in the manufacture of large inch televisions, to determine if its
facilities and work processes are safe and adapt to operators, through the
application of ergonomic evaluation methods for the risk factors present in the area.

2. OBJECTIVE

Evaluate the M42 line workstations using ergonomic assessment methods to reduce
the level of ergonomic risk to which operators are exposed when manufacturing the
85-inch television models in-house.
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3. DELIMITATION

The project is carried out in an electronic business company in the manufacture of
televisions located in the city of Tijuana, Baja California, in the packaging area of the
M42 line.

4. METHODOLOGY

Ergonomic evaluation methods make it possible to identify and assess the risk
factors present in the workplaces and, subsequently, based on the results obtained,
propose redesign options that reduce the risk and place it at acceptable levels of
exposure for the worker. A worker's exposure to risk in a workplace depends on the
extent of the risk to which he or she is exposed, the frequency of the risk and its
duration. This information can be obtained through ergonomic evaluation methods,
which are easy to apply, compared to other more complex techniques or techniques
that require more specific knowledge or measuring instruments that are not always
within the reach of ergonomists.

Ergonomic assessment methods allow the identification of forced postures,
repetitive movements and work-related ergonomic risk factors and are
complemented by technological analyses based on ergonomic assessment software
that allow the results of an assessment to be optimised. (Arriola & Chavez,
2023)Depending on the activity to be evaluated and the ergonomic risk observed in
it, various methods are developed for its analysis and estimation based on the needs
and conditions of the workplace. These methods propose options capable of
reducing the risk by placing it at acceptable levels for the worker based on the results
obtained.(Rodriguez Sanchez, Guzman Alvarez, Almanza Ojeda, & Rocha Ibarra,
2021)

4.1 Selection of the evaluation method.

A major difficulty when performing the ergonomic evaluation of a job to prevent
musculoskeletal disorders is the large number of risk factors that must be
considered, such as repetitive movements, lifting loads, maintaining forced postures.
To determine the ergonomic evaluation methods that were used, a questionnaire
was applied that allowed the selection of the most appropriate evaluation method for
the risk factors identified in the packaging area of the M42 line.(Ergonautas, 2024)

4.2 REBA Method.

For the evaluation of posture, the REBA method was used, which is an ergonomic
evaluation method aimed at the postural load and the different postures adopted by
the worker during the development of his function, it is a special method for
musculoskeletal risks and divides the body into segments to be individually coded,
and evaluates both the upper limbs, as well as the trunk, neck and legs.(Prieto
Mufioz, 2021)
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4.3 JSI method (Job Strain Index method).

To evaluate the repetitiveness of the operation, the JSI method will be used, which
is a method of evaluating jobs that allows assessing whether the workers who
occupy them are exposed to developing cumulative traumatic disorders in the distal
part of the upper limbs due to repetitive movements.(Catacora Leon, 2021)

4.4 Survey application.

Many of the processes on the line are automated, therefore, the operators are forced
to follow the work rhythm of the machines, which are programmed to work in the
shortest possible cycle time, there are a few seconds of rest between each
manufactured television and the working day lasts 10.18 hours with 3 breaks for
breakfast, lunch and snack, with a duration of 20, 30 and 10 minutes respectively;
Many of the workstations were not thought or designed in an ergonomic way, which
causes operators to adopt inappropriate postures when performing their work that
could have repercussions on their health, in addition to this design makes it difficult
and hinders the handling of loads to supply materials, in addition to the excessive
repetitive work due to very short-term operations.

Due to this situation, a risk check survey was carried out on the line due to
the multiple complaints presented by some operators who have presented
discomfort and pain when producing the models, in figure 1 where it is shown that
all operators have presented some type of pain or discomfort at least in some area
of their body, the neck, shoulders and back being the most frequent.

It presents discomfort or pain

17
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8
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4 2 2 3
: n -0 20 M
0 |

Neck, Lumbar Elbows Arms, Legs Knees Feet
Shoulder, Back Hands,
Back Wrists
Si mNo

Figure 1. Graph of aches and pains in the areas of the body. Source: Authors.

We can see in Figure 2 that the pain or discomfort suffered by operators in
the neck, shoulders and back occurs very frequently 58% of the time, on the other
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hand, pain in the arms, hands and wrists occurs very frequently 75% of the time and,
finally, foot pain occurs very frequently 60% of the time.

Frequency of discomfort pain

kKnees |
Elbows N
Lumbar back ]
Feet [N |
Arms, hands, wrists |
Neck, shoulders, back [l e

0 2 4 6 8 10 12 14 16 18

M Rarely Sometimes M Many times

Figure 2. Graph of how often aches or pains occur. Source: Authors.

5. RESULTS

The results obtained previously applied to the evaluation methods in the packaging
area of the M42 line, which has 8 workstations, are shown.

Table 1 shows the summary of the results of the REBA method of the
evaluations applied in 5 workstations in which the operators maintained forced
postures and of which the cushion bottom supply stations, box supply present a high
level of risk and action is necessary.

Table 1. REBA method results matrix. Source: Authors.

REBA METHOD RESULTS MATRIX

- REBA Performance .
Activity S Level Risk Performance
Cushion Bottom 10 3 High Action is needgd as
Supply soon as possible
Placement of
Cushion Top and Air 5 2 Middle Action is needed
Cushion
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Fitting Accessories 6 2 Middle Action is needed

Placement of Base

Stand 6 2 Middle Action is needed

Box Supply

Table 2. The matrix with the results of the evaluations in 7 workstations of the
packaging area is shown, in which, due to the cycle time of less than 11.7 seconds,
it was necessary to perform an evaluation of the repetitiveness of movements. It is
shown that the cushion bottom supply station, box supply and box placement have
a JSI (risk of appearance of disorders in the upper extremities) with a high value and
greater than 7, so the task is high risk for workers, who have a high probability of
suffering from musculoskeletal disorders in the upper extremities.

Table 2. JSI method results matrix. Source: Authors.

RESULTS MATRIX JSI METHOD

No. average of
efforts/minute

Activity JSI Task Risk level

Cushion Bottom
Supply

Placement of Cushion
Top and Air Cushion

Cushion Side Insert

Fitting Accessories

Placement of Base
Stand

Box Supply
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Box Placement

Table 3 shows the result of the application of the Snook and Ciriello tables at the
Stand Base supply station, where load lifting is carried out with transport. The results
of the application of this method indicate that this activity is harmful to the health of
the worker since the ratio is greater than 1 due to the fact that the operator handles
the load of 18.1 kg away from the body, with 7 kg being the maximum acceptable
limit in those specific lifting conditions.

Table 3. Snook and Ciriello method results matrix. Source: Authors.

RESULTS MATRIX SNOOK AND CIRIELLO METHOD

Maximum
Acceptable
Weight/Force

Load
Weight/Force

Activity Risk level

Supply of Stand
Base

Redesigns were made in the methods and workstations and some processes
were automated by implementing robot prototypes, which will significantly facilitate
and simplify the work of the operators, thus reducing the level of risk associated with
each task.

Figure 3 shows the proposed design for the cushion bottom supply station, which
is substantially improved by increasing the height of the belts where the operator
places the cushion bottom to feed the robot that places the television on the cushion.

For this modification it was necessary to change the base of the robot which did
not allow to increase the height of the conveyor belts causing the operator to flex his
trunk more than 60° and flex his knees every time he supplies the cushion bottom,
being a posture too harmful to his health and a high-risk task. for which it was
necessary to act as soon as possible.
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Figure 3. Redesign of the Cushion Bottom Supply Station" Source: Company 2023.

6. CONCLUSIONS AND RECOMMENDATIONS

It can be concluded that the objectives of the project were satisfactorily met since
the workstations with the highest probability of causing injuries to workers were
determined, thanks to the ergonomic evaluations applied, 3 risk factors were
identified present in the workstations of the packaging area in the M42 line,
predominating inappropriate postures and repetitiveness of movements mainly, and
improper handling of loads present only at the base stand supply station.

Once the highest risk workstations were identified, they needed to be modified
to reduce the likelihood that the task would be harmful to the health of operators. For
this redesign of the stations, robots were placed that do heavy and unergonomic
work, ensuring the health of the operators by significantly facilitating their work, thus
reducing the level of risk associated with each task by 30%.
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Resumen: Este proyecto se enfoca en el comportamiento informativo de los
usuarios o participantes del area de procurement, la cual es un area administrativa
que se encarga de validar proyectos de materiales en referencia al cambio de
proveedores, tener opciones de proveedores y cambios en los procesos donde
estos materiales son utilizados. Particularmente, los usuarios tienen relaciones con
las cadenas de suministros y areas de ingenieria, manufactura y calidad para lograr
sus objetivos organizacionales. De ahi que, en la busqueda y uso de la informacion,
fueron descubiertas tres problematicas respecto a los tiempos requeridos en la
busqueda y uso de la informacion, los errores en la busqueda y uso de la
informacion y la satisfaccion en la busqueda y uso de la informacion. Por ello, el
objetivo fue sefialado como mejorar el comportamiento informativo mediante
técnicas de Ergonomia Cognitiva para incrementar la productividad. Este indicador
fue compuesto de las probleméaticas sefaladas anteriormente delineando una
metodologia compuesta por 10 actividades, que, a su vez, contenia cuatro etapas
enfocadas a diversas actividades que son realizadas exclusivamente en el area de
procurement. Los resultados principales se mencionan que el tiempo promedio de
las etapas en los proyectos decrecié en promedio 48.75%, los errores cometidos en
la busqueda y uso de informacién promedio una reduccién de 71.09% vy la
satisfaccion de los usuarios fue incrementada 5 puntos de satisfaccion. Esto
permitid concluir que el objetivo planeado fue logrado exhibiendo, ademas,
oportunidades para posibles mejoras teniendo como elemento principal el

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 56


mailto:ghernan@tectijuana.mx

Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

comportamiento informativo dentro de contextos considerados dinamicos como la
empresa participante y que los usuarios de informacion puedan acceder a ésta
acorde a sus necesidades de informacion en la realizacion de sus actividades
rutinarias.

Palabras clave: Comportamiento informativo, area de procurement, proveedores,
satisfaccion informativa

Relevancia para la ergonomia: El proyecto permiti6 probar las teorias y
argumentar las mejoras deseadas, que posteriormente fueron confirmadas
permitiendo asi, diseflar herramientas de trabajo con el objetivo de aumentar la
productividad y el bienestar de los usuarios de éstas. Las competencias fueron
adquiridas y aplicadas para argumentar mejoras en el comportamiento informativo
y de esta forma dimensionar su aplicacion en ambientes laborales reforzando y
creando conocimientos en contextos o ambientes naturales, como lo fue la empresa
participante y logrando objetivos organizacionales y generando conocimiento en la
aplicacion de éste a través de la investigacion del comportamiento informativo.

Abstract: This project focuses on the information behavior of the users or
participants of the procurement area, which is an administrative area that is
responsible for validating material projects in reference to the change of suppliers,
having supplier options and changes in the processes where these materials are
used. Particularly, users have relationships with supply chains and engineering,
manufacturing and quality areas to achieve their organizational objectives. Hence,
in the search and use of information, three problems were discovered regarding the
times required in the search and use of information, the errors in the search and use
of information and the satisfaction in the search and use of information. Therefore,
the objective was indicated as improving information behavior through Cognitive
Ergonomics techniques to increase productivity. This indicator was composed of the
problems indicated above, outlining a methodology composed of 10 activities, which,
in turn, contained four stages focused on various activities that are carried out
exclusively in the procurement area. The main results mention that the average time
of the stages in the projects decreased on average by 48.75%, the errors made in
the search and use of information averaged a reduction of 71.09% and user
satisfaction was increased by 5 satisfaction points. This allowed to conclude that the
planned objective was achieved, also exhibiting opportunities for possible
improvements, with the main element being information behavior within contexts
considered dynamic such as the participating company and that information users
can access it according to their information needs in carrying out their routine
activities.

Keywords. Information behavior, procurement area, suppliers, informational
satisfaction

Relevance to Ergonomics: The project allowed to test the theories and to argue
the desired improvements, which were subsequently confirmed, thus allowing the
design of work tools with the aim to increase the productivity and well-being of their
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users. The competencies were acquired and applied to argue for improvements of
the information behavior and in this way, the dimension of their application in work
environments, reinforcing and creating knowledge in contexts or natural
environments, such as the participating company, and achieving organizational
objectives and generating knowledge in the application of this research on
information behavior.

1. INTRODUCTION

Note: the name of the participating company, the processes, products, and tools
used within it and its processes have been modified for ethical and confidential
reasons.

Since the beginning of time, human beings have sought to satisfy their
needs for information to carry out daily activities; this is called information behavior
(Spink and Currier, 2006). The information search process can be direct or indirect
(Calva Gonzalez, 1998). The indirect form is understood as one that satisfies the
need of information by chance, such as finding information that was needed in an
advertisement, in a publication, on social networks, on television, etc. On the other
hand, there is direct search, which implies that the user consciously seeks to satisfy
their needs for information, and takes actions to achieve this by accessing various
sources within their reach, including documentation, programs, other users, etc.

Although humanity has always carried out information behavior, it is not a
topic that is frequently studied in Latin America, in the cases in which this behavior
is studied they are in projects applied to students (Vasquez-Velazquez, 2006). On
the other hand, work activities such as administrative processes are considered.
Since although engineering skills can be carried out in any field, it is usual to focus
them on the industry, specifically on the operational areas of production companies,
which have a greater monetary impact on them.

Considering the aforementioned, this project aims to demonstrate the
importance of bringing Ergonomics knowledge to areas where it is not common to
know applied projects, but thus, highlight the importance of cognitive ergonomics on
them (Albert and Tullis, 2013). This is, particularly, as the various improvements that
can be observed in users and subsequently in the performance of their activities with
the use of abstract and physical tools that are intended to facilitate their
responsibilities and support their competencies at work.

Therefore, this project was carried out within the procurement area, which
is linked to various departments of the company, such as the supply chain,
engineering, manufacturing and quality areas. Among the mentioned areas, there
are 10 users who use of the information generated in the area to carry out their
pertinent activities. In particular, in the procurement area, they are in charge of
validating projects related to materials and these can be divided into three areas,
which are:

e Change of supplier (COS). Its objectives are to minimize the minimum
purchase quantity and storage space, the investment per raw material and
unit cost.
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e Two sources (Dual source). Its objectives are to have validated suppliers of
raw materials and materials to increase supply options in cases of urgent
needs.

e Change Engineering (QBE). Its objective is to make improvements in the
various activities of the processes, considering the mentioned items.

In addition, within the projects that are in charge of the procurement
department, there are activities that were considered such as (the names were
changed for confidential reasons):

e Project Idea. These activities are carried out by project managers.

e PO's. These activities refer to purchase orders based on samples delivered
by supplier candidates.

¢ MRBR. These activities are aimed to monitor purchase orders in
consideration of price, quantity, or receipt discrepancies in warehouses, to
avoid shortages of raw materials and materials in the processes.

e Q2C. They are the activities necessary to monitor products through formats,
catalogs and systems.

e 3F. These are the activities necessary to validate products in the assembly
process and ensure product performance and design specifications.

e eDerogation. These activities refer to the testing of products that will be used
as product samples and sent to potential customers.

e PPAP. These activities are concerned with creating evidence to show the
robustness and repeatability of the process.

e Workflow. These activities are aimed to create flow charts considering various
aspects of the process, including suppliers, part numbers, process times,
specifications or other systemically relevant data for the company.

The procurement area is in charge of projects for validation of materials and
the activities mentioned above are developed; this requires a large amount of
data, documents and procedures to be specifically followed. All the essential
information is difficult to find since it is found in various sources of information,
such as the server, and it is even necessary to contact different colleagues to
collect the necessary data to satisfy the user's information needs. Due to this,
there have been delays in completing the activities in a timely manner. This has
caused delays in the completion of these projects, as well as errors that stop the
progress of activities on them. Therefore, here it was discovered that the users
have not been able to access the information required to carry out their daily
activities that directly impact their responsibilities. The above was visualized by
measuring the times required to carry out each of the stages of the procurement
area projects and these were:

Stage 1, 54.5 minutes
Stage 2, 31.9 minutes
Stage 3, 65.7 minutes

@]
O
@]
o Stage 4, 43.6 minutes
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Average time spent in the four stages: 48.9 minutes
Regarding the accounting of errors committed by each of the users, these
were:

User 1, 32 errors
User 2, 40 errors
User 3, 44 errors
User 4, 34 errors
User 5, 46 errors
User 6, 31 errors
User 7, 33 errors
User 8, 41 errors
User 9, 42 errors
User 10, 45 errors

O O O O O O O O 0 O

Average number of errors committed 38.8

Finally, the measurement of user satisfaction in the search and use of
information processes averaged a score of 4, with 1 being dissatisfied and 10 being
completely satisfied.

That is, information behavior was affected by the sources of information, the
forms in which it is presented and its use within the activities carried out within the
commented area. This was observed in the increase in the time required in the
information search process, the increase in user error when interpreting the
information provided during the aforementioned activities, and primarily, the
reduction in user satisfaction in the search and use of information. Information within
the indicated activities, as noted above. Hence, the objective of the project is to
improve the information behavior of users in the procurement area to increase
productivity through the use of Cognitive Ergonomics tools. In addition, it is expected
to reduce the information search time, to decrease the error on the part of the
information user and finally, to increase user satisfaction in the search and use of
information within the indicated context. The importance of the project exhibits the
impact it has on the company's production area, mainly in the search for reliable
suppliers in the environment.

In general terms, the background, the methodology used in the project, the
results and the conclusions obtained in the project are presented below.

2. BACKGROUND

In this section, information behavior, information sources, databases, user
productivity, usability and errors are presented.

2.1 Information Behavior

Information behavior can be pointed out as that manifestation of the information
needs of a user or users, originated from the insufficiency of information and
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knowledge about a phenomenon, object, or event. (Calva Gonzalez, 1998). This
behavior has been treated in various areas of knowledge, it is being seen as a need
for information where patterns are visualized for certain populations in economic,
social and cultural aspects (Vasquez-Velazquez, 2006). Here, the aspects of art are
also relevant in how the relationship between information and human behavior exists
in its search and use (Spink and Currier, 2006). Additionally, Wilson (1999) and Case
(2006) have carried out various studies on information behavior in various contexts
as well as synthesizing them in such a way that they show the advantages of this to
support activities where information is important for them.

2.2 Information Sources, Database and User Productivity

There are various definitions of information sources and their use is according to the
context of use, and may be in consideration of the materials or products that allow
access to knowledge (Carrizo, 2000); It may be a document or institution that
provides the opportunity to respond to requests for information (Fuentes i Pujol,
1992); It can be any documentary that contains information that allows it to be shown
(Puig, 1987), and it can be means to make the information possible to whoever
requires it (Meira, 1997).

Besides, databases are sets of data stored in external memory organized
by a structure and designed to satisfy information requirements. For this, end users
hope to integrate data sharing, redundancy control, data consistency, improved data
standards, better data security, better data accessibility, and economies of scale to
support the activities using information. On the other hand, user productivity can be
seen as the ability to direct efforts to the management of a system based on the
resources that can be objectively used. That is, finding a relationship between
resources used in the production of products or services, combining them for their
effectiveness and efficiency for the benefit of organizations (Arraut, 2010). These
are two components to indicate the achievement of objectives, on the one hand, and
the resources used to achieve the objectives (Gutiérrez, 2009), on the other.

2.3 Usability and Error

Usability is the search for the satisfaction of the potential user of the products or
services generated to satisfy their needs and desires (Reyes and Libreros, 2011).
For its evaluation, various techniques can be used, ranging from heuristic evaluation
and cognitive review (Reyes and Libreros, 2011), and can be used in software
development processes or in other environments seeking to obtain better results
(Nielsen, 1993). Moreover, this process is in itself a challenge that must be built in
such a way that there is quality in its process to ensure that usability is evaluated
according to what is expected in terms of user satisfaction.

Furthermore, error is seen as actions or activities that exceed the limits of
acceptance or those that are placed outside the limits of performance (Swain, 1998).
That is, error is considered an action that can be identified causing an unexpected
or undesired result (Hollnagel, 2005). This can be combined with improving the
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user's perception in order to meet the stated objectives and the expected
functionality to change in case of deviations (Nielsen, 1993).

3. METHODOLOGY

The project's development was divided into nine essential activities to achieve the
general and specific objectives, which were focused on the user due to the
improvement of information behavior. The activities were:

1.

10.

To divide the activities of the procurement area into stages according to the
needs of the area, such as the idea of the project. There were four stages that
were considered within this project called stage 1 (project idea, PO and
MRBR), stage 2 (Q2C and 3F), stage 3 (deviation/pilot run) and stage 4
(PPAP and WORKFLOW), indicated in the section of introduction.

To development of questions to evaluate information satisfaction. This was to
understand the users and their satisfaction for searching and using
information.

The application of the survey to users. Its application was online to mainly
discover the degree of access to information required for its activities.

The time recording of the stages of the procurement area. Here, the time
required to search for information, interpret information, fill out forms, and
correct erroneous information were considered.

The registration of user errors in the stages of the procurement area. These
were mainly by using wrong information, entering wrong information,
requesting wrong information, and adding missing information to perform their
activities.

The development of a database. Here, the idea is to look for the software that
could facilitate the access to users and its use in search, interpretation, filling
out forms, and correcting information. The Excel software was chosen.

The database application. In this phase, training was provided in the use of
the database through its presentation and implementation within the activities
required in the area.

The second application of the survey to users. The survey developed was
used to evaluate the usability of the information tools developed, including the
database.

The second time taking of the stages of the procurement area. The times were
taken again according to the use of the developed tools.

The second record of user errors in the stages of the procurement area. The
errors presented in the use of the developed tools were recorded.

Also, evaluations were carried out on the 10 users who are within the

procurement area in charge of the aforementioned activities; here, all the users and
their perceptions were considered because they were a smaller number of users and
were willing to participate in the entire project. Moreover, ethical and confidentiality
aspects were taking into account, when people were involved.
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4. RESULTS

The results of the study were according to the stages indicated above. Therefore,
with respect to the times required to carry out the considered activities, before and
after comparisons were made, the results of the different stages were obtained as
follows:

o In stage one, the time decreased from 54.5 minutes to 26.1 minutes,
representing a 52% reduction.

o In stage two, the time decreased from 31.9 minutes to 18.8 minutes,
representing a 41% reduction

o In stage three, the time decreased from 65.7 minutes to 30.5 minutes,
representing a 54% reduction.

o In stage four, the time decreased from 43.6 minutes to 22.8 minutes,
representing a 48% reduction.

In this section, the results indicate that there was a general decrease in the
times required in each stage. Hence, it could be visualized that in stage one there
was a decrease of 52%; in the second, 41%; in the third, 54%, and in the fourth,
48%, averaging 48.75% of the time required in all stages.

Regarding the registration of errors made by users before and after in the
implemented database and tools, the following results were obtained in the
evaluations of the complete cycle per user:

User 1 went from 32 to eight errors, reducing 75%.
User 2 went from 40 to 11 errors, reducing 72.5%.
User 3 went from 44 to nine errors, reducing 79.5%.
User 4 went from 34 to nine errors, reducing 73.5%.
User 5 went from 46 to 13 errors, reducing 71.7%.
User 6 went from 31 to 12 errors, reducing 64%.
User 7 went from 33 to eight errors, reducing 75.7%.
User 8 went from 41 to 13 errors, reducing 68.2%.
User 9 went from 42 to 15 errors, reducing 64.2%.
User 10 went from 45 to 16 errors, reducing 66.6%.

O O O 0O O O O 0O 0 O

It was noted that the reduction in error in the search and use of information.
it is notable since the user with the lowest percentage reduced was 64% and the
user with the highest percentage was 79.5%, averaging a reduction in the error of
71.09%. for this it was concluded that the results obtained are satisfactory in terms
of fewer errors when carrying out the activities.

Regarding information satisfaction evaluated through the survey of users in
the procurement area, users on average perceive their information satisfaction with
a rating of “4” during the initial of the project, on a scale of 1 to 10, with 1 being
dissatisfied, and 10 being completely satisfied, and a “9” after the implementation of
the tools. That is, at the beginning of the project, satisfaction was 4 and at the end
of the project, satisfaction was 9, increasing 5 units.
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In general, the results obtained showed that the average time of the stages
in the projects decreased 48.75%, the errors made in the search and use of
information declined 71.09% and user satisfaction increased 5 points.

5. CONCLUSIONS

In the research, the stated objective was achieved through the reduction of
complaints by the project managers, pointing out that their satisfaction was
increased. Similarly, they indicated reduction of stress by delivering the required
reports on time and by reducing errors in their processes. This is due to having the
required information and making use of it when they required it. Also, it was shown
that the creation of databases directly impacts the information behavior of users by
facilitating access to information, by facilitating its interpretation, by reducing project
completion times, and by accessing to information with a simple and quick form,
among others benefits.

It is relevant to note that the procurement area is identified as an
administrative area, in which access to the use of new knowledge and skills is
sporadically allowed in such a way that, they directly impact its operation. Therefore,
this facilitated their activities by reducing costs for rework, by project completion on
time, and reducing costs for fines for late product delivery. Particularly, users spent
long times searching for information and this was reduced as a result of the
development and implementation of technological tools for improving these
activities.

The above allowed it to confirm that the knowledge of Cognitive Ergonomics
and Information Behavior created the bases for improving administrative activities in
the procurement area. In the same way, this allowed it to visualize the benefits that
arise when creating knowledge from the application of theories in natural
environments, different from those previously indicated in the literature consulted.

Besides, during the project, other areas of opportunity were discovered,
among which the following can be mentioned: to generate a database for each of
the company's departments focused on satisfying the information needs of users; to
use of production tests to train the use of information through the production
processes; to create of a database for the entire company by employing an
exclusively programmer; to train administrative users in the search and use of
existing information by creating better options in the development of new tools for
searching and using information, and to create appropriate techniques to evaluate
the times required in the search and use of information according to the context in
use.
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Resumen: Hoy en dia la implementacion de la tecnologia en las empresas de
produccion resulta crucial en su operacion, la inteligencia artificial juega un papel
fundamental en ello, una rama fundamental de esta ciencia es la visién por
computadora, la cual por su definicibn busca analizar y procesar todo lo que
podemos observar, brindando informacién valiosa para entender el contexto que
nos rodea, en la industria manufacturera cominmente se usa para la inspeccién de
la calidad de produccién. Si bien hay que decir que esta tecnologia esta presente
en la industria, aun no ha desarrollado todo su potencial para el analisis y disefio
del trabajo. Este documento describe la validacién de un sistema de vision por
computadora con el objetivo medir la velocidad con la cual los empleados realizan
sus actividades de trabajo, enfocandose Unicamente en operaciones manuales, lo
gue permitira ser una herramienta en la determinacion del tiempo normal y el tiempo
estandar. Este sistema se basa en el lenguaje de programacion Python y el uso de
sus librerias de captura de movimientos como lo es media pipe, la cual permite la
captura de determinados puntos del cuerpo. La importancia de este sistema radica
en que puede constituirse como una herramienta que permita realizar analisis de
los tiempos en un proceso productivo. Para poder validar la implementacion de este
tipo de sistemas en el analisis del trabajo participaron 30 alumnos de universidad, a
los cuales se les tomo su distancia, tiempo y velocidad basandose en su manoy se
comparé con una banda de trabajo (Rotary) a una velocidad constante. El
experimento se llevo a cabo tomando cinco muestras por cada persona, en total se
tomaron 150 muestras distribuidas en la colocacion del sistema en dos diferentes
posiciones verticales descritas en este articulo, con el fin de validar la eficiencia del
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sistema teniendo en cuenta que en un ambiente real se tiene que adaptar el sistema
a la estacion de trabajo. El andlisis estadistico realizado con un software
especializado permitié evaluar el desemperio y la precision del sistema propuesto.
Los resultados muestran que el sistema de visidon desarrollado en Python y la
velocidad constante del rotary arrojan la misma velocidad de las personas al mover
un objeto. En conclusién, los resultados descritos en este articulo no solo
demuestran la utilidad de estos sistemas de vision en la deteccion de la calidad en
la industria manufacturera, sino que el uso de estos sistemas basados en el
seguimiento corporal puede resultar Gtiles en el proceso de toma de tiempos. Con
ello proveer una herramienta que de manera automatica brinde soluciones al disefio
y analisis del trabajo.

Palabras clave: Manufactura; Medicion de Velocidad de la Tarea; Inteligencia
Atrtificial; Vision por computadora.

Relevancia para la Ergonomia: Este articulo presenta un sistema automatizado
basado en visién por computadora que permite medir y analizar la velocidad de las
operaciones manuales, lo cual es crucial para disefar estaciones de trabajo mas
eficientes y seguras. Ademas, demuestra la viabilidad de integrar tecnologias
avanzadas en la evaluacion del trabajo.

Abstract: Today the implementation of technology in production companies is
crucial in its operation, artificial intelligence plays a key role in this, a fundamental
branch of this science is computer vision, which by its definition seeks to analyze
and process everything we can observe, providing valuable information to
understand the context around us, in the manufacturing industry is commonly used
for the inspection of production quality. Although it must be said that this technology
is present in the industry, it has not yet developed its full potential for work analysis
and design. This paper describes the validation of a computer vision system with
the objective of measuring the speed with which employees perform their work
activities, focusing only on manual operations, which will allow it to be a tool in the
determination of normal and standard time. This system is based on the Python
programming language and the use of its motion capture libraries such as media
pipe, which allows the capture of certain points of the body. The importance of this
system lies in the fact that it can be used as a tool for time analysis in a production
process. In order to validate the implementation of this type of system in the analysis
of work, 30 university students participated, whose distance, time and speed were
taken based on their hand and compared with a work band (Rotary) at a constant
speed. The experiment was carried out taking five samples for each person, in total
150 samples were taken distributed in the placement of the system in two different
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vertical positions described in this article, in order to validate the efficiency of the
system taking into account that in a real environment the system has to be adapted
to the workstation. The statistical analysis performed with specialized software
allowed to evaluate the performance and accuracy of the proposed system. The
results show that the vision system developed in Python and the constant speed of
the rotary display the same speed of people moving an object. In conclusion, the
results described in this paper not only demonstrate the usefulness of these vision
systems in quality detection in the manufacturing industry, but also that the use of
these systems based on body tracking can be useful in the time-taking process. With
this providing a tool that automatically provides solutions to the design and analysis
of the work.

Keywords: Manufacturing; Task Speed Measurement; Atrtificial Intelligence;
Computer Vision.

Relevance to Ergonomics: This paper presents an automated computer vision-
based system for measuring and analyzing the speed of manual operations, which
is crucial for designing more efficient and safer workstations. It also demonstrates
the feasibility of integrating advanced technologies into work evaluation.

1.INTRODUCTION

Computer vision has been used in different areas including medicine, in the health
sector, computer vision is used for applications such as medical image analysis,
including early detection of diseases through X-ray images, MRI or CT scans (Cronin
et al. 2023). These systems can identify patterns and anomalies that might go
unnoticed by radiologists, allowing for more accurate and faster diagnosis (Galan &
Portero, 2022).

Furthermore, in precision agriculture, computer vision systems are used for
crop classification and selection, detection of pests and diseases in plants, and
monitoring crop growth and health (Yu et al., 2023). These systems help farmers
optimize resource use, improve productivity, and reduce environmental impact (Rai
et al., 2023). In the field of security, computer vision is used for intrusion detection in
video surveillance systems, facial recognition in access control systems, and
identification of suspicious behavior in public environments. These systems are
essential for prevention and rapid response to security threats.

In manufacturing, these systems are used for product quality inspection,
where cameras can identify defects or imperfections in manufacturing parts with an
accuracy and speed that surpasses human inspection (Kassahun et al., 2024).
These are implemented in automotive, electronics, food and beverage production
lines, among other sectors, improving efficiency and reducing the risk of defective
products (Saifl et al., 2023). Continuing with this area, the monitoring of production
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processes is a fundamental part of quality management and efficiency optimization
in companies and production lines. Time measurement has traditionally used
manual methods or specialized sensor technologies, which are often costly and
complex to implement, but increasingly technology has been adopted in time
measurement. Optimizing production times brings advantages in cost reduction and
quality, allowing companies to compete in today's globalized market (Valencia et al.,
2013). That is why we can increasingly observe the incursion of automated systems
oriented in production.

The measurement of standard and normal time is an essential component in
the efficient management of industrial and organizational processes. These methods
offer in a structured way the evaluation and establishment of optimal working times
in the execution of tasks and operations (Mor et al, 2018). Time measurement
standardizes work activities by establishing a reference standard for the amount of
time it is expected to take to complete a specific task, considering ideal conditions
and average worker skills. Although traditionally the use of the stopwatch has been
the method of choice, the incorporation of computer vision methods should be a
priority for agencies dedicated to improving these procedures.

While measuring the production speed of a product can be crucial for
assessing the efficiency of the manufacturing process and detecting areas for
improvement, this task represents a significant challenge for computer vision
systems. The complexity lies in the need to capture and analyze real-time data
accurately and reliably in dynamic and variable environments. Computer vision
systems must be able to distinguish and track moving objects, accurately calculate
speeds, and adapt to changes in environmental conditions or in the production line
itself. In addition, the diversity of product shapes, sizes and colors, along with
possible visual obstructions or image distortions, add an additional layer of difficulty.
Despite these challenges, the continued development of algorithms and increased
computational power are enabling major advances in the ability of computer vision
systems to measure production speed with greater accuracy and reliability, with this
area having a great opportunity for research and development.

2. THEORETICAL FRAMEWORK

The use of vision systems has been growing in the market, the incursion of various
cameras and technology to acquire digitally what humans can observe has been
implemented in different types of research such as monitoring natural ecosystems,
where vision systems are used to study the behavior of fauna and flora, as well as
the evolution of landscapes (Speaker et al., 2021). Furthermore, in medical research,
vision systems are used to analyze medical images and diagnose diseases, as well
as to monitor and guide high-precision surgical procedures (Tang et al., 2022). In
the field of robotics, vision systems are used to provide robots with autonomous
perception and navigation capabilities, enabling them to interact safely and efficiently
with their environment. These are just a few examples that demonstrate the growing
scope and versatility of vision systems in various research and application areas
(Friedrich et al., 2024).
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There are different technologies to work with these systems, such as Kinect
in its versions v1, v2 and Azure, Intel's RealSense (Kurillo et al., 2022). These
devices are 3D perception cameras that use a variety of sensors, such as RGB
cameras, infrared sensors, and lasers, to capture three-dimensional images of the
environment (Gunawan et al., 2017). These technologies enable not only the capture
of high-resolution images and videos, but also the detection and tracking of moving
objects, depth estimation, and three-dimensional reconstruction of scenes, making
them ideal for a wide range of applications in research, product development, and
process automation (Yeung et al., 2020).

These 3D vision devices, in addition to their diversity in functionalities, also
present a variety of costs, making them accessible to a wide range of users, from
independent researchers to large companies (Céias et al., 2023). For example,
Microsoft's Kinect cameras have been widely adopted in entertainment, academic
research, and product development applications due to their relatively low cost and
ease of use (Amadeus et al.,, 2020). On the other hand, more advanced
technologies, such as cameras featuring time-of-flight or structured light technology,
offer higher accuracy and resolution, but often come with a higher price tag, making
them more suitable for specialized applications in areas such as mapping,
autonomous navigation, and underwater archaeology. This diversity in cost and
capabilities allows users to select the technology that best suits their needs and
budget, which contributes to their widespread adoption in a variety of industries and
applications (Buarque et al., 2022).

Currently, there are libraries for working with vision systems, such as
mediapipe, which is an open source platform developed by Google that provides
tools and pre-trained models for real-time visual data processing. This library offers
a wide range of functionalities, ranging from detection and tracking of human
gestures and poses to segmentation and facial recognition, facilitating the
development of interactive applications and immersive experiences (Kusunose et
al., 2023). Another popular library is OpenCV (Open Source Computer Vision
Library), which offers a wide variety of algorithms and functions for image processing
and computer vision, including edge detection, object recognition, camera
calibration, and more. These libraries, along with other development tools and
platforms, have democratized access to computer vision, enabling developers and
data scientists to create innovative solutions across a wide range of applications and
industries (Grillo et al., 2024).

These libraries are highly versatile and can be integrated with a variety of

programming languages, such as Python, C++, and others, allowing the creation of
a wide range of applications in the field of real-time visual data acquisition. Speaking
specifically about programming languages, these are formal systems that allow
developers to write code to create applications in various areas (Chen et al., 2016).
Among the most popular languages today is Python, which stands out for its
simplicity, flexibility, and a large community of users and open source libraries that
facilitate the development of computer vision applications and other fields of
computer science (Munnalalal et al., 2023).
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Python, a high-level programming language, has emerged as a versatile and
powerful tool in a wide range of fields and disciplines. Its popularity is largely due to
its clear and readable syntax, which makes it accessible to both beginners and
expert programmers (Saabith et al., 2019). Python has been adopted in diverse
areas, from data science and artificial intelligence to web development and task
automation. Its extensive standard library and the availability of numerous
specialized libraries, such as NumPy that allows working with numerical arrays,
pandas for working with databases and mathematics, Tkinter that provides a user
interface, os which serves to use operating system functions, there are endless
libraries for each domain, make it a preferred choice for research, data analysis,
prototyping and high-performance application development. (Sabo et al., 2023) In
addition, the active Python community constantly contributes new tools, resources,
and tutorials, which fosters its growth and adoption worldwide (Chi Ling et al., 2021).

3.METHOD

The objective of this validation is to verify that the system for measuring the working
speed of a person is the same regardless of where the camera is placed. For which
the following materials were used.

- A conveyor belt

- A Web Logic Pomya camera (generic).

- A dell precision 7540 laptop

- Legos used as speed reference

- Hand speed measurement system

- IDE Pycharm 2024.1 (Community Edition)

- Excel 2016

- Minitab 2021

For this experiment, 30 college students were selected to measure the speed
with which they moved their hand during a moving band. They were separated into
two parts: 15 for the capture positioning the camera at a height of one meter with
respect to the band, and another 15 for the capture positioning the camera at 60 cm
from the band, each student made 5 captures. That is, for positioning 1 of the
camera, 75 samples were taken and for the second positioning, another 75 samples
were taken. An image of the validation work area is shown in fig 1.

Regarding the system, it has a graphical interface with four buttons start and
stop capture which allows to open the camera and start the data collection, verify
that through this allows to send the data collection to terminal, export to Excel the
same data shown in the terminal are sent to an Excel file for further analysis and
finally the exit button. Another element of the system is the display of the camera
which is positioned 1 meter above the work area, finally, the terminal captures the
data of speed, distance and time which is done in real time. The following image
shows the interface of the measurement system see fig 2.
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Figure 2. Measurement System

For the validation, the first thing that was done was to mark a distance of 60
cm from the total surface of the belt, which would serve as a reference for the
measurements. The camera was placed at the corresponding height for its
configuration.

Then, each student followed the movement of a piece of the lego, which
served as a reference for the speed to be maintained. Once the student's
measurements were finished, the system passed the captured data to Excel for
further analysis. The figure 3 shows the reference lego against the capture of the
right hand.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 72



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

This analysis consists of selecting only the measurements used to determine
the velocity, eliminating the noise of some inconsistent data or that do not belong to
the data of the distance and times. Being a linear motion, the system calculates the
velocity of hand movement using the formula of v=d/t.

The measurement system was built using the Python language, in addition to
the libraries mediapipe, cv2, datetime, tkinter, math, pandas, random, os. It consists
of a camera at a distance of one meter which takes measurements using
programming, displays them in real time on the terminal and stores them in Excel for
later analysis. The figure 4 shows the libraries used in the system.

port mediapipe as mp

datetime import datetime
port tkinter as tk

threading import Thread

- math

Figure 4. Python libraries used

A hypothesis test is also proposed in order to determine if there is a significant
difference taking as a variable the average speed of placing the camera at a distance
of 1 meter with respect to the band against the average speed of the captures when
placing the camera at a distance of 60 cm with respect to the horizontal of the band.
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Ho: pi=p2
Hi: p1 # P2

4. RESULTS

A total of 150 samples were captured, half for the distance called height 1 of the
camera which corresponds to placing it 1 meter against the horizontal, and the other
half of the total sample for height 2 which is 60 cm as mentioned above. A normality
test was also performed using minitab software for each set of data which are shown
in the following illustration fig 5.

Prueba Normalidad
Normal - 95% de IC

Variable
—&— Altural
— B Altura 2

Media Desv.Est. N AD P
10.65 0.1900 75 0.609 0.110
1061 01953 75 0.506 0.195

Porcentaje
n
(=]

Figure 5. Normality Tests.

With a p_value of 0.110 and 0.195 is shown that there was normality in the data.

A student T test was also performed which yielded the statistics shown in the
illustration below, in which obtained a mean of height 1 was 10.652 while the mean
of height two was 10.614, see fig. 6.

Student T Test
Error
Hipdtesis nula Hor s - P2 =0 estandar
Hipdtesis alterna  Hypy - pz = 0 de la
Muestra N Media Desv.Est. media
ValorT GL Valorp Altura1 75 10,652 0.190 0.022
121 148 0227 Altura 2 75 10614 0.195 0.023

Figure 6. Student T Test

With respect to the hypothesis test previously mentioned, we can observe a
p-value of 0.227, which indicates that there is not enough statistical evidence to
reject the Ho, that means that both means are equal. Therefore, we can say that
there is no difference in the positioning of 1 meter with respect to the positioning of

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 74



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

60 cm., Therefore, we verified that the program developed in mediapipe to measure
hand speed when doing a task is reliable.

5.CONCLUSIONS

The use of computer vision technology is becoming increasingly common in the field
of research, exploring all that this area of artificial intelligence offers is very
stimulating for researchers, also being able to implement it in areas of engineering,
medicine or agriculture gives it a greater demand. Although there are several
alternatives to work with this technology, the simplicity of using Python and
mediapipe allows applications to be built at very low cost, without the need to
purchase expensive body tracking equipment.

The system that was built, which is based on the calculation of the speed of
an operator, focuses on the tracking of his hands, it is an important challenge to
develop an application that can measure the speed with which an employee
performs his work. The purpose of this paper is to prove that this system can work
even in different spaces, this was done with a measurement of 150 samples in total,
divided into two heights mentioned throughout this paper, the results analyzed by
the statistical software showed that there is no significant difference between the
position that the camera is placed. Through this validation, it was proved that the
speed measurement system can perform its function even if it is positioned at
different heights, which is useful to be able to adapt it to different workspaces.

Although the system still needs to be able to automatically determine the
speed of a worker, this project constitutes a great advance in time measurement,
something that will undoubtedly help the industry in a great way, allowing it to
optimize its most valuable resource, which is time. This has already specified at a
low cost through the implementation of systems based on Python and its different
libraries.
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Resumen: Esta investigacion fue desarrollada con la finalidad de conocer el
comportamiento de informacién en la liberacion de 6rdenes de produccion en el
programa A220 de la empresa SC Tijuana. El comportamiento de informacion, es el
proceso mediante el cual un sujeto adquiere informacion y hace uso de la misma.
Por ello, en este proyecto se hace un mapeo el proceso en la liberacién de 6rdenes
de produccion creando un diagrama de flujo tipo SIPOC para ayudar al usuario a su
comprension de forma visual. En el comportamiento informativo, uno de los usuarios
de alto nivel dentro del Departamento de Planeacion es el planificador, el cual
realiza un plan de produccion a tres semanas. El Planificador revisa si hay
materiales en inventario para iniciar la produccion, posteriormente, el
comportamiento informativo entre el planificador y el comprador es la distribucién
de los mensajes para actuar y conseguir los materiales faltantes. De ahi la
importancia del comportamiento informativo al evitar errores entre los
departamentos involucrados, esto es principalmente cuando se genera el balanceo
de la demanda, para, a su vez, se firma la demanda en el sistema para que el
Departamento de Compras pueda obtener los mensajes de accion y asi adquirir los
materiales en el tiempo solicitado. Sin embargo, se descubrié que existen niveles
de desempefio inferiores al esperado que es de 90%. Para ello, se desarroll6 la
metodologia que tenia por objetivo mejorar el comportamiento informativo mediante
el uso de mensajes de accion esperando disminuir los errores en el proceso de
adquisicibn de materiales. Se encontr6 que fueron diversos usuarios los
participantes dentro del proceso de compra de tal forma que al comprender cada
uno de ellos el significado de los mensajes de accién se logré incrementar el nivel
de desempeiio al nivel esperado que es 90%. Esto trajo consigo, adicionalmente, la
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bdsqueda de mejores costos en las transacciones al mejorar el comportamiento de
los usuarios dentro del proceso involucrado y otros en los cuales participan
activamente dentro de la organizacion.

Palabras clave: Comportamiento informativo, 6rdenes de produccion,
herramientas abstractas, proceso de produccion

Relevancia para la ergonomia: Esta investigacion ayudoé a exhibir que las teorias
sirvieron de base para mejorar el comportamiento informativo de los colaboradors
de varios departamentos en una empresa, particularmente en aquellos que se ven
involucrados en el proceso de produccién, siendo las areas de planeacién y de
compra. De ahi que, comportamiento informativo situado dentro de la ergonomia
cognitiva fue mejorado con la utilizacion de herramientas desarrolladas, Estas
fueron creadas para aumentar la productividad en el el proceso de liberacién de
ordenes de produccion. Asimismo, esto aumentd la percepcion del bienestar en el
uso de las herramientas de tal forma que se equilibraron las cargas de trabajo para
un mejor desempefio de los colaboradores dentro del ambiente natural que es la
empresa participante en el proyecto.

Abstract: This research was developed with the purpose of knowing the information
behavior in the release of production orders in the A220 program of the company
SC Tijuana. Information behavior is the process by which a subject acquires
information and makes use of it. Therefore, in this project the process in the release
of production orders is mapped, creating a SIPOC-type flow diagram to help the user
understand it visually. In information behavior, one of the high-level users within the
Planning Department is the planner, who makes a three-week production plan. The
Planner checks if there are materials in inventory to start production, subsequently,
the informational behavior between the planner and the buyer is the distribution of
messages to act and obtain the missing materials. Hence the importance of
informative behavior in avoiding errors between the departments involved, this is
mainly when the balancing of the demand is generated, and, in turn, the demand is
signed in the system so that the Purchasing Department can obtain the messages.
. of action and thus acquire the materials in the requested time. However, it was
discovered that there are performance levels lower than expected, which is 90%. To
this end, the methodology was developed that aimed to improve information
behavior through the use of action messages hoping to reduce errors in the material
acquisition process. It was found that there were diverse users participating in the
purchasing process in such a way that by understanding each of them the meaning
of the action messages, it was possible to increase the level of performance to the
expected level, which is 90%. This additionally brought with it the search for better
costs in transactions by improving the behavior of users within the process involved
and others in which they actively participate within the organization.

Keywords. Information behavior, production orders, abstract tools, production
process
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Relevance to Ergonomics: This research helped to show that the theories served
as a basis to improve the information behavior of collaborators in various
departments in a company, particularly those involved in the production process,
such as the planning and purchasing areas. Hence, informational behavior located
within cognitive ergonomics was improved with the use of developed tools. These
were created to increase productivity in the process of releasing production orders.
Likewise, this increased the perception of well-being in the use of the tools in such
a way that the workloads were balanced for better performance of the collaborators
within the natural environment that is the company participating in the project.

1. INTRODUCTION

Note: the name of the participating company, the processes, products, and tools
used within it and its processes have been modified for ethical and confidential
reasons.

This project was developed in a company in the aeronautical industry,
analyzing the informational behavior or information behavior (IB) within the
production order release process, one of the company's programs or processes
known as A220. It was in order to find how this process can be improved so that
production orders should be started on time. It is because the performance indicators
of the Planning Department showed that orders had not been generated at the time
they were scheduled. In other words, production orders start late referring to the
schedule time. These orders involved the Purchasing Department and the
background of the problem to be addressed is based on communication and
misinformation about material needs within the various areas involved within the
company.

In order to start production on time, it is necessary that the materials are
available for your disposal when they are required in mentioned processes.
However, communication between supply chain departments did not have sufficient
time to accept the requirements, and, furthermore, there is no fast response in the
communication of the requirements. Hence, the first action messages used to
acquire the requirements is through emails. Although one of the tools used by the
departments is the Infor Smart system, it is limited but it did not clearly indicate what
is required. It is suggested the system lacks of abstract tools that exhibit the action
expected a consequence of the message. This generates a communication problem
since these action messages are generally ignored by the system, saturating it due
to the excessive amount of emails received and user did not enough time to pay
attention to understand their importance.

Furthermore, in the Planning Department of the company SC Tijuana in the
A220 program and its various product families, the following situation arises:
production orders are not started on time in reference with their programmed
schedule within the production plan causing a deviation on it. This situation is clearly
noted in the goal of the performance indicator of the department or area by delays
and errors in the production orders. For this reason, the objective was indicated to
improve the information behavior of users or participants involved in the release of
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production orders through the use of action messages by the system in order to
reduce delays and errors in the acquisition of materials. Hence, the indicator relating
to the performance of orders initiated on time was 61% at the beginning of the project
and it was proposed within the objective to increase this indicator by 29%.

Hence, this project was limited to the information behavior of users or
participants involved in the release of production orders in a single product schedule,
particularly the A220 production schedule, as described above. It is also delimited
between the families belonging to this program, excluding one family from this
program: the family of the A220 monuments, which is large and complex to be
considered as a different program. This is despite the fact that the preparation of the
products is similar to the other families in this program, the waiting times for the
material can be months instead of days or weeks that is common with the rest of the
families. Historically, firm demand times last at least half a year and sometimes
extend up to a year instead of the 13 weeks, that is commonly the case with the rest
of the product families. Here, the production plan is carried out considering two
months instead of two weeks as in the rest of the other families. Furthermore, the
production plan is segmented between the eight processes within the production
process of this family, while in the rest of the other families they have two or three
processes only. Moreover, releasing production orders is different and adds more
variables to consider and the time required for release generally taking additional
weeks.

Various departments are involved in the production order release process,
and for the study of the information behavior of this research, two departments were
particularly considered: Planning Department and Purchasing Department. The
Planning Department, where this research is taking place, is the department
responsible for planning production for certain days or periods of time and this
generates material requirements. Also, this department is in charge of distributing
action messages to acquire materials. On the other hand, the Purchasing
Department, which once they have the material requirement messages, is in charge
of acquiring the materials to start production within the time established by the
Planning Department. However, as mentioned previously, the internal performance
indicators of the Planning Department showed that production orders were not
started on time, and/or are they completed in the scheduled time, generating
additional costs.

Production orders are not started in the time they were planned, generating
delays in production and the production plan being constantly changing to meet the
delayed production. This is, generally, why production did not start on time due to
lack of material and thus generate the scheduled production volume. It is relevant to
note that the company does not allow, to the extent possible, the production plan to
be modified since the dates agreed with the clients are strict and if they are modified,
the company should be obliged to pay fines for non-compliance. This is despite the
fact that the company, as a measure to meet the established dates or with minimum
delays, considers adding days so that its expenses are small and within limit costs
established by the management. For this reason, a change in the use of the tools
used in the processes, they were considered hoping to impact the information
behavior of the participants of the departments involved. Similarly, changes are
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expected in the channels through which information flows hoping to directly impact
on that behavior.

In general terms, the background, the methodology used in the project, the
results and the conclusions obtained in the project are presented below.

2. BACKGROUND

In this section, information behavior, performance indicators, process mapping and
the SIPOC diagram are presented as theoretical background.

2.1 Information behavior

Calva (2004) points out that information behavior can be understood as the
manifestation of the subject's information needs, originated from the insufficiency of
information and knowledge about a phenomenon, object or event. That is, he
mentions that when information is required about something in particular, information
behavior is present to satisfy their needs for information or knowledge. Similarly,
Wilson (2000) defines information behavior as the totality of human behavior in
relation to information sources and channels, including the active and passive search
for information and the use of information (p.2) and he is one of the precursors in the
knowledge of this type of behavior in natural environments, as it is treated in this
research. In the same way, other authors such as Fisher, Erdelez, McKechnie (2005)
have an additional definition of information behavior after conducting research where
a total of 70 theories and models used in the study of the different aspects of
mentioned behavior are collected. Moreover, they defined as the area of
documentation focused on investigating the way in which individuals need, search,
manage, disseminate and use information in different contexts. Therefore, in this
investigation, informational behavior is defined as a process through which a subject
acquires information of any type using different sources and channels, makes use
of the acquired information either for themselves or to broadcast it to a third party.

2.2 Performance indicators

Jackson (2009) mentions that KPIs (Key Performance Indicators), which are also
known as performance indicators, are those indicators that help to validate the points
that are failing within the organization and, in this way, increase consequently efforts
on these points. The ultimate goal of any performance indicator system is to provide
information about how the system achieve the goals. Similarly, it is important to make
the distinction between information and data, So, for this an usual definition of
information would be data that can be used for the purpose of making decisions, so
that data is considered as raw facts and/or situations that were compiled in order to
create particular and general understandings of them. Consequently, a system of
performance indicators aims to provide the value of relationships between factors
and the complementary elements (data quality, explanatory factors, context)
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necessary to make appropriate decisions. Consequently, a system of performance
indicators is the result of considering all areas of interest, interested parties and
factors that influence a certain environment (Alegre et al., 2017). Key performance
indicators are defined as an industry term for a measure or metric that evaluates
performance against some objectives. Furthermore, they are commonly used in
organizations to measure both success and quality in meeting their objectives,
enacting processes, or delivering products and services (Barone et al., 2011).

2.3 Process mapping

Starting with the definition of what a process is, the ISO 9000:2005 standard (1SO,
2005) in its foundations and vocabulary defines it as a set of mutually related
activities that use inputs to provide an intended result. On the other hand, process
mapping, Damelio (2011) points out that it is a methodology that is used to show in
detail the activities that make up a process through a schematic representation
called flow diagram, which is made up of a certain symbology. The activities that
make up the process mapping must have a sequential and logical structure aimed
at meeting a specific purpose. The main objective of process mapping is to
graphically represent the main activities that are carried out within an organization,
in such a way that everyone who reads it is able to understand it and carry out the
activities indicated in the description. Also, the importance of process mapping lies
in its implementation since it serves as a starting point for process operators to
standardize their activities. It also provides the same level of service to all clients
regardless of the person providing the mentioned service.

2.4 SIPOC diagram

Huerta (2016) mentions that process diagrams had started to emerge from the
industrial revolution, through the creation of various machine diagrams and by using
the scientific method with the objective to study work. The study of the work was
initiated by Lilian and Frank Gilbreth and other collaborators who managed to create:
flowcharts, operation diagrams, work diagrams, man-machine diagrams, among
other abstract tools. Joyanes (2008) describes the flowchart as a diagram that uses
standard symbols (boxes) and exhibits the steps of an algorithm written in those
boxes joined by arrows, called flow lines, which indicates the sequence in which a
process should be executed. While Damelio (2011) says that a flow chart is a graphic
representation of the sequence of activities that must be followed within a process
or procedure. Each step of the process is represented by a different symbol that
contains a brief description of the process stage. The graphical process flow symbols
are linked together with arrows indicating the direction of process flow. The flow chart
offers a visual description of the activities involved in a process, showing the
sequential relationship between them, and facilitating an easy understanding of each
activity and the relationship between each other. The process map is a document
with an attractive appearance and its presentation should be easy to read so that it
can frequently facilitate its modification and consultation. Flowcharts help to make
visible the work and operations carried out in a production system. Hence, the
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SIPOC diagram is a derivation of process and flow diagrams in such a way that it is
used specifically for information needs within the company in question and it would
be an abstract tool expecting to facilitate the information behavior.

3. METHODOLOGY

Information behavior is the process by which a subject acquires information and use
it influenced by the information distribution channel(s). Therefore, to identify the
mentioned behavior within this project, which was carried out in the Planning
department, it was required to separate the tools used, focusing in one of them. For
research purposes, this was defined as a case study considering the process that is
frequently used within the daily operation, which involves the largest number of
users, being indicated as the A220 system. This is considered as the ideal tool that
should be considered in this study.

It was because the participating company manufactures various products
for different aircraft models, which generate complexity in the production process.
From the above, it was seen that the information behavior of users is a crucial
element within the planning processes since it is used to develop production plans.
This is delimiting the family of products of the system indicated above and all those
systems that support the activities required to develop commented plans. However,
the A220 system, despite being the most used and housing the largest number of
families, is too large. For this reason, the A220 Monuments family was not
considered, as noted in the introduction section.

Hence, the project was divided into two phases. In the first phase, the process
of releasing orders for the selected program was mapped, creating a flow diagram
to help the reader to understand it. The second phase of the project consisted of
finding how the information behavior is on releasing orders between the different
levels within the Planning Department. Here, a survey was developed and applied
considering the activities required within the process and aspects of productivity and
user satisfaction. In order to obtain relevant information of the user, the following
participants were considered: Planning Supervisor, Planner and Planning
Administrator. Moreover, the survey contemplated the entire process of generating
and using information within the production order release procedure. In the same
way, the results allowed us to identify information needs, levels of information
processing, information products, and information residues, that can be used in
subsequent processes, or even within subsequent activities. The above was a
challenge since this involved generating changes in the tools used. In addition, it
was necessary to generate other tools for activities which lacked them.

To do this, it was also necessary to develop process mapping and the tools
used in the commented processes, such as flow charts and the SIPOC diagram. The
latter is a diagram of five steps, one for each letter of the aforementioned acronym.
Here, the supplier and the process source were identified. Next, the process input
was clarified, followed by the process itself. Subsequently, it was declared how the
output takes the form of a product or service concluding with the form of delivery of
the product or service to the customer. To do so, performance indicators were
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developed related to information behavior throughout the production order release
procedure and its monitoring.

A way to carry out the research was developed starting with the mapping of
the process specifically on the release of production orders and the SIPOC diagram.
To have a complete vision of what is done, information satisfaction surveys were
developed and applied in the aforementioned departments. The survey also served
to identify sources, channels, application, distribution, and use of information within
the indicated process. The results obtained showed those variables and
considerations that were not previously indicated as relevant within the process, thus
generating rules to create production plans and operation suggestions in mentioned
creations. Below, it is showed the SIPOC diagram representing the release of
production orders.

5

Se realiza un
balanceoen la
demanda.

Se realiza un plan
de produccion.

La érden de
produccion
esta lista para
salir

Se crea la
demanda
firme en el
sistema

Almacén
Se compran los
materiales.

Produccion

Se crea una 6rden
de produccion.

Se libera la orden
de produccion.

Proveedor

Figura 1. SIPOC diagram of releaese of production orders (Source: archive)

4. RESULTS

The results obtained were focused on achieving the stated objective. So, it was
found that for the production order release process, it is relevant to accept the
demand declared by customers and the first user should pay attention to its
acceptance and understanding within the process. These are relevant activities
within the information behavior of the users that should be understand correctly.
Moreover, it was necessary to visualize and understand the available time to carry
out the planning, which is generally 13 weeks. This is called firm or firm demand,
and should be capable to adapt the production plan considered optimal and leveled
within the existing production capacity of the system. However, it should note that
for certain products of a given family, its planning time is 20 weeks of firm demand.
This was because the existing differences were directly reflected in the way in how
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the product is grouped and stored, adding time margins to address potential
problems in the production process.

Therefore, the programmer, who accepted the demand and defined the
planning time, has considerations based on the information sourced from the
manufacturing processes and standards developed for it, as well as the existing
trends of production plans being executed. These were relevant considerations
within the information behavior. Further, the creation of the production plan should
include the indicated demand and should be carried out within the time considered
for this, in this case were 13 weeks of the period considered. In addition, cycle times,
leveling workloads, holidays and free days should be considered within the available
weeks and days in which the production should be done. These should be included
in the production plan and they should exhibit the history of demands and production
levels achieved. In the same way, potential unusual demands should be pointed out
during and after the commented planning in order to create contingency plans in
reference to production. It was suggested to consider one or two additional weeks
to those that were initially planned.

A key point in the production plan is the production levels considered to avoid
labor overloads and to control them in order to make decisions considering the
production system and its capacity. This should allow the evaluation of the
performance of the system. To do this, the production supervisor should use the
informational behavior to obtain information allowing them to make decisions for
achieving the stipulated production plan. However, it does not make use of
information from warehouses to corroborate the existing materials and this directly
affects the production plans within the stipulated time. On the other hand, planners
have to seek balances to consider the planning carried out by other planners to
achieve the balance in the total production lines. Therefore, the initial work horizon
is three weeks within the 13 weeks considered initially in the entire plan, and thus,
the material inventories should be verified to subsequently make the pertinent
adjustments. It is relevant to note that production plans are intertwined with each
other according to product families and existing systems to control production
processes. This allows the necessary adjustments, that should be made in reference
to the times required to finalize the production plans, and according to the indicated
demands.

From the above, the information behavior of the planners, according to the
survey carried out and the information flow diagram, showed that variables or
situations that directly affect the production system in strong relation with the
indicated demand, which similarly should be considered in the production plan. The
contemplated and indicated times showed a variable that is included within the
information behavior and its limitations; so, it should be considered within its planned
activities. For this, the indicator of production orders carried out within the indicated
times was initially 61%. After the changes generated in the information behavior and
in the development of abstract and physical tools, it increased to 90%. That is, the
efficiency of activities increased 29%, achieving the planned index of 90%, which is
the level considered adequate within planning and production system.

Furthermore, the Purchasing Department has a purchasing horizon of three
weeks to meet the materials required to carry out the production plan. Hence, the
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first activity developed was the search and use of information related to existing
inventories, which it is employed to start the production supplying the materials
during the production process. So, if they did not have available information of
inventories, the action messages are generated, which is an abstract tool developed
to express the urgency of the demand of the materials. The delivery time is in
accordance with that is commonly required by suppliers to meet the company's
material needs. Other departments were involved in the mentioned purchase and
sometimes, these delays in the delivery of materials produce consequently delays
the production process. It was evident that there were other factors, which also delay
the production process, but they were not considered in this study focusing on those
related to information behavior only. Moreover, this increases the workload in the
departments involved, supporting the activities, that should to be carried out in the
production area.

5. CONCLUSIONS

The stated objective was achieved by making use of abstract and physical tools
supporting activities of the participating departments. This was in consideration of
the main responsibilities that each of them has, as: planning production plans and
having materials available according to the developed production plan. This also
includes the activities: to accept the demand, to carry out the production plan, to
purchase the materials and to release the production orders. A very useful tool
developed was the action message to acquire the missing materials in consideration
of the existing inventories. This message should be carried out within the three
weeks considered in the production plan.

Moreover, the use of flow charts within the release of production orders is
another tool that contributes to the improvement of information behavior by clarifying
how information should flow, where it can be accessed and how it can be used within
the production process. This, in turn, highlights the need to develop additional tools
that improve information behavior, especially, in the use of information in support
activities in leveling workloads.

Therefore, it is relevant to point out that theoretical aspects are limited
because they have commonly been generated in contexts different from the one
used in this research. This opens the opportunity to continue applying and
generating knowledge from new applications in contexts considered natural and
those that scarcely have been considered in past studies. Hence, there are
additional areas of opportunity in these types of contexts and where particular
situations are changing for satisfying the demands indicated by internal and external
clients.
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Resumen: Actualmente en el area de oficinas laboran alrededor de 38 personas,
las cuales cumplen una jornada de hasta 10 horas diarias, 5 dias a la semana; asi
mismo suelen pasar el mayor tiempo sentados en sus escritorios generando una
actividad demasiado sedentaria y duradera, trayendo como consecuencia una serie
de malestares de caracter postural los cuales se reportan directamente en el area
de enfermeria que determinan como diagnostico general un nivel de estrés en
algunos puntos del sistema musculo esquelético.

Se buscé evaluar aquellos puntos de estrés afectados directamente sobre
ciertos factores de riesgo mediante el método ROSA (Valoracion Réapida del
Esfuerzo en Oficinas).

De acuerdo a la metodologia utilizada, ésta se dividi6 en 4 fases y finalmente,
con los resultados obtenidos se procedio a realizar una propuesta de mejora, misma
que ayudaréa a reducir los puntos de estrés postural y permitird por ende reducir las
visitas a enfermeria por malestares en el sistema musculo esquelético.

Palabras clave: Andlisis, oficinas, empresa, método, ROSA

Relevancia ergondmica: El propdsito de este proyecto es demostrar que el tener
una estacion de trabajo adecuada y segura permitirA generar un impacto en
beneficio de la salud y productividad del personal, disminuyendo los posibles
factores de riesgo de lesion a través de un redisefio en las estaciones de trabajo,
derivado de los analisis posturales previos y adecuaciones en mobiliario y equipo.

Abstract: Currently around 38 people work in the office area, working up to 10 hours
a day, 5 days a week; Likewise, they tend to spend most of their time sitting at their
desks, generating excessively sedentary and long-lasting activity, resulting in a
series of postural discomforts which are reported directly in the nursing area, which
determine, as a general diagnosis, a level of stress in some. points of the
musculoskeletal system.

We sought to evaluate those stress points directly affected by certain risk
factors using the ROSA method.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 89


mailto:alonso.urias@tectijuana.edu.mx

Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

According to the methodology used, it was divided into 4 phases and finally,
with the results obtained, a proposal for improvement was made, which will help
reduce postural stress points and therefore allow for a reduction in visits to the
infirmary due to discomfort. in the musculoskeletal system.

Keywords: Analysis, offices, company, method, ROSA

Ergonomic relevance: The purpose of this project is to demonstrate that having an
adequate and safe workstation will generate an impact that will benefit the health
and productivity of staff, reducing possible risk factors for injury through a redesign
of the stations. of work, derived from previous postural analyzes and adaptations in
furniture and equipment.

1. INTRODUCTION

In recent decades, with the development of new technologies, an increase in
opportunities and jobs has been generated, of which those of an administrative
nature have been fundamentally necessary, which has resulted in the assignment of
sedentary activity tasks with postures in long-term sitting position, as well as sitting
in front of the computer. This project was developed in a manufacturing company in
Tijuana Baja California, in the office area, where the staff works around 10 hours a
day, 5 days a week. There, we seek to evaluate those injury risk factors that could
harm the staff in their work day, using as the main support tool the application of the
ergonomic evaluation method ROSA (Rapid Office Strain Assessment) which relates
the worker's work environment in an office.

2. OBJETIVE
Analyze and diagnose the office area of a manufacturing company through the
ROSA method in order to identify the possible risks that the workstations are
generating to the health of the operators and propose a redesign that helps reduce
or eliminate the factors that they provoke it.
3. DELIMITATION

This research was developed in the city of Tijuana, Baja California, in a company in
the manufacturing sector, specifically applied to the office area.

4. METHODOLOGY

This company located in Tijuana Baja California dedicated to the manufacturing of
parts for electronic and automotive products, during its first period from January to
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June 2022, there were a total of 427 nursing consultations and 59 cases derived
from musculoskeletal problems, while that, during the period from July to December
of the same year, there was an increase in visits to nursing for problems of the same
nature by 14.77%.

Graph 4.1 shows the number of visits to nursing for musculoskeletal problems
and the percentage they represent, with only 4 cases occurring in the month of July,
or 5%, while in November there was an increase of 25. cases due to musculoskeletal
problems representing 29% respectively.

Visits

mjul-22 = Aug-22 = sep-22 oct-22 mnov-22 = Dec-22

Graph 1 Visits to nursing due to musculoskeletal problems
Source: Self made

Likewise, graph 4.2 shows the trend that has occurred in the period
from July to December, with November being the one with the highest cases and
percentage, in addition the KPI trend is found at 9.6%.

Medical service and musculoskeletal trend
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Graph 2 Medical service and musculoskeletal trend Source: Self made
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At the same time, in the monthly reviews carried out by the safety and hygiene
department, there were cases in the office area where the conditions of the desks
and chairs were in poor condition, these continued month after month and no
solution was given. as shown in picture 1

Graph 3 Chair in poor condition in a company Source: Self made

That is why it is intended to carry out an ergonomic analysis of the area and
subsequently an evaluation in order to detect cases and propose improvements, and
therefore reduce the cases of visits to nursing, given that there were no disabilities
or absences due to these, the area The nursing department opted to purchase
preventive equipment and anti-inflammatory gel, absorbing an extra cost for the
company, as shown in table 1.

Table 1 Cost of medical equipment

Equipment Quantity Cost per Unit Total Cost
Cervical collar 5 $500.00 $2,500.00
Anti-inflammatory gel 3 $350.00 $1,050.00
Thumb wristbands 9 $350.00 $3,150.00
Hand splint glove 9 $420.00 $3,780.00
Medical consultation (outside) 7 $300.00 $2,100.00
Therapies 4 $500.00 $2,000.00
Transportation 8 $200.00 $1,600.00
Total $16,180.00

Source: Self made

In carrying out this project, different types of tools were used, which are:
Camera, photographs of the study area, ergonomic software of the ROSA method,
Microsoft packaging (Excel and Word), research referring to the application of
ergonomics in offices, nursing area log.
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ROSA Method

ROSA is the acronym for Rapid Office Strain Assessment. It is a checklist whose
objective is to evaluate the level of risks commonly associated with office
workplaces. The method is applicable to jobs in which the worker remains seated in
a chair, in front of a table, and operating a computer equipment with a data display
screen. The most common elements of these workstations (chair, work surface,
screen, keyboard, mouse and other peripherals) are considered in the evaluation.
As a result of its application, an assessment of the measured risk and an estimate
of the need to act on the position to reduce the level of risk is obtained. (Ergonauts,
2015).

Below are the phases in which they are carried out during the project, as well
as the description of the activities carried out in each phase chronologically:

Phase 1: Identify risk factors in the office area

In this phase it will be necessary to collect information from the records made in the
log in the nursing area for musculoskeletal problems. In addition, with the help of
Excel, a graph will be made to show the behavior from the moment in which visits to
the nurse increased. to date, as well as the percentage of KPI it represents.

Phase 2: Analysis of the current risk level

According to the information collected in the nursing area log, the current risk level
in the company's office area is determined with the help of the Software to apply the
ROSA ergonomic method, where the evaluation is carried out. , in which according
to the results the severity of the area will be determined, as well as the level of action
and thereby know how quickly it is necessary to make the improvement in the area.

Phase 3: Identification of risk factors in workstations

In this phase, a survey is carried out in which the area personnel will be presented
with the main problems due to MSDs that they present, as well as the frequency with
which they feel said discomfort. Subsequently, photographs will be taken of the work
area in which the causes that lead to physical and health problems of the personnel
in the area will be identified.

Phase 4: Improvement proposal

Once the results of the previous phase have been obtained, the areas of
improvement opportunities in the workstation will be pointed out, as well as a
proposal to change the office furniture and equipment that is more ergonomically
appropriate so that the staff can carry out their activities. without your health being
affected, in which authorization will be necessary to carry out.

Some of the activities in this phase are the following:

4.1 Determine the ergonomic equipment necessary for the office area
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In this part, research will be carried out on items necessary in offices to make them
more ergonomic, in order to determine that equipment that can be added to current
workstations.

4.2 Make a budget for office equipment

Once the equipment that will need to be purchased or replaced has been identified,
a budget will be made for the equipment where a comparison between different
brands and prices will be made, in order to determine which is the best option either
by price and/or brand.

4.3 Formal change request

Once the budget has been obtained, a formal letter will be made to the company's
directors about the proposed ergonomic improvement in order for the
implementation to be approved.

4.4 Implementation of improvements
Once the permit is obtained, the equipment is purchased and distributed to the
workstations.

5. RESULTS

Phase 1: Identify risk factors in the office area

Graph 4 shows the behavior of the medical service and its trend for musculoskeletal
problems, from the month of July 2022 to the month of May 2023, in which each bar
shows the number of visits to the medical area, the orange line shows the
percentage that represents the total number of visits for musculoskeletal problems
with respect to medical care for other reasons and the line represents the KPI in
which it maintained an average of 9.6%.

Medical service and musculoskeletal trend
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Graph 4 Skeletal muscle trend July 2022-May 2023.Source: Self made

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 94



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

Phase 2: Analysis of the current risk level
Below are the results obtained through the ROSA method, where the risk level in the
chair is presented.

7 0 1 2 3 4 5 ¢ 5K 7 N © I o I 10

Graph 5 Risk level score in worker 1's chair. Source: Self made

Puntuacian Panlla y Periféricos
0 1 2 3 4 s T - I 7 I = I ¢

Graph 6 Risk level score on the worker's screen and peripherals. Source: Self made

Table 2 shows the compilation of the results of the risk level score in chair,
peripherals and ROSA of the 38 workers.

Table 2 Results of the risk level of workers in the office area
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Source: Self made

Subsequently, the results are shown in table 3, which determine the level of risk that
exists in the workstations. These tables are referring to table E mentioned in the
previous chapter, having five workers as a sample.

Table 3 Risk level in the work area

TABLE E Punctuation Table C (screen and peripherals)

1 |2 |3 |4 |5 |6 |7 |8 |9 |10
1 1 |2 |3 |4 |5 |6 |7 [8 |9 |10
2 2 |2 |3 |4 |5 |6 |7 |8 |9 |10
3 |3 |3 (3 |4 |5 |6 |7 [8 |9 |10
4 |14 |4 |4 |4 |5 |6 |7 [8 |9 |10
5 |5 |5 |5 |5 |5 |6 |7 |8 |9 |10
6 6 |6 |6 |6 |6 |6 |7 |8 |9 |10
7 7 |7 |7 |7 |7 |7 |7 |8 |9 |10
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Source: Self made

As shown in the previous tables, what would correspond to the final score and

the level of action to be considered for the action to be carried out in order to support
the health of the staff was obtained.

Table 4 Action levels

Punctuation
Punctuation | Risk Level | Performance Work  ["Chai [ Periphe | Work Risk
er r rals station
1 Unaccep 0 there's no need 1 7 5 7 3
table
2-3-4 Improvab 1 Some elements of 2 9 5 9 3
le the position can be
improved
5 High 2 Action is necessary 3 9 5 9 3
6-7-8 Very 3 Action is necessary 4 7 5 7 3
High as soon as possible
9-10 Extreme Action is urgently 5 7 7 7 3
needed

Source: Self made

Phase 3: Identification of risk factors in workstations
Below are the results obtained from the survey carried out on workers to detect
discomfort that occurs in the body.

1. Have you experienced disconfort in any of the following
parts?

B Musculoskeletal

es keck shoulderelbow or wrist or

forearm hand

legs

dorsal or
lumbar

Graph 7 Results of the questionnaire, question .1Source: Self made
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2. Have you had any discomfort in the last 6 months?

M yes

®no

Graph 8 Results of the questionnaire, question 2. Source: Self made

3. How long does the discomfort last?

10
5 - - =
0

2-24 HR DAYS

Workers

Titulo del eje

M Period of Discomfort

Graph 9. Results of the questionnaire, question 3.Source: Self made

4. How long have you been feeling the discomfort?

10
5 - . .

DAYS WEEKS MONTHS

Workers

Titulo del eje

M Period

Graph 10 Results of the questionnaire, question 4. Source: Self made
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5. Have you received any type of treatment?

M yes

Eno

Graph 11. Results of the questionnaire, question 5. Source: Self made

6. How intense is the discomfort? On a scale from 0to 5

15 13
£ 10 8
< / 6
o
= 5 3
: ]
0 ||
0 1 2 3 4 5

M Intensity of discomfort among workers

Graph 12. Results of the questionnaire, question 6. Source: Self made

Graph 13. Area results, worke 1. Source: Self made
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Graph 14. Area results, worker 2. Source: Self made

Graph 16. Area results, worker 4. Source: Self made

Phase 4: Improvement proposal

In this phase, redesign activities were carried out on furniture and equipment, and a
comparison table of ergonomic equipment for offices was made, in order to find
those that meet the conditions mentioned in the ROSA method, such as the
adjustment in the height, backrest, armrests and seat depth, this in reference to

chairs.
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Table 5. Comparison of ergonomic equipment

Wrist rest
Description Low Medium High
Price $169.00 $359.00 $609.00
Image
Foot rest
Description Low Medium High
Price $332.00 $1,099.00
\ "
Desk
Description Low Medium High
Price $1,754.00 $7,299.00
T —— -
Image F’
Chair
Description Low Medium High
Price $1,299.00 $2,629.00 $3,689.00
Image ?
\ f=s
‘ r"} S
L ]
Compute
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Description Low Medium High
Price $9,899.00 $11,799.00 $18,999.00

Image

Source: Self made

Table 6. Ergonomic equipment budget

Description Quantity Unit Price
Wrist rest 1 $359.00
Footrest 1 $653.00
Desk 1 $3,950.00
Chair 1 $1,299.00
Compute 1 $11,799.00

Total $18,060.00

Source: Self made

Graph 17. Implementation of desktop, computer equipment and wrist rest Source: Self made
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-

-n
Graph 18 Implementation of footrests and chairs with armrests Source: Self made

Graph 19 shows the behavior of cases due to musculoskeletal problems for an entire
year, after improvements were made from May to July 2023, where a decrease in
cases can be seen compared to 2022.

Medical service and musculoskeletal trend

B Musculoskeletal

jul-22  aug-22 sep-22 oct-22 nov-22 dec-22 jan-23 feb-23 mar-23 apr-23 may-23 jun-23 jul-23

Graph 19. Medical service and trend of complaints in the musculoskeletal system 2022-2023.
Source: Self made

CONCLUSIONS AND RECOMMENDATIONS

The general objective of this project was to analyze and diagnose the administrative
office areas of the company through the ROSA ergonomic method in order to identify
the possible risks that are associated with the health of the workers, according to the
reports presented by the nursing area of the various annex spaces.
At the same time, the general objective was met, which consisted of analyzing the
exposed areas and personnel with the application of the method to diagnose risk
level and present the diagnosis in the corresponding area for evaluation. All this was
possible through questionnaires, which gave scores according to the level of risk
detected.

Likewise, the proposal was generated and the implementation of new
equipment was authorized for areas that had high levels of risk, since the health and
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economic impact that ergonomics has within workstations and related activities was
demonstrated.

For the ergonomic adaptation within the office area to work, it is necessary to
acquire the furniture and tools that help improve the health and comfort of the staff,
so it will be necessary periodically, in order to have greater control, to periodically
evaluate the workstations. , as well as supporting the results with the nursing area,
to provide feedback and suggest solutions, once these risk levels have decreased,
another type of implementation can be recommended that is in accordance with the
new needs.

Additionally, make improvements in other areas using ergonomic evaluation
methods that are appropriate according to the operation performed by the staff.
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Resumen La ergonomia es la parte de estudio del trabajo que se encarga de la
optimizacién de condiciones laborales buscando establecer limites que no deben
ser excedidos por las personas al realizar diversas actividades. En los sistemas
hombre-méaquinas correspondiente a lavado de carros se dan ciertas posturas que
pueden llevar a lesiones musculoesqueléticas, por lo cual se decidio realizar un
analisis ergonémico utilizando Art Tool y la medicion de condiciones ambientales
como son la temperatura, el ruido, la luminosidad y la humedad relativa. En base a
ello, se propone un accesorio que reduce y ayuda con los resultados obtenidos.

Palabras clave: Andlisis Ergonémico, Lavado de Carros, ART TOOL. Hidro
Lavadora, Lesiones Laborales

Relevancia para la ergonomia: El proyecto HydroClean es un “Accesorio para
pistola de una hidro lavadora industrial” que se va a fabricar con el propdsito de
ofrecerle a los trabajadores de autolavados realizar un trabajo mas eficiente, rapido
y cémodo. Esto en base al impacto fisico que se esta mostrando al momento de
llevar a cabo las actividades. Asimismo, como la importancia ergonémica que se
tiene, ya que son de gran nivel los dafios que se obtienen.

Teniendo en cuenta que, dadas las condiciones en las que vivimos actualmente,
también se buscé que dicho proyecto ayudara a la sustentabilidad de la comunidad
buscando evitar contaminar en la mayor cantidad posible.

HydroClean consta de una estructura rectangular de plastico duro y rigido capaz de
resistir a la presion del agua. Este mismo se une por medio de un acoplamiento
adaptado a la punta de la pistola de una hidro lavadora industrial. Dicha estructura
se encuentra forrada con tela de microfibra.

Abstract: Ergonomics is part of a work-study responsible for optimizing working
conditions, seeking to establish limits that workers should not exceed when
performing various activities. In the man-machine systems corresponding to car
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washing, certain postures and forces can lead to musculoskeletal injuries, so it was
decided to perform an ergonomic analysis for which various methods were used,
such as ART TOOL, as well as taking luminosity, humidity, noise, and temperature
measurements. Based on this, an accessory is proposed that improves significantly
actual working conditions.

Keywords. Ergonomics analysis, ART TOOL, Continuous Improvements, Work
Injuries

Relevance to Ergonomics: The HydroClean Project is an “Industrial Hydro Washer
Gun Accessory” that was designed to offer car wash workers a more efficient, fast,
and comfortable working condition. This is based on the physical impact that is being
shown at the time of carrying out their job.

Also, as well, an ergonomic impact is due to lowering the risk of a
musculoskeletal injury. Furthermore, taking into account that, given the current
conditions, it was also sought that this project would help the community
sustainability by seeking to avoid polluting as much as possible.

HydroClean consists of a rectangular structure made of rigid plastic capable
of resisting water pressure. This is joined employing coupling adapted to the tip of
the gun of an industrial hydro washer, the structure is lined with microfiber fabric.

1. INTRODUCTION

Car washes represent a work environment where workers are exposed to a variety
of ergonomic hazards due to repetitive tasks, awkward postures, and handling heavy
equipment. In addition, the operational efficiency of the car wash workers can also
be affected by poor ergonomics, resulting in decreased performance and poor
service quality. However, a crucial aspect is a geography that we are analyzing since
it was determined that Cuauhtémoc has a semi-dry temperate climate, which is
characterized by strong winds, in addition to the fact that our economy does not allow
100% of the streets to be paved and leads to a problem of cleanliness in vehicles
(INEGI, 2024)

Therefore, it is crucial to carry out an ergonomic analysis on car wash workers to
identify areas for improvement in both working conditions and operational efficiency.

2. OBJECTIVES AND DELIMITATION
2.1 General Objective

Perform an ergonomic analysis of the man-machine system in the car washes of Cd.
Cuauhtémoc, Chihuahua, identify and evaluate the ergonomic risks associated with
the washing activity and determine their impact on the operational efficiency of the
car washes. Likewise, it will promote the worker's well-being by reducing accidents,
correcting harmful postures, and preventing ergonomic, physical, or mental injuries,
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through the implementation of corrective measures and working conditions
improvement.

2.2 Specific Objectives:

1. Identify and classify ergonomic factors present in the man-machine system of
car washes in Cd. Cuauhtémoc.

2. Assess ergonomic risks by applying ART TOOL ergonomic analysis in the
washing activity.

3. Analyze the relationship between work environment ergonomic conditions
and the operational efficiency of car washes, considering aspects such as
productivity, safety, and the worker’s well-being.

4. Examine the impact of ergonomic conditions on the service quality offered by
car washes, exploring customer satisfaction and experience.
5. Propose specific ergonomic recommendations and solutions to optimize

workplace’s design, tools, and processes in car washes, to improve
operational efficiency and ensure the safety and worker’s well-being.

2.3 Delimitation

Car washes that are included in this article are based on those marked by Google
Maps in the Cuauhtémoc, Chih region, in addition to those that met the research
requirements, considering those that were in a position to support it.

3. METHODOLOGY

This research was carried out using a qualitative approach that will include the

following stages:

1. Participant observation: the research team went to various car washes in the
region on a given day, where an ART TOOL form was filled out, and various
results were obtained.

2. Interviews: Interviews were conducted based on various questions that had a
great impact on the relevant aspects, including environmental, ergonomic,
and interest in improving their tools.

3. Data analysis: The data collected was analyzed using qualitative analysis
techniques, such as content analysis, to identify relevant patterns, themes,
and relationships (Hernandez-Sampieri & Mendoza, 2018)

The Repetitive Task Assessment Tool (ART TOOL, for its acronym in English)
is designed to help assess the risk of tasks that require upper extremities repetitive
movement (arms and hands) (UK Health and Safety Executive, 2010).

It is a tool designed to assess some of the common risk factors in repetitive work
that contribute to the development of upper extremity disorders (ULDs). ART is
aimed at those responsible for designing, evaluating, managing, and inspecting
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repetitive jobs. It can help identify those tasks that involve significant risks and where
to focus on risk reduction measures.

The evaluation is divided into four stages:

Stage A: Frequency and repetition of movements.

Stage B: Strength.

Stage C: Uncomfortable postures.

Stage D: Additional Factors (UK Health and Safety Executive, 2010)

4. RESULTS
4.1 ART TOOL Results

The work activities ergonomic analysis of eleven workers is carried out using the
ART tool, obtaining the results that can be seen in Figure 1, which shows the ratings
achieved by the workers by both the movements of the right and left hands. It was
observed that most workers use their right hand more, even though there are
workers who show a balance in the use of both hands (Subject 5), which results in
greater efficiency in their work. On the other hand, subjects 7 and 8 work
predominantly with their left hand.

Additionally, it can be determined that most workers obtained values higher
than 22, considered high risk according to ART TOOL. Therefore, it is considered
essential to implement measures or tools that reduce this value and thus reduce the
associated risks.

4.2 Environmental Conditions Measurements
4.2.1 Noise

The measuring equipment involved in obtaining this environmental variable was a
STEREN decibel meter, model HER-400, with a range of 30dB to 130dB.

ART Tool Results

11111111111

Figure 1. Results Ergonomic Analysis using ART TOOL.
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Data obtained are shown in Figure 2, as can be seen only the measurement
obtained in the car wash 8, does not comply with the maximum permissible exposure
limits set by NOM-011-STPS-2011 which establishes a limit of 90dB (A) for 8 hours
(STPS, 2002), however, it is important to clarify that the noise level was reached by
the volume of the music that was played and the owner stated that the sound did not
last for the 8 hours of the working day, the measurements were made following the
protocol to measure the noise emission proposed by Echeverria & Gonzalez (2011).

ENVIRONMENTAL CONDITION: NOISE

120

97
100
84.6

74.3 8.2

< 80 70.6
Py 64 64.9 65.7
a a o @
Z 60 h e hd
w
%)
o
> 40
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0 1 2 3 4 5 6 7 8 9
CAR WASH

Figure 2. Sound conditions measurements.
4.2.2 Luminosity

For the luminosity measurements, a lux meter was used, brand URCERI®, model
MT-912, It is important to note that some car washes had artificial shade for all or
some of the tasks, while others are completely outdoors. The measurements were
carried out according to the guidelines established in the NOM-025-STPS-2008
relating to workplace lighting conditions and can be determined under the afore
mentioned regulations, and according to the data shown in Figure 3, all
establishments comply with the classification of Details Fine distinction that marks
as a minimum 750 luxes (STPS, 2008).
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Figure 3. Light conditions measurements

4.3 Survey Results

A survey was carried out on thirteen workers, it is considered a significant sample
since it includes 89% of the subjects engaged in manual car washing in 8
establishments in Cd. Cuauhtémoc, Chih.
The survey was focused on determining the perception of workers regarding their
work environment, the injuries or accidents to which they have been exposed and
the frequency of these, the environmental conditions, and the interest they may have
in using an accessory for the hydro washer that could optimize their working
conditions.

First, they were questioned concerning their perception of how heavy their
work is, with 1 not being heavy and 10 being very heavy. 69% of workers gave a
grade of 7 or higher. This leads us to infer that most operators consider their work
very heavy due to the constant movements, postures, and vibrations caused by the
hydro washer, the vacuum cleaner, the car exterior drying, and the interior cleaning.
A significant variation can also be observed in the difficulty perception of the job,
which depends on the number of cars they wash per day, the specific activities they
must perform according to the customer's demands, and the fact that Saturday is
the day with the highest workload.
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>

2 2
[
]
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Work difficulty

Figure 4. Difficulty in work task perception.
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Through observation and analysis, it was determined that the activities carried
out in this particular man-machine system can be divided into: Washing, Vacuuming,
Drying, and interior Cleaning, based on this, the first question was related to
determining what activities the subjects specifically performed during their working
day. 100% of the workers stated that they carried out washing activities that involved
using the pressure washer, and only one subject (7.69%) commented that they only
carried out the washing activity.

The next question was about having suffered some type of injury, in graph 5,
can be seen that most people have not suffered any injury. However, in answering
the question, many considered only serious injuries. With a small deviation of one
person, some did report injuries, highlighting that it is a heavy job that involves
performing multiple activities. This causes muscle aches and physical fatigue, which,
although not serious injuries, can negatively influence your health over time.

Have you suffer some type of injury while
performing some of these tasks

W YES
NO

Figure 5. Work Injuries.

In graph 6, it can be seen that most people believe that climatic aspects do
not affect their work. However, a slightly smaller number consider it, mainly due to
the cold. In Ciudad Cuauhtémoc, the temperature drops significantly, and since this
job involves constant contact with water, there is a higher chance of getting sick.

Do you consider that climatic
aspects affect these injuries?

NO

Figure 6. Weather vs Injury.
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53.85% of those interviewed would consider acquiring a new accessory for their
pressure washer to reduce fatigue and avoid injuries, as they seek to do their work
less heavily and faster without losing quality. Those who would not buy it indicated
that they already have similar accessories or are simply not interested. Regarding
the price, 69.2% consider that less than $500.00 pesos would be a reasonable price,
and 30.8% consider it in the range of between $500.00 and $1000.00 pesos (Figure
7).

What would be a reasonable price for a high quality
pressure washer accessory?

10

4
2

Frecuency

<$500.00 $500.00 - $1000.00 - $1500.00 - mas de
$1000.00 $1500.00 $2000.00 $2000.00
Price range

Figure 7. Price range to be considered

5. CONCLUSION

Finally, we determined that it is a fundamental step to evaluate the musculoskeletal
damage caused by working in a car wash, based on the risk levels obtained with
ART TOOL, although no previous research was found in this regard, it was found
that performing work in a car wash can cause long-term injuries, although it is a very
well-paid economic activity. Therefore, it is important to modify certain tools to avoid
certain postures and reduce the force necessary to use the pressure washer. Hence,
the HydroClean tool is designed.
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Resumen: En el presente trabajo se realizaron evaluaciones ergonémicas en los
puestos de trabajo de las lineas de produccion de DCI, ITHD y SRX, esto con el
propésito de conocer el factor de riesgo que interfiere en las estaciones de trabajo
y los niveles de riesgo de las actividades que desempefia el trabajador durante la
jornada laboral, utilizando primeramente una lista de andlisis inicial de riesgos que
esta arrojo que el factor de riesgo de las estaciones es la postura y la repetitividad,
seguido de la seleccion del método RULA enfocado en la evaluacién de las posturas
de las extremidades superiores, donde dichas evaluaciones se aplicaron a un total
de 12 trabajadores repartidos en las 3 lineas.

Palabras clave: Ergonomia, riesgo, Método RULA, seguridad.

Relevancia para la ergonomia: Contribuira al cumplimento de las normas de
seguridad y salud en el que rige la Secretaria del Trabajo y Prevision Social como
la Norma Oficial Mexicana NOM-036-1-STPS-2018, “Factores de riesgo ergonémico
en el Trabajo Identificacion, andlisis, prevencién y control. Parte 1: Manejo manual
de cargas’.

Abstract: In this work, ergonomic evaluations were carried out at the work stations
of the DCI, ITHD and SRX production lines, with the purpose of knowing the risk
factor that interferes in the work stations and the risk levels of the activities that the
worker performs during the working day, using first a list of initial risk analysis that
showed that the risk factor of the stations is the posture and repetitiveness, followed
by the selection of the RULA method focused on the evaluation of the postures of
the upper extremities, where said evaluations were applied to a total of 12 workers
distributed in the 3 lines.

Keywords: Ergonomics, risk, RULA Method, safety.

Relevance to ergonomics: It will contribute to compliance with the health and
safety regulations governed by the Ministry of Labor and Social Welfare, such as the
Mexican Official Standard NOM-036-1-STPS-2018, “Ergonomic risk factors at work:
Identification, analysis, prevention and control. Part 1: Manual handling of loads”.
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1. INTRODUCTION

Ergonomics is the science that seeks the adaptation between the worker, the
machinery, the tools and the physical environment of the working day, with the
purpose of adapting the jobs to the physical and psychological characteristics of the
worker. The main objective of ergonomics is to prevent damage to the health of the
individual considering its three dimensions: physical, mental and social (Leon-
Duarte, Martinez-Cadena, & Olea-Miranda, 2021).

Ergonomic design within workstations prevents work-related injuries and
illnesses, as well as having the ergonomic characteristics necessary to improve the
workplace. If organizations choose to design and adapt workstations with an
ergonomic approach, there will be more balance between the worker and the tools,
benefiting them with better comfort in their workplace (Martelo Lora & Mercado
Pérez, 2023). In the workplace, various problems of occupational disability with
respect to health are occurring, motivating ergonomic risk factors, which has caused
employees to suffer from certain problems during the years of greatest work
productivity, leading in many cases to disability linked to this work activity (Morales
Arrieta, 2020).

Knowing the risk factors surrounding workstations will always be useful in the
company. Ergonomic risk refers to the probability of suffering an unwanted event at
work, and among the most frequent associated factors are postural load, repetitive
tasks, weight load, inadequate furniture, maintained postures, posture time, among
others (Torres Ruiz, 2023).

Studies have suggested the creation of programs or strategies that can
reduce the level of musculoskeletal injuries in staff. These strategies could have a
positive impact on the company by reducing the number of work-related disabilities
and thus maintaining a great healthy work environment that helps to have
increasingly increasing work productivity (Clemente Hernandez, Cruz Hernandez,
Arcos Gonzélez, & Rocha Ibarra, 2021). Another study identified the most common
musculoskeletal disorders associated with ergonomic risk factors in professionals in
Latin America. It was found that the lower lumbar area and the neck are the body
regions where professionals regularly experience intense pain and discomfort.
These risks are also related to overweight, physical workload, high shift demands,
repetitive movements, excessive loads, long standing shifts, and uncomfortable
postures (Daza Fragozo, 2021).

2. OBJECTIVE

Conduct an ergonomic assessment at the work stations of the DCI, ITHD and SRX
lines in the final assembly area of a company in order to obtain the level of ergonomic
risk presented by the workers.
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3. DELIMITATION

The project is carried out in a company located in the city of Tijuana, Baja California,
responsible for the production of speakers and electronics that focuses mainly on
the creation of professional audio and video controllers.

4. METHODOLOGY

The focus area of the evaluation is the electronics production area, in the DCI, ITHD
and SRX lines.

4.1 Initial risk identification.

To begin with the ergonomic assessments, a superficial risk analysis was carried
out. For this, a format was developed to identify the initial risks in the workplaces,
which allowed to know the risk factor "Posture and repetitiveness" which affects the
jobs.

Figure 1 shows the types of musculoskeletal injuries and the quantity of each
of them produced in the controlled electronics room in 2023, where Upper limb
myalgia is the most frequent injury of workers with 15 injuries, followed by non-
specific low back pain with 13 injuries recorded.

Musculoskeletal

Ankle sprains and twists 1
Shoulder bruxism - 2
Knee contusion mmmm 2
Lower limb myalgia I 3
Cervicalgia EEmammm————— ©
Non-specific arthralgia I 8
Muscle contracture IR 10
Non-specific lumbago I 13

Upper limb myalgia I 15
0 2 4 6 8 10 12 14 16

Figure 1. Consolidated musculoskeletal system. Source: Company Medical
Service.

A survey was applied to all workers on the 3 production lines to find out the
workers' perception of pain when carrying out their respective activities, thus
obtaining that the part of the body with the highest percentage of pain and discomfort
is the back and shoulders (which is part of the upper limbs of the body). The part of
the body with the most pain or discomfort voted by the workers were the feet with a
total of 14 votes, followed by the shoulders and spine with a total of 13 votes and
with one vote difference the lower back with a total of 12 votes as shown in figure 2.
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Body part with pain or discomfort
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Figure 2. Body part with pain or discomfort. Source: Own elaboration.
4.2 RULA method.

The applied method will allow to evaluate the exposure of workers to risks due to the
maintenance of inadequate postures that can cause disorders in the upper limbs of
the body, for which the RULA (Rapid Upper Limb Assessment) method will be used
(Monérrez Orona, Flores Sanchez, Gomez Zepeda, & Margarita Portillo Reyes,
2023).

The RULA methodology was applied as a method for risk assessment, from
which a risk level and a level of action are obtained and based on these, a proposal
for improvement is made for the mitigation of these (Duran Martinez, Marquez
Gayosso, Flores Sanchez, Atay de Campos, & Portillo Reyes, 2024).

For the application of the RULA method, some stations were selected based on
the type of activity they carry out (assembly, electrical testing and packaging), thus
selecting 14 activities from the 3 different DCI, ITHD and SRX lines, as shown in
table 1:

Table 1. Production line workstations.

Line SEEn Activity Description
number

1 Chassis pre- Place screws on the sides of the chassis and then
assembly place it in a vise.

5 Closed chassis Place the cover on the chassis and secure it with

screws around the product.

8 ATE electrical test |Unscrew and then insert the electrical test leads.

10 Box assembly Assemble the packaging box for the finished
packaging product using a pneumatic stapler.
Closed box Place the finished product with its foam inside the

10 . o .
packaging box and close it with the pneumatic stapler.
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Sub-assembly

Assemble screws, plates, brackets and connectors.

Front panel
assembly

A plate and a little silicone are placed.

Closed chassis

Place the cover on the chassis and secure it with
screws around the product.

Electrical test

Cables are connected for testing and a manual test
is performed.

Clean and inspect
unit

The final product is inspected and cleaned with a
cloth and alcohol.

Assembled and
closed packaging of
the box

A packaging box is assembled for the finished
product with the help of a pneumatic stapler and the
product with its foam is placed inside the box and
finally closed with the same stapler.

Closed chassis

Place the cover on the chassis and secure it with
screws around the product.

Electrical test

The cables are connected to the back of the
product and the electrical test is performed.

1
5
6
8
10
10
4
6
8

Packing in the

master box

A packaging box is assembled and the finished
product is introduced.

5. RESULTS

Using the RULA method focused on the study of postures specifically in the upper
extremities, it was possible to obtain the ergonomic risk levels of each activity that
was decided to be evaluated. Table 2 shows the summary of scores and to which
line and activity it belongs.
It can also be observed that 3 of the activities that make up packaging activities have
the highest score, followed by 7 activities that have a risk level of 5 and 6, and finally
4 activities that have a level of 3 and 4 respectively (see Table 2).

Table 2. Summary of results of risk levels. Source: Prepared by the authors
Resumen de resultados de niveles de riesgo

Line
1
| 5 |
| 8 |

1
5
1

Sub-assembly

Low 3 |Task changes required.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

PAGINA 117




Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

| 6 | | |
| 8 |Eleatricaltest | _Low | 4 |Taskchanges required. |
10 |Cleanandinspectunit | High | 7 |Urgentchangestotask. |

4 Chassis closure Low 4 | Task changes required.
SRX 6 Electrical test Low 4 | Task redesign required.

At the end of the project, the objective of carrying out an ergonomic
assessment and being able to know the level of risk that the worker faces in his/her
workplace was achieved. The area of ergonomics is very extensive, therefore a
specific analysis of each factor and condition that involves the worker would take
more time to develop. In accordance with the priority taken with the initial risk
assessment, it was possible to focus on a single factor and to start from there
towards the safety and integrity of the worker.

The workers that make up the 3 evaluated lines are a total of 24 workers, where
4 workers were evaluated in the DCI line, 5 workers in the ITHD line and 3 workers
in the SRX line, giving a total of 12 workers evaluated carrying out their own activities
in their workplace, this being 50% of the workers that make up the 3 lines.

3. CONCLUSIONS AND RECOMMENDATIONS

After completing the ergonomic evaluations at the work stations and seeing the
results obtained, it can be concluded that one of the stations with the highest level
of risk is the packing station, in which not only the postural risk factor is involved, but
also the manual handling of loads, which plays an important role in increasing the
level of risk at said stations. The proper use of tools for each activity, which can
cause that where there is normally no ergonomic risk or where the level of ergonomic
risk is not so high, this risk increases due to this type of practices.

These results can be used to begin to develop improvements that help the
previously evaluated activities to reduce their level of ergonomic risk until reaching
a safe level for the worker, in addition to taking these results into account when
designing a work station or implementing a new process in the area. Some of the
recommendations for following up on this project or for future research are to reduce
the level of risk and make certain modifications to the design or the work activity
itself, such as:

» For repetitive tasks, specific tools will be used. Screwdrivers, knives,
hammers, saws, pliers and other hand tools must be exactly the appropriate
type, size, weight and power.

* Minimize the weight of tools (except for percussion tools).
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+ Place the most frequently used materials, tools and controls within easy
reach.

+ Allow workers to alternate sitting and standing during work as much as
possible and use ergonomic mats.

* Reduce manual handling of materials using conveyor belts, cranes and other
mechanical means of transport.

* When handling loads, eliminate tasks that require bending or turning.

* Develop visual aids, as well as training in handling materials when
transported with the proper posture.
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Resumen: Las salas de lactancia, definidas como espacios exclusivos y adecuados
para la extraccion de leche o amamantamiento, representan una de las estrategias
mas comunes que las organizaciones de trabajo a nivel global implementan para
promover la lactancia materna. Dada la importancia crucial de la lactancia en el
desarrollo saludable de los nifios, es fundamental la identificacion de condiciones
Optimas para llevar a cabo esta actividad. Disponer de informacion clara y precisa
sobre los factores que pueden afectar los procesos de lactancia, puede proporcionar
herramientas de ergonomia y disefio para la generacion de principios y propuestas
mas coherentes con las necesidades y expectativas de las usuarias en esta
actividad tan importante.

Con base en lo anterior, el presente trabajo tiene como propdésito examinar
las investigaciones existentes sobre las salas de lactancia, e identificar las
experiencias, necesidades y carencias de las usuarias con relacion al servicio de
estas salas en entornos educativos y laborales. Para esto, se llevé a cabo una
revision no sistematica de literatura. Las palabras clave utilizadas para la busqueda
fueron salas de lactancia, lactarios, calidad, ergonomia y disefio.

A partir de la literatura revisada, 20 articulos fueron considerados relevantes
para el objetivo del presente trabajo. Se identificaron 4 subtemas principales: Las
salas de lactancia como estrategia para el incremento de la lactancia materna,
experiencias y preferencias de las usuarias, disefio y operatividad.

Se encontro que diversos estudios han demostrado la efectividad de las salas
de lactancia para aumentar las tasas de inicio y mantenimiento de lactancia en
madres trabajadoras. Ademas, se ha subrayado la importancia del equipamiento de
estos espacios, destacando elementos clave como el refrigerador, lavamanos y
extractor de leche. También se han sefalado aspectos funcionales como la
ubicacion, la distancia respecto al lugar de trabajo y la disponibilidad de periodos de
descanso adecuados para hacer uso de estas instalaciones. Por otro lado, se
encontré que las necesidades psicoafectivas de las usuarias estdn vinculadas a
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factores como la privacidad, el confort, la sensacion de calidez y la percepcion de
apoyo social.

Finalmente, se evidencio que las intervenciones multifacéticas de disefio, en
los cuales se toma en cuenta la calidad de las salas de lactancia han demostrado
tener incrementos en la satisfaccion y uso de estas, asi como en la percepcién de
apoyo social.

De acuerdo con la evidencia encontrada en los resultados, se identifica la
necesidad de adoptar una perspectiva sistémica en el disefio e implementacion de
las salas de lactancia en el lugar de trabajo. Considerar la diversidad de factores
involucrados puede influir significativamente en la eficacia del disefio, lo que, a su
vez, esta estrechamente relacionado con la decision de utilizar estos espacios.

Palabras clave: Sala de lactancia, Ergonomia de Disefio, Lactancia materna,
Calidad

Relevancia para la Ergonomia: Existen pocas investigaciones en el campo de la
ergonomia, al igual que estudios hechos en México relacionados al disefio de los
lactarios a partir de las necesidades y caracteristicas de las usuarias. Estos son
espacios con asociaciones emocionales fuertes, lo que hace mas complejo su
disefio; ademas de la importancia en cuestiones de funcionalidad y operatividad,
aspectos que no deben ser excluidos en su implementacion. Todo esto tiene
relevancia en la decision de uso de las salas de lactancia por parte de las usuarias.

Explorar la construccion de estos espacios desde un punto de vista sistémico
y centrado en el usuario, contribuye a una mayor satisfaccion en las usuarias y, por
ende, a una percepcion de apoyo por parte de las instituciones de trabajo para
continuar con la préactica de la lactancia materna.

Abstract: Lactation rooms are defined as dedicated and appropriate spaces for
expressing milk or breastfeeding. They are one of the most common strategies used
by workplaces worldwide to promote breastfeeding. Because of the crucial
importance of breastfeeding for the healthy development of children, it is essential
to identify the optimal conditions under which this activity can be carried out. The
availability of clear and precise information on the factors that can have an impact
on the lactation process can provide ergonomic and design tools for the development
of principles and proposals that are more in line with the needs and expectations of
the users of this vital activity.

Building on the above, this study aims to review existing research on lactation
rooms and identify users' experiences, needs, and shortcomings regarding these
facilities in educational and workplace settings. To achieve this, a non-systematic
literature review was conducted. Keywords used in the search included lactation
rooms, breastfeeding rooms, quality, ergonomics, and design.

Based on the reviewed literature, 20 articles were deemed relevant to the
objective of this study. Four main subtopics were identified: lactation rooms as a
strategy to increase breastfeeding rates, user experience and preferences, design,
and functionality.
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Research has demonstrated that lactation rooms are effective in increasing
both initiation and continuation rates of breastfeeding among working mothers. The
importance of properly equipping these facilities has been emphasized, highlighting
essential elements such as refrigerators, sinks, and breastpumps. Functional
considerations, including the location of the rooms, their distance from the
workplace, and the availability of sufficient rest periods to use them, were also
addressed. In addition, the psycho-emotional needs of users were found to be
closely linked to factors such as privacy, comfort, warmth, and perceptions of social
support.

Finally, it was observed that multifaceted design interventions, which consider
the quality of lactation rooms, have resulted in increased user satisfaction and
utilization of these facilities, as well as enhanced perceptions of social support.

According to the evidence found in the results, there is a need to adopt a
systemic perspective in the design and implementation of lactation rooms in the
workplace. Taking into account the variety of factors involved can have significant
impact on the effectiveness of the design, which in turn is closely related to the
decision to use these facilities.

Keywords: Lactation room, Ergonomics of design, Breastfeeding, Quality.

Relevance to Ergonomics: There is a limited amount of research on ergonomics,
as well as studies carried out in Mexico on the design of lactation rooms based on
the needs and characteristics of the users. These rooms are associated with strong
emotional factors that complicate their design. In addition to the critical aspects of
functionality and operability that must be considered in their implementation, these
factors play a significant role in influencing users' decisions to use lactation rooms.

Examining the design of these spaces from a systemic and user-centered
perspective enhances user satisfaction and fosters a perception of institutional
support from workplaces for the continued practice of breastfeeding.

1. INTRODUCTION

Breastfeeding is a crucial public health issue worldwide, as it directly affects the
survival and health of millions of mothers, newborns, and infants. Lactation rooms,
or breastfeeding rooms, are defined as “designated, dignified, private, hygienic, and
accessible areas where breastfeeding women can either breastfeed or express and
store their milk properly” (Secretaria de Salud et al., 2021, p11).

The importance of breastfeeding for the proper development of children
necessitates identifying appropriate conditions for carrying out this activity.
Specifically, understanding these conditions is crucial in settings such as the
workplace or educational institutions, which, due to various intervening factors, have
been recognized as contributing to the interruption of breastfeeding (Van Dellen et
al., 2022). Having clear information on the factors that can affect breastfeeding
processes can provide ergonomic and design tools for developing principles and
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proposals that are more aligned with the needs and expectations of users in this
critical activity.

In this context, studies that focus on users' experiences and perceptions will
be explored in order to understand the requirements for lactation rooms from a more
comprehensive perspective. This approach aims to make these services more user-
friendly and functional for breastfeeding mothers.

2. OBJECTIVES

1. To learn about the research that has been done on lactation rooms.
2. To identify users' experiences, needs, and shortcomings regarding the service of
these rooms in study and work places.

3. METHODOLOGY

A non-systematic literature review was conducted using databases such as Google
Scholar, ScienceDirect, Taylor and Francis Journals, ResearchGate, and the digital
library of the University of Guadalajara. Keywords used in the search included
lactation rooms, breastfeeding rooms, quality, ergonomics, and design. The
selection of articles began with a review of the titles, followed by an analysis of the
abstracts to assess their relevance to the objectives of the study and to identify their
main focus. Articles that did not fall within the predetermined age range or that
deviated from the research objective were excluded. A thorough review of each
selected article was then performed.

Articles from 2012 to 2023 were considered relevant to the research
objectives, except for one article from 2008, which was included due to its relevance
to the background of the research country (Mexico). The search was conducted in
both Spanish and English.

4. RESULTS
Based on the reviewed literature, 20 articles were deemed relevant to the objectives
of this study. The review, focusing on the main emphasis of each article, identified

four subtopics (see Table 1)

Table 1. Classification of articles according to subtopics.

Subtopic Number of articles
Lactation rooms as a strategy to increase breastfeeding 4
rates
user experience and preferences 7
Design
Functionality
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4.1 Lactation rooms as a strategy to increase breastfeeding rates.

Lactation rooms have been part of public policies and/or strategies implemented by
various governments around the world in recent years. These policies have been
influenced by global organizations such as the World Health Organization (WHO)
and the United Nations International Children's Emergency Fund (UNICEF), which
aim to create conditions conducive to increasing breastfeeding rates. In Mexico
alone, the Federal Labor Law, Article 170, Section IV, mentions the implementation
of "a suitable and hygienic space exclusively for breastfeeding or expressing breast
milk" (SS et al., 2021, p 18).

Various studies have been conducted to determine whether there is a
relationship between the presence of a lactation room in the workplace and an
increase in the percentage of breastfeeding mothers, as well as the duration of
breastfeeding. Dinour & Szaro (2017) found that private spaces for milk expression
are among the most studied breastfeeding supports. Their research indicates a
significant difference in both the initiation and duration of breastfeeding between
working mothers who had access to such spaces and those who did not. They also
found that other external factors, such as break times and the distances traveled,
influence the use of these spaces, as noted by Hoffmann & Hoffman (2023).

Similarly, Vilar-Compte et al. (2021) identified lactation rooms as one of the
most common interventions to support breastfeeding in the workplace. These
authors highlighted evidence linking the presence of lactation rooms to an increase
in breastfeeding duration. This finding is consistent with Kim et al. (2019), who found
that, overall, workplace interventions supporting breastfeeding increased initiation
rates and exclusive breastfeeding.

Bai & Wunderlich (2013) identified four dimensions of breastfeeding in the
workplace: break time (for expressing milk), work policies, work environment, and
technical support (lactation room space and equipment). The study found that the
latter two dimensions had a more significant association with the duration of
exclusive breastfeeding.

In México, Ibarra-Ortega et al. (2020) reported an association between the
presence and use of lactation rooms at work and a longer duration of breastfeeding.
This finding is supported by the study of Van Dellen et al. (2022), which emphasizes
that not only the availability of a lactation space but also its quality is an important
facilitator of breastfeeding in the workplace.

Mourad et al. (2023) found that improving lactation room conditions improves
workers' perceptions, which in turn has a positive impact on productivity and working
conditions. This aspect is also highlighted in studies by Van Dellen et al. (2022) and
Van Dellen et al. (2021).

4.2 User experience and preferences

Several studies have focused on understanding users' opinions, experiences, and
perceptions of lactation rooms. These studies range from the functional needs of
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these spaces (such as furniture, equipment, space characteristics, and operability)
to the psychological and emotional needs. Obtaining this information is critical, as
Henry-Moss et al. (2018, pl) state: "Users' needs and preferences can guide the
design of lactation rooms to ensure a minimum standard of design, equipment, and
distance."

Henry-Moss et al. (2018) found that the most important item in a lactation
room is the electric breast pump. This finding is consistent with the report by
Sturtevant et al. (2021), which highlights other essential elements such as desks,
sinks, and the availability of a refrigerator to store expressed milk. Similarly, these
elements were found to be relevant in the studies by Barasinski et al. (2022),
Campos Placencia & Mogollén Torres (2019), and Muhammad Roslan et al. (2022).

Henry-Moss et al. (2018) found that users preferred shared or multiple spaces
over private ones, due to the high demand for the service. This aspect is also noted
by Rose (2012).

In Mexico, one of the few studies conducted on this topic is the one by Garcia-
Ramos et al. (2008), which highlights the importance of users' perceptions regarding
the quality of the physical space, furniture, equipment, and materials, as well as the
lack of awareness of the norms and regulations that govern the space. This finding
is similar to the study by Campos Placencia & Mogollon Torres (2019), which shows
the unfamiliarity of users with the infrastructure and regulations of lactation spaces.
The latter study also highlights the critical importance of hygiene, comfort, and
privacy, which were key factors in users' decisions to use the facilities.

Ningsih et al. (2022) found that knowledge of the benefits of breast milk was
the most important factor in the use of lactation rooms, followed by other factors such
as attitudes, practices, and perceived support from coworkers. This latter aspect is
also noted in several studies, including those by Bai & Wunderlich (2013), Vilar-
Compte et al. (2021), Hoffmann & Hoffman (2023), and Van Dellen et al. (2021). It
is also explored in the work of Ahmad et al. (2022), which highlights the strong need
for support in all the mother's social circles.

On the other hand, Hoffmann & Hoffman (2023) found that there are different
psychological needs among users. Some women need to reconnect with their
motherhood and distance themselves from the work environment, while others need
amenities that allow them to continue their work activities within the room. This
highlights the importance of addressing both needs when designing lactation rooms.

4.3 Design

Recently, special emphasis has been placed on the development of guidelines for
the design and implementation of lactation rooms, the most important of which are:
The guide developed by the American Institute of Architects (AlA), focuses on
building professionals and designers, and the guide developed by WHO and
UNICEF, which includes country-specific adaptations and is aimed at employers. In
this context, the Guide for the Implementation and Operation of Lactation Rooms,
used in Mexico, was developed in collaboration with the Secretariat of Labor and
Health.
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The review found some studies that focused on analyzing the design
characteristics of lactation rooms, and some studies were interested in exploring the
design considerations or testing certain guidelines proposed in the guide.

Among the studies with an ergonomic perspective, Badriyah & Suyasa (2021)
focused on anthropometry and furniture measurements combined with user
experiences of breastfeeding mothers. On the other hand, Muhammad Roslan et al.
(2022) conducted a study to identify design gaps based on user-centered design
theory, exploring the experiences of mothers and their interaction with the space and
equipment. This study confirmed the importance of factors such as the size of the
space, the placement of elements such as desks and chairs, and the relevance of
equipment such as refrigerators and sinks, which were previously mentioned.

Other studies, such as Van Dellen et al. (2021), have highlighted the
importance of lactation room quality concerning user satisfaction. In this regard,
Ibarra-Ortega et al. (2020, p 924) state, "Having a lactation room but not using it
produces results similar to not having a lactation room at all". Van Dellen et al. refer
to the quality of the room in terms of environmental and aesthetic aspects, as well
as the presence of more comprehensive equipment in the room. In another study,
Van Dellen et al. (2022) explored the development of a high-quality lactation room
based on Ulrich's (1991) supportive design theory, which resulted in reduced stress
perceptions and more positive perceptions of breastfeeding at work.

On the other hand, Sturtevant et al. (2021) found that the most relevant
affective factor in the design of lactation rooms is the need for privacy. In terms of
the most important affective element, Lopez-Tarruella et al. (2019) identified the
sense of coziness, followed by factors such as safety, elegance, simplicity,
brightness, and spaciousness. Lopez-Tarruella et al. (2019) also found that the most
preferred colors by users are orange and yellow due to their association with a cozy
feeling, while cyan and red were the least preferred.

4.4 Functionality

As previously mentioned, the implementation of designated spaces for milk
extraction at work is stipulated in Mexico's Federal Labor Law. However, as
Hoffmann & Hoffman (2023, p. 209) note, “The law does not address the accessibility
of the rooms or their content. Lactation spaces, which might technically meet the
regulatory requirements, often prove to be less effective or even completely
unusable.”

The study by Hoffmann & Hoffman (2023) reports the need for sufficient time
during the workday for milk pumping and for spaces that are adequately designed to
meet multiple needs and preferences. They also emphasize the importance of the
space being sufficiently accessible. This aspect is also explored in Henry-Moss et
al. (2018), where it was found that the maximum tolerable travel time from the
workplace to the lactation room should be 5.6 minutes.

Sturtevant et al. (2021) developed an evaluation of lactation rooms based on
the AAAQ concept (Availability, Accessibility, Acceptability, and Quality), finding
several deficiencies such as a lack of information about the spaces, difficult access,
and descriptions like “functional but not comfortable or pleasant” (2021, p. 179). This
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study is like that of Dinour et al. (2022), who assessed the types of use of lactation
room spaces as dedicated, designated, and accommodated based on their usage
type, and investigated the accessibility of information about these spaces on
university campuses.

In México, Garcia-Ramos et al. (2008) explored the opinions and perceptions
of users in hospital lactation rooms, highlighting descriptors such as "poor" in
aspects like infrastructure, cleanliness, and comfort.

Finally, studies such as that by Mourad et al. (2023) show that multifaceted
interventions that address not only the physical but also the functional aspects,
improve user satisfaction in lactation rooms.

5. CONCLUSIONS

Based on the evidence found in the results, there is a need for a systemic
perspective in the design and implementation of lactation spaces in the workplace.
This is due to the involvement of several external factors (social, political, etc.) and
internal factors (interpersonal, psychological, emotional, etc.) that go beyond simply
equipping a physical space with the minimum required elements.

Therefore, it is critical to start with the needs, limitations, and characteristics
of the users to guide the design of lactation rooms. This approach recognizes both
the physical and functional characteristics necessary to optimize the use of these
facilities.

Considering the variety of these factors can influence the effectiveness of the
design, which in turn is related to the decision to use these rooms. It is clear that the
characteristics of lactation rooms can act as facilitators or barriers to the
breastfeeding process in the workplace, which in turn has implications for the health
and economic well-being of the population.
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Resumen: Este capitulo examina como la calidad del aire en espacios educativos
afecta el confort ergonémico de los ocupantes. Se evaluaron parametros como
didéxido de carbono (CO2), humedad relativa y temperatura en aulas universitarias,
y se discuten las implicaciones ergonémicas de los resultados obtenidos. Los
hallazgos indican que la ventilacion insuficiente y las condiciones ambientales
inadecuadas pueden comprometer el bienestar y el rendimiento cognitivo de los
estudiantes.

Palabras Clave: Calidad del aire, didbxido de carbono, confort ambiental,
Ventilacion, Ergonomia Ocupacional.

Relevancia para la Ergonomia: Este capitulo es relevante para la ergonomia
porque aborda coémo los factores ambientales interiores influyen en el bienestar
fisico y cognitivo de los estudiantes, proponiendo soluciones para mejorar las
condiciones de aprendizaje.

Abstract: This chapter examines how air quality in educational spaces affects the
ergonomic comfort of occupants. Parameters such as carbon dioxide (CO2), relative
humidity and temperature in university classrooms were assessed, and the
ergonomic implications of the results obtained are discussed. The findings indicate
that insufficient ventilation and inadequate environmental conditions may
compromise students' well-being and cognitive performance.

Keywords: Air quality, carbon dioxide, environmental comfort, ventilation,
occupational ergonomics.

Relevance to Ergonomics: This chapter is relevant to ergonomics because it
addresses how indoor environmental factors influence students' physical and
cognitive well-being, proposing solutions to improve learning conditions.
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1. INTRODUCTION

Today, the relationship between the use of indoor spaces, such as classrooms,
offices or the home, and the appearance of symptoms that affect well-being and
performance, such as drowsiness, lack of concentration, and learning problems, is
an indisputable reality in the field of ergonomics. Ergonomics studies how
environmental factors can optimize the interaction between people and their work
environment, with the aim of improving health, comfort and productivity.

Studies show that urban humans spend between 80% and 90% of their time in
closed environments. These environments, when poorly ventilated, can accumulate
pollutants in significantly higher concentrations than those found outdoors, which
can lead to an ergonomically unfavorable environment. The need for energy savings
has led to the construction of more airtight buildings with increased air recirculation
through thermal conditioning systems, but often with insufficient air renewal. This
affects not only air quality but also the thermal comfort and environmental quality of
the space, which are key components of ergonomic comfort.

In learning spaces, such as schools and universities, poor ventilation can raise
carbon dioxide (CO2) levels, which has a negative impact on the health and comfort
of users. From an ergonomic perspective, the accumulation of CO2 not only causes
drowsiness and lack of concentration, but also significantly reduces students' ability
to process information and retain knowledge, directly affecting their academic
performance.

Ergonomics emphasizes the importance of a healthy work environment, where
air quality is adequately controlled. The implementation of adequate ventilation
systems is not only crucial for the health of the occupants, but also optimizes working
and study conditions, promoting an ergonomic environment that favors physical and
cognitive well-being. Rigorous controls on air renewal in classrooms are essential to
avoid negative health effects, improve comfort and maximize the effectiveness of
learning processes.

2. OBJECTIVES

The objective of this study is to evaluate the indoor air quality in educational
classrooms and analyze how it affects the ergonomic comfort of students. To achieve
this, the aim is to quantify the concentration of carbon dioxide (CO2), relative
humidity and temperature in different occupancy conditions, since these factors are
critical for the perception of comfort and well-being in enclosed spaces. In addition,
it is intended to determine the hourly air renewal rate in classrooms, a fundamental
aspect to ensure a healthy indoor environment that promotes cognitive performance
and student well-being. From the data collected, ergonomic recommendations will
be developed aimed at improving indoor air quality and, consequently, optimizing
environmental comfort in educational environments. These recommendations will
focus on ventilation and environmental control strategies that contribute to creating
an ergonomically appropriate environment that supports both the physical health and
academic performance of students.
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3. METHODOLOGY

This study focuses on evaluating how indoor air quality influences ergonomic comfort
in educational classrooms, with a focus on its impact on students' health and
cognitive performance. The methodology was designed to measure key parameters
that affect the ergonomic environment, such as carbon dioxide (CO2) concentration,
relative humidity, temperature and air velocity, under different occupancy and
ventilation conditions.

3.1 Site Description

The study was conducted in two representative classrooms located in an educational
building, selected for their characteristics that are typical of a closed learning
environment. These classrooms, referred to as Classroom 1 and Classroom 2 for
the purposes of this study, have a capacity of approximately 35 students, with floor
areas of 62 m2 and volumes of 183 m?3 each.

The building where these classrooms are located is used for various academic
activities and offers a space representative of common closed educational
environments. The classrooms have a natural ventilation system, complemented by
a mechanical air extraction system, which was inoperative during the study period.
This scenario allowed us to analyze how natural ventilation, prevalent in many
educational environments, affects ergonomic conditions, considering the limited
airflow and its impact on thermal comfort and indoor air quality.

3.2 Classroom Characteristics

Both classrooms have a similar structure, which allows a comparative analysis under
controlled conditions. They are equipped with windows that can be opened for
natural ventilation and an air extraction system designed to create a vacuum and
allow fresh air to enter from the corridors through ventilation louvers in the doors.

The lack of operation of the air extraction system during the study meant that
ventilation relied primarily on natural convection, a process in which air moves due
to differences in temperature and density. This context is ideal for assessing how
insufficient ventilation conditions affect the perceived comfort and ergonomic well-
being of the occupants.

3.3 Measurement Procedure

Air quality measurements were performed in two scenarios: empty classrooms and
classrooms during teaching activities, to simulate real conditions of occupancy and
use. Several parameters were measured to assess their impact on students'
ergonomic comfort.

Carbon dioxide (CO2) concentration was recorded to evaluate how the
accumulation of this gas can influence students' fatigue, drowsiness and reduced
cognitive capacity, critical aspects in educational ergonomics. Relative humidity and
temperature were also measured to understand how these factors affect the thermal
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comfort and respiratory health of occupants. Maintaining these parameters within
ergonomically acceptable ranges is essential to prevent discomfort and improve the
quality of the learning environment.

Air velocity was measured using an anemometer to calculate the air turnover
rate per hour (ARHR), which is crucial to ensure an adequate supply of fresh air and
maintain a healthy indoor environment. Ergonomics focuses on how adequate
ventilation and airflow contribute to the comfort and well-being of students, improving
their ability to concentrate and learn.

3.4 Data Analysis

The data collected were analyzed to identify patterns in air quality and their
relationship to ergonomic comfort. Measurements of CO2, humidity, temperature
and air velocity were compared under different occupancy conditions, using
ergonomic standards and international regulations as a reference to assess optimal
air quality conditions in educational environments.

The analysis focused on how variations in these parameters affect the
perception of comfort and productivity, providing a basis for developing ergonomic
recommendations to improve indoor air quality in educational classrooms.

3.5 Implementation of Recommendations

Based on the results obtained, ergonomic recommendations were developed to
optimize indoor air quality and, consequently, environmental comfort in educational
settings. These recommendations focus on strategies to improve natural ventilation,
adjust temperature and humidity settings, and maintain adequate levels of air
renewal, fundamental elements to ensure a healthy ergonomic environment that
favors learning and student well-being.

4. RESULTS

Indoor air quality is a fundamental factor for ergonomic comfort in educational
environments, as it directly affects the health, well-being and cognitive performance
of students. The results obtained in this study, analyzed with an ergonomic approach
to understand how environmental conditions in classrooms impact user ergonomics,
are presented below.

4.1 Hallway Wind Speed Analysis

Velocities were sampled in the corridors as shown in Figure 4.1. The strategy is
based on the fact that the corridors would be the only external source for the entry
of fresh air into the rooms, due to a concentration gradient produced basically by the
partial pressure of oxygen O2 between the room interior and the corridor.
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Figure 1. Plan view of the air measurement area in corridors

The results of the wind speed measurements in the corridors, presented in Tables
4.1 and 4.2, indicate significant variations in air speed at different locations within
the building.

The lowest velocities were recorded in the corridors corresponding to
classrooms 405 to 408 and 505 to 509, with average values of 0.189 m/s and 0.079
m/s respectively.

Table 1. Results of corridor measurements indicating standard deviation

Detail Velocity (m/s) S.D (m/s)
Aisle speed Rooms 110 to 115 0,811 0,268
Aisle speed Rooms 101 to 104 0,553 0,221
Aisle speed Rooms 201 to 204 0,346 0,132
Aisle speed Rooms 301 to 305 0,258 0,124
Aisle speed Rooms 401 to 404 0,195 0,068
Aisle speed Rooms 403 to 404 0,198 0,101
Aisle speed Rooms 405 to 408 0,189 0,094
Aisle speed Rooms 505 to 509 0,079 0,024

Table 2. Results of measurements outside the rooms indicated.

Rooms velocity (m/s) S.D (m/s)
405 0,182 0,071
406 0,176 0,072
407 0,164 0,091
408 0,161 0,085
505 0,101 0,038
506 0,198 0,099
507 0,079 0,031
508 0,067 0,022
509 0,063 0,021
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From an ergonomic point of view, air velocity in corridors is relevant because it
influences air renewal and the quality of the indoor environment in adjacent
classrooms. In corridors with low air velocity, such as those mentioned above,
natural ventilation is less effective, which can result in an accumulation of pollutants
such as CO2. This negatively affects students' perception of comfort, as poor
ventilation can lead to symptoms of fatigue, lack of concentration and general
discomfort, all critical aspects of educational ergonomics.

4.2 Analysis of measurements in empty classrooms

4.2.1 Room 509

The results of the measurements in Room 509, taken under empty classroom
conditions between 07:45 and 08:00 hours in September, show variations in both
temperature and relative humidity. Figure 4.1 shows that the average relative
humidity is approximately 44%, while the temperature ranges around 17°C.

Temperature -Humidity Room 509
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Figure 2: variation of temperature and humidity, room 509, empty

From an ergonomic perspective, humidity is within the upper recommended
range for educational environments, which according to ASHRAE is between 40%
and 60%. Although these values seem adequate, excessive humidity can generate
long-term thermal discomfort, affecting students' sense of well-being, especially
under conditions of prolonged occupancy. Thermal comfort is crucial in learning
spaces, since a feeling of discomfort can reduce the capacity for concentration and
attention, generating stress and decreasing academic performance.

Temperatures around 17°C can be perceived as cool, especially during colder
times of the year. According to studies on thermal comfort, maintaining an optimal
temperature in the classroom, generally between 19°C and 22°C, ensures that
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students do not experience feelings of cold that may divert their attention from
learning. A lower temperature, such as the one recorded in this case, can generate
distractions and a feeling of discomfort in the body, negatively affecting cognitive
ability.

Figure 4.2 shows the variation of CO2 concentration in the empty Room F-509.
At the beginning of the day, the CO2 concentration was around 460 ppm, which is
in equilibrium with the outside conditions, where a similar concentration of 465 ppm
was recorded. These values are normal for an unoccupied space, as there is no
internal generation of CO2 by the occupants.

Concentration variation CO, Room 509

0 5 10 15 20

Time (min)

Figure 3: CO2 variation in empty room 509

However, from an ergonomic approach, it is crucial to anticipate the impact of
room occupancy. As spaces fill up, CO2 accumulation increases rapidly, affecting
the comfort and health of students. In poorly ventilated environments, elevated CO2
levels can exceed 1000 ppm in a short time, leading to drowsiness, fatigue and
decreased cognitive performance. In the long term, this can have negative
implications on the physical and mental well-being of students.

4.2.2 Room 408

The analysis of Room 408 shows similar behavior. In Figure 4.3, the relative humidity
is around 42%, while the average temperature is 16°C. These values reflect
conditions relatively similar to those observed in Room F-509. As in the previous
case, the humidity remains in an acceptable range, although close to the
recommended lower limit, which may influence the feeling of dryness of the
environment, affecting the students’ perception of comfort. In low humidity
conditions, skin and mucous membranes may dry out, which in turn increases the
feeling of discomfort.
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Concentration variation CO2 Room 408
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Figure 4: variation of temperature and humidity in empty room 408

The temperature of 16°C can also be perceived as cold, and according to
thermal comfort recommendations, an optimal learning environment should maintain
a temperature above 18°C. This low temperature can affect physical comfort,
especially if students remain still for long periods. Lack of thermal comfort can
increase distraction and decrease academic performance.

Figure 4.4 shows the variation of CO2 concentration in Room 408 before the
start of the normal school day. The CO2 values range from 430 to 460 ppm,
indicating equilibrium conditions when the classroom is empty. These levels are
normal and do not represent a health or comfort risk at that time.
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Figure 5: CO2 variation in empty room 408
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However, when conditions during regular classroom use are considered, CO2
accumulation becomes critical. Under full occupancy conditions, lack of adequate
ventilation can result in a rapid increase in CO2 levels, affecting air quality and
perception of comfort. Elevated CO2 levels are associated with negative effects on
attention span, leading to fatigue, headaches and decreased academic
performance.

4.3 Analysis of Indoor Air Quality Measurements in Classrooms with Teaching
Activities

4.3.1 Analysis of Air Quality in Classroom 408

During the months of September and October, air quality measurements were taken
in Classroom 408 during teaching activities, obtaining results that reflect conditions
that affect student comfort. Figures 4.5 and 4.6 show the evolution of CO2
concentration in the room with 20 and 35 students, respectively, during classes
between 08:30 and 11:00 hours. For 20 students, the CO2 concentration reached
a maximum value of 1654 ppm 70 minutes into the day. For 35 people, the maximum
concentration was 2150 ppm at 65 minutes. These CO2 levels exceed 1000 ppm,
which is related to decreased environmental comfort and cognitive performance of
students, since concentrations above 1000 ppm are associated with symptoms such
as drowsiness, fatigue and lack of concentration. These effects can severely affect
productivity in teaching activities.

In addition, the time required to reach 1000 ppm is also relevant. With 20
students, 1000 ppm was reached in approximately 50 minutes, while with 35
students, this value was reached in only 22 minutes. This implies that, in classrooms
with high occupancy, air quality deteriorates more rapidly, affecting the well-being
and attention span of students.

In both situations, after 60 minutes of classes, students began to leave the
classroom, which is reflected in the decrease in CO2 levels. This phenomenon
indicates that the indoor air quality was affecting the comfort of the students, forcing
them to leave the room to seek fresh air. This behavior can negatively influence the
development of learning activities.

Regarding temperature and humidity conditions, graphs 4.7 and 4.8 show the
evolution of these parameters in the room with 20 and 35 students. With 20 students,
humidity reached a maximum of 59% at 75 minutes, while with 35 students humidity
reached 69% at 45 minutes. These values exceed the recommended optimum
humidity levels, which are generally between 40% and 60%. High humidity can
generate feelings of thermal discomfort, making it difficult for students to learn and
concentrate.

On the other hand, the temperature remained relatively constant at around 17°C
(63°F). Although this temperature is within acceptable limits, a more precise and
adequate temperature control could contribute to improve the thermal comfort of the
students.
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Figure 6: CO2 behavior in the room with 20 students
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Figure 7: CO2 performance in the room with 35 students
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Figure 8: Humidity and temperature behavior in the room with 20 students
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Figure 9: Humidity and temperature behavior in the room with 35 students

4.3.2 Analysis of Air Quality in Classroom 509

Measurements taken between September and October in Classroom 509 also
reveal problems related to air quality during teaching activities. Figures 4.9 and 4.10
show the evolution of the CO2 concentration in the room with 45 and 30 students,
respectively.

In the case of 45 students, the CO2 concentration reached a maximum peak of
approximately 3500 ppm at 75 minutes, coinciding with the performance of a contest.
This concentration is significantly higher than the recommended levels for
maintaining a healthy and productive environment. Inadequate ventilation and lack
of air renewal contribute to CO2 levels quickly exceeding the acceptable threshold
of 1000 ppm, which was reached in this case in only 30 minutes. This situation
causes significant discomfort, with possible adverse health effects, such as fatigue
and lack of concentration.

For the case of 30 students, the CO2 concentration reached 1000 ppm in about
30 minutes and reached a stationary maximum at 50 minutes, maintained for a
period of about 30 minutes. This trend shows once again how indoor air quality
deteriorates rapidly with room occupancy, affecting occupant comfort.

The decrease in CO2 concentration observed in both graphs can be attributed
to the fact that students began to leave the room, reflecting that the poor indoor air
quality was negatively impacting their well-being. This indicates that it is critical to
improve ventilation and air renewal systems to prevent CO2 concentrations from
affecting student comfort and productivity.

Regarding humidity and temperature, Figures 4.11 and 4.12 show their evolution
in the classroom with 30 and 45 students. In the case of 30 students, the
measurement was taken on a rainy day, which caused the humidity in the room to
reach a peak close to 70%, with temperatures in the range of 14°C to 17°C. These
conditions, combined with the high outdoor humidity, negatively affected the thermal
comfort of the students.
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In the case of 45 students, humidity peaked at 65% in clear weather conditions,
and the temperature peaked at 20°C, remaining constant for approximately 50
minutes. Although these conditions are within acceptable limits, high humidity is still
a factor that can generate discomfort and affect student performance.

Concentration variation CO, Room 509
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Figure 10: CO2 performance in the room with 45 students
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Figure 11: CO2 performance in the room with 30 students
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Temperature and Humidity Variation Room 509
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Figure 4.11: Humidity and Temperature behavior in the room with 30 students
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Figure 12: Humidity and Temperature behavior in the room with 45 students

4.3.2 Air velocity analysis inside the classrooms

Air velocity measurements were carried out inside the classrooms from 09:00 to
12:00 hours. The average values obtained were as follows:

e Velocity Inside Classroom 509: 0.06 m/s (x0.01).

¢ Indoor Velocity Classroom 408: 0.08 m/s (x0.01)

The value of 0.01 m/s corresponds to the margin of error of the measuring
equipment used, according to the data provided by the manufacturer. It should be
noted that although both classrooms are equipped with two exhaust fans each, these
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were not operational at the time of the measurements, as evidenced by the data
obtained with the hot wire thermo anemometer.

In this scenario, the only sources of air movement are the currents circulating
through the door ventilation louvers, as well as a small fraction entering through the
door joints and slots.

The velocities measured at the ventilation louvers in the classroom doors were
as follows:

e Classroom 509: 0.10 £0.01 m/s.
e Classroom 408: 0.12 +0.01 m/s

20@m

\ 4
60cm

<& »
< >

Figure 13: sketch of the dimensions of the ventilation louvers of both access
doors

Using the data on the dimensions of the ventilation louvers (Figure 4.2), the
effective air circulation area was calculated. In both classrooms, this area
corresponds to approximately 70% of the total area of the ventilation louvers. The
calculation of the air circulation area is as follows:

Circulation Area = Grid Length X Width of Air Inlet Space X No.of Spaces
Circulation Area = 0.6 m x 0.02m X 6 = 0.072 m?

Together we calculate the air flow rate from equation:

3

M\ _ 011™ x 0,072 m? = 28517
Q|75 ) = Ol x 0,072m" = 28,51~

(1)

Finally, the following formula was used to calculate the air turnover per hour
(AHR):

28,51 m3/h o016 Renovations
~183m3 h
(2
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This value indicates that the air in both classrooms is renewed only 0.16 times
per hour, which is significantly lower than the recommended standard of 4 to 8
renewals per hour for teaching spaces.

4.4 Results based on the Theoretical Framework

4.4.1 Carbon Dioxide

The results obtained in classrooms F-408 and F-509 reveal that in all scenarios
evaluated, the concentration of carbon dioxide (CO2) exceeded 1000 ppm, even
under conditions of lower occupancy. This increase in CO2 is not immediate; it starts
at approximately 400 ppm and reaches 1000 ppm in a period ranging from 20 to 40
minutes. Concentrations above 1000 ppm are associated with an inadequate
environment for attention and cognition, fundamental aspects in learning processes
(del Campo and Mendivil, 2006; Marta et al., 2010; Montero et al., 2011).

Prolonged exposure to high levels of CO2 can generate fatigue, decreased
concentration and drowsiness, directly affecting the ability of students to perform
their academic activities effectively. From the data obtained, it is observed that in
both classrooms, CO2 concentration decreases when students begin to leave the
classroom, suggesting that poor air quality is affecting their well-being and, possibly,
their ability to concentrate and perform.

The observed behavior is also related to the intermittent opening of the access
door, which facilitates air transfer and decreases CO2. However, this method has
drawbacks, such as the entry of external noise and a loss of heat, which generates
a “cold sensation” in the students, affecting their thermal comfort. This cycle of
opening to ventilate, followed by thermal discomfort, interrupts concentration and
affects learning efficiency.

4.4.2 Relative Humidity and Temperature

Indoor relative humidity performance remains around 60% in all scenarios
evaluated, even with fewer students. According to ASHRAE (standard 62-1989), the
ideal humidity should be between 40% and 60%. However, Pérez Soriano (2012)
states that, in educational centers, humidity levels should be between 35% and 45%
to ensure a comfortable and healthy environment. Higher humidity levels generate
discomfort, hindering the learning process and affecting health by promoting the
development of biological contaminants such as fungi and bacteria (NTP 409:
Biological contaminants: assessment criteria).

Air thinning due to high humidity can aggravate thermal discomfort, making
students uncomfortable, which negatively influences their performance. In addition,
the interior temperature observed in both classrooms ranges between 13°C and
17°C, which can result in a cold sensation, especially when the door is opened to
ventilate. According to Pérez Soriano (2012), a temperature variation greater or less
than one degree above or below body temperature (37°C) can generate thermal
discomfort and affect physical and mental performance.
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The lack of temperature control in classrooms can exacerbate thermal
discomfort, so it is recommended to implement a heating system in cold periods or
an air conditioning system in warm periods. This would allow maintaining a stable
temperature and improve the thermal comfort of the students, avoiding thermal
stress that can influence their ability to learn.

4.4.3 Air Velocity and Air Renewal

The air velocity measured inside the classrooms is extremely low, on the order of
hundredths of meters per second, which is attributed to natural convection
processes. This parameter is almost imperceptible to the occupants of the
classrooms, which contributes to the feeling of air stagnation. The highest velocity
point recorded corresponds to the ventilation louver at the doors, where a velocity of
approximately 0.10 m/s was measured, resulting in a ventilation flow rate of
approximately 28.51 m3/h.

To maintain a healthy indoor environment, ASHRAE recommends a minimum of
36 md/h per person. Considering this standard, the air supply per person in
classrooms with 20 students is only 1.42 m3/h, which represents a deficit of 96% with
respect to the recommended standard. In the case of classrooms with 45 students,
the fresh air supply drops to 0.63 m3/h per person, which represents a deficit of
98.2%.

From an ergonomic perspective, this insufficient level of air renewal has a
negative impact on the well-being and health of students. Lack of adequate
ventilation not only affects air quality, but also cognitive ability and overall comfort.
Low oxygenation levels and the accumulation of pollutants can result in fatigue,
irritation and decreased academic performance.

4.4.4 Improvement Proposals

To improve these conditions, it would be necessary to ensure an air renewal per
hour in the range of 4 to 8 times. Considering that the volume of each classroom is
approximately 183 ms3, the air flow necessary to meet this standard would be
between 732 m3/h and 1464 m3/h. This flow rate should be distributed between the
two air extraction points in the classrooms, as shown in Figure 14.

In addition, in the fall and winter seasons, consideration should be given to
installing a system that preheats the fresh air to avoid sudden temperature changes.
This would help maintain a more stable environment and avoid respiratory illnesses
that can affect the well-being of students. In the long term, it is recommended that a
mechanical ventilation system be implemented to ensure adequate indoor air quality
and, therefore, an environment conducive to learning and the development of
academic activities.
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5. CONCLUSIONS

The study conducted on indoor air quality in educational classrooms has highlighted
the importance of this factor in ensuring an adequate ergonomic environment that
favors the well-being and cognitive performance of students. The main findings with
an ergonomic approach are presented below:

« Current air quality conditions in the classrooms evaluated do not meet the
minimum standards required for a healthy learning environment. The
accumulation of carbon dioxide (CO2) at significantly high levels, due to
insufficient ventilation, negatively affects the comfort and cognitive ability of
students. These elevated CO2 levels exceed the limits recommended by
ergonomic regulations, which can cause drowsiness, fatigue and decreased
concentration, all factors that compromise the teaching-learning process.

o The fresh air flow available to students under current teaching conditions is
significantly lower than recommended by international ergonomic standards.
With air renewal values that are between 94% and 96.2% below what is
recommended, the indoor environment quickly becomes inadequate to
maintain student concentration and comfort.

« The air renewal rate per hour in both classrooms is approximately 0.16, well
below the recommended range of 4 to 8 renewals per hour for educational
spaces. This low renewal rate implies that indoor air is insufficiently cooled,
which contributes to the accumulation of pollutants and deterioration of air
quality, affecting both the physical health and academic performance of
students.

5.1 Recommendations

To improve the ergonomic environment in classrooms and ensure a healthy and
productive learning environment, the following recommendations are proposed:

5.1.1 Administrative Recommendations

Reduction of Class Time: It is recommended to reduce the duration of classes in
classrooms that reach their maximum occupancy capacity, limiting class blocks to
40 effective minutes. This measure can help reduce the accumulation of CO2 and
other pollutants, providing students with a healthier and more comfortable learning
environment.

Scheduled Breaks: In situations where teaching activities extend over two or
more class blocks in classrooms with maximum occupancy, it is suggested that
breaks of 15 minutes every 40 minutes be implemented. During these breaks, air
renewal should be allowed by fully opening the door in cold weather and both the
door and windows in warm weather. This practice will help improve natural
ventilation and reduce CO2 and humidity levels, thus improving thermal comfort and
indoor air quality.
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5.1.2 Engineering Recommendations

Improvement of the Ventilation System: It is proposed to develop a project that
contemplates the installation of a mechanical ventilation system that allows fresh air
to enter and extract fresh air in the classrooms. This system should be located at the
points currently used for the screen projectors. In addition, the system should include
filters to purify the replacement air and mechanisms to regulate the temperature of
the incoming air, ensuring that the indoor environment is comfortable and healthy at
all times. The implementation of a controlled ventilation system will contribute
significantly to maintaining adequate levels of CO2, temperature and humidity, which
are critical for ergonomic comfort and student health.

These recommendations are designed to address the problems identified in the
study and improve the ergonomic conditions of classrooms, providing a learning
environment conducive to student health, well-being and academic performance.
Implementing these measures will not only improve air quality, but also promote a
more productive and comfortable educational environment.
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Resumen: La presente investigacion hace referencia a la evaluacion de los niveles
de ruido en el &rea de descabece de camardn de una empresa Acuicola ubicada en
la comunidad de Casa Blanca en el municipio de Guasave perteneciente al estado
de Sinaloa. Dicho estudio fue desarrollado con el objetivo de beneficiar a los
trabajadores que laboran en la empresa, a fin de evitar molestias y/o lesiones
permanentes de tipo auditivas en un futuro y determinar, cuales son los niveles de
ruido al que se exponen. Sugerir ciertas metodologias para evitar estrés y pérdida
de la capacidad auditiva, asi como la implementacién de examenes médicos y EPP
al personal expuesto a altos niveles de ruido con la intencion de proteger y tener un
mejor desarrollo de sus actividades. El estudio fue realizado con un sonémetro TES
1353S. Como resultado se obtuvo que la zona 3 sobrepasa los limites permisibles
de exposicion, por lo que se deben colocar a la entrada del area sefialamientos
sobre el uso obligatorio de equipo de proteccion auditiva, por lo que se le debe
capacitar al trabajador sobre el uso correcto del mismo.

Palabras clave: Ruido, Nivel sonoro, muestreo, NSA promedio, decibel, EPP.

Relevancia para la Ergonomia: La ergonomia es la interaccion entre los seres
humanos y otros elementos de un sistema. En este sentido, la investigacion se
posiciona como un recurso valioso, analizando como el entorno acustico puede
afectar la salud, el bienestar y el desempefio de los empleados.

Abstract: This research refers to the evaluation of noise levels in the shrimp
shucking area of an aquaculture company located in the community of Casa Blanca
in the municipality of Guasave in the state of Sinaloa. This study was developed with
the objective of benefiting the workers who work in the company, in order to avoid
discomfort and/or permanent auditory injuries in the future and to determine the
noise levels to which they are exposed. To suggest certain methodologies to avoid
stress and hearing loss, as well as the implementation of medical examinations and
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PPE to personnel exposed to high noise levels with the intention of protecting and
having a better development of their activities. The study was conducted with a TES
1353S sound level meter. As a result, it was found that zone 3 exceeds the
permissible exposure limits; therefore, signs should be placed at the entrance of the
area indicating the mandatory use of hearing protection equipment, and workers
should be trained in its correct use.

Keywords: Noise, Sound level, sampling, average NSA, decibel, PPE.

Relevance to Ergonomics: Ergonomics is the interaction between humans and
other elements of a system. In this sense, the research is positioned as a valuable
resource, analyzing how the acoustic environment can affect the health, well-being
and performance of employees.

1. INTRODUCTION

Noise in the work environment is a critical factor nization (WHO), exposure to loud
noise causes temporary hearing loss or tinnitus. However, prolonged or repeated
exposure can result in permanent hearing damage, leading to irreversible hearing
loss (WHO, 2024). In addition, the Occupational Safety and Health Administration
(OSHA) emphasizes that excessive noise can reduce the ability to concentrate and
increase the number of errors in the workplace (OSHA, 2024) . Given the importance
of hearing care, a study will be conducted based on the methodology recommended
in the Mexican Official Standard NOM-011-STPS-2001, Safety and Hygiene
Conditions in workplaces where noise is generated, for the control, evaluation, and
mitigation of noise in work environments (STPS, 2001). The main activities consist
of taking acoustic measurements in different areas of the work environment,
identifying the main sources of noise and analyzing the effects of these levels on the
productivity and well-being of the employees during the aquaculture production
procesthat directly influences the health and performance of employees. According
to the World Health Orgas.

2. OBJECTIVE

This project aims to conduct a detailed study of noise in an aquaculture company in
the community of Casa Blanca located in the municipality of Guasave, Sinaloa, in
order to evaluate the current sound pressure levels and their impact on employees
and their tasks, with the purpose of developing a set of practical recommendations
that allow the reduction of noise, thus improving the conditions of the working
environment and ensuring compliance with acoustic safety regulations.
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3. DELIMITATION

The study will be carried out specifically in the shrimp deveining area located in the
facilities of an aquaculture company located in the community of Casa Blanca, in the
municipality of Guasave, Sinaloa. For this study it was decided to divide the area
into 5 work zones in order to obtain a better sampling.

4. METHODOLOGY

The first activity was to identify the work area where the study would be carried out,
and then to consult the literature on the applicable regulations (MEXICAN OFFICIAL
REGULATION NOM-011-STPS-2001, SAFETY AND HYGIENE CONDITIONS IN
WORKPLACES WHERE NOISE IS GENERATED) in order to continue with the
application of the methodology and the measurement instrument in the shrimp de-
veining area.

The method used to evaluate stable noise was:

Evaluation by sound level meter. This method is applicable when it has been
determined, in the sensory recognition, that the noise is stable throughout the
workday, and must be carried out during three observation periods.

Characteristics of the evaluation:

(a) Each observation period had a maximum duration of 5 minutes and 50

readings.

b) During each observation period the NSA record was taken every 5

seconds.

c) At each measurement point, the observation periods were carried out

approximately every 15 minutes due to personnel availability.

d) The work zones studied were evaluated with a distance between

measurement points of no more than 12 meters, leaving 5 areas for sampling.

e) The sound level meter was used at a height of 1.45 + 0.1m, in relation to

the support plane placed at head level, in the area where the personnel stand

upright.

f) To select the orientation of the sound level meter, the direction of the loudest

noise in relation to the location of the main noise source was considered.

5. RESULTS

After touring the company, it was decided to group the work tables and divide them
into 5 sections for better sampling, leaving the area as shown in Figure 1.
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Figure 1. Sectioned area of decapitation

Figure 2 shows how the delimitation of the 5 areas was carried out, taking
measurements of the space for a better study.

Figure 2. Delimitation of the area

The sampling of each of the areas began. Below is the information collected
from areas 1, 2 and 3 with the NSA records captured with the sound level meter (see
table 1, 2 and 3), the complement of the samples can be seen in the annexes.
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Table 1. NSA samples record area 1

AREA 1
FECHA 2052023
PERIDO DE INICID 10:30:004.M
Ho. de medicién 1 z 3 4 5 [ 7 g 3 i1
Db 86.2 85 32 53 828 8§32 305 807 9.2 aT.2
HNo._ de medicion il 12 13 14 15 16 1 16 13 20
85.3 83.5 34.6 73 834 476 8.7 86.3 85.4 86
Ho. de medicién 21 22 23 24 25 26 27 28 23 30
881 85.6 8.4 82.7 &5 §2.2 823 831 13 an
HNo. de medicion 3 32 33 34 35 36 3T 38 39 40
821 2 315 B0.4 6.4 793 315 36,6 835 311
Ho. de medicin 4 42 43 44 45 46 47 48 43 50
66,4 815 Th3 611 6.8 i 1.1 2.4 M 60.4
PROMEDIO| 83.480
FECHA ZBI0GIZ023
PERIDO DE INICIO 0:50A.M
Ho. de medicién 1 52 93 54 55 56 57 58 53 60
Db T36 80.5 755 831 827 502 33 85.1 33 513
HNo._ de medicion 61 62 B3 G4 B5 66 B7 ] B9 it
813 8.4 80.8 8.4 8.8 88.1 8.5 809 6.4 4.5
Ho. de medicién 7 A 73 ] 75 76 i 76 73 B0
82 83.4 &5 85.4 a3 &87.4 a0 1.7 83 833
HNo. de medicion 81 82 83 84 85 86 a7 a8 89 a0
5.4 53.5 3d.4 85.5 831 4.3 34.6 539 30.6 il
No. de medicion Ell %2 ES EX] 35 36 7 38 EE) 00
86 85.5 87.8 877 0.2 837 87.8 1.8 6.4 0.1
PROMEDIO| 83.264
Table 2. Area 2 NSA sample record
FECHA 30/06/2023
| PERIDODEINICID_| 10.01AM |
No. de medicidn 1 2 3 & 5 &} 7 g | 10
[1]:] §1.5 53.6 §0.2 §2.6 837 736 837 80.6 54.5 g2.4
No. de medicidn il 12 13 14 15 16 17 1 13 20
[1]:] 855 86.6 g2 54.3 §15 803 8.4 831 §4.1 §5.1
No. de medicidn 21 22 23 24 25 26 27 28 23 30
[1]:] g1 85.2 G4 §6.5 G4.4 4.5 §2.1 83 54 839
No. de medicidn 3 32 33 34 35 36 37 35 33 40
[1]:] a7.2 821 84.1 §5.3 a7.3 §1.2 83 85.2 g2 G4
No. de medicidn H 42 43 44 45 46 47 45 43 50
Db §2.5 53.4 G4 1.2 §3.1 G4.4 82.6 86 54 §2.2
FECHA 3010612023 PROMEDIO -
PERIDD DE INICID 10:30A.M
No. de medicidn 51 52 53 54 55 56 g7 58 53 60
[1]:] 834 55.5 54.4 §2.4 g2.7 G4 83.5 803 il §4.9
No. de medicidn 61 g2 63 64 5] 66 BT 65 53 70
[1]:] G4 52.5 §3.3 50.6 §0.3 54.9 83 §3.8 811 §0.5
No. de medicidn Fill T2 T3 4 75 76 T ki) 3 80
[1]:] 834 85.9 82.1 §3.5 85.4 g6 83.3 85.5 811 83
No. de medicidn &1 82 83 g4 835 g6 g7 85 83 30
[1]:] §32 84 52.6 g2.2 833 823 84.6 85 54.3 g2
No. de medicidn Ell 32 93 94 35 36 g7 35 33 100
[1]:] §6.5 §3.2 50.3 §3.3 §5.1 4.5 80.4 50.4 15 §0.5
[proweoto [ESHERN
Table 3. NSA sampling record area 3
FECHA 0072023
PERIDO DE INICIO 10:06 &M
No. de medicion 1 2 3 4 5 [ T 8 9 10
Db 3.2 4.4 86 921 4.5 §5.1 86 83.5 85.9 G5
No. de medicion 1 12 13 14 15 16 17 16 13 20
Db 476 G4.5 a5 a7 L) 83 871 g4.2 G4 4.9
No. de medicion 21 22 23 24 25 26 27 28 23 30
Db 9.3 83 g5.2 91 g7 g5.6 86.5 08.5 85.9 g7
No. de medicién 3 32 33 34 35 36 37 38 33 40
Db 4.2 §6.2 §3.9 85.8 §6.2 3.6 4.5 86.1 55.9 g4
No. de medicién H 42 43 44 45 46 47 48 43 50
Db 3.2 316 6.3 5.2 3.6 3.6 5.1 3.3 65.6 6.2
PROMEDIO| 86.532
FECHA 0072023
PERIDO DE INICIO 10:40 4.1
No. de medicién 51 52 53 54 55 56 57 58 59 60
Db 85 83 92.4 3.7 3.7 85.2 §3.9 4.5 85.2 §3.1
No. de medicion 61 62 63 64 Lit] 66 LT} Lili] i) T0
Db 4.9 4.5 5.7 85.3 4.6 g5.6 3.4 g7.8 g6 83
No. de medicién il T2 T3 T4 I 76 ir T8 L) &0
Db g5 g5.7 831 83.3 341 g5.9 g4 g5 85.5 g6
No. de medicién 81 82 83 84 85 86 87 88 83 30
Db 4.2 6.2 9.2 .1 7.2 Bl 6.3 .2 §3.2 g7
No. de medicion kil 92 93 94 a5 96 a7 98 piki] 100
Db §3.5 30.5 1.2 30 ger 3.5 9.3 6.5 G66.9 33.2
PROMEDIO| 86.6902 |
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Figures 3 and 4 show the delimitation of areas 1 and 2, where the first two
samples were taken.

Figure 3. Area 1 shrimp spawning area

Figure 4. Area 2 shrimp de-scaling
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Figure 5 shows the samples taken in area 3, capturing the noise generated
by one of the machines used by the company to inspect and fill the shrimp jars and
then distribute them to the work tables.

4

s/
il
b/

Figure 6 recording of NSA readings area 3

To better analyze the samplings, a concentrate of the decibel averages
obtained in each of the areas was made, as shown in table 4.

Table 4. Concentrate of dB averages in the 5 areas.

CONCENTRATED SOUND
LEVEL OF THE 5 AREAS

AREA AVERAGE dB

83.372
83.345
86.616
84.581
82.077

g | W IN(k
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6. DISCUSSION/CONCLUSIONS

According to the results obtained in this study, it can be observed that areas 1 and
2 present a very similar sound level of 83.372 db and 83.345 db respectively. Area
4 shows a slightly higher sound level of 84.581 db.

Area 5 is the area with the lowest noise level with 82.077 db, while area 3 is the
area with the highest noise problem with 86.616 db.

As can be seen, all the areas analyzed are above 82 decibels, which means that
the company must have a proper evaluation of all areas of the work center where
there are workers and whose swl is equal to or greater than 80 db (a), including their
characteristics and frequency components, as established in appendices b and c of
nom-011-stps-2001.

According to nom-026-stps-1998, at the entrance of the areas where the swl is
equal to or greater than 85 db(a), signs must be posted indicating the mandatory use
of personal hearing protection equipment, as in the case of area 3, where the swi
was 86.616 db.

Finally, it is important to mention that workers exposed to ner equal to or greater
than 80 db(a) should be instructed on control measures through a training program
on health effects, maximum permissible levels of exposure, protective measures,
audiometric examinations, and work sites with critical exposure conditions to prevent
hearing problems in the future.

7. REFERENCES

Babu, T. (2018). Ergonomic Analysis of Building Construction Workers Using RII
Method. International Research Journal of Engineering and Technolohgy
(IRJET), 5 (11), 601-605. https://mail.irjet.net/archives/V5/i11/IRJET-
V5I111118.pdf

Béaez R., Mirtha, Villalba A., Cesar, Mongelés M., Rosalilna, Medina R., Blas, &
Mayeregger, llda. (2018). Pérdida auditiva inducida por ruido en
trabajadores expuestos en su ambiente laboral. Anales de la Facultad de
Ciencias Médicas (Asuncion), 51(1), 47-

56. https://doi.org/10.18004/anales/2018.051(01)47-056

De Arquer, |., & Nogareda, C. (1999). Estimacién de carga mental del trabajo: el
método NASA TLX. INSHT. Obtenido de Instituto Nacional de Higiene y
Seguridad en el Trabajo:
https://www.insst.es/documents/94886/327064/ntp_544.pdf/0da348cc7006-
4a8a-9cee-25ed6f59efdd.

OSHA. (2024). Manual de seguridad y Salud par empresas pequeias, Obtenido
de https://www.osha.gov/sites/default/files/publications/OSHA4261.pdf

Sahu, S., Chattopadhyay, S., Basu, K., & Paul, G. (2010). The ergonomic
evaluation of work-related musculoskeletal disorders among construction
labourers working in unorganized sectors in West Bengal, India. Journal of
human ergology, 39(2), 99-109. https://pubmed.ncbi.nim.nih.gov/22416463/

STPS. (2001). Secretaria del trabajo y Prevision Social. Norma oficial Mexicana
NOM 011 STPS-2001 Obtenido de

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 156


https://mail.irjet.net/archives/V5/i11/IRJET-V5I11118.pdf
https://mail.irjet.net/archives/V5/i11/IRJET-V5I11118.pdf
https://doi.org/10.18004/anales/2018.051(01)47-056
https://www.insst.es/documents/94886/327064/ntp_544.pdf/0da348cc7006-4a8a-9cee-25ed6f59efdd
https://www.insst.es/documents/94886/327064/ntp_544.pdf/0da348cc7006-4a8a-9cee-25ed6f59efdd
https://www.osha.gov/sites/default/files/publications/OSHA4261.pdf
https://pubmed.ncbi.nlm.nih.gov/22416463/

Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

https://www.stps.gob.mx/bp/secciones/dgsst/normatividad/normas/Nom-
011.pdf

WHO. (2024). Organizacion Mundial de la salud .
https://www.paho.org/es/noticias/2-3-2022-oms-publica-nueva-norma-para-
hacer-frente-creciente-amenaza-perdida-
audicion#:~:text=La%200MS%20publica%20una%20nueva%20norma%?20
para%20hacer,3%20Promoci%C3%B3n%20de%20la%20nueva%20norma
%20mundial%20

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 157


https://www.stps.gob.mx/bp/secciones/dgsst/normatividad/normas/Nom-011.pdf
https://www.stps.gob.mx/bp/secciones/dgsst/normatividad/normas/Nom-011.pdf
https://www.paho.org/es/noticias/2-3-2022-oms-publica-nueva-norma-para-hacer-frente-creciente-amenaza-perdida-audicion#:~:text=La%20OMS%20publica%20una%20nueva%20norma%20para%20hacer,3%20Promoci%C3%B3n%20de%20la%20nueva%20norma%20mundial%20
https://www.paho.org/es/noticias/2-3-2022-oms-publica-nueva-norma-para-hacer-frente-creciente-amenaza-perdida-audicion#:~:text=La%20OMS%20publica%20una%20nueva%20norma%20para%20hacer,3%20Promoci%C3%B3n%20de%20la%20nueva%20norma%20mundial%20
https://www.paho.org/es/noticias/2-3-2022-oms-publica-nueva-norma-para-hacer-frente-creciente-amenaza-perdida-audicion#:~:text=La%20OMS%20publica%20una%20nueva%20norma%20para%20hacer,3%20Promoci%C3%B3n%20de%20la%20nueva%20norma%20mundial%20
https://www.paho.org/es/noticias/2-3-2022-oms-publica-nueva-norma-para-hacer-frente-creciente-amenaza-perdida-audicion#:~:text=La%20OMS%20publica%20una%20nueva%20norma%20para%20hacer,3%20Promoci%C3%B3n%20de%20la%20nueva%20norma%20mundial%20
https://www.paho.org/es/noticias/2-3-2022-oms-publica-nueva-norma-para-hacer-frente-creciente-amenaza-perdida-audicion#:~:text=La%20OMS%20publica%20una%20nueva%20norma%20para%20hacer,3%20Promoci%C3%B3n%20de%20la%20nueva%20norma%20mundial%20

Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 17 | 2024

ANNEXES

Table 5. NSA area 4 sample record

AREA 4
FECHA OS5I IZ023
PERIDO DE INICIO [T
No. de medicién 1 2 3 4 ] 6 T g 3 10
Ob 523 515 53.5 ] 573 563 &1 837 73 33.5
No. de medicién il 12 13 i 15 16 17 18 19 20
Db 561 5.8 a4 G EE BL6 575 B2 BEE 52T
No. de medicién 21 22 23 24 25 26 27 28 29 30
Ob 5 547 827 555 [ 526 555 a0.2 GE] G5
No_de medicién 31 37 33 34 35 36 37 38 35 40
Ob 526 574 54.3 506 4.4 B6.7 553 3.5 545 332
No. de medicién 3] [H 43 44 45 46 47 48 43 50
Ob 563 867 575 53 353 557 553 6.4 573 315
PROMEDIO|  84.9
FECHA (e
PERIDO DE INICIO 10:50 4.1
No. de medicién 51 52 53 54 55 56 57 58 59 60
Db BTE BEE 523 545 BEE 526 BEE 52T 571 (]
No. de medicién 61 62 63 64 65 66 67 68 69 70
Ob N 563 ] 503 562 B55 555 523 EEE] T3E
No_de medicién 71 77 73 T4 75 76 77 T8 75 B0
Ob a2 535 503 32 54.3 BT 867 54.3 504 [EE
No. de medicién &1 82 83 B4 85 86 BT 86 89 a0
Ob 545 573 525 [ 515 52 855 50 556 0.1
No. de medicién a1 3z 93 94 a5 96 a7 98 39 100
Db 572 B EX B0.6 B 561 ] B EiE] BEE
PROMEDIO | 84.4059
Table 6. NSA sample log area 5
AREA 5
FECHA OENITZ023
PERIDO DE INICIO 026 AN
No. de medicidn 1 2 3 4 5 ] T 8 3 10
Db EE B2 533 BEE B0.5 592 B35 TAE 52.9 B0.4
No. de medicién il 12 13 14 15 16 7 18 13 20
Db 526 731 504 0.6 536 0.6 GE] LT &0 TES
No. de medicién 21 22 23 z4 25 26 27 28 29 30
Ob 4.4 T a0 [EE X 535 523 307 555 733
No. de medicién 31 32 33 34 35 36 37 38 33 40
Db 82 T2 752 536 5.6 523 54.3 53 301 T35
No. de medicién 1] 4z 43 44 45 46 47 48 43 50
Db 54.5 807 &1 [C 50 736 827 [ K] 53
PROMEDID| 81.724
FECHA [EREE
PERIDO DE INICIO 00 A
No. de medicién 51 52 53 54 55 56 57 58 55 &0
Db 535 F11 528 536 505 50 52.4 326 56.5 526
No. de medicién 61 [H3 63 [ [ 66 67 68 69 70
Ob 521 556 305 505 504 F17 504 52 525 515
No. de medicién T 72 73 T4 75 76 77 78 79 80
Db 747 5.1 B 527 53 523 5.4 B0 526 &1
No. de medicién 81 82 83 B4 85 86 87 88 89 a0
Db 4.4 G 52 536 736 53.9 54 4.9 733 H1E
No. de medicién a1 EH 33 94 95 96 a7 98 33 100
Ob 541 53.8 522 56.4 827 53.8 525 #16 F11 534
PROMEDIO| 82.43
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Resumen: La ocupaciéon de manicurista es crucial para la economia mexicana,
contribuyendo significativamente al Producto Interno Bruto (PIB) del sector
servicios. En el cuarto trimestre de 2023, habia 210,000 manicuristas en México,
con un 87.5% en la informalidad y un 91.3% de ellas siendo mujeres con una edad
promedio de 30 afios. La falta de formalidad limita el acceso a prestaciones basicas
y al sistema de salud. Aunque la manicura parece sencilla, conlleva riesgos
bioldgicos, fisicos, mecanicos, quimicos y psicosociales. La ausencia de regulacion
especifica contribuye a condiciones laborales precarias, y la literatura sobre salud
en esta industria es limitada. Este estudio busca evaluar como el sistema de trabajo
afecta los factores psicosociales, la carga postural y la fatiga mental en las
manicuristas de la Zona Metropolitana de Guadalajara, en el sector informal, entre
septiembre de 2023 y mayo de 2024. Se utilizO una metodologia cualitativa
exploratoria con 24 participantes, usando entrevistas semiestructuradas, el Método
RULA para evaluar posturas, el Diagrama de Corlett y Bishop para sintomas
musculoesqueléticos, la Guia 2 de la NOM-035-STPS para factores psicosociales,
y la Prueba de Sintomas Subjetivos de Fatiga. Los resultados mostraron que el 25%
de las manicuristas presentaba fatiga mental severa y el 50% fatiga fisica severa.
El analisis del Método RULA revel6 que el 80% de las participantes estaban en una
categoria de riesgo alto para posturas inadecuadas. Los sintomas fisicos comunes
incluyeron dolores de cabeza, reacciones alérgicas y problemas
musculoesqueléticos. La mayoria no usaba equipo de proteccién adecuado, a pesar
de reportar un alto control sobre su trabajo. Las horas de trabajo y la falta de
separacion entre el espacio laboral y doméstico afectaban negativamente a las
trabajadoras. El estudio destaca la necesidad de una evaluacion sistémica del
sector para abordar las deficiencias en ergonomia fisica y factores psicosociales.
Recomienda la implementacion de regulaciones y mejoras en el entorno laboral para
proteger mejor a las manicuristas y elevar su calidad de vida. Sin embargo, la
muestra no es representativa a nivel nacional, y se sugiere realizar investigaciones
adicionales para validar y ampliar estos hallazgos.

Palabras clave: Ergonomia y genero, manicusitas, trabajo infromal
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Relevancia para la ergonomia: Esta investigacion sobre las condiciones laborales
de las manicuristas y su enfoque en la ergonomia proporciona varias contribuciones
significativas al campo. Primero, identifica y categoriza los riesgos fisicos, quimicos,
ergonomicos, bioldgicos, y organizacionales a los que estdn expuestas las
manicuristas. Esto es crucial para disefiar intervenciones efectivas que mejoren las
condiciones de trabajo y reduzcan el riesgo de lesiones ocupacionales de este
sector tan poco explorado.

No solo se busca beneficiar a las trabajadoras, la investigacion aboga por
condiciones laborales mas justas y seguras, promoviendo el cumplimiento de los
derechos laborales y contribuyendo a una mejor calidad de vida en el trabajo.

Finalmente, al educar tanto a las manicuristas como a empleadores y
legisladores sobre la importancia de la ergonomia en la prevencion de riesgos
ocupacionales, esta investigacion puede influir en la formulacion de politicas
publicas y empresariales que fomenten entornos laborales mas saludables y
sostenibles para todos los trabajadores del sector de la belleza.

Abstract: The occupation of manicurist is crucial for the Mexican economy,
significantly contributing to the Gross Domestic Product (GDP) of the service sector.
In the fourth quarter of 2023, there were 210,000 manicurists in Mexico, with 87.5%
working informally and 91.3% of them being women with an average age of 30. The
lack of formalization limits access to basic benefits and the healthcare system.
Although manicuring may seem simple, it involves biological, physical, mechanical,
chemical, and psychosocial risks. The absence of specific regulation contributes to
precarious working conditions, and literature on health in this industry is limited. This
study aims to assess how the work system affects psychosocial factors, postural
load, and mental fatigue among manicurists in the Guadalajara Metropolitan Area in
the informal sector from September 2023 to May 2024. A qualitative exploratory
methodology was used with 24 participants, employing semi-structured interviews,
the RULA Method to evaluate postures, the Corlett and Bishop Diagram for
musculoskeletal symptoms, Guide 2 of NOM-035-STPS for psychosocial factors,
and the Subjective Symptoms of Fatigue Test. Results showed that 25% of
manicurists had severe mental fatigue and 50% had severe physical fatigue. The
RULA Method analysis revealed that 80% of participants were in a high-risk category
for inadequate postures. Common physical symptoms included headaches, allergic
reactions, and musculoskeletal problems. Most did not use adequate protective
equipment, despite reporting a high level of control over their work. Working hours
and the lack of separation between work and domestic spaces negatively affected
the workers. The study highlights the need for a systemic evaluation of the sector to
address deficiencies in physical ergonomics and psychosocial factors. It
recommends implementing regulations and improving the work environment to
better protect manicurists and enhance their quality of life. However, the sample is
not nationally representative, and further research is suggested to validate and
expand these findings.

Keywords: Ergonomics and Gender, Manicurists, Informal Work
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Relevance to Ergonomics: This research on the working conditions of manicurists
and its focus on ergonomics offers several significant contributions to the field. First,
it identifies and categorizes the physical, chemical, ergonomic, biological, and
organizational risks to which manicurists are exposed. This is crucial for designing
effective interventions to improve working conditions and reduce occupational injury
risks in this underexplored sector. The research not only aims to benefit workers but
also advocates for fairer and safer working conditions, promoting labor rights
compliance and contributing to a better quality of work life. Finally, by educating both
manicurists and employers as well as legislators about the importance of ergonomics
in preventing occupational risks, this research may influence the development of
public and business policies that foster healthier and more sustainable work
environments for all workers in the beauty sector.

1. INTRODUCTION

The occupation of manicurist, part of the service sector, is crucial to the Mexican
economy. According to the National Institute of Statistics, Geography, and
Informatics (INEGI), 65% of this sector depends on it in terms of the national Gross
Domestic Product (PIB). In the fourth quarter of 2023, the National Occupation and
Employment Survey (ENOE) reported that there are 210,000 employed manicurists
in Mexico, with Jalisco being the second state with the highest population in this
occupation, reaching 19,300 individuals. Alarmingly, 87.5% of these workers are
employed informally, and 91.3% are women with an average age of 30 years. These
figures highlight the prevalence of informality and the high participation of women
and youth in this occupation, underscoring the need to improve working conditions
in the sector.

The high level of informality in these jobs means that manicurists do not
receive the basic benefits required by law, leaving them in a vulnerable situation with
inadequate access to public health services.

The appeal of manicure as a job for many women lies in its apparent simplicity
and the low requirements for tools and supplies (Willet, 2005). However, this work
involves exposure to various biological, physical, mechanical, chemical, and
psychosocial risks. Most manicurists work independently, often from their homes,
complicating the separation between work and family life.

In Mexico, there is no specific regulation for the manicure industry, with the
only reference being the NORMA NMX-R-085-SCFI-2016 for beauty salons in
general. This lack of regulation contributes to precarious working conditions and
exposure to toxic substances, with many workplaces lacking proper furniture,
adequate ventilation, sufficient lighting, and ergonomic tools, which affects the
physical, sensory, and mental health of manicurists.

In terms of research and regulation, the existing literature on the health effects
of manicurists is limited (Quirds, 2019), highlighting the need for an ergonomic
approach to improve working conditions and promote good practices in the beauty
industry. This would not only benefit the health and well-being of workers but also
the quality of service provided to the community.
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The perspective of this study is a systems approach as it constitutes a holistic
and interdisciplinary approach to understanding and solving complex problems. This
approach considers that the job consists of interconnected and interdependent
elements, whether people, tools, or other components, emphasizing their
relationships and interactions.

The main objective of a systemic approach is to design and implement systems
that offer the best possible service. This approach has the potential to improve
efficiency and understanding of threats and opportunities in service delivery. It is
based on principles of systems thinking, systems engineering, design thinking, and
social sciences to integrate four key and complementary perspectives:

e People: Analyze how interactions between individuals, groups, organizations,

and societies affect the overall performance of the system.

e Systems: Address complex problems involving interconnected technical and

social elements, observing behaviors and emerging properties.

e Design: Improve by clearly identifying the problem, exploring multiple

solutions, and refining the most effective option to achieve optimal results.

e Risk: Manage risks by identifying threats and opportunities in advance,

assessing associated risks, and managing necessary changes.

As noted, one of the four key perspectives is people, making it essential in this
study to consider the psychosocial factors that influence the well-being and mental
health of workers. Understanding the interaction between physical, organizational,
and psychosocial ergonomics can lead to promoting a healthier and more satisfying
work environment for all employees.

To define psychosocial factors, we will refer to the report of the Joint ILO-WHO
Committee on Occupational Health (Geneva, 1984), which defines them as:
“Psychosocial factors at work consist of interactions between work, its environment,
job satisfaction, and the conditions of its organization on the one hand, and on the
other, the worker's capabilities, needs, culture, and personal situation outside of
work, all of which, through perceptions and experiences, can influence health and
performance and job satisfaction” (ILO-WHO, 1984, p.12).

These factors can be grouped into the following categories:

e Job content: Refers to the nature of the task that needs to be performed.

e Workload: Includes the demands placed on the worker, including attention

effort, quantity and difficulty of tasks, emotional demands, and time pressure.

e Working time: Refers to the number of hours devoted to work activities.

e Autonomy: Relates to the worker's ability to manage certain aspects of their

work, including control over time and decisions.

¢ Interpersonal relationships: Includes the relationships established in the work

environment, including social support, leadership, communication, and

perception of connection with others.

The occupation of manicure is an artisanal process that, while having a very
structured sequence of activities to be followed methodically to achieve its goal,
involves countless variations affecting workers' experiences. Without a specific
schedule, working hours can exceed those set by law, extreme working hours and
lack of breaks add to the physical and mental demands that can severely affect
workers.
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Working conditions and subjective perception of work are closely linked to
workers' mental health, highlighting the need for specific interventions to improve
these conditions. It is crucial to note how gender affects the performance of this type
of work differently.

A study by Gardufio (2005) reviewed literature to analyze the relationship
between stress and work on women's mental health and emphasized the importance
of considering gender in research on this topic. The study included working women
in various labor sectors in both Mexico and Canada. The results highlight that stress
has a significant impact on the mental health of working women, manifesting through
physical and psychological symptoms. This phenomenon is exacerbated by the
additional burden of a double workday, contributing to specific wear and tear
experienced by women. Considering gender differences in stress and mental health
research is crucial for fully understanding its effects and adequately addressing its
causes and consequences. Recognizing and addressing stressful working
conditions and domestic work demands emerge as an imperative need to safeguard
women's mental health in both work and domestic environments.

In the workplace, not only is stress present, but also psychosocial risk factors
(PRFs). In this regard, it has been observed that women predominantly experience
sleep disorders, immune system disturbances, eating disorders, and sexual
dysfunctions such as anorgasmia, vaginismus, and loss of sexual appetite.
Additionally, they often experience emotional effects such as low self-esteem,
feelings of guilt, anxiety, distress, sadness, and depression (International Labour
Organization, 2016).

If a worker exceeds their capacity, they may experience consequences such as
fatigue symptoms, low performance, increasing dissatisfaction, higher risk of
accidents, reduced attention, slower thinking, and loss of motivation.

The effects on workers based on psychosocial risks are as follows:

¢ Physical load: Refers to when the task requires muscular activity.

¢ Mental load: When the primary demand is intellectual.

Mental fatigue refers to the sensation people may experience after or during
extended periods of cognitive activity. These feelings are common in modern daily
life and typically involve tiredness or exhaustion, aversion to continuing the current
activity, and decreased commitment to the task (Holding, 1983; Hockey, 1997;
Meijman, 2000).

A trauma in the musculoskeletal system results from various factors, many of
which are related to workspace design. The process of developing a trauma is so
complex that preventing isolated factors proves to be not very useful (Chaffin, 1987).
To improve workplace design and reduce the risks of a Cumulative Trauma Disorder,
several sub-disciplines have been developed that are useful for the specific job
discussed in this study.

Identifying risk factors faced by manicurists, inadequate static postures held for
extended periods, unbalanced repetitive hand movements, poor lighting, poor
ventilation, and inhalation of chemicals are notable. Some are also exposed to noise,
and most experience vibrations from their work tools. The furniture used by
manicurists varies widely, and in most cases, the furniture they use is not optimal for
performing their tasks, which worsens their already poor posture.
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In the last decades of the last century, several studies demonstrated that
prolonged sitting work can cause lower back pain (Pope et al., 1984). It is crucial to
select a chair and desk that fit the individual's anthropometric characteristics and the
type of work performed. In such activities, good lumbar and lower limb support is
required to prevent fatigue and circulatory problems (Chaffin, 1987). These
requirements, combined with good postural support, reach and visual capacity,
increase the complexity of the seated work environment.

Marras (2000) indicates that work postures cause static load on the person's
musculoskeletal system. During static work, blood circulation and muscle
metabolism decrease, resulting in low work efficiency. Continuous or repeated static
loading of uncomfortable postures at work causes local muscle constriction and
subsequent fatigue, which, in cases of long duration, can lead to work-related
disorders or pathologies.

It is essential to analyze the physical factors that provoke or aggravate a wide
variety of inflammatory disorders, often referred to as Cumulative Trauma Disorders
from trauma to the upper body or wrist area.

2. OBJECTIVE
To evaluate how the work system influences the presence of psychosocial factors,
postural load, and mental fatigue in manicurists.
3. DELIMITATION
Manicurists in the Metropolitan Zone of Guadalajara, belonging to the informal
sector. The study was conducted from September 2023 to May 2024.
4. METHODOLOGY
Se realiz6 un estudio mixto, la primera parte cualitativa exploratorio para obtener un
panorama general de las condiciones de trabajo y la segunda parte cuantitativa para
complementar la informacion obtenida.
4.1 Participants
A mixed study was conducted, with the first part being qualitative exploratory to
obtain a general overview of working conditions and the second part quantitative to

complement the information obtained.

4.2Variables

e Postural Load: Often during the execution of occupational activities, workers
make excessive efforts, maintain inappropriate postures for extended
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periods, and/or perform repetitive movements. These factors, combined with
other occupational sources, can lead to musculoskeletal disorders (Bravo et
al., 1988).

e Musculoskeletal Symptoms: A set of symptoms and conditions affecting the
musculoskeletal system of the human body. These disorders can include
pain, discomfort, stiffness, muscle weakness, swelling, muscle spasms,
limited movement, and other symptoms related to muscles, bones, joints,
tendons, and nerves (Dunn, 2000).

¢ Mental Fatigue: Mental fatigue refers to the sensation people may experience
after or during prolonged periods of cognitive activity. These feelings are
common in modern daily life and generally involve tiredness or even
exhaustion, aversion to continuing the current activity, and decreased
commitment to the task being performed (Holding, 1983; Hockey, 1997;
Meijman, 2000).

e Psychosocial Factors: Psychosocial factors at work consist of interactions
between work, its environment, job satisfaction, and organizational
conditions, on the one hand, and the worker’s capabilities, needs, culture, and
personal situation outside of work on the other. These interactions, through
perceptions and experiences, can influence health, performance, and job
satisfaction (International Labour Organisation; Joint ILO/WHO Committee on
Occupational Health, 1984, Geneva, Switzerland).

4 3Materials and Methods

a. Semi-Structured Interview: Comprising 16 questions covering personal data,
health habits, working hours, perception of their work, set goals, limitations, barriers,
problems, and benefits related to their profession.
b. RULA (Rapid Upper Limb Assessment): Evaluates static postures of the upper
body through frames taken during the task’'s work cycle. Annotations are made on a
worksheet based on the angle relationships between body segments. Scores range
from 1 to 7 and are grouped into 4 categories indicating a recommended course of
action based on the results.
c. Corlett and Bishop Diagram: A subjective symptom survey tool that assesses the
respondent’s direct experience of discomfort in various body parts. This tool includes
a body map and scales to evaluate the severity, frequency, and duration of
pain/discomfort experienced.
d. Guide 2 of NOM-035-STPS: A 72-item questionnaire aimed at analyzing and
preventing psychosocial risk factors. Employees answer the questionnaire using a
Likert scale. The following 5 categories are evaluated:

e Work Environment

« Activity-Specific Factors

e Work Time Organization

o Leadership and Workplace Relationships

e Organizational Environment
e. Subjective Fatigue Symptoms Test: A dichotomous questionnaire designed to
identify the type of fatigue experienced by employees (Physical Fatigue,
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Psychological Fatigue, and Mixed Fatigue/Occupational Fatigue). It consists of 30
items grouped into the following 3 blocks:

e Monotony and Dullness

« Difficulty Concentrating

o Physical Deterioration

5. RESULTS

The sample of the study consisted of 24 female manicurists, with an average age of
34 years and a mode of 24 years. Regarding education, 60% had completed a
bachelor’s degree, 18% had an incomplete degree, 14% had completed high school,
and 8% had incomplete high school. In terms of family, 60% of participants had
children, while 50% were single, 21% were married, another 21% were in a common-
law relationship, and 8% were divorced.

Regarding physical activity, 21% of the manicurists exercised, while 79%
reported a lack of time to do so. In labor terms, 71% indicated that manicure is their
main source of income, while 29% considered it a hobby with additional income. Of
the participants, 17 worked in their own premises, and 7 worked from home, with an
average of 59 hours worked per week.

Knowledge acquisition in manicure varied: 21% learned through product
brand courses (e.g., Organic and Fantasy Nails), 29% through courses by self-
proclaimed expert manicurists, 37.5% were self-taught using online tutorial videos,
and 12.5% received training through the National System for Integral Family
Development (DIF).

Analysis of semi-structured interviews, the Corlett and Bishop diagram, the
psychosocial risk factors questionnaire according to NOM-035-STPS, and the
Subjective Fatigue Symptoms Test revealed important perceptions and working
conditions. Repeated concerns related to health were observed, including throat
conditions due to inhalation of acrylic dust, headaches from monomer odor, allergic
reactions to chemicals, eye injuries from acrylic fragments, chemical burns, and
fungal infections on hands and nails.

According to the New York State Department of Health, manicurists should
use N-95 or N-100 masks, nitrile gloves or similar impermeable material, eye
protection, and a protective uniform. However, in the sample, only 6 manicurists
used surgical masks, none used eye protection, 3 used gloves occasionally, and 9
wore aprons, though only 3 used them consistently.

The results indicated that, despite all participants perceiving a high degree of
control over their work, they face significant challenges related to working conditions.
All manicurists reported having high control over their work, but most were exposed
to a workload that falls into a high-risk level. Many worked more hours than the
average formal worker, and the lack of separation between work and rest spaces
when working from home negatively impacted their ability to disconnect. Additionally,
they faced social rejection of their profession, with criticism affecting their perception
of the job.
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The working canvas involves nails, which are a small surface requiring
significant visual attention to work on details. A particular characteristic observed in
manicurists, particularly those over 30, was tired eyesight after their shift.

Although each manicurist limits their clientele to certain styles or techniques
(e.g., stone application, effects, realistic drawings), they express that each client is
a new opportunity for decoration. Depending on their work system, this can be a
surprise, putting pressure on them to figure out how to meet the client’s final product
expectations. The difficulty level of each set created by manicurists is quite broad.
Depending on their level of experience, they try to minimize uncertainties by
implementing steps in their work system to prepare before appointments. They
mention feeling significant pressure during peak seasons or when unprepared,
compounded by the expectation of social interaction with clients, which also
demands considerable attention from the manicurist.

Regarding fatigue, the Subjective Fatigue Symptoms Test showed that 25%
of participants experienced severe mental fatigue, 34% moderate mental fatigue,
and 41% mild mental fatigue. Physical fatigue was also significant, with 50%
reporting severe physical fatigue and the other 50% moderate physical fatigue. 90%
of participants experienced discomfort in areas such as the dominant wrist, neck,
and lower back, as well as other physical issues in the upper back, buttocks, and
shoulders. These adverse physical conditions are worsened by the informal nature
and lack of recognition of their occupation, contributing to stigmatization and social
rejection.

The RULA method results showed that 80% had a final score of 7, indicating
the need for immediate investigation and change, while the remaining 20% had a
final score of 5 or 6, indicating the need for further investigation and prompt change.
The body segments with the most significant issues were the wrists and the neck,
trunk, and legs, which aligns with the pain reported in the Corlett and Bishop
diagram.

In summary, the findings of this initial research provide a detailed and concerning
perspective on the working conditions of manicurists. These results highlight the
urgent need for substantial changes that not only protect their labor rights but also
significantly improve their quality of life. It is imperative to address both the physical
and psychosocial aspects of their work environment to ensure fairer and healthier
conditions for these workers.

6. DISCUSSION

Based on the results, there is a need for a comprehensive systemic evaluation of
the manicure sector. The integration of existing literature and the study’s findings
reveals that issues in this labor sector are complex and multifaceted. The lack of
specific regulations, poor working conditions, and high informality underscore a
network of interactions that negatively impact workers' health and well-being. A
systemic evaluation allows understanding how different elements, such as physical
ergonomics, psychosocial factors, and sector regulation, are interconnected and
how each contributes to the observed problems. This holistic approach not only
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facilitates identifying the underlying causes of the problems but also provides a
framework for designing and implementing comprehensive and effective solutions.

Although the study provides a detailed view of manicurists' working conditions, it
has limitations that should be considered. The sample is not nationally
representative, and the results are based on an exploratory qualitative study. Future
research could include longitudinal and broader studies to validate these findings
and assess the effectiveness of proposed interventions.
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Resumen: Este estudio explora la carga mental en madres estudiantes de
licenciatura del Tecnolégico Nacional de México, campus Agua Prieta, utilizando el
indice NASA-TLX adaptado como herramienta de evaluacion. La investigacion se
centra en identificar y analizar los factores que contribuyen a la carga mental,
particularmente en actividades académicas como la presentacion de examenesy la
elaboracion de trabajos finales en equipo. A través de un enfoque cuantitativo y un
disefio no experimental transversal, se recopilaron datos de 47 madres estudiantes,
permitiendo evaluar cémo las demandas cognitivas, emocionales y temporales se
ven exacerbadas por la necesidad de equilibrar las responsabilidades académicas
y familiares.

El estudio validé la adaptacion del indice NASA-TLX en este contexto
especifico, mostrando una consistencia interna moderada (0=0.644) que mejord
significativamente al eliminar la dimension de frustracién (a=0.816). Este hallazgo
sugiere que la frustracion podria no ser un factor consistentemente relevante en la
evaluacion de la carga mental en madres estudiantes, posiblemente debido a la
influencia de variables contextuales como el apoyo familiar y las expectativas
sociales.

Los resultados destacan la alta carga mental asociada a las actividades
académicas, con la actividad de exdmenes cumpliendo con los supuestos de
normalidad en los datos, lo que indica que las variaciones en la carga mental pueden
ser predecibles. En contraste, la actividad de trabajo final mostr6 una mayor
variabilidad, reflejando la influencia de factores externos como la dinamica de grupo
y las demandas adicionales de tiempo.

El analisis adicional reveld que el numero de hijos no esta correlacionado de
manera significativa con el rendimiento académico, lo que sugiere que las madres
estudiantes desarrollan mecanismos de adaptacion efectivos. Sin embargo, las
horas dedicadas a responsabilidades familiares mostraron una relaciébn mas clara
con la carga mental, indicando que estas responsabilidades imponen una carga
significativa que podria limitar el rendimiento académico.

Este estudio subraya la necesidad de desarrollar estrategias e intervenciones
gue aborden la alta carga mental en madres estudiantes, incluyendo la
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implementacion de horarios académicos mas flexibles, acceso a servicios de
cuidado infantil y una distribucion mas equitativa de las responsabilidades
familiares. Ademas, se recomienda que las instituciones educativas adopten un
enfoque inclusivo y sensible a las necesidades de esta poblacion para mejorar su
bienestar y éxito académico. La creacion de un entorno educativo que apoye a las
madres estudiantes no solo es una cuestion de equidad, sino también de eficiencia,
dado que estudiantes con menor carga mental tienen mayores probabilidades de
completar sus estudios con éxito.

La investigacion contribuye al conocimiento sobre ergonomia cognitiva en
contextos académicos, proponiendo adaptaciones especificas del indice NASA-TLX
y destacando la importancia de intervenciones dirigidas a mejorar la experiencia
académica de las madres estudiantes.

Palabras clave: Carga mental, madres estudiantes, NASA-TLX

Relevancia para la ergonomia: Este estudio contribuye de manera significativa al
campo de la ergonomia, especialmente en la ergonomia cognitiva, al proporcionar
una validacion contextual del indice NASA-TLX y al caracterizar la carga mental en
madres estudiantes de licenciatura. La investigacion demuestra la flexibilidad del
indice NASA-TLX al adaptarlo cultural y linglisticamente para su aplicacion en
madres estudiantes, ampliando su aplicabilidad a nuevas poblaciones y contextos
académicos especificos. Esta adaptacion asegura que el indice refleje con mayor
precision las experiencias cognitivas y emocionales de esta poblacion particular.

Ademas, el estudio ofrece una caracterizacion detallada de la carga mental
en actividades académicas criticas, como la presentacion de examenes y la
elaboracion de trabajos finales en equipo. Este enfoque permite comprender la
complejidad de la carga mental que enfrentan las madres estudiantes, al tener que
equilibrar demandas cognitivas, emocionales y temporales con sus
responsabilidades familiares. La investigacion proporciona una base sélida para
disefiar intervenciones ergondmicas que aborden estas demandas, mejorando la
capacidad de las madres estudiantes para gestionar el estrés y mantener un
rendimiento académico satisfactorio.

Asimismo, al identificar las fuentes especificas de carga mental, el estudio
ofrece una base empirica para el desarrollo de politicas institucionales y estrategias
ergondmicas que faciliten la gestion del estrés en entornos educativos. Estas
estrategias podrian incluir la flexibilizacion de horarios, el apoyo psicolégico
especializado y la reorganizacion de la planificacion académica para acomodar
mejor las necesidades de las madres estudiantes.

Por ultimo, el estudio subraya la importancia de considerar el género en la
ergonomia cognitiva, al destacar las experiencias unicas de las madres estudiantes.
Esto abre la puerta a futuras investigaciones que exploren como diferentes grupos
enfrentan la carga mental y como las herramientas y politicas ergondémicas pueden
adaptarse para satisfacer las necesidades especificas de diversos subgrupos. En
conjunto, este trabajo no solo enriquece el conocimiento en ergonomia cognitiva,
sino que también promueve un enfoque mas inclusivo y sensible a las diferencias
individuales dentro del entorno académico.
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Abstract: This study explores the mental workload of undergraduate student
mothers at the National Technological Institute of Mexico, Agua Prieta campus,
using the adapted NASA-TLX Index as an assessment tool. The research focuses
on identifying and analyzing the factors contributing to mental workload, particularly
in academic activities such as exam presentations and final team projects. Through
a quantitative approach and a non-experimental cross-sectional design, data were
collected from 47 student mothers, enabling an evaluation of how cognitive,
emotional, and temporal demands are exacerbated by the need to balance academic
and family responsibilities.

The study validated the adaptation of the NASA-TLX Index in this specific
context, showing moderate internal consistency (0=0.644), which significantly
improved after removing the frustration dimension (a=0.816). This finding suggests
that frustration may not be a consistently relevant factor in assessing mental
workload in student mothers, possibly due to the influence of contextual variables
such as family support and social expectations.

The results highlight the high mental workload associated with academic
activities, with the exam activity meeting the normality assumptions in the data,
indicating that variations in mental workload may be predictable. In contrast, the final
team project activity showed greater variability, reflecting the influence of external
factors such as group dynamics and additional time demands.

Further analysis revealed that the number of children is not significantly
correlated with academic performance, suggesting that student mothers develop
effective coping mechanisms. However, the hours dedicated to family
responsibilities showed a clearer relationship with mental workload, indicating that
these responsibilities impose a significant burden that could limit academic
performance.

This study underscores the need to develop strategies and interventions that
address the high mental workload in student mothers, including implementing more
flexible academic schedules, access to childcare services, and a more equitable
distribution of family responsibilities. Additionally, educational institutions are
encouraged to adopt an inclusive and sensitive approach to the needs of this
population to improve their well-being and academic success. Creating an
educational environment that supports student mothers is not only a matter of equity
but also of efficiency, as students with lower mental workloads are more likely to
successfully complete their studies.

This work contributes to the understanding of cognitive ergonomics in
academic contexts, proposing specific

Keywords: Mental workload, student mothers, NASA-TLX.

Relevance to Ergonomics: This study makes a significant contribution to the field
of ergonomics, particularly cognitive ergonomics, by providing a contextual
validation of the NASA-TLX index and characterizing the mental workload in
undergraduate student mothers. The research demonstrates the flexibility of the
NASA-TLX index by adapting it culturally and linguistically for use with student
mothers, expanding its applicability to new populations and specific academic
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contexts. This adaptation ensures that the index more accurately reflects the
cognitive and emotional experiences of this particular population.

Additionally, the study offers a detailed characterization of the mental
workload in critical academic activities, such as exam presentations and final team
projects. This approach allows for a deeper understanding of the complexity of the
mental workload faced by student mothers, as they must balance cognitive,
emotional, and temporal demands with their family responsibilities. The research
provides a solid foundation for designing ergonomic interventions that address
these demands, improving the ability of student mothers to manage stress and
maintain satisfactory academic performance.

Furthermore, by identifying specific sources of mental workload, the study
provides an empirical basis for the development of institutional policies and
ergonomic strategies that facilitate stress management in educational settings.
These strategies could include flexible scheduling, specialized psychological
support, and the reorganization of academic planning to better accommodate the
needs of student mothers.

Finally, the study emphasizes the importance of considering gender in
cognitive ergonomics by highlighting the unique experiences of student mothers.
This opens the door to future research exploring how different groups face mental
workload and how ergonomic tools and policies can be adapted to meet the specific
needs of various subgroups. Overall, this work not only enriches the knowledge in
cognitive ergonomics but also promotes a more inclusive and sensitive approach
to individual differences within the academic environment.

1. INTRODUCTION

The phenomenon of stress and mental workload has been the subject of study for
decades, evolving in its understanding and approach within the fields of psychology
and ergonomics. Historically, mental workload has been understood as a complex
interaction between the cognitive demands imposed by tasks and the individual's
ability to manage these demands. In a dialectical framework, mental workload is
recognized as arising from the continuous and changing interaction between the
demands of the academic environment and the personal capacities to adapt to these
demands. For student mothers, these demands are particularly acute due to the
confluence of academic, work and family responsibilities, which generates a
continuous stress field that can significantly impact their well-being and academic
performance.

The study of stress and mental workload has acquired relevance in cognitive
ergonomics, where the interactions between cognitive demands and the individual's
resources to manage them are explored (Karasek, 1979; Moray, 1996). In the
academic context, mental workload may be particularly high in populations facing
multiple roles, such as student mothers. Previous studies have shown that excessive
mental workload can lead to decreased performance and increased mental health
problems, including anxiety and depression (Guzman & Campos, 2014; Hart &
Staveland, 1988).
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In recent decades, women's access to higher education has advanced
significantly in many countries, including Mexico. This progress has resulted in an
increase in the presence of student mothers in universities, who, despite advances
in gender equality, continue to face unique challenges. These challenges include the
need to balance their studies with family care responsibilities and, in many cases,
work obligations (Boyd & DeJean, 2010; Mason, Goulden, & Frasch, 2011).
However, institutional infrastructure and support policies in Mexican universities, as
in many other parts of the world, are not always adapted to meet the specific needs
of this group, which generates a considerable mental burden that impacts their well-
being and academic performance (Rodriguez, 2020).

Chronic stress and high mental workload are associated with various negative
consequences for mental and physical health. In student mothers, it has been
observed that high levels of mental workload are correlated with a higher incidence
of anxiety, depression, and burnout, which in turn affects their ability to concentrate
and perform academically (Lépez, Ramirez, & Herrera, 2018). In addition, the lack
of resources to manage this mental workload can lead to a higher dropout rate, poor
academic performance, and an unsatisfactory educational experience, underscoring
the urgent need for targeted interventions (Smith & Klein, 2020).

Mental workload, as assessed through tools such as the NASA-TLX index,
provides an accurate metric for measuring the perceived cognitive demand of
student mothers. This index, originally developed to assess mental workload in
aviation settings, has been widely adapted for academic contexts and has proven to
be a valid and reliable tool (Hart & Staveland, 1988; Rubio et al., 2016). However,
there is a paucity of research focusing on its specific application in undergraduate
mothers, making it crucial to adapt and validate these tools to ensure their accuracy
in specific contexts (Peters, O'Connor, & Loughlin, 2013).

The issue of high mental workload in student mothers is directly related to the
objective of this research, which is to conduct a psychometric study of the NASA-
TLX index in this specific population. The purpose of this research is to evaluate the
validity and reliability of the NASA-TLX for measuring mental workload in
undergraduate student mothers, providing an adapted tool that can be used to
identify critical stress points. This, in turn, will facilitate the development of strategies
and policies that support these students, improving their academic experience and
quality of life. The adaptation and validation of the NASA-TLX index will allow for a
more accurate understanding of mental workload in this context, contributing to the
body of knowledge in ergonomics and mental health in academic settings.

2. OBJECTIVES
General objective:
To develop a systematic and validated procedure for the evaluation of stress level in

undergraduate mothers at the Tecnolégico Nacional de México Campus Agua
Prieta.
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Especific objetives:

1. To analyze the main theories and previous studies on stress in academic
contexts, with a focus on measurement tools and their applicability in
undergraduate student mothers.

2. To design and validate a methodological procedure to accurately and reliably
evaluate the level of stress in undergraduate mothers at the Tecnoldgico
Nacional de México Campus Agua Prieta, using the NASA-TLX index
adapted to the local context.

3. To perform a descriptive and correlational analysis of stress levels in student
mothers, identifying associated factors and their impact on academic
performance and social relationships.

3. METHODOLOGY

The present study was developed under a descriptive non-experimental cross-
sectional design with a quantitative approach, selected to describe the mental
workload in undergraduate mothers at a specific time without manipulating variables.
The research was framed within a positivist paradigm, seeking to observe and
measure reality objectively through empirical methods.

The target population of the study was composed of all student mothers
enrolled in undergraduate programs at the Tecnologico Nacional de México campus
Agua Prieta, totaling 47 women. Given the accessibility and size of the population, it
was decided to include all of these student mothers in the sample. The inclusion
criteria were: being a woman, being enrolled in an undergraduate program and
having children.

For the measurement of mental workload, we used the NASA-TLX index, a
tool widely validated in various contexts to assess mental workload. This index is
composed of six dimensions: mental demand, physical demand, time demand, effort,
performance and frustration. Additionally, a complementary questionnaire was
designed to collect relevant demographic and academic data, including age, career,
year of study, family situation and hours dedicated to studies and family
responsibilities.

For the characterization of mental workload in the academic context, two
critical activities were selected: the presentation of a knowledge exam and the
delivery of a final paper in a team. These activities were chosen for their relevance
and high cognitive load observed in student mothers.

Data collection was carried out by means of structured interviews with a
guestionnaire in hand. Prior to implementation, a detailed explanation of the study
was provided to the participants and their written informed consent was obtained,
ensuring the confidentiality and anonymity of the data collected.

The data collected were subjected to a review and cleaning process to ensure
quality and consistency. Descriptive analyses were performed to calculate means,
standard deviations, frequencies and percentages of sample characteristics and
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NASA-TLX index scores. In addition, inferential analyses are planned to explore
relationships between stress levels and demographic and academic factors.

To assess the construct validity of the NASA-TLX index in the sample of
student mothers, the internal reliability of the NASA-TLX dimensions was examined
by calculating Cronbach's alpha coefficient, providing a measure of internal
consistency of the scales.

Given that the NASA-TLX index was originally developed in different contexts,
a cultural adaptation was carried out to ensure its relevance to the population
studied. A process of translation and back-translation was used to adapt the
language of the index to the Mexican context, ensuring that the terms were
understandable and relevant to the participants. Subsequently, a pilot test was
conducted with a small group of student mothers to evaluate the clarity and
functioning of the adapted index. In addition, a review by experts in ergonomics and
mental health was carried out to evaluate the relevance and clarity of the adapted
items, confirming the content validity of the instrument.

The study was conducted following the ethical principles of research,
including obtaining informed consent, respecting the privacy and confidentiality of
the participants, and using the data exclusively for research purposes.

4. RESULTS

In order to develop a structure of analysis that reflects the mental load with which
undergraduate mothers face the academic challenges in their training process, two
of the activities that involve a high mental load were characterized: the presentation
of an exam and the delivery of a final paper in a team.

Characterization of the exam: Presenting an exam involves high cognitive
load by processing and applying knowledge under time pressure. Emotional
demands include managing anxiety and maintaining concentration, while temporal
demands require planning the use of time during the exam. For student mothers,
these tasks are complicated by balancing exam preparation with family
responsibilities, which intensifies stress. Added to this, it is necessary that the
student mother manages to concentrate on the exam and establishes a virtual
separation of thoughts about her child, situations that emphasize her thinking such
as: the child ate, slept well, nothing has happened to him, he will not be dirty, these
thoughts distract her attention on the exam and affect her academic performance.

Characterization of Final Teamwork: Final teamwork requires high cognitive
load for research, writing, and synthesis of content. Emotional demands include
managing collaboration, conflict resolution, and managing stress related to
coordination and delivery of work. Temporal demands are significant due to the need
to balance team meetings and work preparation with family obligations, increasing
the complexity of the task for student mothers since time planning involves a greater
number of variables than the student population that does not fall into this category.

Once characterized, the assessment instrument was established based on
the NASA-TLX index, since it was necessary to adapt both the translation and the
context of the question, in order to better reflect the mental workload of the student
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mothers. Figure 1 shows the instrument designed. The aforementioned generates
the need to carry out a validation process of the instrument, so the reliability of the
NASA-TLX instrument is analyzed, understood as internal consistency, Cronbach's
alpha coefficient was calculated for the total scale. Now, if we eliminate variables
with the idea of assessing the internal consistency of the variables with the greatest
impact on the mental workload, we get the following results: If we eliminate the time
dimension we get a result of .459, if we eliminate effort we get a result of .644, if we
eliminate the performance dimension we get a result of .399, if we eliminate the
frustration dimension we get a result of . 399, eliminating the frustration dimension
gives us a result of .816, eliminating the mental effort gives us a result of .386 and
finally if we remove the physical effort gives us a result of .651. These considerations
imply that by eliminating the frustration dimension the internal consistency of the
instrument increases considerably.
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Figure 1: assessment instrument as a function of the NASA-TLX index.

The instrument was validated and applied to the study population. Table 1
shows the results of the mental workload assessment for the examination activity.
A high level of mental workload was observed, with a total weighted score of 1258.
This high level of mental workload suggests that taking an exam is a significant
source of stress and cognitive demand for the student mothers
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Table 1: result of the mental workload assessment for the examination activity.

Variable Weight Punctuation weighted score
Mental requirements 5 90 450
Physical requirements 0 40 0
Temporary 4 87 348

requirement

Performance 1 90 90

Effort 2 50 100
Frustration 3 88 264
TOTAL 15 1258

Mental workload level: High.

A total of 48 assessments were carried out with the validated instrument.
Graphs 1 and 2 show the results in terms of frequency and level of mental workload
for the two selected activities.

In the case of the exam activity and based on the histogram, the Anderson-
Darling normality test, and the descriptive statistics (skewness and kurtosis), the
data can be considered normal, observing that all the evaluations are at a high level
of mental workload.

However, for the analysis of the final work activity and based on the
Anderson-Darling test, which has a p-value of less than 0.05, the “Final Work” data
do not meet the assumptions of normality. Although the histogram and descriptive
statistics suggest that the data are approximately normally distributed, the formal
test indicates that there are significant differences from a normal distribution. The
statistical data obtained are presented in the graph. However, all the evaluations are
in a high range in their mental workload.
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Graph 2: Results of the mental workload levels obtained in the study, for the final
teamwork activity.

In addition to evaluating specific activities that involve a high mental workload,
such as taking exams and submitting final papers in teams, a detailed analysis was
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conducted to explore how certain external factors, such as the number of children,
hours of study, and hours devoted to family responsibilities, influence the stress
levels and academic performance of student mothers.

Initially, the relationship between the number of children and test scores was
explored as a proxy indicator of academic performance. The results indicated that
there is no clear correlation between these variables. It is specified that mothers with
different numbers of children present a wide dispersion in their test scores,
suggesting that the number of children alone is not a determining factor in academic
performance. This could be explained by the adaptation that mothers develop in the
face of the demands of motherhood, effectively balancing their family responsibilities
with academic demands, or the existence of other factors that modulate the influence
of the number of children on mental workload, such as family or institutional support.

The next factor analyzed was the number of hours dedicated to study.
Contrary to what might be expected, the study shows that there is no direct
correlation between study hours and test scores. The data reveal considerable
dispersion, suggesting that simply devoting more time to study does not necessarily
translate into better scores. This finding highlights the importance of efficiency in
study strategies and time management, beyond the number of hours spent. Itis likely
that other factors, such as the quality of study time, access to educational resources,
and mental and emotional state during study, play a more relevant role in the
academic success of these students.

One of the most significant findings of this analysis is related to the hours
dedicated to family responsibilities. Unlike the other factors, a clearer trend was
observed here. Mothers who dedicate more hours to family responsibilities tend to
have test scores in a narrower range, although not necessarily higher. Figure 3
shows the scatter plot reflecting the condition explained above. This observation
suggests that family responsibilities impose a significant burden that could stabilize
academic performance in a lower or specific range, limiting the potential for variation.

This finding is particularly important, as it highlights a cause of mental burden
that is deeply rooted in societally imposed gender roles and expectations. Student
mothers face a dual challenge: not only must they meet academic demands, but they
are also expected to maintain a high level of commitment to family responsibilities.
This dual role not only intensifies the mental burden but may also limit their
opportunities for optimal academic performance, as much of their energy and time
is channeled into responsibilities that are not part of their studies.

It is essential to emphasize that the additional burden generated by family
responsibilities does not arise in a vacuum; it is deeply influenced by sociocultural
structures that disproportionately assign care and household maintenance tasks to
women. This expectation is not only perpetuated in the family environment but is
also reinforced through educational and labor policies that do not always provide the
necessary support for student mothers to balance their multiple roles.

Analysis of these graphs reveals a complex and significant relationship
between family responsibilities and mental workload. Society, by imposing these
expectations on mothers, indirectly contributes to a greater mental burden that
affects their academic performance. This underscores the need to develop policies
and interventions that not only consider academic support, but also address the
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equitable distribution of responsibilities within the home, as well as the creation of
more inclusive and flexible educational spaces that recognize and respond to the
specific needs of student mothers.
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Graph 3: Scatterplot between mental workload assessment and hours
dedicated to family duties

5. CONCLUSIONS

The present study provides a comprehensive look at the mental workload faced by
undergraduate student mothers in balancing academic and family demands, using
the NASA-TLX Index as a tool to measure such workload. Through the adaptation
and validation of the index in this particular context, it demonstrates not only its utility,
but also the need for a more nuanced approach in assessing mental workload in
populations with multiple and varied responsibilities.

One of the most significant findings of this research lies in the validation of
the NASA-TLX Index for student mothers. Although the overall internal consistency
of the instrument was moderate (0=0.644), detailed analysis showed that the
removal of the frustration dimension significantly improved the reliability of the index
(0=0.816). This suggests that frustration, although relevant, may not be as consistent
a factor in the assessment of mental workload in this specific population group. It is
possible that frustration is more influenced by contextual variables that vary widely
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among student mothers, such as family support, social expectations, and individual
circumstances, which explains the variability observed in this dimension.

The study underscores the high mental workload imposed by academic
activities, particularly taking exams and writing final papers in teams. Detailed
characterization of these activities reveals that the cognitive, emotional, and
temporal demands are significantly exacerbated by the need for student mothers to
balance their academic responsibilities with their family obligations. This balancing,
as noted, is not trivial and contributes significantly to mental workload, increasing the
risk of chronic stress and potentially affecting academic performance.

Exam activity, for example, showed compliance with normality assumptions
in the data, indicating that variations in mental workload during this activity may be
predictable and systematic. This suggests that student mothers may develop
relatively consistent strategies for managing mental workload during exams,
although these strategies may not be sufficient to completely mitigate stress. On the
other hand, the final teamwork activity did not meet normality assumptions, reflecting
greater variability in the experience of mental workload. This finding indicates that
the mental workload experience in final papers is less predictable and more
dependent on external factors, such as group dynamics, coordination with other
students, and additional demands on time and effort.

In addition to specific academic activities, the study explored how external
factors such as number of children, hours of study, and hours devoted to family
responsibilities influence mental workload and academic performance. The number
of children was found to have no clear correlation with academic performance,
suggesting that student mothers develop effective coping mechanisms to balance
their roles. However, the relationship between hours spent on family responsibilities
and mental workload was found to be more significant. Mothers who devote more
time to these responsibilities tend to have test scores in a narrower range, indicating
a possible stabilization of academic performance in the presence of greater family
demands.

This finding is critical, as it reflects how societally imposed gender roles and
expectations contribute to a greater mental burden on student mothers. The need to
meet family responsibilities, coupled with academic demands, creates a significant
source of stress that affects not only the well-being of female students, but also their
ability to perform at the highest academic level. Society, by imposing these
expectations, perpetuates a cycle of high mental workload that is difficult to mitigate
without specific interventions.

The results of this study underscore the urgency of developing strategies and
interventions that address the high mental workload faced by student mothers.
These strategies should be multifaceted, ranging from adapting assessment tools
such as the NASA-TLX Index to designing supportive policies that consider the
unique needs of this population. For example, implementing more flexible academic
schedules, access to child care services, and raising awareness about the equitable
distribution of household chores are measures that could contribute significantly to
reducing mental workload.

In addition, it is crucial that educational institutions such as the Tecnol6gico
Nacional de México, Agua Prieta campus, adopt a more inclusive and sensitive
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approach to the needs of student mothers. This would not only improve the academic
experience of these students, but also contribute to their academic success and
overall well-being. Creating an educational environment that supports student
mothers in their multiple roles is not only a matter of equity, but also of efficiency, as
less mentally burdened students are more likely to perform better and complete their
studies successfully. Addressing the underlying causes of mental workload and
developing policies tailored to the needs of these students can significantly improve
their academic experience and promote a more equitable and inclusive educational
environment.
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Aportacion a la ergonomia: La evaluacion de los factores ambientales presentes
en los entornos de trabajo/estudio desde una perspectiva ergonémica ayuda a
mejorar la comodidad de los usuarios, adaptando estas condiciones a sus distintas
capacidades, asi como a las exigencias visuales de las tareas en un mismo puesto
de trabajo. Esto sugiere la necesidad de generar recomendaciones especificas para
puestos de trabajo/estudio con uso de computadora y modificaciones en la NOM-
025-STPS-2008, agregando monitores de contexto como lo incluyen otras
normativas.

Keywords: Computer Vision Syndrome, blinking, lighting levels, university
students

Contribution to Ergonomics: Evaluating environmental factors in work/study
environments from an ergonomic perspective helps enhance user comfort by
adapting these conditions to their capabilities and visual task demands within a
single workstation. This suggests the need to generate specific recommendations
for computer-based work/study stations and to amend standards such as NOM-025-
STPS-2008 by including contextual monitors as seen in other regulations.
Ergonomics topic: Fatigue

1. Introduction

Computer Vision Syndrome (CVS) is defined as a set of visual and ocular problems
resulting from prolonged computer use (AOA, n.d.), and due to its high prevalence,
it has been considered an overlooked occupational disease (Moldovan et al., 2020).
This condition affects nearly 60 million people worldwide (Zalat et al., 2022).
Additionally, one million new cases are reported each year (Al Tawil et al., 2020).
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The American Optometric Association relates CVS to multiple factors, one of
which is poor lighting (AOA, n.d.). Furthermore, it has been reported that lighting has
received little attention in experimental studies (Doughty, 2001, 2013, 2014).

2. Objective

To analyze the effect of applying three different lighting levels (500 Ix, 1000 Ix, and
1500 Ix) on the blinking of architecture and interior design students with positive and
negative CVS.

3. Scope

The study was conducted at the facilities of the Centro Universitario de Arte,
Arquitectura y Disefio (CUAAD) during the period from August 2021 to May 2023.

4. Methodology
The study is quantitative with an experimental design, organized into two phases.

Phase 1: 171 Architecture and Interior Design students participated, selected
for their high exposure to computer screens, using intentional non-probabilistic
sampling. After signing the informed consent, the Computer Vision Syndrome
Questionnaire (CVS-Q©) was administered to obtain Group A (CVS positive) with
visual fatigue and Group B (CVS negative) without visual fatigue, each group
consisting of ten participants.

Phase 2: The division of the groups allowed for a comparison of how different
lighting conditions affected students with varying predispositions to visual fatigue.
Each participant's blink rate was recorded using the Gazepoint eye tracker,
measured in three sessions, one for each level (500 Ix, 1000 Ix, 1500 Ix) established
according to both Mexican and European standards. The study reported the
Spontaneous Eye Blink Rate (SEBR) in the last minute of the task and the Total
Number of Blinks (NTB) during the 15 minutes of the task, as blinking is reported as
an indicator of visual fatigue (Benedetto et al., 2013; Doughty, 2014; Kim et al., 2011;
and Stern et al., 1994). This is due to the reduction in blinks directly associated with
CVS symptoms, such as redness, burning, sandy sensation, itching, light sensitivity,
tearing, blurred vision, and visual fatigue (del Mar Segui, 2015; Kaur et al., 2022;
Sheedy et al., 2003). Inclusion criteria for Group A considered results with severe
positive CVS (high scores).

The eye tracking test was conducted in the Ergonomics Laboratory, which
was adapted following the PVD Workspace Characterization Protocol (Rodriguez
and Pattini, 2006). Calibrated measurement instruments were used, such as the
Extech® model 407026 luxmeter to specify each lighting level, Hagner brand EC 1
— L screen luminance meter to record screen brightness, and Konica Minolta brand
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CL-200A digital colorimeter to measure the color temperature emitted by the
luminaire. Dimmable light panels model Azmid II with their respective Creator IV
controller, both by Tecnolite, were used to create each condition, as shown in Figure
1.

Figure 1. Test application in Condition 1 (500 Ix), Condition 2 (1000 Ix), and
Condition 3 (1500 Ix)

Each session lasted approximately 30 minutes, which included furniture
adjustment, tracker calibration, and task performance. The task consisted of tracing
and modeling Tadao Ando's Azuma House in SketchUp software for 15 minutes.
The statistical analysis of the data was performed using SPSS® software version
22, employing non-parametric tests: Friedman's Test and the Mann-Whitney U Test.

5. Results
5.1. Phase 1 Results

After applying exclusion and elimination criteria, the study included 116 students, 65
females (56%) and 51 males (44%); 62.9% were from Architecture and 37.1% from
Interior Design. 92.2% reported working in front of a computer for more than 20 hours
per week, 59.5% wore glasses, and 37.9% of the sample had myopia and
astigmatism.

A CVS prevalence of 89.7% was reported, with the most frequent symptoms
including blurred vision (87%), increased light sensitivity (86.2%), headache
(77.6%), eye burning (71.6%), and feeling worse vision (69.9%).
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5.2. Phase 2 Results

Twenty students participated, 11 females (55%) and 9 males (45%), aged between
19 and 28 years (Mean = 21.8 + 2.28).

The results of eye tracking in Group A and Group B with Friedman's Test
showed no statistically significant difference in SEBR measured in the 15th minute
for the three conditions: Group A X? (2, n=10) = 2.6, p = .273 and Group B X? (2,
n=10) = 2.32, p = .31. However, in Condition 1, both groups recorded between 1.4
and 14.4 blinks/min for VDT-SEBR (Doughty, 2001), Graph 1. Group A, when
exposed to Condition 3, approaches the optimal zone with 20 to 25 blinks/min, which
iIs considered beneficial for maintaining tear film quality while working with VDT
(Robinson and Hernandez, 2010), Graph 2.

On the other hand, results of NTB during the task with the Friedman Test in
Group A did not show a significant difference X? (2, n=10) = 3.2, p = .202. In Group
B, an increase in NTB was reported with statistically significant differences among
the three lighting conditions X? (2, n=10) = 6.52, p = .038. To determine between
which levels, the Wilcoxon signed-rank test was conducted, showing a significant
increase in NTB between Level 1 and Level 2 (z=-2.09, p < .05, r =.66) and between
Level 1 and Level 3 (z =-2.521, p < .05, r =.79), Graph 3.
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Graph 1. SEBR in each minute during the task development for each group in
Phase 2, exposed to Condition 1.
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Graph 3. Results in the total number of blinks in 15 minutes with different lighting
levels for Group B.
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5.2.1. Eye tracking: Comparison between Group A and Group B for each
condition

The results of the Mann-Whitney U Test indicate that there is no statistically
significant difference in SEBR between the groups in each condition, Z (2, n=10) = -
1.86, p = .063, Z (2, n=10) = -1.06, p = .289, and Z (2, n=10) = -1.25, p = .211.
Similarly, when analyzing NTB between Group A and Group B, for each condition Z
(2, n=10) =-1.85, p =.064, Z (2, n=10) =-1.36, p =.174, and Z (2, n=10) = -1.47, p
=.14,

6. Conclusions

This study aligns with others that consider Computer Vision Syndrome (CVS) as an
alarming condition due to its high prevalence, which diminishes people's quality of
life and reduces their performance (Zalat et al., 2022). The results obtained in the
total number of blinks for Group B with significant differences could help prevent
ocular symptoms in this group by increasing blinking rates with higher levels of
illumination.

Some limitations of the study include the absence of a group not exposed to the task
to establish baseline SEBR and NTB. Additionally, due to resource constraints such
as time, variables like light color temperature, screen illuminance, and localized
lighting over the working plane (without affecting participant vision angles) were not
controlled. These results could lead to new recommendations based on task
requirements and user-reported comfort.

The intention is to continue this research line to evaluate the effects of lighting and
visual ergonomics on visual health among workers.
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Resumen: La salud ocupacional radica en la importancia de proteger y promover la
salud y bienestar de los trabajadores en el entorno laboral. Se centra en prevenir
enfermedades y lesiones relacionadas con el trabajo, asi como en mejorar las
condiciones laborales para garantizar un ambiente seguro y saludable.

La implementacion de practicas seguras y la formacion en salud ocupacional
ayudan a prevenir accidentes en el lugar de trabajo. Esto no solo protege la salud
de los trabajadores, sino que también reduce los costos asociados con la
compensacion laboral y los tiempos de inactividad.

Para este proyecto, se analizaron las condiciones fisicas del entorno de
trabajo en que la labora la dependienta en relacion con las Normas Oficiales
Mexicanas (NOM) para determinar si se cumplen con los estandares de seguridad
y salud en el trabajo.

Se utilizo el cuestionario de Yoshitake y Corlett and Bishop para medir los
niveles de fatiga y conocer los factores que la provocan. Ademas, se realizaron
observaciones directas y se recopilacion datos sobre las condiciones fisicas de la
dependienta, como la postura, el movimiento y el esfuerzo fisico requerido para
realizar sus tareas.

La importancia de conocer la fatiga de los trabajadores radica en su impacto
en la productividad, la calidad del trabajo y la salud en general. La fatiga puede
afectar la capacidad de los trabajadores para realizar sus tareas de manera segura
y eficiente, lo que puede llevar a errores, accidentes y lesiones. Ademas, la fatiga
cronica puede tener efectos negativos en la salud fisica y mental de los
trabajadores, como el estrés, la ansiedad y la depresion.

Palabras claves: Fatiga, posturas, rendimiento

Relevancia parala ergonomia: Con base en los resultados del estudio, se pueden
disefiar o ajustar las estaciones de trabajo para mejorar la ergonomia, como ajustar
la altura de los mostradores, o instalar tapetes antifatiga en areas de trabajo de pie
prolongado.
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Abstract: Occupational health lies in the importance of protecting and promoting the
health and well-being of workers in the work environment. It focuses on preventing
work-related illnesses and injuries, as well as improving working conditions to ensure
a safe and healthy environment.

Implementing safe practices and occupational health training help prevent
workplace accidents. Not only does this protect workers' health, but it also reduces
costs associated with workers' compensation and downtime.

For this project, the physical conditions of the work environment in which the
clerk works were analyzed in relation to the Official Mexican Standards (NOM) to
determine if they comply with occupational health and safety standards.

The Yoshitake and Korlet and Bishop questionnaire was used to measure
fatigue levels and to know the factors that cause it. In addition, direct observations
were made and data was collected on the physical conditions of the shop assistant,
such as posture, movement and the physical effort required to perform her tasks.

The importance of knowing worker fatigue lies in its impact on productivity,
quality of work, and overall health. Fatigue can affect workers' ability to perform their
tasks safely and efficiently, which can lead to errors, accidents, and injuries. In
addition, chronic fatigue can have negative effects on workers' physical and mental
health, such as stress, anxiety, and depression.

Keywords: Fatigue, postures, performance

Relevance to ergonomics: Based on the results of the study, workstations can be
designed or adjusted to improve ergonomics, such as adjusting the height of
counters, or installing anti-fatigue mats in areas of prolonged standing work.

1. INTRODUCTION

Work involves the worker consuming his physical and mental energy. Fatigue is the
logical consequence of the effort made, and it must be within limits that allow the
worker to recover after a day of rest. In the workplace, assessing employees'
physical conditions and fatigue is essential to ensure a healthy and productive work
environment. As for the work environment of a department store, it requires
employees to stand for long periods, perform repetitive tasks, and maintain a friendly
and helpful attitude with customers. These demands can lead to a number of
physical and health problems, including muscle aches from poor posture and long
periods of standing, stress and generalized fatigue, which can affect your
performance and the quality of customer service.
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2. OBJECTIVES

General objective:

Evaluate the physical conditions and level of fatigue of a worker in a department
store, in order to identify risk factors and propose improvement strategies to optimize
her well-being and work performance.

Specific objective:

¢ |dentify the main risk factors that contribute to fatigue and physical discomfort.
Assess and measure psychosocial risks and the level of physical and mental
fatigue to which the worker is exposed.

e Assess regulatory compliance with terms and conditions, physical aspects of
the work environment such as; lighting, ventilation, vibration, sound and
temperature.

e Propose strategies and recommendations to reduce fatigue and improve
working conditions, such as the implementation of adequate breaks and
ergonomics in the workplace.

3. METHODOLOGY
3.1Physical Condition Assessment:

The conditions of the worker's work environment were analyzed, covering factors
such as lighting, temperature, noise and ventilation. In addition, the physical
conditions of the clerk were evaluated in relation to the Official Mexican Standards
(NOM) to determine if they comply with occupational health and safety standards.

3.1.1 Lighting

The work area to be evaluated has a high ceiling with several lamps in it, both in
warm and cold tones to generate a balance in the tonality of the light in general. The
lights are mostly located in the center of the premises (ceiling), others more on the
edge of the window that faces the square, and one in each corner of the premises.
There are also two lamps that are specifically located above the entrance (door).

According to the values set out in the table where we compare the lighting
levels obtained with those specified in NOM-025-STPS-2008, the evaluated work
area complies with the regulations and has an adequate lighting level, which
provides a safe and healthy environment in the performance of the tasks carried out
by the workers.
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Table 1. Lighting level.
LIGHTING LEVEL (LUX) BY WORKSTATION
Minimum Meets
Measuring Location Lighting [llumination Level with
Point level found NOM-025-STPS- The
2008 Norm
1 Puerta 330 200 Si
2 Racks with 308 200 Si
merchandise
3 Cash register 314 300 Si
Evidence

Figure 1. Door .

3.1.2 Temperature

Figure 2. Racks.

Figure 3. Cash register.

The work area to be evaluated is located inside the Sendero plaza, in general the
plaza has regulated cooling systems to maintain a moderate temperature where it
does not feel extremely cold or hot, so the place is always maintained with a constant
temperature of approximately 24 degrees C to 25 degrees C.

In this case, NOM-015-STPS-2001 is used to evaluate and analyze whether
this establishment is within the limits established in the standard.
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Table 2. Temperature level per workstation.
TEMPERATURE LEVEL PER WORKSTATION

Maximum
Measuring . temperature .
Point Location Temperature limit NOM-015- Compliant

STPS-2001

1 Entrance 24° C 30°C Si

Racks with .

2 : 24° C 30°C Si

merchandise
3 Cash register 24° C 30°C Si

In this case we can observe that the place complies with the temperature
established by the standard in a light work category with an eight-hour day.

3.1.3 Noise

The work area to be evaluated is constantly in noise, since they have 2 speakers on
the ceiling inside the premises and there is always music, as well as the noise that
is generated by customers and the square in general.

According to the values set out in the table where we compare the noise levels
obtained with those specified in NOM-011-STPS-2001, the evaluated work area
complies with the maximum limits established because it is below the decibels
allowed for an 8-hour workday.

Table 3. Noise level per workstation.

NOISE LEVEL dB(A) LEVEL PER WORKSTATION
Maximum
Mes(s):Jnr;ng Location Temperature Iirﬁ??\%iﬂt%fl- Compliant

STPS-2001

1 Entrance 70 dB(A) 90 dB(A) Si

5 Racks with 54 dB(A) 90 dB(A) Si

merchandise
3 Cash register 56 dB(A) 90 dB(A) Si

3.1.4 Ventilation

Regarding ventilation, despite being an enclosed place without natural air flow, the
site has an appropriate ventilation system according to its dimensions, which
consists of an air conditioning system and air extraction system, in addition to that it
has doors designed to allow adequate air flow and organizes its furniture so that it
does not obstruct the ventilation ducts and free airflow is allowed.
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Evidence

INSTALL
o

Figure 5. Racks. Figure 6. Cash register.

Figure 7. Ventilation.

3.1.5 Vibration

Within this workplace it was 0.01-0.04 m/s2 since there was no vibration that affected
the work environment and the worker, thus giving a good place to work without risks.
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Table 4. Vibration level per workstation.

VIBRATION LEVEL (m/s2) PER WORKSTATION

Measuring Location Vibration Maximum Compliant
Point level found vibration limit
Nom-024-stps-
2001
1 Door 0.01 m/s? Si
4 m/s?
2 Racks 0.01 m/s? 4 m/s? Si
3 Cash register 0.04 m/s? 4 m/s? Si

3.2 Yoshitake's Questionnaire

Yoshitake's method was used to assess the worker's level of fatigue. This method
included the application of specific questionnaires that made it possible to identify
and quantify the fatigue perceived during and at the end of the working day.

As for fatigue due to drowsiness and monotony, it can be seen that there is
no accumulated fatigue over the course of the days and that it is present especially
at the end of the working day

FORMATO DE CUESTIONARIO DE YOSHITAKE

Figure 8. First-week evaluation.
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Figure 9. Second week evaluation.

Figure 10. Symptoms of drowsiness and monotony.
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