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Prefacio

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 mas alla de los puestos de trabajo en
organizaciones formalmente establecidas, que compiten ferozmente en
mercados globales exigentes, para estudiar también ambientes y puestos de
trabajo en la informalidad. A nivel mundial y en México, el trabajo en esta
modalidad se caracteriza por carecer de prestaciones laborales, seguridad
social, acceso a instituciones de salud o son empleos en unidades econdmicas o
empresas que se encuentran fuera de la formalidad. Sin embargo, éstos
empleos no carecen de 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 proporcidon parece estar
aumentando en los ultimos afios, por lo que representa un desafio no solo en
este pais sino internacionalmente. Ante esta problematica, se reconoce que, por
su complejidad, desde diversas perspectivas, econdmicas, sociales,
ambientales, tecnoldgicas y de sostenibilidad, amerita un esfuerzo
multidisciplinario para atender, reducir y mitigar sus efectos en la poblacion
laboral.

Este nuevo libro editado por la SEMAC, busca contribuir a dicha problematica y
a otras, al generar conocimiento mediante el desarrollo de los interesantes
estudios en el campo de la ergonomia como la evaluacién del trabajo, disefo de
puestos de trabajo, evaluacion ergondmica y salud ocupacional, disefo del
trabajo, antropometria, ergonomia industrial, ocupacional y organizacional,
ergonomia cognitiva, desempefio humano en ambientes extremos, trabajos en
situaciones especiales y estudios de fatiga.

Es una obra cuidadosamente editada, arbitrada e indizada que logra reunir
autores que presentan casos de estudio, revisiones literarias e investigaciones
originales, para ofrecer a los lectores un abanico de posibilidades,
investigaciones y soluciones innovadoras y practicas en el ejercicio y estudio de
la ergonomia. Considero que, nuevamente se ha conseguido la meta de difundir
y dar acceso libre a estos trabajos, 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”".

Dra. Aide Aracely Maldonado Macias
PRESIDENTE DE SEMAC 2023-2024
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ANTHROPOMETRY OF THE STUDENT POPULATION FOR THE
DESIGN OF UNIVERSITY SCHOOL FURNITURE

Miguel Angel Aguilera Saenz
Departamento de Disefio Industrial
Universidad Autbnoma de Ciudad Juarez
Avenida Elias Calles #1210
Juarez, Chihuahua 32310

Corresponding author’s e-mail: al203220@alumnos.uacj.mx

Resumen: En México, el conocimiento y aplicacion de la ergonomia es escasa lo
gue puede generar problemas al momento de interactuar con algin producto,
maquinaria, herramienta o cualquier objeto que no cumple con las normas
ergondmicas apropiadas. En esta investigacion, se estudio el mobiliario de
estudiantes universitarios; ellos tienen una jornada escolar minima de 20 horas
semanales, de las cuales aproximadamente el 80% del tiempo permanecen
sentados varias horas consecutivas en un mobiliario que perciben disergonémico
para ellos, mayormente porque no cumple con todas las necesidades
antropomeétricas, y corren el riesgo de sufrir dafio musculo esquelético o cualquier
otro malestar (fatiga, cansancio, tension muscular, etc.). Por lo tanto, se procedio a
medir a los alumnos de una Universidad Publica del Estado de México para
establecer una base de datos antropométrica y asi obtener las medidas apropiadas
de un mobiliario escolar. También se realiz6 una investigaciéon documental sobre
disefios factibles. Con la informacion obtenida de las medidas antropométricas se
disefid una propuesta de mobiliario con el propésito de reducir de manera
considerable el riesgo ergondmico y ayudar a los estudiantes en su rendimiento
académico con instalaciones mas apropiadas.

Palabras clave: Antropometria, Ergonomia, Mobiliario, Poblacién estudiantil

Relevancia para la ergonomia: La investigacion aporta a la ergonomia de México
una base de datos antropométricos que podra utilizar la Universidad Publica
estudiada para dar solucion a otras problematicas ergonémicas que existan o que
puedan surgir, ademas de que también sirve para establecer una base de datos
antropometricos para mayor poblacion, ya sea a nivel estatal o nacional.

Abstract: In Mexico, the knowledge and application of ergonomics is scarce, which
can cause problems when interacting with a product, machinery, tool or any object
that does not comply with the appropriate ergonomic standards. In this research, the
furniture of university students was studied; they have a minimum school day of 20
hours a week, of which approximately 80% of the time they remain seated for several
consecutive hours in furniture that they perceive to be disergonomic for them, mainly
because it does not meet all anthropometric needs, and they run the risk of suffering
musculoskeletal damage or any other discomfort (fatigue, tiredness, muscle tension,
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etc.). Therefore, we proceeded to measure the students of a Public University of the
State of Mexico to establish an anthropometric database and thus obtain the
appropriate measurements of school furniture. Desk research on feasible designs
was also carried out. With the information obtained from the anthropometric
measurements, a furniture proposal was designed in order to considerably reduce
the ergonomic risk and help students in their academic performance with more
adequate facilities.

Keywords. Anthropometry, Ergonomics, Furniture, Student population

Relevance to Ergonomics: The research provides ergonomics in Mexico with an
anthropometric database that the Public University studied can use to solve other
ergonomic problems that exist or may arise, in addition to establishing an
anthropometric database for a broader population. either at the state or national
level.

1. INTRODUCTION

Anthropometry is a bloodless, inexpensive, portable and globally applicable
technique for assessing the size, proportions and composition of the human body
(World Health Organization, WHO, 1995). It is a discipline that serves as a tool to
support the application of ergonomics, which according to the Council of the
International Ergonomics Association (2000) is defined as "the science that studies
how to adapt the relationship of human beings with their environment".

Anthropometric data are fundamental for the design in terms of user interaction,
whether it is the design of a work area, a vehicle, machinery, furniture, clothing, etc.,
as this avoids ergonomic problems (musculoskeletal damage, circulatory problems,
muscle pain, fatigue, among others). In the case of school furniture, anthropometry
allows the student to sit in such a way that is comfortable, reduces ergonomic risk
and gives some comfort to students to help them in their academic performance.

The problem is that, in Mexico, the knowledge and application of ergonomics is
scarce which generates great ergonomic problems, an example would be in the case
of students, the Ministry of Public Education (SEP) makes plans and curricula that
makes them have a minimum school day of 4 hours and a maximum of 8 hours a
day (generally university students are those who are a third of the day at the
university), of which approximately 80% of the time they remain seated during their
classes. This means that, taking into account that ergonomics is not very present in
Mexico, students remain several consecutive hours in a seat that is hot ergonomic
for them or that does not meet their anthropometric needs, so that they run the risk
of suffering musculoskeletal damage or any other ergonomic risk.

In Mexico, various researchers have conducted anthropometric studies of the
Mexican population over the years to establish a database or to solve ergonomic
problems, such as Dr. Enrique de la Vega, Prof. Mauricio Lépez Acosta, Dr. Rosalio
Avila Chaurand, among others, each with their respective investigations and
anthropometric studies. With the information that Mexico has, some safety or
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construction regulations have already been made, but it is still not enough to help
Mexico with all the ergonomic problems it has.

This research aimed to contribute to ergonomics with an anthropometric
database of a student population with the aim of developing school furniture suitable
for their anthropometric needs.

1.1 Objectives
1.1.1 General Objectives
To develop furniture based on general and ergonomic standards to reduce

ergonomic problems for students.

1.1.2. Particular Objectives
e Establish an anthropometric database of the student population.
e Improving academic performance through adequate school furniture

1.2. Delimitations

The research of the project was carried out within the geographical limits of Tultitlan,
State of Mexico, only the student population of a Public University was observed.

2. Methodology

2.1. User-Product Interactions

The user, in this case a university student, when sitting at the desk interacts with
the seat, the backrest and the table/work surface (as can be seen in figure 1).

Therefore, the dimensions were grouped into seat dimensions, back dimensions,
and worktable dimensions.

Figure 1 User-Product Interactions
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2.2. Determination of dimensions and percentiles

Table 1 Dimensions and Percentiles

User-Product Product Dimension

: User Dimension Name Ptil
Interactions Name
D1. Seat height 1. Popliteal height 1. Ptil 50
Seat D2. Seat width 2. Hip width 2. Ptil 95
D3. Seat depth 3. Sacro-popliteal distance 3. Ptil5
Backrest D4. Backrest width 4. Shoulder width 4. Ptil 95
D5. Backrest height 5. Sitting shoulder height 5. Ptil 95

6. Sitting elbow height

D7. Worktable height : : . 6. Ptil 95
Worktable | D8. Worktable width 87'A?rffgz'c‘:j2‘r)x§3rv‘xt'ﬁ;hu .| 7.Piilgs
D9. Worktable depth ' 8. Ptil 50

grip (minimum and maximum)

2.3. Collection of Anthropometric Data

A calculated sample of the school population of the University was taken and the
necessary dimensions for the development of the project were obtained.

Subsequently, the mean, standard deviation and percentiles were obtained for
each of the measurements obtained. Once these data are obtained, the
dimensions of the school furniture will be obtained and thus be able to carry out the
technical plans and reach the desired result.

To obtain the finite population sample, the Murray and Larry (2005) equation
was used. Therefore, based on the research objectives, the universe size was 831
students, a standard deviation of .5, a confidence level of 95%, and a permissible
sampling error limit of 5%. With these data, the formula would end like this:

B (831)(1.967)(.5%)
" T 05%(831— 1) + (1.962)(.52)
1)

The result of this formula is 262.9369 but considering that it is not possible to have a
population sample with a decimal point, it is rounded to the amount of 263. In this way, the
necessary dimensions of the 263 students were obtained.
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3. Results
3.1. Anthropometric Data
» Anthropometric measurements were performed on 263 students.

» Each of the dimensions obtained from each of the students was recorded (Table 2
shows an example of how the data obtained was recorded).

Table 2 Individual anthropometric data

Anthropometrics Data
Age \ 22 years old Gender Masculine
Dimensions Measures (cm)

1. Stature 172

2. Popliteal height 44.8

3. Sacro-popliteal distance (SP) 42.7

4. Sacro-patellar distance (SR) 53.6

5. Thigh-Seat Height (MA) 9.9

6. Elbow-Seat Height (CA) 17.2

7. Minimum Arm Reach Forward 35.3
Without Grip (AminB) '

8. Maximum Arm Reach Forward 69.2
Without Grip (AmaxB) '

9. Shoulder-Seat Height (HA) 55.2

10. Seated hip width (CdCd) 32

11. Shoulder Width (HH) 38.2

* The data obtained were analyzed and evaluated to later carry out the calculations
to obtain the mean, the standard deviation and the percentiles, obtaining the
following results (table 3).

3.2. Obtaining appropriate measurements for school furniture
The dimensions of the furniture were established based on the percentiles

obtained. These dimensions were divided into the different parts of the furniture
(Seat, Backrest and Worktable).
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Table 3 Anthropometric data of the student population

Student population

o .
imensions X S Pl 1 | Ptil5 | Ptil50 | Ptil 95 | Ptil 99
Popliteal
height 4443 | 430613769 | 34.4 | 373 | 444 | 515 | 544
Sacro-
popliteal 4248 | 7.4944496 | 250 | 302 | 425 | 548 | 59.9
distance
Sacro-patella
distance 51.30 | 8.65117353 | 31.2 | 371 | 513 | 655 | 71.4
Thigh-Seat
Height 15.96 | 7.25861761 0 40 | 160 | 279 | 3209
Elbow-Seat
Height 24.09 | 6.18943025 | 97 | 139 | 241 | 343 | 385
Minimum
Forward Arm
Ronch 40.80 | 9.87308006 | 17.8 | 246 | 408 | 57.0 | 638
Maximum
Arm Reach
Forward 6455 | 6.30132462 | 49.9 | 542 | 645 | 749 | 79.2
Shoulder-
Seat Height

56.77 | 6.83566168 409 | 455 | 56.8 | 68.0 | 727
Sitting hip
width

4229 | 7.94999065 | 238 | 292 | 423 | 554 | 608
Shoulder
Width 4006 | 5.8040314 | 266 | 305 | 40.1 | 49.6 | 53.6
Height

165.20 | 13.403036 | 134.0 | 1432 | 165.2 | 187.3 | 196.4
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3.3. Technical drawings and Renders

When finishing selecting the best and most appropriate proposal to solve the

problem, the plans and renders were made for the graphic representation of the

project in its technical, constructive, regulatory, and aspects of property.

3.3.1. Technical drawings

No. DE DESCRIPCH
mem | Ne.DE | nomsre on MATERIAL | CANTIDAD
PATAS DEL
1 | owota | patas [ PATASDEL | scero 1
BASE
PARAEL
2 | otooz4 | PECANSA | pescanso | acero 1
DELOS
PIES
ASIENTO
3 | 010034 | asiento DEL | PLASTICO 1
PUPITRE
PIEZAQUE
SOPORTE | sosTIENE
PARA A
4 | oro0e | MESWAREA | egiune | ACERO 1
ADE
TRABAJO TRABAJO
MESA/ARE
MESAAREA | ADE
5 | 010054 oE TRABAJO | PLASTICO 1
TRABAJO DEL
PUPITRE
PIEZAQUE
SOPORTE
6 |otoosa | paracL | SOSTENE | acero 1
RESPADO | pesPALDO
RESPALDO
7 | 010074 | RespPaLoO DEL | PLasTIcO 1
PUPITRE
Erelid
A
PLANO EXPLOTACO
"
19

Figure 2 Exploded technical plane.
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Figure 3 General technic plane

3.3.2. Render

Figure 4 Render
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4. Conclusions

In this research we have observed the difference that exists when the
anthropometric dimensions of the user are taken into account and when they are
not, and not only in school furniture, but also in the work area or any product or
object with which they interact. Students are more comfortable and are given
comfort when their anthropometric needs are covered and that helps their
academic performance.

Generally problems like this are generated because ergonomics is not taken
into account or have the erroneous idea that the user has to adapt to the object to
use it, when in fact it is the object that has to adapt to the needs of the user, so if
there is an ergonomic problem based on anthropometry, the correct thing to do is
to adapt the furniture, machinery or work area so that there is an interaction with
the user in an appropriate, optimal and efficient manner.

Therefore, it is important to make Mexico aware of the importance of the
application of ergonomics in design, the creation of more appropriate safety and
health standards and to have an official anthropometric database at the national
and state level, in this way, as in this research, a solution to certain ergonomic
problems can be reached.
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Resumen: La responsabilidad de la calidad de un producto estd migrando a los
departamentos de fabricacion donde tienen lugar los procesos de montaje. En
algunas industrias existen practicas relacionadas con el control de calidad
autonomo a las que les denomina autoinspeccion y que suele consistir en lo
siguiente: el trabajador, después de realizar su tarea de montaje, comprueba la
calidad de la pieza antes de que pase a su procesamiento posterior. La deteccion
oportuna y la prevencion de defectos por parte del trabajador aumentan la calidad
al tiempo que reducen los costes por reprocesamientos y reclamaciones. Sin
embargo, un efecto probable de esta condicion puede que estos trabajadores se
sientan abrumados, debido a la creciente complejidad de sus tareas, lo que puede
llevar a una reduccion de la concentracion de la atencién y, en algunos casos,
ansiedad. El entrenamiento en meditacion parece ser un medio para la
autorregulacion y un medio para alcanzar la conciencia que podria ayudar a reducir
la ansiedad y mejorar la atencién concentrada. A pesar del creciente interés en el
impacto del entrenamiento en meditacion, existe una escasez investigacion fuera
del contexto terapéutico. Este estudio explora el impacto de este entrenamiento
sobre la atencion concentrada y la ansiedad en trabajadores industriales implicados
en tareas de autoinspeccion. El estudio fue de disefio experimental. Los
participantes se dividieron aleatoriamente en dos grupos: el grupo de tratamiento
(n=50) que recibio el entrenamiento en meditacion y el grupo de control (n=50) que
no recibié el entrenamiento. EIl grupo experimental recibié el entrenamiento en
meditacion de un especialista durante cuatro semanas. El estudio completo incluyo
la administracién de un cuestionario destinado a investigar las caracteristicas
sociodemograficas y tres instrumentos (cuestionarios) validados para la poblacion
Mexicana. La primera encuesta fue el Inventario de ansiedad (IA). El segundo
instrumento fue la prueba de Toulouse (PT), La tercera prueba fue el cuestionario
de Mindfulness (CM). Los datos se analizaron mediante un analisis descriptivo
(andlisis de porcentajes y frecuencias). Se utiliz6 un ANOVA de una via en la prueba
inicial para comparar cada uno de los resultados entre los grupos individualmente.
El Modelo Lineal General (MLG) para medidas repetidas se emple6 para comparar
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cada uno de los resultados por separado. Los resultados que el grupo de meditacién
presentd una reduccidn significativamente mayor de ansiedad entre la prueba inicial
y la prueba final, en comparacion con el grupo control. Con relacion a la prueba de
atencion concentrada, hubo un efecto principal para el tiempo para la tasa de
respuestas correctas, asi como una interaccion entre grupo vs tiempo para esta
tasa. El grupo de tratamiento presenté un aumento significativamente mayor de
respuestas correctas entre la prueba inicial y la final, en comparacién con el grupo
de control. En conclusién, este estudio proporciona evidencia preliminar de que un
programa de entrenamiento de meditacion focalizada (Mindfulness) en un periodo
de veinte dias continuos mejoro la ansiedad, y la atencién focalizada en una muestra
no clinica de trabajadores industriales dedicados a actividades de autoinspeccion.

Palabras clave: concentracién, meditacion, ansiedad, trabajadores industriales,
inspectores.

Relevancia para la ergonomia: La presente investigacién es un primer paso en la
exploracion de los efectos de la meditacion sobre la ansiedad y la atencion
concentrada en trabajadores industriales. Los resultados mostraron que sus efectos
especificos no estan del todo claros, y menos aun los mecanismos que producen
los efectos; sin embargo, el procesamiento estadistico de los datos ofrece una
alternativa para determinar sus posibles interacciones. El avance en este intento
puede resultar bastante dificil, pero los frutos potenciales de esta investigacion
hacen que el esfuerzo merezca la pena.

Abstract: The responsibility for quality is increasingly being transferred to
manufacturing departments where assembly processes take place. In some
industries there is a practice related to self-contained quality control which is called
worker self-inspection which usually consists of the following: the worker after
carrying out their assembly step, checks the quality of the workpiece before it goes
on to further processing. Early defect detection and defect prevention by the worker
increase quality while reducing costs for rework and complaints. However, they likely
to feel overwhelmed by the increasing complexity in their tasks, which can lead to
more concentrated attention and possibly leading to trait anxiety in some cases.
Meditation training seems to be a means for self-regulation and a mean for achieve
consciousness that could help in reducing trait anxiety and improving concentrate
attention. Despite the growing interest on the impact of meditation training, there is
a scarcity of evidence of research outside the therapeutic context. This study
explores how this training impact concentrated attention and trait anxiety in industrial
workers involved in self-inspection tasks. The study followed an experimental
design. The study participants were divided randomly in two groups: the treatment
group (n=50) that received the meditation training and the control group (n=50) that
do not received the training. The experimental group received the meditation training
from a specialist for four weeks. The complete study included the administration of
a questionnaire aimed at investigating socio-demographic characteristics and three
self-report instruments (questionnaires) validated for the Mexican population. The
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first self-report survey was the State-trait anxiety inventory (STAIl). The second
instrument was The Toulouse test (TT) used to measure attention span, perceptive
acuity, a person’s concentration, and resistance to monotony. The third test was the
Trait mindfulness questionnaire (TMQ) is an established questionnaire that is used
to assess trait mindfulness. Data was analyzed by using descriptive analysis
(percentage and frequency analysis). A one-way ANOVA was used in the pre-test to
compare each of the results between the groups individually. The General Linear
Model (GLM) for repeated measures was employed in the post-test to compare each
of the results separately. The meditation group presented a significantly greater
reduction of the trait anxiety trait between the pre- and the post-test, in comparison
with the control group. Referent to the test of concentrated attention, there was a
main effect for time for the rate of correct answers, as well as an interaction between
group vs time for this rate. The treatment group presented a significantly greater
increase of correct responses between the pre- and the posttest, in comparison with
the control group. In conclusion, this study provides preliminary evidence that a
training program of twenty days straight of roughly 30 minutes of focused meditation
(Mindfulness) was able to improve some psychological variables, especially trait
anxiety, and focused attention in a non-clinical sample of industrial workers
dedicated to self-inspection activities.

Keywords: Concentration, meditation training, anxiety, industrial workers,
inspectors

Relevance to Ergonomics: The present investigation is a first step in exploring the
effects of meditation on trait anxiety and concentrated attention in industrial workers.
Results showed that its specific effects are not fully clear, and even less so are the
mechanisms that yield the effects, however statistical data processing gives an
insight in this matter. The advancement in this attempt might turn out to be quite
difficult, but the potential fruits of this research make the endeavor worthwhile.

1. INTRODUCTION

The responsibility for quality is increasingly being transferred to manufacturing
departments where assembly processes take place. An assembly process consists
of several steps that are carried out by different employees one after the other. In
some industries there is a practice related to self-contained quality control which is
called worker self-inspection which usually consists of the following: the worker after
carrying out their assembly step, checks the quality of the workpiece before it goes
on to further processing. Worker self-inspection is an increasingly manufacturing
practice and offers early identification of findings and error prevention (Safety and
Health, 2021). Manufacturing companies can benefit from the introduction of worker
self-inspection. Early defect detection and defect prevention by the worker increase
quality while reducing costs for rework and complaints (ISO/TS 22367, 2008).
However, they likely to feel overwhelmed by the increasing complexity in their tasks,
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which can lead to more concentrated attention and possibly leading to trait anxiety
in some cases (Naragon et al., 2018). The ability to remain focused on goal-relevant
stimuli in the presence of potentially interfering distractors is crucial for any coherent
cognitive function such required for self- inspection tasks in industrial workers
(Safety and Health, 2021). Concentrated attention on a task is vital for any coherent
cognitive function, especially when there might be potential interference from
distractors that are irrelevant for the task, which is the case when industrial workers
are required to perform self-inspection activities. Research on the role of load in
processing of task-relevant information in determining of task-irrelevant distractors
have provided better understanding of the circumstances under which people can
achieve coherent focused behavior with minimal intrusions of irrelevant information
(Menezes and Bizarro, 2015). Anxiety is a feeling of uneasiness and worry, usually
generalized and unfocused as an overreaction to a situation that is only subjectively
seen as menacing. Anxiety is often accompanied by muscular tension, restlessness,
fatigue, and difficulties in concentration (Hamaideh, S. H., 2018). Regarding
emotional reactions in the industry workers, they experience a range of positive
emotional reactions, such as pride, enthusiasm for work, and motivation to achieve
success as well as negative affective responses that include anxiety, depression,
anger, and guilt. Anxiety is associated with impaired work performance and safety.
At the organizational context there are likely to be effects on productivity,
absenteeism, and turnover (Safety and Health, 2021). On the other hand, it's
reported that anxiety traits and role overload partially mediate the relationship
between the interaction of high-performance work systems perceptions and job
control (Lonigan and Phillips, 2001). In addition, employes exposed to anxiety are
likely to experience fatigue and poor cooperation that weaken their performance
(Linch et al., 2001). Meditation training seems to be a means for self-regulation and
a mean for achieve consciousness that could help in reducing trait anxiety and
improving concentrate attention (Tang et al., 2007). There are many varieties of
meditation, the approaches differ in mental faculties such attention, reasoning,
memory, or how these faculties are used (Sukhsohale, and Phatak, (2012). In
practice, however it is difficult to find an approach to meditation that can be reduced
to a single mechanism (Sedlmeier et al., 2012). The most pertinent personality trait
to date for meditation-based interventions is likely trait mindfulness (also known as
dispositional mindfulness). It refers to the innate ability to pay attention to present-
moment experiences and to maintain that attention while maintaining an open and
nonjudgmental attitude (Brown & Ryan, 2003). Given that one of the main objectives
of meditation is to encourage present-moment awareness and attention (Menezes
and Dell’Aglio (2010).

Despite the growing interest on the impact of meditation training, there is a scarcity
of evidence of research outside the therapeutic context. This study explores how this
training impact concentrated attention and trait anxiety in industrial workers involved
in self-inspection tasks.
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2. OBJETIVES

Concentrated attention is a crucial cognitive process. The capacity to concentrate
one's psychological processes on something is referred to as attention. A system
known as working memory has a limited capacity and is used to temporarily store
and process current information. The working memory system uses attention as a
cognitive resource to handle a variety of tasks (Soto et al., 2005; Kumar et al., 2009;
Dunning and Holmes, 2014). Discussions have also centered on the issue of what
psychological and environmental factors can affect attention and working memory.
In recent years, psychological research on mindfulness has become increasingly
popular (Davidson, 2010; Brown et al., 2015; Lindsay and Creswell, 2017).
According to Medvedev et al. (2017), state mindfulness refers to the non-judgmental,
moment-by-moment awareness that is felt at any given time. In terms of average
frequency and intensity of mindful states over time, trait mindfulness or dispositional
mindfulness refers to stable individual differences (Brown and Ryan, 2013; Jamieson
and Tuckey, 2017; Mesmer-Magnus et al., 2017). It has been demonstrated that
mindfulness practice, such as mindfulness meditation and some mindfulness-based
interventions, can enhance the trait of mindfulness (Davidson, 2010). Therefore,
the following objective is proposed:

a) To testif mindfulness meditation is positively related to concentrated attention
in industrial quality inspectors in two different periods (before meditation and
after meditation training).

According to Bouras and Holt (2007), anxiety is a feeling of unease and worry
that is typically overstated and unfocused as a reaction to a situation that is only
perceived as threatening by the individual. Muscle tension, restlessness, exhaustion,
and concentration problems are frequently present during times of anxiety (American
Psychiatric Association, 2013). It has been researched the impact of meditation
techniques to reduce levels of anxiety (Brown and Ryan, 2013). Thus, the second
objective of this study is the following:

b) To test if mindfulness meditation is positively related to trait of anxiety in
industrial quality inspector in two different periods (before meditation and after
meditation training).

3. METHODOLOGY

The study followed an experimental design The experimental group received the
meditation training from a specialist for four weeks. The complete study included the
administration of a questionnaire aimed at investigating socio-demographic
characteristics and three self-report instruments (questionnaires) validated for the
Mexican population.
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3.1 Participants

Sample size consisted of one hundred industrial workers performing quality self-
inspection tasks.

3.2 Study design

The study followed an experimental design, cross-sectional study. To know the
impact of meditation training in self-inspection workers. the study participants were
divided randomly in two groups: the treatment group (n=50) that received the
meditation training and the control group (n=50) that do not received the training.
Five daily meetings that were back-to-back in the meditation training each lasted
about 90 minutes during the four weeks of study. The importance of attending all five
days of the study was stressed to the participants, who were informed that skipping
one or more meetings would result in their exclusion. The participants in the control
group did not engage in any activity during this time, but they did receive the same
instruction at the study's conclusion.

A psychologist with fifteen years of experience in group work, provided training
to the workers.

3.2 Materials

The complete study included the administration of a questionnaire aimed at
investigating socio-demographic characteristics and threeo self-report instruments
(questionnaires) validated for the Mexican population. The first self-report survey
was the State-trait anxiety inventory STAI (Pasquali, Pinelli Jnior, & Solha, 1994)
that is a measure of trait anxiety with 20 questions, to measure trait anxiety. The
guestions for trait anxiety represent how the person typically feels. The responses
use a four-point Likert scale, ranging from not at all to a lot, to indicate the levels of
anxiety in these two situations. The level of anxiety increases as the score rises. For
the scale of trait anxiety, the Spanish version had Cronbach’s alpha of 0.081, made
in a pilot study by the authors.

The second instrument was The Toulouse test (TT) used to measure attention
span, perceptive acuity, a person’s concentration, and resistance to monotony
(Monzon et al. 2022). The test consists of detecting the symbols and crossing out
the drawings that are identical to the sample, some small squares with little lines in
different directions. The Toulouse test has a quantitative and a qualitative evaluation.
The quantitative part analyses the amount of Hits: Number of figures marked by the
evaluated person that are identical to the models provided. The number of correctly
marked images should be greater than 100. This denotes a high sustained attention
and concentration. Omissions: Correct answers that the reviewer missed and did not
check.Errors: The number of figures different to the models provided that marked
the person. Errors must not exceed two fifths of omissions. The test consists of
detecting the symbols and crossing out the drawings that are identical to the sample,
some small squares with little lines in different directions. The Toulouse test has a
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guantitative and a qualitative evaluation. The quantitative part analyses the amount
of: Hits which are the number of figures marked by the evaluated person that are
identical to the models provided. The number of correctly marked images should be
greater than 100. This denotes a high sustained attention and concentration.
Omissions are the correct answers that the reviewer missed and did not check.
Errors are the number of figures different to the models provided that marked the
person. Errors must not exceed two fifths of omissions. The total number of failures
(omissions + errors) should not exceed 10% of the hits. The qualitative evaluation
may yield some possible scenarios, such as: If the number of hits is less than 100
or 80, the person may have a mood inhibition. Likewise, a high score of hits, but with
many errors and omissions, can denote a state of generalized anxiety. On the other
hand, if the number of failures exceeds 10% of the hits, it is interpreted as a failure
in concentration. The same can be sharpened in the case of exceeding 20% of
failures between errors and omissions.

The third test was the Trait mindfulness questionnaire (TMQ) is an established
guestionnaire that is used to assess trait mindfulness (Baer et al., 2006). In the
current study, the Spahis version of the TMQ was used. The validation of this
instrument was done in a previous pilot study by authors. It consists of 39 items rated
on a five-point Likert scale from 1 = never or very rarely true to 5 = very often or
always true. The TMQ is composed of five subscales, including “observe,”
“describe,” “act aware,” “non-judge,” and “non-react.” Item scores are summed to
form a mindfulness score, with higher scores indicating higher levels of trait
mindfulness. In this study, the Cronbach’s alpha value for this scale was 0.89.

3.3 Procedure

At the end of each week of study, they were administered the three instruments (in
Spanish versions). The administration of surveys last for four weeks between April
and May of 2023. Surveys were answered after 9.6 hours of uninterrupted work
activity. This study was approved by the Research Ethics Committee of manufacture
site. All the participants provided informed consent prior to the assessments.

3.4 Statistical data analysis

Data was analyzed by using descriptive analysis (percentage and frequency
analysis). A one-way ANOVA was used in the pre-test to compare each of the results
between the groups individually. The General Linear Model (GLM) for repeated
measures was employed in the post-test to compare each of the results separately.
Later, as needed, the ANOVA and polynomial contrasts were applied. The Pearson
Partial Correlation test was also used in the post-test to assess the correlation
between the outcomes within each group while adjusting the pre-test scores for each
outcome. A significance level of 0.05 was used for all analyses, and SPSS version
24 was employed. The correlation between the trait anxiety, concentrated attention
and meditation was found through simple correlation analysis, and then the Pearson
correlation coefficient was estimated.
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4 RESULTS

Trait anxiety and concentrated attention significantly differ in term of meditation training.
According to the findings, as the meditation training is given, their trait anxiety (F=11,791;
p<0,05) decreased and concentrated attention (F=22,172; p<0,05), increases. Contrary to this,
for the control group the level of trait anxiety of the participants reduces, and concentrated
attention reduces (F=8,466; p<0,05). The results are not as expected; however, it is necessary
to perform the experiment considering the training time as a variable that can affect the expected
results.

3.1Sample demographics

One hundred percent of participants were women, who works for fiber optic
harness manufacturing, from one shift. Age average is 21.28 years (SD 1.23) and
almost a third of sample is married.

3.2Descriptive data for outcomes evaluated.

Table 1 shows descriptive data for all the outcomes evaluated using a general
linear model (GLM).

Table 1 General Linear Model (GLM) for Repeated Measures: Interaction of the

Outcomes Between Time (Pre- vs. Post-Test) and Treatment Group and control

group; Single-Factor ANOVA: Post-Hoc Comparison of the Outcomes (Mean and
Standard Deviation) Between Pre- and Post-Test for Each Group

ANOVA
Treatment Group Control Group
GLM Pre-test | Posttest Pre-test n=>50
n=50 n=50 n=50 Post test
Questionnaires ‘ F ‘ N> |Mean (SD)| Mean (SD)| M~ | Mean (SD) | Mean (SD) n?
Trait-Anxiety 052 |025]|38(235)] 35(1229|/053*| 2.89(065) 3.1(2.36)|0.69*
Concentrated attention | 155 | 0.35 | 1.2(053)| 1.4(1.11) 2 40(0.45)| 2.21(1.36)
Correct responses 58 |0.04|125(5.99)| 157 (6.78)|0.75* 165 (5.6)| 189.6(5.2)|0.57"
Errors 0.15 | 0.03 |0.85(1.08) 4(1.19) 0.63(0.65)] 0538359
Omissions 018 | 0.02 | 12.5(1.1) 5(2.55) 1.36(0.85)| 3.6980.589
Total score 075 | 1.2 |895 (15.8)|136.8(1.25) 75.8 (25.6)|105.23(12.5)

Note:*p<0.05

In relation to the trait anxiety, there was main effect for time as well as interaction
between group vs time. The meditation group presented a significantly greater
reduction of the trait anxiety trait between the pre- and the post-test, in comparison
with the control group. Referent to the test of concentrated attention, there was a
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main effect for time for the rate of correct answers, as well as an interaction between
group vs time for this rate. The treatment group presented a significantly greater
increase of correct responses between the pre- and the posttest, in comparison with
the control group. Significant responses were not found for the other rates of
concentrated attention (error, omission, or total score: p > .05).

The findings demonstrated that, when compared to a control group, meditation
training resulted in significant and advantageous changes, including a decrease in
the self-reported scores for trait anxiety as well as improved performance on the
concentrated attention tests, as shown by a higher rate of correct answers. These
findings corroborate those of other studies (Tang et al., 2007; Zeidan, Johnson,
Diamond, et al., 2010) that also assessed emotional and attentional variables after
brief interventions lasting three to seven days. Additionally, the findings support the
literature on brief training programs by showing that beneficial outcomes can also
result from a focused meditation intervention.

Focused attention and mindfulness meditation, also known as open monitoring
meditation, have been discussed and shown to involve some unique and specific
processes and mechanisms (Lutz et al., 2008; Tang and Posner, 2013). For
instance, it has been suggested that mindfulness practices are more conducive to
producing insights into the nature of mental processes, whereas concentrative
meditation is more related to improving mental stability (Lutz et al., 2008). But from
a psychological standpoint—whether cognitive, emotional, social, or behavioral—
different practice methods appear to produce equivalent changes, like the
suppression of unpleasant emotions and an improvement in attentional capacity
(Sedimeier et al., 2012). It has been proposed that an increase in mindfulness may
aid in reducing a process that gives preference to negative emotions by reducing the
bias for negative stimuli. People who practiced meditation for one fifteen minute
session before taking a verbal learning test that included words with negative,
positive, and neutral valence remembered significantly fewer negative words in the
delayed recall task than a control group who did not meditate (Alberts and
Thewissen, 2011). This finding is consistent with the reduction of negative affect in
the current study.

5. CONCLUSIONS

In conclusion, this study provides preliminary evidence that a training program of
twenty days straight of roughly 30 minutes of focused meditation (Mindfulness) was
able to improve some psychological variables, especially trait anxiety, and focused
attention in a non-clinical sample of industrial workers dedicated to self-inspection
activities.

This work, which is a pilot study, has some significant methodological flaws,
including a small sample size, and the failure to assess the individual effects of the
intervention. The study did not assess neurophysiological responses or use a
psychometric measure of mindfulness, so some of the hypotheses considered
should be taken with caution. A further drawback of this study is the lack of follow-
up, which prevents conclusions about the durability or permanence of the changes
seen from being drawn.
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The observed changes support the inclusion of meditation trainings in a variety
of settings, including other educational, services for mental and physical healthcare,
and even in the context of individual interventions, whether in the public or private
sectors.
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Resumen: Ciudad Juarez México, una empresa de disefio y manufactura de
herramentales para procesos de soldado de tablillas electrénicas cotidianamente
atiende situaciones apremiantes de requerimientos de clientes en limitados periodos
de tiempo. Estas situaciones de premura alteran las capacidades de respuesta y
afectan directamente a los ingenieros del departamento de disefio, ya que propician
condiciones estresantes de presion, fatiga, frustracidbn entre otras y derivan en
exigencias de recursos y capacidades cognitivas provocando fallas del proceso,
errores de disefio y rechazos de calidad. Esta investigacion pretende determinar
fuentes principales de carga mental del personal, asi como analizar los errores
cometidos en el proceso. La metodologia consta de 3 fases. En la primera, se realizd
un Andlisis Jerarquico de Tareas para estructurar las tareas del proceso. En la
segunda fase, se efectud una valoracion de carga mental a 8 disefiadores con NASA
TLX. En la tercera fase, se utilizdé el andlisis sistematico para la reduccién y
prediccion del error humano para la identificacion de los errores. Como resultados,
se presenta el analisis jerarquico de tareas de la primera tarea del proceso con 5
subtareas. En cuanto a la carga mental, el 75% de la muestra presenta un nivel de
carga mental alta y el resto presenté carga mental media. El rendimiento y las
exigencias mentales resultaron las fuentes relevantes de carga mental. En cuanto
al error humano, el 55% fueron de verificacion, 26% de comunicacion y 19% de
verificacion. Se concluye que los analisis realizados contribuyen a incrementar el
conocimiento sobre las exigencias de la tarea de disefio y proponer cambios en los
procedimientos como en los métodos existentes en la empresa para el disefio y
desarrollo del producto.

Palabras clave: Carga Mental de Trabajo, Error Humano, Nasa TLX
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Relevancia para la ergonomia: Esta investigacion contribuye a la representacion
y estudio de las tareas realizadas en el disefio de herramentales para el soldado de
tablillas electronicas. Este estudio evalta el nivel de carga mental percibida, asi
como el de los errores humanos que se presentan en un equipo de disefiadores.
Las caracteristicas del entorno y las condiciones emergentes que se presentan se
manifiestan de forma contundente y fomentan situaciones en las que debido a la
saturacion de tareas en el individuo se presenta carga mental y sus efectos.

La publicacién de este articulo es importante ya que representa resultados
de interés y relevancia para aquellos individuos cuyos campos de trabajo estén
relacionados con procesos de disefio y desarrollo del producto, produccion o
manufactura, ya que aqui encontraran resultados que ayuden a comprender de una
manera mas clara algunas de las razones causantes del error humano y la carga
mental que pueden influir en el desemperio de las tareas.

Abstract: Ciudad Juarez Mexico, a company that designs and manufactures tooling
for soldering processes of electronic boards daily attends to urgent situations of
customer requirements in limited periods. These situations of urgency alter the
response capabilities and directly affect the engineers of the design department,
since they cause stressful conditions of pressure, fatigue, and frustration, among
others, and derive in demands of resources and cognitive capabilities, causing
process failures, design errors, and quality rejections. This research aims to
determine the main sources of the mental workload of the personnel, as well as to
analyze the errors committed in the process. The methodology consists of 3 phases.
In the first phase, a Hierarchical Task Analysis was performed to structure the
process tasks. In the second phase, a mental workload assessment was performed
on 8 designers with NASA TLX. In the third phase, systematic analysis for human
error reduction and prediction was used to identify errors. As a result, the hierarchical
task analysis of the first task of the process with 5 subtasks is presented. Regarding
mental workload, 75% of the sample presented a high mental workload level and the
rest presented a medium mental workload. Performance and mental demands were
the relevant sources of mental workload. As for human error, 55% were verification,
26% were communication and 19% were verification. It is concluded that the
analyses carried out contribute to increasing the knowledge about the demands of
the design task and propose changes in the procedures and methods existing in the
company for the design and development of the product.

Key words: Mental Workload, Human Error, Nasa TLX.

Relevance to ergonomics: This research contributes to the representation and
study of the tasks performed in the design of tooling for the soldering of electronic
boards. This study evaluates the level of perceived mental workload, as well as the
level of human errors that occur in a team of designers. The characteristics of the
environment and the emergent conditions that are presented are strongly manifested
and promote situations in which, due to the saturation of tasks in the individual,
mental load and its effects are presented.
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The publication of this article is important because it represents results of
interest and relevance for those individuals whose fields of work are related to design
processes and product development, production, or manufacturing since here they
will find results that help to understand in a clearer way some of the reasons causing
human error and mental load that can influence the performance of tasks.

1. INTRODUCTION

In the design department of a manufacturing company in Cd Juarez Chihuahua
Mexico, a team of engineers designing tooling for electronic boards, generates
failures or errors frequently in the design process. These errors or faults can vary
from minor to serious, of which the minor is easily recovered by updating digital
information or reprinting a document. However, there are serious failures that
generate additional costs and time in the development of the product, which
represents an economic loss for the company. The tooling is a device that provides
fastening and support to the splint in the wave soldering process and its design
implies the realization in the first instance of a 2D and/or 3D drawing representative
of the general geometries of both the splint and the tooling. Its design is relevant
since the efficiency of the wave soldering process will largely depend on it, as well
as the protection of the board to avoid any damage it may suffer and lead to a loss
of the part. In this study, a task analysis will be developed, and the mental workload
and the human error in the tooling design process for electronic boards will be
analyzed, so it is important to define the topics and other relevant aspects.

Hierarchical Task Analysis (HTA) (Navas de Maya et al., 2022), uses the
concept of "operation”, a unit of behavior defined in terms of its objectives, of any
degree of complexity and any duration (Annett and Duncan, 1967). These
operations can be broken down into sub-operations, but sub-operations are
themselves operations and can be further broken down. According to Kirwan and
Ainsworth (1992), hierarchical task analysis (HTA) is the "best-known task analysis
technique” among ergonomic methods, and it continues to be employed as it
remains a central focus for cognitive analyses (Stanton 2005).

On the other hand, the National Institute of Occupational Safety and Health
(INSST), O.A., M.P. (Divulgations, 2019), explains that despite the disparity of
existing definitions, there is a certain degree of agreement on the content of the
"subjective” mental workload and it is assumed that it is a consequence of three
major dimensions (Ferrer, Dalmau, 2004); (Diaz Canepa, 2010) among which are:
time pressure of the task (time available, time needed); amount of processing
resources demanded by the task (whether mental, sensory, etc.); emotional aspects
(fatigue, frustration, etc.). One of the most recognized methods is the NASA TLX,
which proposes a multidimensional assessment procedure that gives an overall
workload score, based on a weighted average of the scores in six subscales, whose
content is the result of research aimed at empirically isolating and defining the factors
that are of relevance in the subjective experience of workload. These subscales are
mental demands, physical demands, time demands, performance levels, effort
levels, and frustration levels. The concept of workload cannot be defined only in
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terms of task demands but is the product of a combination of factors among which
subjective appraisal of workload is of particular importance. The NASA method,
starting from these criteria, establishes firstly the need to define the sources of load
and secondly establishes the assessment of these. The objective pursued in its
design was to achieve a scale sensitive to variations within and between tasks, with
diagnostic capacity on the sources of load and relatively insensitive to interpersonal
variations (Ministry of Labor and Social Affairs Spain & INSHT, 2000).

As for human error, it is defined as the incorrect or inappropriate execution of
an action, specifically the failure to act. In other words, an error is a failure to perform
an activity that produces an undesirable or unacceptable result (Chamby, 2018;
Correa Torres, 2021; Reason, 1990). The process of human error analysis is known
as "human reliability", and for this, there are several methods for error analysis that
allow to identification and classify the error, while others the probability of occurrence
of the same. The identification methods are based on classification or taxonomies
established from studies on human cognitive processes. A very flexible method of
relative simplicity is the Systematic Human Error Reduction and Prediction Approach
(SHERPA) method (American Nuclear Society. Human Factors Division. et al.,
1986); (Ghasemi et al., 2013). This method allows the structured identification and
classification of error modes associated with specific operations within a task. The
method was developed in the UK by Professor David Embrey, (1986) and is inspired
by the well-known system reliability methods FMAS (Failure Modes and Effect
Analysis) and HAZOP (Hazard and Operability Study).

To pose the research problem, evidence is presented that mental workload
and human errors of various categories can have effects on organizational
performance, product design, and development (Salas-Arias et al., 2018), (Angel et
al., 2013). Such effects impact product development and quality. In this work, the
mental workload and human error in tooling design processes for electronic tablet
soldering will be studied. Initially, the data provided by the internal quality department
of the company shows the most recurrent errors in the years 2019, 2020, and 2021,
the information is presented in Figure 1. According to this histogram, outdated
information stands out as the most frequent error in three consecutive years and
presents an increasing trend. This problem occurs when changes or updates are
made to either the design of the tooling or the tooling and such information is not
communicated on time to the design team, thus generating an erroneous or obsolete
tooling design or verification, affecting the manufacturing of the tooling. The next
most recurrent error is the lack of information. It occurs when the details of the
requirement are not fully exposed, as well as all the elements or specifications that
the tooling design must include for its correct functionality. Lastly, and less
frequently, errors with different engravings are recorded; this error is reported when
the physical tooling has a different legend than the one indicated on the part drawing,
and it is not known with certainty which information is correct. This is due to the
previous errors in not verifying or ensuring that the design information is up to date.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 33



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

2019-2021 REPORT

40
35 34
30 28
& 25 22
% 20 18 17
W 15 14
10
10 6 6
5 l L]
0
2019 2020 2021

= NOT UPDATE INFORMATION mDIFFERENT ENGRAVING INFORMATION IS MISSING

Figure 1. Quality department errors report.

2. OBJECTIVES

The general objective is to analyze the mental workload and identify and classify
human errors in the design of tooling for soldering electronic boards associated with
the company's quality problems to propose changes in the design process.

As particular objectives:

1. Develop a Hierarchical Task Analysis (HAT) of the tooling design process for the
soldering process of electronic boards.

2. To evaluate the mental workload of the designers.

3. ldentify human errors in the process.

3. DELIMITATION

This project seeks particularly to analyze and determine the most important sources
of mental workload in the engineers of the design department of a company in Cd.
Juarez Chihuahua is dedicated to the design and manufacture of mechanical tooling
for the soldering process of electronic boards. Only the task of reviewing information
for impact on the product design process will be studied and only the tooling for wave
soldering for individual type boards will be studied. Also, human error will be
analyzed by a taxonomy method.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 34



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

4. METHODOLOGY

This descriptive study seeks to determine the main sources of mental workload and
to classify human error in the design process. The study will be conducted in three
stages according to Figure 2. In the first stage, an HTA will be performed to break
down the operations of the information review task process. In the second stage, the
NASA TLX method will be applied to a convenience sample of 8 volunteers in the
group. The sample comprises individuals between 25 and 45 years old, seven of
them male and one female, and the weighted and unweighted mental workload of
the information review task will be obtained. Finally, in the third stage, human error
will be classified and analyzed with the SHERPA method, and the type of error
associated with the specific operations within the task will be identified with the
established taxonomies.

(" N

First stage.
Hierarchical Task Analysis (HTA)

Second stage.
Workload value. (NASA TLX)
Third stage.
Systematic Human Error Reduction and
Prediction Approach. (SHERPA)

o 4

Figure 2. Methodology Stages.

First stage. Hierarchical Task Analysis (HTA). The HTA was carried out
according to the methodology proposed by Stanton (2005). Flowchart shown in
Figure 3.
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Figure 3. Methodology proposed (HTA) by Stanton (2005).

Second stage. Mental workload assessment with NASA TLX. In this stage the
method will be applied by applying it to 8 members of the design team in two phases:
a weighting phase that is performed at the time prior to task performance using the
format in Figure 4 and another scoring phase immediately after task performance
using the format in Figure 5.
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From the following questions, please choose one option that you consider to be causing you the
greatest workload. Please circle or mark with an "X" the box for each of the combinations shown.

MENTAL DEMAND?

MENTAL DEMAND?

MENTAL

MENTAL

MENTAL DEMAND?

EFFORT? (R)

LEVEL? (Fr)

EFFORT? (R)

™M) M) DEMAND? (M) DEMAND? (M) M)
OR OR OR OR OR
2?2
PHYSICAL TEMPORAL PERFORMANCE? EFFORT? (R) FRUSTRATION
DEMAND? (F) DEMAND? (T) (E) LEVEL? (Fr)
PHYSICAL PHYSICAL PHYSICAL PHYSICAL TEMPORAL
DEMAND? (F) DEMAND? (F) DEMAND? (F) DEMAND? (F) DEMAND? (T)
OR OR OR OR OR
? ?
TEMPORAL PERFORMANCE? EFFORT? (R) FRUSTRATION PERFORMANCE?
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Figure 4. Weighting phase.

DATE:

[NAME:

The purpose of this survey is to assess the mental workload of the persons evaluated. Please answer all questions. Please tick the box appropriate to your level of
perception of the activities you perform, on a scale from 5 to 100, where 5 represents the lowest level and 100 the highest level of mental workload.

TASK DESCRIPTION

REVIEW DESIGN PROCESS INFORMATION: 1.1 DESIGN ORDER, 1.2 SALES ORDER, 1.3
COMPLETE GERBER FILE, 1.4 EDIT FILE, 1.5 CONVERT FILE TO DXF.

MENTAL WORKLOAD ASSESSMENT

LEVEL (Fr)

DIMENSION PLEASE A MARK AT THE DESIRED POINT ON EACH SCALE DESCRIPTIONS
LOwW HIGH
MENTAL How much mental or perceptual activity does it require (e.g. thinking,
5 [10|15|20|25|30(| 35|40| 45|50 60|65(70|75|80|85(90| 95| 100 | deciding, calculating, remembering, observing, reading, searching)?
DEMAND (M) o ; :
Is the task easy or difficult, simple or complex, heavy or light?
LOW HIGH
PHYSICAL How much physical activity is required for (e.g. pushing, pulling,
5 110|15(20|25|30|35|40| 45|50 60|65|70|75|80(|85(90|95| 100 turning, controlling, activating, carrying)? Is the task slow or fast,
DEMAND (F) i
relaxed or tiring?
LOW HIGH
TEMPORAL How much time pressure (e.g. time, pressure from someone, etc.) do
5 110|15(20|25|30| 35|40| 45|50 60|65(70|75|80(|85(90|95| 100 you feel because of the pace at which activities or elements of
DEMAND  (T) o
activities happen?
GOOD BAD
PERFORMANCE 5 | 10|15|20|25|30| 35 40| 45|50|55| 60| 65| 70| 75 |80| 85| 90| 95 | 100 How hard do you have to work (physlcally or mentally) to reach your
(E) level of success in the activities?
LOW
EFFORT (R) 5 | 10 | 15| 20‘25|30| 35 |40‘45|50 55| 60|65‘70|75 |80|85|90| 95| 100 | How satisfied are you with your performance in the activities you do?
LOW
FRUSTRATION 5 |10|15|20|25|30| 35|40 45|50 60|65|70|75|80/85|90| 95| 100 During the activities, to what extent did you feel insecure,

discouraged, irritable, tense or worried?

Figure 5. Scoring phase

Third Stage. SHERPA methodology. In this stage, the methodology proposed
by Stanton 2005 was developed. Thus, once the HTA was performed, the task is
classified from the lower level of the HTA to the higher level and the error modes
were classified according to the SHERPA taxonomy shown in Figure 6. He must
then determine and describe the consequences associated with each error mode; in
addition, he must determine the recovery from the identified error. Also, once these
steps are completed, the probability of occurrence of the error, its criticality, and how
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to remedy it through redesign, equipment modification, personnel training, changes
to procedures, or changes in organizational culture and policies.

Action error Checking error
A1 Operation too long/short C1 | Check omitted
A2 Operation mistimed C2 | Check incomplete
A3 Operation in wrong direction C3 | Right check on wrong object
A4 Operation too little/much C4 | Wrong check on right object
IAS Misaligned C5 | Check mistimed

IAB Right direction on wrong object | C6 | Wrong check on wrong object
Wrong operation on right

A7 object Selection error
A8 Operation omitted S1 | Selection omitted
A9 Operation incomplete S2 | Wrong selection made

Wrong operation on wrong
IA10 | object

Retrieval error Information communication error
R1 Information not obtained 11 Information not communicated
R2 | Wrong information obtained 12 Wrong information communicated
Information retrieval Information communication
R3 incomplete 13 incomplete

Figure 6. Taxonomic error mode.

5. RESULTS

The results of this research have been organized by stages and are shown below.

First stage. Hierarchical task analysis. Figure 7 shows the HTA for the task
selected and shown highlighted in green broken down into 5 subtasks. These tasks
are mainly information verification and editing, they follow a linear plan from 1.1 to
1.3 and then move to a branched planin 1.4 and 1.3 ending with task 1.5 to transform
the file to DXF.
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0.- TOOLING DESIGN |
| Plano0: 1-2-34.56
1.- Check 2.- Make 3.- Submit 4.- Make 5.- Programing 6.- Make
CAD Disign Design File drawings parts in CAM manufacturing
instruction
manual
Plan 3: 1- (If ) Plan 4 1-2
approved, then 2, if
| not, then 1) |

3.1.- Send the 3.2.- Save 4.1.- Make drawings for 4.2 - Make

designto the evidence of individual parts drawings for

client for approval. assemnbly.

verification.

Plan 2: 1-2-3-4-5-6
[ Plan 2.4:1-2
2.1.- Make 2.2.- Make 2.3.- Make 2.4.- Make 2.5.- Make 2.6.- Make
contour PCB pocket pocket for SMD openings holes for design of
geometries component areas for PTH fastening accesories.
components accesories.
| Plan 1: 1-2-3 (If complete then 4, if not then 3)-5 I—_I—l
I I I I I
1.1.- Check 12 CheckSales | [ 13- checkGerber | [ 1.4.- Camy out 15-File 2.4.1.-Make chamfer | 2.4.2.-Make
Order Design. Order file complete Gerber file edit conversion to in oppeningéreasin | | solderchannels
DXF bottom side. in bottom side.

Figure 7. Hierarchical Task Analysis (HTA).

Second stage. Mental workload assessment. The results of the weighting
stage are shown in Table 1 for the participant with the highest perceived mental

workload.

hest recorder.

MENTAL DEMANDS 3 16 80 240
PHYSICAL DEMANDS o] a4 20 0

TEMPORARY DEMANDS 3 10 90 270
EFFORT 1 15 70 70

PERFORMANCE 5 15 95 475
FRUSTATION 3 10 70 210
TOTAL 15 1265

OVERALL WEIGHTED AVERAGE 84.33333333

Figure 8. Shows the results of the 8 evaluated participants.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

PAGINA 39




Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

Mental Workload Index

77.66
70
64.66
T RL AM OR PR

Evaluated Participants

Overall Weighted Average

EL

Figure 8. Mental workload index.

The information obtained after the weighting phase and obtaining the average
weighted mental workload and using the cut-off values proposed by Hart and
Staveland (1988) is shown in Table 2.

Table 2. Cut-off values

Workload Value
0-50 Low
51-69 Medium
70-100 High

It was determined that 75% of the sample presented a high mental workload,
while the rest presented a medium mental workload. It is important to define the main
sources of mental workload perceived by the participants; to this end, Figure 9
presents the dimensional values obtained from the entire sample and shows that
according to the NASA TLX analysis, performance, mental demands, and frustration
are the dimensions with the highest scores and are identified as the main sources of
mental workload perceived by the participants.
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Dimensional Values Chart (Weighted Average)

FRUSTATION 201.875
PERFORMANCE
EFFORT 111.875

TEMPORARY DEMANDS

DIMENSIONS

PHYSICAL DEMANDS

MENTAL DEMANDS

I
0 50 100 150 200 250 300 350
TOTAL VALUE OF ALL PARTICIPANTS

Figure 9. Graph of dimensional values.

Third stage. SHERPA. According to the information provided by the
company's internal quality department and based on the methodology used, the
errors were classified according to the taxonomies corresponding to the method.
Based on the HTA and the SHERPA method, a total of 165 errors were identified
during the tooling design process. Fifty-five percent of the errors are action errors,
26% are communication errors and the rest are verification errors. The complete
information on the SHERPA analysis is shown in Table 3.

Table 3. SHERPA method results.
Error

TASK Mode Error Description Consecuences Recovery P | C | Recovery Strategy

Carry out wrong
design

Leer requerimientos de

C1 No reading information orden de disefio

Immediately | L | L

1.1.- Check Order Design.

Erroneous information Carry out incorrect Confirm Information
. . Norecovery | L | M| .
communicated design with sales department

1.2.- Check Sales Order.

R1 The file is not present, or is Verification is not

Immediately | M | L | Request information.

corrupt and cannot be opened. possible.

1.3.- Check Gerber file
complete.

cannot be Request missing
processed

R3 The file is incomplete Immediately | L | L

information.

1.4.- Carry out Gerber file
edit.

That the edit is to the wrong | Edit to the wrong Confirm Information
) ) ) Norecovery | L | M .
file. file. Time lost. with customer

1.5.- File conversion to DXF.

Conversion to the Confirm Information

C3 Revision to the wrong file

No recovery | L | M

incorrect file. with customer
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The highest frequency of errors is highlighted in those of action, which are
attributable to tasks not being performed or being performed inadequately. The most
critical error is "not reading the indications of the requirement"” which can be
remedied by establishing a verification control to ensure that the information was
read and understood. Communication errors are linked to the omission of information
which may be basic or relevant to the performance of the task, the most critical error
is when "information is modified and not reported” and can be remedied by
establishing a control to ensure that the information received and delivered has been
updated. Verification errors arise from not ensuring the correct performance of the
task, the most critical error is "not making the checks corresponding to the tasks
performed" and can be remedied by establishing a checklist.

6. CONCLUSIONS

As conclusions of this research, the hierarchical task analysis carried out in a
structured way to the first task or phase of the process helped to understand in an
orderly manner the activities performed by the individual, the use of this tool provided
essential information to perform the evaluation of mental workload and human error.

The results obtained from the mental workload analysis of the individuals
evaluated showed that 100% of these individuals have medium to high levels of
mental workload in their daily work tasks according to the NASA TLX mental
workload assessment index, which leads to taking strategic organizational
iImprovement measures to reduce the levels of mental workload and avoid
subsequent health problems for these individuals.

On the other hand, the SHERPA error analysis method contributed to
classifying the errors and thus provide a starting reference for the company and
establish different strategies to ensure the correct performance of each of the tasks
in order to reduce or eliminate human error in the process. It is also observed that
the errors mentioned and identified by SHERPA coincide with the errors reported by
the company's quality department, which are the source of product defects.
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Resumen:En los ultimos afios, el impacto de las neurociencias en diversas areas
de conocimiento y disciplinas ha trascendido significativamente los confines
médicos. La investigacion neurocientifica, centrada en el analisis del
comportamiento del sistema nervioso central, ha arrojado luz sobre la manifestacion
de emociones, tanto positivas como negativas, asi como sobre las conductas y
funciones corporales fundamentales desencadenadas por una variedad de
estimulos.

Este articulo tiene como objetivo explorar la estrecha relacién entre la
neurociencia y un ambito clasico de la Ingenieria Industrial: la ergonomia. El
proposito fundamental radica en discernir las conexiones y coincidencias entre
ambas disciplinas, lo que ha dado lugar a la formacion de un campo emergente
crucial en el ambito de la seguridad y la salud laboral, conocido como
Neuroergonomia.

Palabras clave: Neuroergonomia, Neurociencias, Ergonomia cognitiva

Relevancia para la ergonomia: La creacion de un marco de referencia resulta
esencial para una comprension mas profunda de los fundamentos de la
neuroergonomia, al ser la convergencia de dos disciplinas. Esto habilita a los
profesionales en ergonomia para conceptualizar y asimilar esta fusion como una
herramienta adicional en el enfoque de casos de estudio e investigaciones en
desarrollo.

Abstract: In recent years, the impact of neuroscience on various fields of knowledge
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and disciplines has significantly transcended medical boundaries. Neuroscientific
research, focused on the analysis of central nervous system behavior, has shed light
on the manifestation of both positive and negative emotions, as well as on
fundamental bodily behaviors and functions triggered by a variety of stimuli.

This article aims to explore the close relationship between neuroscience and a
classic realm of Industrial Engineering: ergonomics. The fundamental purpose is to
discern the connections and overlaps between these two disciplines, resulting in the
emergence of a critical field in the realm of occupational safety and health, known
as Neuroergonomics.

Keywords. Neuroergonomics, Neuroscience, Cognitive Ergonomics.

Relevance to Ergonomics: Establishing a framework is essential to gain a deeper
understanding of the underpinnings of neuroergonomics, as it represents the
convergence of two disciplines. This empowers ergonomic professionals to
conceptualize and assimilate this fusion as an additional tool in approaching case
studies and ongoing research investigations.

1. INTRODUCTION

Neuroscience is defined as the study of the nervous system, which includes the
brain, spinal cord, and networks of sensory or motor nerve cells, commonly known
as neurons, under a multidisciplinary perspective. Its goal is to comprehend how
humans produce and regulate their emotions, thoughts, behaviors, and basic bodily
functions. Even the dynamics of the nervous system encompass aspects such as
breathing and heartbeat regulation (Eunice Kennedy Shriver National Institute of
Child Health and Human Development NICHD, 2019).

Neuroscience is recognized as a relatively "young" cognitive science, with the
term itself coined in the late 1960s as a consequence of 19th-century efforts to
localize brain functions. Presently, neuroscience's applications extend beyond
medicine, biomechanics, psychology, and the learning process. It integrates into
fields like physiology, biochemistry, pharmacology, and neurology, and notably,
computer science and artificial intelligence (Duque Parra et al., 2011), (Angeles
Castro, 2022).

Applied neuroscience, combining technology and knowledge to target specific
problems, employs principles from classical disciplines like ergonomics. This
orientation includes monitoring psychophysiological variables to enhance
occupational safety and productivity. It improves human-machine interaction and
predicts cognitive states that could lead to work-related risks (Correa, A., 2008).

Within a work context, monitoring psychophysiological variables yields valuable
insights into stimulus design and the information provided to workers daily. It aids
decision-making and proper task execution, enabling modifications that impact
efficiency, productivity, fatigue reduction, stress alleviation, and error prevention.

Additionally, individual-level treatment is possible through neurofeedback or
biofeedback. Individuals receive feedback on their recorded variables and
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collaborate on a therapeutic plan with continuous feedback, allowing them to
regulate their bodily reactions. In clinical settings, this technique addresses sleep
disorders, brain injury rehabilitation, obsessive-compulsive disorder, attention-
deficit/hyperactivity disorder, and conditions affecting human anatomy like tinnitus
and pain.

Commercially, therapies to enhance athletic and academic performance are
common, as well as linguistic, musical, dance, and meditation skills. These
enhancements stem from cognitive training focused on concentration, attention, and
memory.

Given the potential of neuroscience's applications in performance-enhancing
disciplines, understanding its relationship with ergonomics is of particular interest.
This comprehension guides studies that harness the synergy between the two fields,
enabling improvements in occupational environments.

2. OBJECTIVES

The aim of this chapter is to elucidate the evolution and analyze the information
resulting from a literature review regarding the concepts of neuroscience and
ergonomics. The primary objective is to pinpoint the interconnection where the
techniques and tools of one discipline synergistically contribute to the objectives of
the other. This symbiotic relationship gives rise to the emergence of a field
intertwined with occupational safety and health—Neuroergonomics.

3. METHODOLOGY

The literary review aimed at establishing the relationship between ergonomics and
neuroscience was organized in a hierarchical manner, progressing from the general
to the specific. The deductive method was employed, starting from the concept of
ergonomics and characterizing its domains. The focus was then narrowed down to
cognitive ergonomics, mental workload, its assessment, and its impacts on worker
health. Simultaneously, the same methodology was applied to the concept of
neuroscience, encompassing descriptions of brain monitoring types and the utilized
instruments.

The literature search prioritized formal contributions and research findings
related to the subject matter. Inclusion criteria for the literary review encompassed
documents centered on concepts, domains or fields of application, instrumentation,
and evaluation for each of the terms: neuroscience and ergonomics.

As a concluding insight, the relationship between both concepts was established
based on the literary reviews.

4. RESULTS

Next, the results obtained from the application of the methodology are described.
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4.1 Ergonomics

The International Ergonomics Association (IEA) established the meaning of
ergonomics in 2000 as follows: "the scientific discipline concerned with
understanding the interactions between humans and other elements of a system,
and the profession that applies theory, principles, data, and methods to design in
order to optimize human well-being and overall system performance."” In that same
year, the domains it encompasses were also defined, summarized in Table 1, based
on the characteristics analyzed by each of them (International Ergonomics
Association (IEA), n.d.).

Table 1. Characteristics of Ergonomics Domains, according to IEA.

PHYSICAL COGNITIVE ORGANIZATIONAL
ERGONOMICS ERGONOMICS ERGONOMICS

e Anatomical features

«  Anthropometric ¢ Mental processes: e Optimizing sociotechnical
features perception, memory, systems such as
e Phvsiological features reasoning, and motor organizational structures,
y 9 response. policies, and processes.

¢ Biomedical features

As shown in Table 1, cognitive ergonomics is concerned with mental processes.
The key topics it addresses for study include mental workload, decision-making,
skilled performance, human-machine interaction, human reliability, the impact of
environmental conditions on emotions, work-related stress, and training.

Human Factors Ergonomics (HFE) is not a discipline exclusive to a single area;
rather, it is an integrative multidisciplinary science centered entirely on the user (in
a workplace context, it focuses on the human-machine-work environment
interaction). Framed within a systemic approach, it draws from the knowledge,
methods, techniques, and tools of various disciplines to understand and address the
complexity of the individual and their interactions with other humans, their
environment, and other technical technological systems (International Ergonomics
Association (IEA), n.d.).

4.2 Cognitive ergonomics and the burden of mental exertion (mental
workload)

Within the realm of ergonomics, a pivotal bifurcation emerges: cognitive ergonomics
and physical ergonomics. While the latter garners more immediate recognition, the
interweaving of these dimensions in practice defies clear separation. This intricate
dynamic finds eloquent illustration in the context of product design. The physical
ergonomics of a new product must encompass the profound connection it forms with
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users. These users, recipients of the product's information emissions, seamlessly
amalgamate these signals with environmental stimuli. These external cues may stem
from third-party sources, ingrained stereotypes, or prior experiences, ultimately
informing the user's decisions and actions.

The symbiotic relationship between physical and cognitive ergonomics is so
profound that inadequate attention to the former can substantially affect individuals.
The repercussions are extensive, ranging from fatigue, overexertion, and stress to
human errors and even the alteration of environmental stimulus perception. It is
worth noting that these implications reverberate into the psychological realm. Work
activities, in essence, blend the demands of physical and cognitive loads. Breaching
the thresholds of these loads can lead to adverse health outcomes, as astutely noted
by Cafas and Waerns (2003).

Mental workload, a pivotal facet of this cognitive dimension, denotes the
spectrum of mental, cognitive, or intellectual demands a worker faces during their
laborious day. This intricate construct arises from the interplay between job demands
and individual characteristics. An incongruity between these factors yields what is
termed an inadequate workload, a concept elucidated by Sebastian Garcia and
Hoyo Delgado (2004).

The impacts of mental workload unfold across the short and medium terms,
encapsulating various facets:

e Mental Fatigue: A reduction in both physical and mental capacities due to
sustained job performance. This manifests in physiological and chronic
fatigue levels.

e Monotony: A transient effect stemming from underload, characterized by
reduced activation and sluggish task progression.

e Work Stress: A prolonged outcome defined by the World Health
Organization as a range of emotional, psychological, cognitive, and
behavioral reactions resulting from professional demands surpassing a
worker's competencies.

e Errors: An inability to process information correctly, potentially leading to
inadvertent omissions or commissions.

Appraising workmental load remains a nuanced endeavor. While direct
methodologies, such as questionnaires and evaluations, offer insights into physical
load, mental load assessment relies on indirect approaches. Indicators such as
worker-expressed fatigue or headaches come into play. These signals, combined
with multifaceted assessments, furnish a comprehensive perspective (Sebastian
Garcia and Hoyo Delgado, 2004).

Table 2 delineates various methods for mental load evaluation, classified across
five typologies, providing an expansive toolkit for a holistic assessment (Sebastian
Garcia and Hoyo Delgado, 2004), (Correa A., 2021), (R. Ignacio and José Juan,
n.d.).

Table 2 - Methods for the Evaluation of Mental Workload
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ACCORDING TO | ACCORDING TO
ANALYTICAL I\‘;’E_Eﬁgt')% PHYSIOLOGICAL | PSYCHOLOGICAL BE;AASVE'SR'
METHODS (SCALES) EFFECTS ON EFFECTS ON METHODS
THE WORKER THE WORKER
Subjective
Cooper- M f methods Perf
Task Elements Harper easurement o (interviews, erformance
cardiac activity : . indicators
Scale guestionnaires,
scales, etc.)
Physical Work Bedford Measurement of
Conditions Scale ocular activity Operational
Enws\)/r(])rrr;(ental Global load Measuremen_t _of rr;?l}z;)éls
Conditions scale muscular activity Objective methods
Measurement of (psychological
SWAT cortical activity tests, response
NASA-TLX time and
(Task Load coordination tests,
Effects on the Index) cognitive alteration | Double-task
Worker Measurement of tests) method
Workload evoked potentials
Profile

4.3 Neuroscience

The Royal Spanish Academy defines Neuroscience as a "transversal science that
deals with the nervous system or each of its various specialized aspects and
functions" (Real Academia Espafiola, 2022).

However, the experts gathered at the Future Trends Forum in Madrid in 2019
find this definition limiting. They assert that neuroscience emerges with the objective
of comprehending the functioning and structure of the nervous system from diverse
approaches, employing methodologies and techniques. They attribute three
characteristics to it:

e Multidisciplinary collaboration to address the study of the brain and nervous

system.

e Existence of multiple neurosciences.

e Close relationship between neuroscience and new technologies. (Fundacion
Innovacion Bankinter, 2021)

While the historical antecedents, initially from a philosophical perspective, date
back to the era of Aristotle and Descartes, they later incorporate psychology through
the works of Charles Darwin, Schachter and Singer, Freud, among others (De
Balanzo, 2015). By the 17th century, the existing connection between the nervous
system and other bodily functions, along with the nascent understanding of cerebral
structure, facilitated significant advances in human comprehension.
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Derived from Galvani's investigations in the 18th century, neurophysiology
emerged as a science by establishing the electrical connection to cellular activity in
muscular tissue. However, it wasn't until the late 19th and early 20th centuries that
Santiago Ramoén y Cajal's "Doctrine of the Neuron" theory proposed that "the
nervous system consists of independent cells: neurons, which contact each other in
specific places." This theory was subsequently confirmed, with one of the most
compelling studies being Ross Harrison's, which demonstrated the existence of
dendrites and axons as extended neuronal structures. The foundations of
electrophysiology laid the groundwork for the discovery of the electrical activity
between neurons: synapses.

In that same century, the localization of cerebral functions became a prominent
guestion. Neuroanatomy and neurophysiology converged to determine the origin of
each function within the brain's sections. Franz Joseph Gall proposed that the brain
contained 35 centers, each related to a mental function. He further suggested that
increased utilization of these areas would lead to greater development and
enlargement. By the 20th century, in Germany, the work of Vladimir Betz, Theodore
Meynert, Oskar Vogt, and Korbinian Brodmann to differentiate the brain based on
cellular composition laid the foundation for Brodmann's identification of 52 areas in
the cerebral cortex, each with its respective function. Numerous studies on function
localization have been published in recent decades, each contributing significantly.
Karl Wernicke's theory of connectionism concludes that elementary mental
functions, such as simple motor or perceptual activities, are localized in a single brain
region. Connections among these diverse areas give rise to complex intellectual
functions. Currently recognized as distributed processing, this is considered one of
the most significant concepts of modern Neuroscience (Cavada, n.d.).

As we stand on the cusp of a new era, neuroscience continues to evolve, driven
by unprecedented collaboration and technological advancements. Its journey from
philosophical ponderings to modern breakthroughs underscores its transformation
into a dynamic field that constantly reshapes our understanding of the profound
intricacies of the human brain.

4.4 Brain activity monitoring: unveiling the intricacies

In the world of neuroscience, a very important way we learn about the brain is by
watching its activity. We do this using a method called electroencephalography
(EEG), which records the tiny electrical signals the brain produces. This tool is like
a key that helps doctors and scientists understand how the brain works. It has used
a lot in surgeries involving the brain and in advanced methods for managing pain
and unconsciousness. Therefore, EEG is like a special microscope that lets us peek
into the brain's electrical world, helping us discover more about how our amazing
minds function and helping doctors treat patients better.

The encephalogram (EEG), essentially an electrical symphony of the brain,
adeptly portrays its functional states by detecting subtle electrical changes with
remarkable sensitivity. This dynamic medium has proven its adaptability in
responding to various influences like biochemical, metabolic, circulatory, hormonal,
neuroelectrical, and conductivity. The EEG modality, offering diverse dimensions
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such as surface, cortical, and depth recording, unfolds a tapestry of applications
(Gutiérrez, 2001):

« Surface EEG: This entails the strategic placement of surface electrodes on
the scalp, meticulously adhering to established positions and patterns. This
configuration unveils the rhythmic dance of brain activity, characterized by the
Delta, Theta, Alpha, Beta, and even Gamma waves (Guillén, n.d.). The
beauty of surface EEG lies in its noninvasive and painless nature.

« Cortical EEG: This, also known as electrocorticographic signal (ECoG),
refines the resolution by recording brain activity directly from the cerebral
cortex. The method involves implanting a subdural electrode mesh over the
exposed cortical area. The current practice involves employing flexible strips
containing multipolar electrodes, placed on the brain surface during pre and
post surgeries, though it does bear invasive attributes and potential
complications (Italmedica, n.d.). Innovative technigues seek to mitigate these
drawbacks.

+ Depth Recording EEG: This approach delves into intercerebral realms
through deep electrodes, a procedure famously known as
stereoelectroencephalography. Achieved by placing microelectrodes via
biopsy needles, this invasive technique accesses the profound territories of
the brain (Parc de Salut Mar, n.d.).

Embarking on the journey of EEG exploration necessitates the companionship
of an electroencephalograph, a device adept at capturing the brain's electric
symphony via electrophysiological wizardry. Notably, two distinct categories grace
this landscape:

* Medical Electroencephalographs: These instruments are hallowed by
regulations and certifications, serving as steadfast companions in the
diagnosis and treatment of diverse maladies.

» Research Electroencephalography: In the academic world and experimental
pursuits across multifarious domains, these devices unfurl the canvas of
innovation (MindMetriks, n.d.).

The core of brain functions lies in electrical activity, which is captured as
repeating patterns, like oscillating waves. Depending on their strength and how fast
they repeat, these brain waves are sorted into categories and given specific qualities

Power, akin to the crescendo of a symphony, denotes the intensity of synaptic
interactions at any given instant. In the EEG representation, power manifests as
amplitude, a vertical expanse depicting the synaptic vigor, meticulously quantified in
microvolts.

Frequency, the heart of this symphony, measures the synchronous activation of
neurons, expressed as waves or cycles per second (hertz). A melodious spectrum
emerges, comprising Delta, Theta, Alpha, Beta, and Gamma waves, each adorned
with distinct properties and entwined with various cognitive states. Refer to Table 3
for a harmonious synopsis of these waves, their frequencies, distinguishing features,
and the states they herald, acknowledging the subtle variations that may arise
between scholarly interpretations (Sciotto and Niripil, 2018), (Calderon Martinez,
2016), (Guillén, n.d.).
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Table 3. Summary of brain waves according to their frequency.

FRECUENCY FEATURES AND STATE IN WHICH IT

WAVE RANGE (HZ) MANIFESTS ITSELF

They are slow waves with a higher amplitude.
Aging provokes the ability to generate them.
During deep (dreamless) sleep.
Related with learning.
05-35 Related to unconscio_us physiological_activity
DELTA such as: heart rate, digestion and the immune
(0.1-3.99)
system.

e In people with a high level of relaxation.
e Typical in the brains of infants and young

children.
o People suffering from serious brain diseases.

During light sleep.
e They appear in states of reflection, creative or
intuitive.

e Also in people who go through deep emotions,
that is to say at an internal cognitive level.
THETA 35-75 e The manifestation of gxcessive recording can

(4-7.99) be related to depressive states.

e Low activity is related to anxiety or stress
problems.

e Normal in children.

¢ In adults they can show mental disorders or
conditions such as epilepsy.

¢ In people awake, calm, rest and without mental
activity, either with eyes open or closed.

e Its moderate frequency may be reflecting being
a bridge between theta and beta waves.

ALPHA 75-125  Excessive recording of alpha waves could

(8—-13.99) cause problems concentrating attention or
feeling with little motivation to carry out a task.

e Sudden, non-sustained or extremely sporadic
registration may indicate difficulties to relax,
anxiety, stress and insomnia, since it reflects a
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FRECUENCY FEATURES AND STATE IN WHICH IT

WAVE RANGE (HZ) MANIFESTS ITSELF

state of apparent relaxation, but with a little
alertness.

e lts registration in the frontal lobe is associated
with anxiety and the occipital area, an optimal
state of relaxation.

e [Favorable state for meditation.

e They register higher frequency because of
greater neuronal activity.

¢ They have a smaller amplitude than alpha
waves.

e They correspond to a state of vigil.
It can be identified by registering alpha waves
with eyes closed and opening them to become
aware of the environment by paying attention to

125-30 the environment (external cognitive process)

(14 — 29.99) and making decisions, solving problems or
performing a task, either individually or multiple
times or to react quickly and unforeseen, which
will raise its frequency.

¢ Defined in the parietal and frontal regions.
In people under tension, expectant or
performing mental calculations.

e An excess of Beta waves can be a sign of
anxiety or stress.

BETA

e Higher frequency waves and in appearance as
a short burst type.

e They are hard to catch.

e They appear in moments of hyperactivity,
dangerous situations or high tension.

e Also when the person assimilates new

30 — 60 information or learns new things.

GAMMA (30 - 100) e In people in states of attention or concentration

that are too deep that involve cognitive

processing and high-level resolution.

¢ Beyond this range or continuously or
excessively, they can be a symptom of stress
and anxiety.

e His low activity may represent learning
problems.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 53



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

5. FUTURE WORK

The findings from the literature review are condensed and shown visually in Figure 1. This diagram displays
how information connects the different topics, moving from broad ideas to ones that are more detailed. At
the top of the graph is the beginning point, which is the concept of Ergonomics. In contrast, the concept of
Neurosciences is placed on the other side. This visual representation helps us see how these ideas are
related and how they transition from general to specific.
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Cognitive gualiae Skilled performance

—+Human-machine interaction
*Human reliability
—Training
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BRAIN ELECTRICAL ACTIVITY

=
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study Nervous Brain
tud el L activity Electroencephalography

Figure 1. Analysis graph.

From the presented information, the following conclusions are drawn:

e Both neuroscience and ergonomics utilize records of brain activity.
Neuroscience employs these records for medical or research purposes, while
ergonomics uses them to assess mental workload based on physiological
effects in workers. This can involve solely using brain activity for assessment
or combining it with measurements of other activities like heart rate, eye
movements, and muscle activity.

e Methods for evaluating mental workload involving the recording of brain
electrical activity include cortical activity measurement and evoked potential
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measurement. The latter generates visual, auditory, or tactile stimuli using
tools such as screens and virtual reality devices.

« Specific brainwave patterns, such as Theta, Beta, and Gamma waves, are of
interest due to their characteristics and association with tension, anxiety,

fatigue, and stress.

e Advancements in technology now provide more affordable electroencephalography (EEG)
equipment for ergonomists, not certified for medical use, enabling the development of new studies
and research.

¢ Neuroergonomics emerges from the need and potential to:

a) Understand the neurological states of workers interacting with their physical and
environmental surroundings, better explaining and predicting phenomena studied by
ergonomists, including stress, fatigue, and tension.

b) Measure real-time neurological indices during task performance in work environments to
gather more accurate and useful information, facilitating efficient measures to prevent
negative effects of this interaction.

Consequently, the relationship between neuroscience, its corresponding technigues and instruments
for recording electrical activity, and the goal of assessing cognitive work in ergonomics has been
established. This highlights the opportunity to study disorders related to the work context and influence the
design of technical and technological elements interacting with workers to eliminate or reduce harmful
consequences.

It is important to note that EEG equipment coupled with software, big data generation, and other
technologies offer increased feasibility for conducting more precise studies and assessments within the
domain of ergonomics. Understanding this framework is crucial for the development of studies and research
endeavors.

6. CONCLUSIONS

In conclusion, the literary review presented in this chapter sheds light on the intricate relationship between
neuroscience and cognitive ergonomics, underscoring the transformative impact of these fields on
occupational safety and health. The convergence of these disciplines has given rise to the emergent field
of Neuroergonomics, which holds immense potential for understanding the interplay between the human
brain and the work environment.

Neuroscience, a multidisciplinary science, has evolved from its philosophical origins to modern
breakthroughs, unveiling the complexity of the nervous system and its functions. The utilization of tools such
as electroencephalography (EEG) provides insights into brain activity, enabling ergonomic professionals to
gauge cognitive workload and mental states. By integrating neuroscience's insights into ergonomics,
professionals gain the ability to design safer and more efficient workspaces, improve human-machine
interactions, and prevent adverse effects like stress and fatigue.

The evaluation of cognitive workload through EEG-based methods, as depicted in the study, offers a
comprehensive understanding of mental demands. By analyzing brain activity patterns, it becomes possible
to identify cognitive states, monitor stress levels, and anticipate potential risks. This intricate web of data
and analysis equips professionals with invaluable insights for enhancing workplace conditions and overall
well-being.

Furthermore, the advent of advanced neurophysiological technologies presents a realm of possibilities
for researchers and practitioners. The utilization of non-medical EEG devices enables ergonomic studies
that bridge the gap between cognitive neuroscience and occupational health. By exploring the relationship
between brain activity and mental workload, researchers can unveil new strategies to optimize human
performance, reduce errors, and enhance worker satisfaction.

In summary, the intersection of neuroscience and ergonomics holds great promise for reshaping the
way we approach occupational safety and health. The collaboration between these fields underscores the
importance of understanding human cognitive processes and their interaction with the work environment.
As technological advancements continue to provide us with new tools and insights, the potential for creating
safer, more efficient, and more productive workplaces becomes ever more attainable. The journey towards
a harmonious integration of neuroscience and cognitive ergonomics is not only a testament to human
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ingenuity but also a testament to our commitment to improving the well-being of workers across various
industries.
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Resumen: La ergonomia cognitiva estudia las interacciones que se dan entre los
procesos mentales (razonamiento, memoria, percepcion, respuesta motora) de los
trabajadores y los demas elementos del sistema hombre-maquina. Lo anterior en
los actuales ambientes laborales donde cada vez se maneja mayor cantidad de
informacion para toma de decisiones, y una mayor complejidad en controles y
tableros, entre otros varios aspectos, hacen que cobre una mayor importancia la
ergonomia cognitiva ya que estos elementos implican una mayor carga mental de
Trabajo. Es asi como en los udltimos afios la investigacion en este tema ha
aumentado significativamente. Por lo que en este trabajo buscamos cuantificar y
caracterizar los productos cientificos publicados con referencia a la Ergonomia
cognitiva, en inglés, espafiol y portugués principalmente buscando darnos una idea
de las tendencias y avances en este importante tépico.

Palabras clave: Ergonomia cognitiva, Carga de Trabajo Mental, Desempefio
Laboral, Factores Humanos.

Relevancia para la ergonomia: El conocimiento en relacion con los temas de
investigacion que se estan llevando a cabo en los dltimos afios sobre ergonomia
cognitiva nos permite como ergébnomos darnos una idea de las nuevas
investigaciones a realizar asi como las tendencias en este campo del conocimiento
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y cdmo esta impactando directamente en los nuevos sistemas hombre-méaquina
donde hay una mayor carga mental de trabajo en comparacién con la carga fisica.

Abstract: Cognitive ergonomics studies the interactions that occur between the
worker's mental processes (reasoning, memory, perception, motor response) and
the other elements of the human-machine system. The above in the current work
environments, where more and more information is handled for decision making,
and greater complexity in controls and dashboards is found, among several other
aspects, makes cognitive ergonomics becomes more important since these
elements imply a greater mental workload. This is how in recent years research on
this topic has increased significantly. So, in this work we seek to quantify and
characterize the scientific products published with reference to cognitive
ergonomics, in English, Spanish and Portuguese mainly, seeking to find the trends
and advances in this important topic.

Keywords. Cognitive Ergonomics, Mental Workload, Job Performance, Human
Factors.

Relevance to Ergonomics: The knowledge in relation to the research topics that
are being carried out in recent years concerning cognitive ergonomics allows us as
ergonomists to give an idea of new research to be carried out, as well as the trends
in this field of knowledge and how it is directly impacting the new man-machine
systems where there is a greater mental load compared to the physical load.

The following order in the paper is strongly recommended: Introduction,
Objectives, Methodology, Results, Discussion/Conclusions and References

1. INTRODUCTION

Nowadays, according to Gil-Monte (2012), one of the most significant issues
concerning occupational health is associated with emerging psychosocial risks and
are grouped into five areas:

1. New ways of labor contracting are distinguished by the emergence of less
favorable labor contracts in conjunction with the tendency to schedule
production, subcontracting, and job insecurity.

In relation to the working population aging and the delay in job retirement,
Work activities intensification, differentiated by the need to manipulate more
information and workload in conjunction with greater pressure from senior
management.

4. Strong emotional demands at work, along with an increase in psychological

harassment and violence

5. Imbalance and conflict between work and personal life.

As a way to solve the problems previously exposed, the discipline of ergonomics
has grown significantly in recent years. Its focus has expanded to new knowledge in
all its domains, including physical ergonomics, cognitive ergonomics, and
organizational ergonomics. This work is concentrated on Cognitive ergonomics

w N

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 59



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

which focuses on mental processes, such as perception, memory, reasoning, and
motor response, and how these elements affect interactions between workers and
other elements of a man-machine system (Parasuraman, 2003). Bibliometric studies
present advantages since they reveal the relevance of a research field in relatively
little time, these analyses have proven useful for researchers’ decision-making and
measuring research productivity (Matcharashvili et al., 2014).

Studies relating to cognitive ergonomics have grown significantly in recent years
as can be seen in the following figures:
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Figure 1. Results obtained at Google Scholar database using the terms “Cognitive
Ergonomics” and “Ergonomia Cognitiva” in the last 10 years (Authors).
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Figure 2. Results were obtained in the PubMed database using the terms
“Cognitive Ergonomics” in the last 10 years (Authors).
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Figure 3. Results obtained at SemanticScholar database using the terms
“Cognitive Ergonomics” and “Ergonomia Cognitiva” in the last 10 years (Authors)

2. OBJETIVE

To quantify and characterize scientific literature published in different databases
about cognitive ergonomics and its categorization on work performance, worker well-
being and health, mental workload, product design, communication, and other
Issues.

3. DELIMITATION

As a delimitation of this work, the term “Cognitive Ergonomics” in English and
Spanish was searched in 5 different databases: PubMed, Google Scholar, LILACS,
SciELO, and SemanticScholar. The period analyzed included products from the last
five years including 2023. The inclusion and exclusion criteria were that they should
be related to the cognitive ergonomics topic, cites were not included and research
articles, book chapters, books, thesis, dissertations, and conference papers were
accepted.

4. METHODOLOGY

The methodology implies 3 stages: In the first one the searches results are evaluated
one by one and those that meet the objective of the study, satisfied the inclusion and
exclusion criteria, and to which we have access be analyzed a second stage begins
when results are included in a database in Excel, in which the categorization is made
according to variables raised by Ardanuy (2012) such as Type of product (Article,
thesis, Conference Report or Poster), name, year of publication, language, Country
where the research is carried out, Population related to the research, Number of
subjects involved in the research, Database of origin, the main theme developed,
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citation in APA format and source, the final stage consist in the analysis of the
database.

5. RESULTS

As a result of the bibliometric search, 11665 papers were found. 83.04% used the
term “Cognitive Ergonomics” and the rest used the same term in Spanish
(Ergonomia Cognitiva). 87.36% of the results were found in the Google Scholar
database followed by SemanticScholar with 11.38%. To date, seven hundred and
twenty-eight results have been analyzed, and from this five hundred and eighty are
relevant to the investigation, from these three hundred and eighty-three were written
in English (66%), one hundred and thirty-three in Spanish (21.22%), seventy in
Portuguese (12.07%) and only four other products in other language (0.72%). Using
AtlasTi© the most common words found in results found in English and Spanish
were obtained first in all the results regarding the language (Fig. 4). The most
common word is design in English, followed by work in Spanish, ergonomics, and
work in English, and work and research in Spanish, next words English words as
cognitive, human, mental, information, performance physical safety, user and
research can be found, and in Spanish: ergonomics, business, study, development,
health, analysis to mention some.
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Figure 4. Most common words found in all the results obtained (Authors)

Doing the same analysis to only English written results the ten most important
words were: design, ergonomic, cognitive, work, human, system, product, study,
research, and performance (Fig. 5).
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Figure 5. Most common words in results written in English (Authors)

In the analysis of only Spanish written results, the ten most important words were:
Work, research, design, organization, ergonomics, cognitive, development,
information, products, and system. (Fig. 6).

clientes S di
docentes cajamarca industrias sstuiantes
il L= - disponibilidad
oriente 4| social M'&JIOra RN - 12
peruano marin @nalisis tiene

- aplicacién
Shes, mianm) IVOCESO BaA sraranemill  ceg
izaj pag X H g - 7 proyecto
aprendizaje personasp OdL:lc.-tOS in VeStl g acidnNmax
universidad cognitiva

stemiis slstema W LA bajo estudio alimentarias

uso . por desarrollo |
: tiempo e genera )
P.leuduundeSign- empr‘-e'sa el dlsenO laboral datos estrategias
carga cai iINfOrmaciontabla g educacién estrés
optimizar PFocesoscontrol salud it
herrera resultados o almacén
produccion  opjetivo actividades condiclonas
relacién fuente objetivos sistemas
edicién calidad
metodologia

Figure 6. Most common words in results written in Spanish (Authors).
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Researchers from fifty-five different countries, from five continents (Figure 7) have
made research about cognitive ergonomics most of the countries are from Europe
(25) or America (14).

2

o L

Figure 7. Characterization by continent.
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The American Continent has more than half of the products related to
cognitive ergonomics, two hundred and ninety in total, 37.24% in Spanish, 38.97%
in English and 23.8% in Portuguese. As can be seen Brazil been the only country
that speaks Portuguese in the continent in very prolific in the topic.

Table 1. The percentage from the total results is classified by continent.

CONTINENT PERCENTAGE

Asia 7%
America 55.43%
Europe 36%
Oceania 1.29%
Africa 74%

Fourteen main topics were found, the percentage related to its appearance in
the results is shown in Table 2.

Table 2. The percentage of the different main topics were found.
Topic PERCENTAGE

Performance Improvement 20.26%

Mental Workload 18.60%
Use of technology 11.42%
Ergonomics Analysis 9.21%
Worker’s wellbeing 7.55%
Ergonomic Design 6.63%
Systematic Reviews 3.68%
Training 3.13%
Information Design 2.76%
Education 2.76%
Labor Risk 2.39%
Design and Communication  1.47%
Interior Design 0.55%
Ergonomic rest breaks 0.36%

5. CONCLUSIONS

Bibliometrics is considered a methodology that allows to recognize and quantify
trends in scientific production related to the topic of interest, in the case of this study
has identified the growing tendency in recent years concerning cognitive ergonomics
and also a significant number of products results of research related to this topic, the
vast majority in English, from industrialized countries, and most of them in the
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American Continent. It is also worth mentioning that many articles are related to
health workers (doctors and/or nurses) and in comparison a much less considerable
number of publications in Spanish and/or Portuguese of which many of which are
master's or doctoral theses which leads us to conclude that in Spanish-speaking
countries especially in Latin America, research regarding this transcendent topic is
taking place mostly in universities either by Professors-Researchers or by graduate
students.
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Resumen: La ergonomia como principio basico busca la 6ptima relacion de los
diversos factores involucrados en el trabajo del operario con su ambiente productivo,
para lograr llevar esto a cabo se utilizan algunas herramientas para tal fin que
permiten un balance idéneo en el sistema hombre-maquina, en este caso se utilizé
LCE y LEST, Esto hace que algunos aspectos sean profundamente analizados
como inicio para cualquier evaluacion ergonémica, dicho sea de paso, algunos de
los aspectos fisicos del lugar de trabajo, asi como la interrelacion que se tiene del
operario con su entorno de trabajo, para evitar consecuencias adversas como dafos
fisicos e incomodidades personales. El analisis permitié algunas recomendaciones
para eficientar el trabajo del personal y su consiguiente aumento en la productividad

Palabras clave: Ergonomia, Lista de comprobacion ergondmica, LEST
Relevancia para la ergonomia: El trabajo manual trae consigo una variedad de
consecuencias como lo pueden ser: dolor de espalda, dolor de cuello, inflamacién
de mufiecas, brazos y piernas y tension ocular, etc.

La ergonomia puede ayudar a mejorar las condiciones de trabajo; atendiendo a
las capacidades de los operarios para permitir que éstas se adapten a las personas.
El hacer cualquier mejora ergonémica brindara mejores resultados, se contara con
menos lesiones, mejora el entorno laboral, e incrementara la eficiencia con su
consiguiente aumento la productividad.
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Cabe destacar que cada trabajador debiera tener la habilidad para identificar y
reconocer los riesgos ergondémicos que existen en su puesto de trabajo y ver la
manera de solucionarlo, pero no siempre es asi lo que deriva en situaciones dafiinas
para €l y para su actividad laboral.

Un aspecto importante es que la ergonomia esté centrada en las personas, es
decir, las personas son mas importantes que los objetos o los procesos productivos,
por ello, cuando se dé un caso donde se plantee cualquier tipo de conflicto de
intereses, siempre deber& sobresalir la importancia de los trabajadores.

En la actualidad, se puede observar una tendencia creciente en considerar las
condiciones de trabajo como un elemento importante en la competitividad en una
determinada regién, o incluso de un pais, de manera evidente, la ergonomia juega
un papel muy importante para lograr este proposito, de ahi la importancia de divulgar
este tipo de analisis del trabajo para la sociedad.

Abstract: Ergonomics as a basic principle seeks the optimal relationship of the
various factors involved in the work of the operator with his productive environment,
to achieve this some tools are used for this purpose that allow an ideal balance in
the man-machine system, in this case LCE and LEST were used, this makes some
aspects deeply analyzed as a starting point for any ergonomic evaluation,
Incidentally, some of the physical aspects of the workplace, as well as the
interrelationship between the operator and his work environment, to avoid adverse
consequences such as physical damage and personal discomfort. The analysis
allowed some recommendations to make the work of the staff more efficient and its
consequent increase in productivity

Keywords: Ergonomics, Ergonomic Checklist, LEST

Relevance to Ergonomics: Manual work brings with it a variety of consequences
such as: back pain, neck pain, inflammation of wrists, arms and legs and eye strain,
etc. Ergonomics can help improve working conditions; attending to the capacities of
the operators to allow them to adapt to people. Making any ergonomic improvement
will provide better results, fewer injuries, improve the work environment, and
increase efficiency with its consequent increase in productivity. It should be noted
that each worker should have the ability to identify and recognize the ergonomic risks
that exist in their workplace and see how to solve them, but this is not always what
leads to harmful situations for him and his work activity.

An important aspect is that ergonomics is focused on people, that is, people are
more important than objects or production processes, therefore, when there is a case
where any type of conflict of interest arises, the importance of workers should always
stand out. At present, there is a growing trend in considering working conditions as
an important element in competitiveness in a certain region, or even a country,
obviously, ergonomics plays a very important role in achieving this purpose, hence
the importance of disseminating this type of analysis of work for society.
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1. INTRODUCTION

Ergonomics aims to take care of the health of the worker, preventing situations that
put their physical or emotional integrity at risk, either by eliminating or minimizing
exposure to the different risks to which they are exposed in the performance of their
work. Ergonomic evaluation methods allow the identification and assessment of risk
factors present in workplaces and then, based on the results obtained, propose
redesign options that reduce the risk and place it at acceptable levels for the worker
(Cuesta, et al., 2012) For the application of the methods the evaluator will make
direct observations in the execution of the work activities, in addition to this, he will
apply the questionnaires already designed, generating optimal results for both
workers and the industry Escalante (2009).

In any case, ergonomics can help improve working conditions; attending to the
capacities of the operators to allow them to adapt to people. Applying any ergonomic
improvement at work will provide good results, improve physical performance, have
fewer injuries, smooth personal relationships and optimize the work environment,
increasing efficiency with its consequent increase in productivity making the
workplace more comfortable, and safer. At present, a growing tendency can be
observed to consider working conditions as an important element in competitiveness
in a certain region, or even of a country, obviously, ergonomics plays a very
important role in achieving this purpose.

The case study company is from the food industry dedicated mainly to the
preparation of pizzas in an industrial way and its efficiency depends to a large extent
on the work carried out by its employees based on the way in which they develop
their activities, so the application of this method is to take the first steps so that
ergonomic evaluations are carried out assiduously and define the conditions in which
workers are working. to provide them with better working conditions. That is why an
ergonomic evaluation was necessary to determine the ergonomic risks, address
them and determine the possible adaptations to the conditions in which the activities
are carried out.

The present work uses the ergonomic checklist as a means to identify
anomalous situations within a pizzeria, which gives us an important guideline for
based on this list the current conditions were determined and give rise to what is to
be achieved with the analysis of the results to which workers are exposed in the
performance of their activities, a descriptive situation is presented to logically seek
the recommendations that could be given to each of the positions presented in the
study and once the conditions to which the workers are exposed are determined, we
proceed to apply an instrument that helps determine the actions to them and in a
methodological way apply the LEST method to determine the impact of each One of
the parameters determined in the study and propose a plan to implement the
elimination of risks for work derived from the current conditions, managing to take
into account the largest number of variables that could infer directly in this circuit of
information and control taking into account the aspects present in the performance
of the work.
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2. OBJETIVE

Carry out a detailed analysis in different areas of Pizzeria los Arcos km. 101 using
the Ergonomic Checklist (LCE) and the Laboratory of Economics and Sociology of
Work (LEST) to recognize anomalous conditions and make relevant
recommendations to improve the workplace, as well as the physical and
psychosocial conditions of the environment.

Delimitation: In the ergonomic checkilist, the focal point analyzed is the production
area, that is, what the kitchen and warehouse of "Pizzeria Los Arcos Campo 101"
entails; It should be noted that it was decided that the question asked in this
document was "Does it apply in the company?", this to understand more specifically
whether or not it develops the points of the list in the company. The LEST field sheet
contains information from 3 different workers, in which it was analyzed how each
one performs their work, varying between people with different activities as well as
levels of responsibility. This demonstrates the variability of responsibilities within the
company's

3. METHODOLOGY

1. To carry out the study, an observation and analysis were carried out using the
ergonomic checklist in the different departments of the company, focusing
mainly on the production area, basically the kitchen and warehouse during
working hours.

2. Using the ergonomic checklist, a thorough analysis of the existing conditions
of the company was carried out, showing in a general way the situation
observed in the company, for which some of the images of the exposed cases
are presented.

3. With the use of LEST, three different workers are evaluated with different
degrees of responsibility and personal participation either in the development
of their activities and interaction with different personnel.

4. Finally, the results obtained with the data collection obtained from the
previous points are shown, allowing in the same way to make a
recommendation for each of the aspects considered for improvement.

4. RESULTS

As shown in the following table, 78% of the elements considered do not require any
type of action, and the remaining 22% indicate some of the actions that although
none is very urgent, only 6% indicate that this condition should be addressed as
soon as possible to normalize the general index of the company, these elements
relate to the security and visibility of controls in the activities.
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LCE RESULTS

—

Urgent action, 7,
6%

‘ No need of any

action, 100, 78%

Action needed, 21,
16%

Figure 1 Results of the ergonomic checklist

On the side of the analysis using LEST of the chosen workstations as shown in
the following graph, the first place shows that both the load and the physical
environment result in a harmful condition for the worker, which indicates the need to
attend promptly these elements since they could be decisive to allow irremediable
damage to the worker.

LEST RESULTS

15
10 10
10
5
0 1 ]
DIMENSIONS
m Physical Load = Physical Environment = Mental Load
Psico. Aspects ®m Working Time

Figure 2. Man-Machine system #1: Making pizza dough, inventory control, repairs
LEST results

Although the following man-machine system shown (preparation of recipes)
does not show an excessive lack of control in the dimensions attended, can cause
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strong discomfort and even fatigue when carrying out the activities required by it,
caused by the same physical environment in which they are carried out, definitely
requires attention directly the load of the physical environment to make the
workplace more conscious concerning the worker’s wellbeing.

LEST RESULTS
12 10
10 8
8 6
6 42
4
2 _—
0
DIMENSIONS
M Physical Load M Physical Environment = Mental Load
Psico. Aspects ® Working Time

Figure 3. Man Machine system #2: Recipes preparation, manage work team LEST
results

The last workplace analyzed apparently (as indicated in the following Figure) is
the one with the lowest evaluation which indicates that even as in the previous
analyses, the physical environment is the one that can cause greater discomfort and

fatigue, but the other dimensions taken into account in some way stabilize the work
of the station.
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LEST RESULTS
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Figure 4. Man-Machine system #3: Take and deliver orders, collect, and make
cash cuts. LEST results

5. CONCLUSIONS

After having analyzed each of the previous positions it is shown that the burden
by the physical environment is the dimension with the greatest source of negative
effects in the labor systems analyzed, so it is concluded that this must be addressed
at its root to determine the necessary corrective actions either trying to reduce the
impact by situations out of control or address the physical conditions in more detall
than it would determine. seeking an improvement in the workplace.

With respect to the three workstations, it is evident that in the positions analyzed the
physical environment requires more punctual attention, as shown in the figure shown below.

LEST RESULTS

20
10 g 10 10 g
10 5.5 39 42 52 4 3 37 5 6
DIMENSIONS
B Physical Load P1 B Physical Load P2 B Physical Load P3
Physical Environment P1 Physical Environment P2 Physical Environment P3
W Mental Load P1 W Mental Load P2 W Mental Load P3
Psico. Aspects P1 Psico. Aspects P2 Psico. Aspects P3
W Working Time P1 W Working Time P2 W Working Time P3

Figure 5. LEST global results
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Contribution to Ergonomics:

The ergonomics are based on the comfort, safety, and functionality of the worker,
which allows them to attend punctually to each of the points observed in the
workplace and thus achieve the optimization of the processes integrating both the
worker and his work environment, if this perspective is used it will always be in a
condition that the improvements in the processes go hand in hand with the well-
being of the personnel involved In this, allowing a closer relationship between the
operator and his work environment
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Resumen

Este articulo presenta en forma sucinta un ejemplo del andlisis comparativo de dos
andaderas, objetos muy utilizados actualmente por los adultos para desplazarse con
seguridad ante situaciones derivadas de alguna secuela de enfermedad, un
accidente o por haber perdido habilidades derivadas de la edad u otra situacion.

El andlsis de productos o de objetos es la etapa inicial del proceso de disefio,
por ello es iimprescindible dominar esta fase para que se conozcan a fondo los
requerimientos de disefio que derivan en el concepto de disefio que habra de
desarrollarse hasta lograr un producto final que cumpla con las necesidades
planteadas. En el andlisis se observan paralelamente los factores de disefio y se
destacan los ergondmicos para obtener resultados utiles que se apliquen en
proyectos. A su vez el analisis de productos puede ser una herramienta didactica
muy Util para encauzar a estudiantes en sus primeros afios de formacion académica,
como apoyo muy importante para desarrollar proyectos con mayor profundidad al
concluir la carrera y desde luego que pueda convertirse en un habito en el
desempenfio profesional.

Palabras clave: Disefio, ergonomia, andadera, analisis comparativo.

Relevancia parala Ergonomia

El andlisis de objetos se puede considerar como una técnica muy completa derivada
del proceso de disefio para conocer a fondo los productos con base en enfoques
combinados donde el disefio y la ergonomia confluyen para lograr una vision integral
y ofrecer productos adecuados a la poblacion elegida, en este caso a los adultos
mayores que necesitan atencion especializada. Se recomienda publicar los
resultados y difundirlos en el ambito académico y en el profesional para generar
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datos confiables que coadyuven tanto a la formacion de futuros profesionistas con
bases sélidas y actualizadas en el contexto de la ergonomia y disefio.

Abstract
This article succinctly presents an example of the comparative analysis of two
walkers, objects currently widely used by adults to move around safely in situations
resulting from an illness, an accident or loss of skills due to age or any other situation.
The analysis of products or objects is the initial stage of the design process,
So it is essential to master this phase in order to have a thorough understanding of
the design requirements that result in the design concept to be developed until a
final product that meets the proposed needs from the beginning. In the analysis,
design features are observed in parallel and ergonomic factors are highlighted in
order to obtain useful results to be applied in design projects. In other way, product
analysis can be a very useful didactic tool to guide students in their first years of
academic training, also as a very important support to develop projects with greater
depth at the end of their studies and obviously it is relevant that it can become a
habit for professional performance.

Key words: design, ergonomics, walkers, comparative analysis.

Relevance to Ergonomics

Object analysis can be considered as a very complete technique resulting from the
design process to gain in-depth knowledge of products based on combined
approaches where design and ergonomics converge to achieve an integral vision
and offer products suitable for the chosen population. In this case older adults in
need of specialized care. It is recommended to publish the results including the
academic and professional contexts to generate reliable data that will contribute to
the training of future professionals with solid and updated bases in ergonomics and
design issues.

1. INTRODUCTION

This paper presents a comparative analysis of two walking aids used mostly by
elderly who require support to move around independently and safely. This device
is known as walker or in similar category as rollator. This is a very accessible object
or product that is currently used in several places, either indoors or outdoors, to help
people with motor impairments. It is significant to achieve the analysis from design
and ergonomics perspective to be able to adequately address design problems
where ergonomics is a strategic topic.

The article is divided into different stages, based on the design process where
analysis is the first and most important phase.

The design process consists of distinguishing and separating the parts of the
whole - design problem - until arriving at its principles or elements: design
requirements. These principles or elements are specified in terms of the essential
characteristics that make up the substantive requirements. The explicit statement of
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the problem, as a unitary description of the design context is based on a set of
assumptions that correspond to the facts allowing us to obtain design concepts,
provides a structure to approach and interpret the design problem in a given historical
moment, within a geographical space and in a specific culture. (Simon, 2009).

The experts agree that this technique is the best option.

2. OBJECTIVES

To learn through comparative analysis the advantages and disadvantages, from
design and ergonomic approach of two different models of walkers known as auxiliary
devices to help adults with physical limitations, in order to develop design and
ergonomic guidelines intended for academic and professional issues.

3. DELIMITATION

This analysis focuses on two models of walkers, as it is known in Mexico, as an
auxiliary device for ambulation that consists of a light structure with four legs that
serves to assist standing for walking. The target population identified in this analysis
is older adults who require this product for mobility. This paper presents a
comparative analysis of interaction with the product observed from the field of design
and applied ergonomics, based on personal experience in both disciplines, as well
as comments from some users.

4. METHODOLOGY

e Comparative analysis based on design methods: description, observation, analysis and
evaluation of products.

e Analysis of users in different conditions based on user-centered design.

e RULA technique as support in postural analysis.

e Description and analysis of tasks. User interaction with each of the products. Based on
the ergonomic design approach.

e Record of personal experience in the use of the walker.

e Photographic record and analysis of the images.

e Definition of terms: postural stability, assistive devices for ambulation, people with motor
disabilities, elderly people, confidence, autonomy and safety.

e Glossary.

5. COMPARATIVE ANALYSIS

At the beginning of the process, it is important to know the objects, the two walkers
chosen, in detail in order to be able to analyze the most important parts and their
implications in the user-object relationship.
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5.1. Description of folding walker.

In first place, we chose among different models, the most common and known
of the walkers. Because of its price, availability and ease to handle. It is known as
“Folding Walker”. The folding walker is an assistant moving device that is
foldable. This walker has four legs and all four legs stay in contact with the ground
when the user is moving. (Figure 1). To move forward, the walker must be lifted.

Figure 1. Folding walker with four legs and a one button release in each leg,
highlighted with a red circle. See Figure 3.

The adult folding walker has a lightweight aluminum frame and a one button
release for great security. The walker is foldable for easy transport and storage.

Product specifications and features:

Lightweight aluminum frame

Round aluminum tube 19 mm diameter

Extending legs to adjust height

One button folding system.

Comfortable handle grips of soft foam. Figure 2: (A)

Non-slip black tips at the end of 4 legs.

Front horizontal reinforcement of steel tube with dark finish. Figure 2: (B)

O O O O O O O
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Figure 2

o Height
Five adjustable heights, every 2.5 cm
Range of adjustments 10 cm,
Minimum height: 80 cm
Maximum height: 90 cm

Features:

Lightweight: 2.15 kg
Users’ weight limit: 135 kg

o Risks and constraints:
Attention:

When a tall user weighing 90 kg, adjusts the walker to the maximum height,

rests it on the floor; when moving he/she exerts a force forward and as a result
of that force the front legs bend, due to a poor fit. (Figure 3).

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGIN 87



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

Sturdy frame

One button folding system

Little support at the top of the
extending leg.

Push

l 5 adjustable heights, every 2.5 cm

The tip is non-slip and replaceable.
Ground

.OOOO.

Figure 3.
Extending leg with 5 adjustable heights at every 2.5 cm

This folding walker is very useful because it is very simple to move under different
circumstances.

Users should ask others for help in adjusting the four legs to suit them in height
and walking position. The round tube lacks references to locate the button folding
system (Figure 3) when trying to align them at the first attempt.

How does it fold?

The side structures are folded towards the center, the mechanism is a simple button
that releases the tubes that run inside towards the center. (Figures 2 & 4).
The user must press the button with left or right finger.

Figures 4a and 4b.

It should be noted that there are two comfortable handle grips of soft foam where the
user places his/her hands to support himself/herself and move the walker. Two
pieces of soft foam are located around the tube in the straight horizontal part that are
13 cm long. (Figures 2. A and 4).
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Figure 5.

It is important to mention, that this walker is lightweight, folds easily, can be lifted with
one hand and has no protruding parts. (Fig. 5).

A major disadvantage is that the folding button requires a certain amount of
force and precision grip, which is not easy for weak people.

5.2. Description of wheel-walker.

Product specifications and features:

o Lightweight aluminum frame

Round aluminum tube 25 mm diameter

Extending legs to adjust height

Two buttons folding system. One on each side. Trigger release
The front legs are supported with 5 inch wheels

O O O O

Handle grips of rigid plastic. Figures 7a and 7b
Non-slip black tips at the end of 2 legs.
o Front horizontal reinforcement of steel tube with light gray finish. Figure 7

O O

o Height
Eight adjustable heights, engraved with a number, every (1”) 2.5 cm
Range of adjustments 22.8 cm
Minimum height: (30”) 76.2 cm
Maximum height: (39”) 99 cm

o Weight
Lightweight: 2.90 kg
Users’ weight limit: 135 kg
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Trigger release button folding system ,|.‘ |

Trigger release in left and right side

Figures 7a and 7b. Trigger release system

This wheel walker offers better maneuverability, provides support and
stability while walking within the expressed weight limits. This model offers different
features for users with other requirements. These users have more strength in their
hands to be able to press the buttons to fold each side separately. Once the walker
is folded, it can slide on the wheels because the tubes of the rear legs are higher
up. The wheel walker is better for maneuverability without lifting it. No protruding
parts either. (Figure 8).

Height adjustment
It is difficult to match the perforations since in a round tube the alignment is easily
lost. This model of walker has engraved on the 4 tubes that form the legs, the
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numbers from 1 to 8 near the perforations so that you can easily adjust the
appropriate height without any problem. This is a detail that designers provide to
help users adjust it. The first steps of a person must be carefully observed to avoid
any incident. (Figure 8).

Engraved numbers on
each tube/leg to avoid
mistakes

Folded walker

Figure 8

Both walkers have the same width, which is important for the user to be able
to lean on the walker when getting out of the wheelchair. (Figure 9).

Figure 9
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5.4. Anthropometric analysis.

Four individuals were chosen to voluntarily participate in this brief descriptive

and comparative analysis of two walkers as walking aids. The users have

different conditions which are briefly discussed.

This part of the analysis requires consulting the anthropometric data that are
frequently used in our academic environment; published by the University of
Guadalajara: Dimensiones Antropométricas de Poblacién Latinoamericana. Authors
Avila, Prado and Gonzélez (2001). Data on the "Elderly population of both sexes in
the 60 to 90 years age group”.

Table 1
Static anthropometric measurements. Elderly. Women. 60 to 90 years old.
Avila, Prado y Gonzélez (2001).

5th Percentile 50th Percentile 95th Percentile

Stature 1398 |500 1615 mm
Weight 44.1 63.7 85.60 kg
Standing elbow height 849 926 1007 mm
Body breadth 428 495 569 mm
Forward reach 508 571 634 mm
Grip width 71 77 84 mm

Ball Grip 36 43 49 mm

Table 2
Static anthropometric measurements. Elderly. Men. 60 to 90 years old.
Avila, Prado y Gonzélez (2001).
5th Percentile 50th Percentile 95th Percentile
Stature 1519 1635 1746 mm
Weight 46.2 68.0 95.2 kg
Standing elbow height 923 1000 1091 mm
Body breadth 439 506 586 mm
Forward reach 549 620 687 mm
Grip width 79 86 94 mm
Ball grip 38 44 51 mm
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Hand grip length: 10 cm 4"
Men's data: 94 mm P95

Hand grip length 12.5cm 5"
Women data: 84 mm PS5

Figure 10
Hand grip details in both woman and man compared with anthropometric data.

The second walker, with plastic hand grip measures only 4 inches (10.2 cm),
compared with the soft hand grip measures 5 inches (12.5 cm).

Table 3

Static anthropometric measurements of two elderly users and the grip measures of each walker
Grip width (Avila, 2001) 71 77 84 mm
User 1: woman * 75 mm
Walker Hand grip length 125 mm
Grip width (Avila, 2001) 79 86 94 mm
User: man** 110 mm
Wheel-Walker Hand grip length 101.6 mm

(*) (**) These widths were obtained by directly measuring the hands of the users.
Figure 10 shows how each one, the woman and the man, grab the handle.
The woman has smaller hands while this masculine user has larger hands.
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5.4.1. Walker Height versus Posture

Woman: Height: 161 cm
Walker height: 90 cm

4; ‘ R
Back leaning farward

Four walker supports are Efted simultaneously

Figure 11

Sequence of movements to start walking

Figure 12
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Figure 13
Walker height 90 cm and user height is172 cm. Weight is 88.5 kg.

The user is continuously supported on the walker without lifting it, as the front wheels
help to maintain balance and walk safely. Easy-to-maneuver wheels that provide
greater mobility and convenience.

The postures were observed and analyzed based on the images obtained
with the cell phone camera. They were then transferred to a drawing program on a
personal computer to place scales on the images and corroborate the angles; this
technique offers sufficient precision to know the general data.

5.5. User Analysis

Users of walkers are people of both genders, within the group of elderly, who find
themselves in trouble to walk because they have lost abilities or skills due to age
and / or disease. They try to be independent and autonomous in many daily
activities, so they look for some device that helps them to move safely, with stability
and balance especially in unacquainted surroundings.

In addition, it is very important to include emotions in order to achieve a
comprehensive analysis of the person, not only from the technical approach.

According to Ortiz Nicolas (2018), a person can experience positive and
negative emotions while interacting with a product. From this perspective, the users
answered succinctly to issues that concern emotions.

5.5.1. User one.
70-year-old woman who has sequelae of an accident. She has a shorter left leg and
requires special shoes. She has poor strength in her left arm and hand.
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She uses the walker to move around indoors and short distances outdoors, as a
complement to the wheelchair.

Table 4

Personal data of female user

Stature 161 cm

Weight 57 kg
Grip width 75 mm Right hand

Hand length 170 mm
Grip width 65 mm Left hand

Hand length 160 mm

Age 70 years old

She uses the simple lightweight walker with four legs, adjusted to the maximum
height, always under the supervision of another person, due to the importance of
avoiding falls.

Emotions: Anguish. Distrust. Fear.

5.5.2. User 2.

60-year-old male, uses the walker indoors after knee surgery, so he must not support
his right leg. He used the walker to adjust to the maximum height. As a result, the
extensions of the front braces were weakened and bent due to pushing while
walking. Although the specifications of the walker indicate that it can support 130 kg,
this was not the case, as there were forces that could be exerted on it. (see Figure
3).

Table 5

Stature 180 cm

Weight 95 kg
Grip width 75 mm Right hand

Hand length 170 mm
Grip width 65 mm Left hand

Hand length 160 mm

Age 60 years old

After looking for an appropriate device he found the wheel walker and decided
to buy it, since it combines a more reinforced structure with a larger diameter tube
and has two wheels on the front, which offers greater stability and maneuverability.

At the beginning distrust and at the end it was corroborated that it was not
adequate for his conditions.

Negative emotions: fear, insecurity and distrust.
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Table 6

Stature 163 cm

Weight 63 kg
Grip width 80 mm Right hand

Hand length 175 mm
Grip width 75 mm Left hand

Hand length 170 mm

Age 60 years old

5.5.3. User 3
60-year-old woman with an orthopedic boot on her right foot in the process of
recovering from a metatarsal fracture. the use of the walker was only for 4 to 6
weeks, she gradually improved and became less dependent on the walker.
Although the medical indications refer to avoid supporting the foot.

The walker helped her to move around safely and confidently, allowing her to
support her right leg as little as possible.
Positive emotions: confidence and surprise. A little bit afraid.

Table 7

Stature 163 cm

Weight 63 kg
Grip width 80 mm Right hand

Hand length 172 mm
Grip width 75 mm Left hand

Hand length 160 mm

Age 60 years old

5.5.4. User number 4

Man 84 years old. He uses the wheel-walker with two front wheels. It helps him to
move safely in unfamiliar and irregular environments. It complements the cane. In
addition, this walker provides greater certainty of moving safely due to its technical
specifications: larger diameter tube and thicker wall which increases the resistance
of the material that forms the structure.

Transformations in anthropometry, according to Kroemer (2006), variations in
stature are evident because of aging-related due to the posture and shrinking of
spinal discs; in weight because nutrition, metabolism and health differ.

Positive emotions were expressed while using this walker: Stability, safety
and independence.
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Table 8

Stature 172 cm

Weight 88.5 kg
Grip width 110 mm Right hand

Hand length 190 mm
Grip width 105 mm Left hand

Hand length 185 mm

Age 84 years old
6. RESULTS

The results obtained from this comparative analysis of products in the classification
as orthopedic cover several issues that are addressed through each of the factors,
among which are the user-object relationship considering age, sequelae of disease,
surgery or accident, posture and movements, detailed description of the parts of the
device to show and define its operation, conditions of use indoors and outdoors
highlighting advantages and disadvantages in everyday life. Present the results
graphically supported with images and other techniques representative of the design
profession considering ergonomics contents.

It is included is a brief sketch of the emotions the users experienced and
asked about directly, without any in-depth explanation of the topic.

Nowadays is important to develop new understanding of pleasant as well as
unpleasant experiences resulting from human-product interactions as some authors
recommend to achieve a whole vision, which may result of the overall study
including design and ergonomics.

7. CONCLUSIONS

To demonstrate that object analysis is a didactic tool to interest students in
design and ergonomics, as well as a support for teachers to develop creative
abilities and skills that facilitate the interpretation of information and find
solutions to problems that encompass both disciplines. It could be interesting to
include another and unexplored point of view that includes emotions.

8. CONTRIBUTIONS TO ERGONOMICS

Object analysis can be considered as a technique to evaluate products and
further publication of contents that helps to choose the most appropriate for the
target population in this case of elderly, because it is based on recognized
methods of ergonomics and design.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGIN 98



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

9. REFERENCES

Avila, R., Prado, L. y Gonzalez, E. (2007). Dimensiones antropométricas de
poblacion latinoamericana. Guadalajara: Universidad de Guadalajara.

Boeijen, A., Daaljuizen, J., Zijlstra, J. y Schoor, R. (Edits.) (2016). Delft Design
Guide. Design methods. Amsterdam: BIS Publishers.

Bridger, R.S. (2017). Introduction to Human Factors and Ergonomics. CRC
Press, Taylor & Francis Group, United Kingdom

Ecarre Medical Equipment Co. Ltd.
https://www.ecarremed.com/products/walkers.html
Retrieved: August 2023.

Humble, J. (2023). What is the Double Diamond Design Process?

https://www.thefountaininstitute.com/blog/what-is-the-double-diamond-design-
process
Retrieved: May, 2023.

Kroemer, K.H.E. (2006). “Extraordinary” Ergonomics. How to accomodate small
and big persons, the disabled and elderly, expectant mothers, and children.
CRC Press, Boca Raton, FL

Kroemer, K., Kroemer, H. y Kroemer-Elbert K. (2001). Ergonomics. How to
design for ease and efficiency. Prentice Hall, New Jersey, USA.

Medical Store México

www.medicalstoremexico.com.mx/ productpage

Ortiz-Nicolas, JC y Hernandez Lépez, |. (2018). Emociones especificas en la
interaccion persona-producto: un método de identificacion causal. Economia
Creativa. 09), mayo-octubre, pp.122-162.

Ortiz-Nicolas, JC. (2014). Understanding and designing pleasant experiences
with products. Thesis submitted for the degree of Doctor of Philosophy,
London, Imperial College London.

RULA Method
Retrieved from
https://www.ergonautas.upv.es/metodos/rula/rula-ayuda.php

Simoén-Sol, G. (2009). La trama del disefio. México, Editorial Designio.

Soto Ramirez, E. and Escribano, E. (2019). El método estudio de caso y su
significado en la investigacion educativa en D.M. Arzola Franco (coord.).
Procesos formativos en la investigacion educativa. Dialogos, reflexiones,
convergencias y divergencias (pp. 203-221). Chihuahua, México: Red de
Investigadores Educativos Chihuahua.

Tapia, A. (comp.). (2017). ¢Design thinking? Una discusién a nueve voces.
México, Ars Optika.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGIN 99



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

ERGONOMIC REDESIGN OF A TIRE DEMOUNTING BAR

Indeliza Armenta Acosta, Elvia Guadalupe Castro Gonzalez,
Francisco Javier Campos Flores, Julieth Amada Moreno
Loredo, Maria Fernanda Valdez Leyva.

Department of Industrial Engineering Technological Institute of Los Mochis
Juan de Dios Bétiz Boulevard, Corner of 20 de November
Los Mochis, Sinaloa
Zip Code: 81259

Corresponding Author's Email Address: indeliza.aa@mochis.tecnm.mx

Resumen: Los dafios musculares en operadores son ocasionados por el mal
manejo de herramientas o por el mal disefio de ellas, en una llantera los operadores
estan expuestos a diversos riesgos por las distintas actividades que realizan, las
cuales son de un riesgo elevado ya que se requiere de mucha fuerza muscular en
algunos casos, y de optar posturas inadecuadas ante ellas. El montar y desmontar
llantas es una de las actividades mas frecuentes a realizar, por lo tanto, hay un
porcentaje alto de que el operador este inseguro y que esto le vaya afectar en su
salud mas adelante, desde dolores, alguna lesion o hasta una enfermedad. El
presente estudio forma parte de un redisefio de una barra desmontadora de
neumaticos, en la cual se realizaran algunas modificaciones que sean un aporte
ergonomico para el operador. El objetivo de este redisefio es facilitar el trabajo, al
igual que evitar fatigas y dafios musculares a corto o largo plazo.

Palabras claves: Barra desmontadora, Disefio, Proteccion, Riesgos ergonémicos,
neumatico.

Relevancia para la ergonomia: Cabe mencionar que el presente articulo, destaca
una serie de muestras, aportaciones y finalidades con el cual fue elaborado, siendo
esta una investigacion enfocada en las actividades que ejecuta un operador en una
llantera con su barra desmontadora de neumaéticos, puesto que logramos observar
una gran cantidad de problemas de salud como dolores lumbares, cansancio,
irritacion de ojos, dolor de cabeza, lumbalgia, dolor de articulaciones, hernia, entre
otros, que se producen en un corto periodo de tiempo, reduciendo la eficacia y
productividad del trabajador al final de una jornada laboral.

De esta manera surge la idea de redisefiar la herramienta de trabajo principal
del operador, para tener una mayor comodidad de agarre y manipulacién al
momento de utilizarla, creando en ella una estructura ergonémica, aumentando la
eficiencia y productividad del trabajador, ademas de disminuir los problemas de
salud, cuidando tanto su integridad fisica como mental.

Abstract: Muscular injuries in operators are often caused by improper tool handling
or their inadequate design. In a tire shop, operators are exposed to various risks
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due to the diverse activities they perform, many of which involve a high level of
muscular effort and necessitate adopting improper postures. Mounting and
dismounting tires stand out as among the most frequent tasks, thereby increasing
the likelihood of operator insecurity and subsequent health implications, including
discomfort, injuries, or even long-term ailments. This study constitutes a component
of the redesign process of a tire demounting bar, incorporating modifications that
contribute to ergonomic enhancements for the operator. The primary aim of this
redesign is to streamline the work process, concurrently alleviating short and
longterm muscular fatigue and injuries.

Keywords: Demounting bar, Design, Protection, Ergonomic risks, Tire.

Relevance to Ergonomics: It is noteworthy that this article highlights a series of
samples, contributions, and purposes for which it was developed. This research is
focused on the activities carried out by an operator in a tire shop using their tire
demounting bar. Through this study, we were able to observe a significant number
of health issues such as lower back pain, fatigue, eye irritation, headaches, lumbar
pain, joint pain, hernias, among others, occurring over a short period of time. These
health issues ultimately lead to reduced effectiveness and productivity for the worker
at the end of a workday.

Thus, the idea of redesigning the operator's primary work tool emerges,
aiming to provide better grip and manipulation comfort during usage. This involves
creating an ergonomic structure for the tool, enhancing the efficiency and
productivity of the worker while also mitigating health problems. This redesign
approach seeks to safeguard both the physical and mental well-being of the
operator.

1. INTRODUCTION

According to a published article by Ricardo Menéndez Mansilla from the University
of Concepcién (EID) in Puerto Montt, Chile, titled "Ergonomic Study on Tire
Mounting and Dismounting Work in the Mechanical Maintenance Area on August
10, 2020," operators in tire shops involved in tire mounting and dismounting
activities often overlook both safety and occupational health aspects. Therefore, an
ergonomic analysis was conducted on these operators to identify physical,
cognitive, and psychosocial alterations to which they may potentially be exposed
during their work tasks. Utilizing various methodologies, such as the LEST method,
the analysis was carried out to evaluate the different conditions to which the operator
is exposed within the human-workstation system. This analysis revealed several
consequences experienced by the workers, including lumbar discomfort, fatigue,
and reduced productivity.

The published article by Rosa Isabel Gémez Rangel from the Universidad
Auténomous Metropolitana, Mexico City, titled "Health and Work Among Employees
in a Tire Shop in Mexico City, Chapter 3, October 2011," sheds light on the various
physical, psychosocial, and psychological risks to which tire shop workers are
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exposed, profoundly affecting their health. This exposure leads to symptoms,
discomfort, illnesses, and injuries that, if not addressed promptly, can cause
irreversible damage. These include fatigue, eye irritation, headaches, lower back
pain, joint pain, hernias, among others. The article suggests proposed measures to
mitigate such risks, such as the use of belts, safety shoes, earplugs, and suede or
leather gloves.

Based on this, the present document presents a redesign of a manual tool, a
"tire demounting bar," used by tire technicians or operators in tire shops, for the tasks
of tire assembly and disassembly. These tasks exhibit similar issues across different
risk levels due to the force applied while performing various activities in a tire shop.
It is of paramount importance to consider that this work area involves a significantly
high level of effort, which becomes more perilous due to the nonergonomic postures
adopted by operators based on the dimensions of the tires they are working on. This
leads to short-, medium-, and long-term physical damage, deteriorating the worker's
productivity levels in terms of efficiency and effectiveness in carrying out their tasks.

The alternative prototype for the tire demounting bar is a redesigned tool for
ergonomic purposes, intended to facilitate work and counteract fatigue. Its features
include a solid steel bar to maintain stability and rigidity, with an added curvature of
approximately 100 degrees at one end, which enhances the applied force. The entire
body of the bar is covered with non-slip material, except for the spatulas at its ends,
to improve grip and provide comfort during operation.

Process Description: The operator responsible for carrying out tire dismounting,
and mounting operations performs a series of repetitive movements as part of their
work (dismounting the tire from the rim). This procedure is executed as follows:

The tire demounting bar is grasped simultaneously with both hands. The right
hand is positioned on the curve of the bar to assume a straight and firm posture.
Meanwhile, the left hand supports beneath the same curve to position the spatula
from one end of the bar between the tire and the rim. Once the hands and spatula
are correctly and appropriately positioned, an absolute or necessary force is applied
to disengage the tire bead, allowing the operation to be repeated multiple times until
the tire is fully dismounted.

2. OBJECTIVE

2.1 General Objective: To ergonomically redesign a tire demounting bar.

2.2 Specific Objectives:
e Create a bar with a curve and cushion for ergonomic and practical grip to enhance
the operator's work.

e Apply anthropometry for tool redesign.
e Conduct an anthropometric chart.
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3. METHODOLOGY

Author John Elliot conceptualizes the following: action research provides a solution
to the issue of the relationship between theory and practice (ELLIOT, 2002).

For the creation of the ergonomic demounting bar redesign, field research will
be employed, conducted through a descriptive study. Given the study's
characteristics, an inductive method will be employed as a redesign proposal for an
ergonomic tire demounting bar is put forth. The project will unfold as a practical
investigation, generating actions focused on the implementation proposal of this type
of bar in tire shops.

For the redesign of the ergonomic demounting bar, anthropometric
measurements were taken from 28 tire shop operators.

3.1 Anthropometric Chart

Below is the anthropometric chart conducted on 28 workers in the tire mounting and
dismounting area.

Tabla No. 1 Anthropometric Chart
ANTHROPOMETRIC MEASUREMENTS

. . Hand Palm Palm Grip FIoo_r to
Operator Height Weight length length width diameter | . waist
(cm) (kg) (cm) (cm) (cm) (cm) distance

(cm)

1 175 65 19.5 10.5 9 4 100

2 170 102 |20 11.5 10 3.5 98

3 160 85 17 10 8.5 3.5 95

4 165 69 17 9 8.5 3.5 97

5 173 74 19 10 9.5 4 100

6 185 90 19.5 10 9.5 4 110

7 178 78 18.5 9.5 9 3.5 100

8 162 60 17 8.5 8 5 103

9 163 76 17 11 8 7 108

10 165 78 18.5 11 10 6 105

11 182 98 19 11 10 6 117

12 165 68 16 8.5 8.7 6 99

13 183 84 20 12 9 6 115

14 195 100 |21 13 8 7 102

15 165 70 18 10 9 5 98

16 178 84 16 10 9 4 105

17 182 106 | 19 10 9 6 101

18 170 90 19 12 10 4.2 99
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19 187 99 18 9 10 5 106
20 180 94 19.2 10.5 9.2 4.1 109
21 182 68 20 13 8 6 110
22 183 94 20 11 9 6 112
23 189 69 19 10 9 5 103
24 170 65 18 10 8 5 100
25 195 97 21 13 8 5 102
26 168 82 17 9 12 6 56

27 166 65 17 10 9 5 109
28 183 99 16 11 10 6 118

The above measurements were considered in order to carry out the ergonomic
redesign of the tire demounting bar, as it is of paramount importance to understand
the variation in measurements among the 28 operators, including their height,
weight, hand length, palm length, palm width, grip diameter, and floor to waist
distance. Appropriate percentiles were analyzed to ensure the tire demounting bar
design is feasible for any of the 28 operators.

Tabla No. 2 Percentiles

PERCENTILES
Operator Height Weigh | Hand Palm Palm Grip Floor to
(cm) t (kg) | length length width diameter | waist
(cm) (cm) (cm) (cm) distance
(cm)
0.05 162.35 65 16 8.68 8 3.5 95.7
0.5 176.50 83 18.75 10 9 5 104
0.95 192.90 101.3 | 20.65 13 10 6.65 117.65
Highest 195 106 21 13 12 7 120
point
Lowest 160 60 16 8.5 8 3.5 95
point
Average 175.68 82.46 | 18.44 10.5 9.10 5.05 105.11

As observed in Table 2, the 0.05 percentile for height is 162.35 cm, while the
highest 0.95 percentile for the same category is 192.9 cm, with an average of 176.50
cm. In terms of weight, the 0.05 percentile is 65 cm, the highest percentile is 101.3
cm, and the median is 83 cm. For hand length measurements, the 0.05 percentile is
16 cm, the 0.95 percentile is 20.65 cm, and the median is 18.75 cm. In the case of
palm length measurements, the lowest percentile is 8.86 cm, the highest is 13 cm,
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and the median is 10 cm. Regarding palm width measurements, a lower percentile
of 8 cm, a higher percentile of 10 cm, and a median of 9 cm are observed. For grip
diameter, the lowest percentile is 3.5, the highest is 6.65, and the median is 5 cm.
Lastly, for floor to waist distance measurements, the lowest percentile is 95.7, the
highest is 117.65, and the median is 104.

Figures:

Below, the anthropometric data points of the 28 operators are graphically depicted.

Stature.

HEIGHT (CM)

9 11 13 15 17 19 21 23 25 27

300

Fig.3.1.1. Height

Observing these measurements, it can be seen that all the studied operators
exceed 150 cm in height, with minimal variation among them.

WEIGHT

WEIGHT (KG)

100
) | ‘ |‘ “ || |‘ |‘ ‘l ‘ “ ‘l ‘l |‘ ‘l ‘
0

1 3 5 7 9 11 13 15 17 19 21 23 25 27
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Fig.3.1.2. Weight

These data revealed a noticeable variation in weight, with a difference of 42
kg between the lowest and highest measurements.

Hand length.

HAND LENGTH (CM)

3 5 7 9 11 13 15 17 19 21 23 25 27
Fig.3.1.3. Hand length.

Observing the data for hand length measurements, the values range between
15 cm and 21 cm, with some variations in lengths evident.

Palm of hand length.
Fig.3.1.4. Palm of hand length.

PALM OF HAND LENGTH (CM)

1 3 5 7 9 11131517 19 21 23 25 27

In the case of palm length measurements, a significant variation in sizes is
observed, ranging from the lowest measurement of 8.5 cm to the highest of 13 cm.
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Palm of hand width.

Palm of hand width(CM)

1 3 5 7 9 111315 17 19 21 23 25 27

Fig.3.1.5. Palm of hand width

15

Grip Diameter.

GRIP DIAMETER(CM)

3 5 7 9 11 13 15 17 19 21 23 25 27

N B O

Fig.3.1.6. Grip diameter.

A significant variation in grip diameters is observed, with a lower measurement
of 3.5 cm and a higher one of 7 cm.

Floor to waist distance.

FLOOR TO WAIST DISTANCE
(CM)

100

1 3 5 7 911131517 1921 23 2527

Fig. 3.1.7. Floor to waist distance.
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Analyzing the measurements, there isn't much variation among the
measurements, but in the case of one of them, it can be observed that it is at a lower
point.

3.2 Procedure for the ergonomic redesign of the tire demounting bar.

Taking into consideration the 5th percentile of anthropometric measurements, the
procedure for redesigning the demounting bar is outlined below. (See Table No. 2).

Step 1. Measurement of longitudinal dimensions of the original demounting bar
body for redesign purposes.

Fig. 3.2.1 Original tire demounting bar

Step 2. For the prototype redesign, 3 meters of %-inch steel rod were acquired,
along with a 20 cm steel flat bar (6.3 mm thick, 50.8 mm wide), and 2 round sponges
with a circumference of 11 cm and a length of 49 cm. The longitudinal measurement
of the prototype is 1.12 m, with a grip diameter of 3.5 cm.
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Fig.3.2.2 Steel rod Fig. 3.2.3 Steel

flat bar

Fig. 3.2.4 Sponges

Step 3. We began by cutting the 3 pieces of ¥s-inch steel rods (each 92 cm long)
using an angle grinder and a metal cutting disc. This was followed by 2 cuts of the
same size from the steel flat bar (6.3 mm thick, 50.8 mm wide).

Step 4. Once the cuts are complete, we proceed to position the 3 spliced rod
pieces (2 on the sides and the 3rd one over the pair of rods) in preparation for
welding (using a welding machine set to 50 amperes and high ground, with E6013
electrodes).

Step 5. We weld between each joining of the 3 rods with a 5 cm bead, leaving 5
cm gaps between each unwelded section.

Fig. 3.3.5 Welding Process

Step 6. Upon completing the welding and joining of the 3 pieces of %s-inch steel
rods, we proceed to bend the bar. Considering one end of the body of the bar, at the
beginning of the curve, it measures 72 cm. While keeping the bar straight, a 30°
angle is generated using a steel pipe and a mason's clamp.
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Step 7. After completing the bend on the bar, we place each of the previously
cut steel flat bars at each end and weld them once again to join the pieces with the
bar.

Step 8. Right after finishing the welding, using an angle grinder and a 4 %:inch
abrasive metal disc, we remove all slag from the entire bar and shape the steel flat
bars into spatula forms.

Step 9. Finally, we insert the sponges from one end using adhesive and proceed
to paint.

4. RESULTS

An ergonomic tire demounting tool is introduced, offering tire shop operators the
opportunity to achieve an improved quality of work and personal life. A redesign of
the ergonomic bar is proposed, aiming to provide protection and ease of use during
work, thereby enhancing the operator's job performance.

Original Bar.

Fig. 4.1 Fig. 4.2
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Redesigned bar.

Fig. 4.3 Fig. 4.4

5. CONCLUSION

The prototype redesign of the tire demounting and mounting tool facilitates the
operator's task due to its ergonomic redesign aimed at enhancing grip, the angle of
use, and the posture of tire shop operators. This leads to more efficient and effective
work. Furthermore, the utilization of an ergonomic tool is of utmost importance to
prevent health issues, given that over time the process is repeated frequently and
involves exerting a high level of force, resulting in a high level of risk for the
operators.

The tools used for tire and wheel dismounting are quite useful today, given the
diversity of vehicles, both light and heavy-duty, which require maintenance
depending on their use and load-bearing capacity. In large cities, the use of vehicles
for transportation and mobility within various points of the cities and metropolises is
indispensable.

The aforementioned prototype was constructed using 3 meters of %-inch steel
rod, a 20 cm steel flat bar (6.3 mm thick, 50.8 mm wide), and 2 round sponges with
a circumference of 11 cm and a length of 49 cm. Its longitudinal measurement is
1.12 m, with a grip diameter of 3.5 cm.

The redesign costs were as follows: $250 for a 9 m length of %-inch steel rod,
$70 for the 20 cm steel flat bar, $25 for the cutting disc for the angle grinder, and a
total cost of $200 for welding the complete bar.
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Resumen

El presente proyecto esta enfocado en el disefio de un tablero de accionamientos
de seguridad, el objetivo de este, es que sea aplicado como un instrumento para
practicas en la materia de Ergonomia. Actualmente en la materia se tiene un manual
de practicas que abarca tépicos afines a Ergonomia ocupacional, tableros,
controles, antropometria, condiciones fisicas, etc. Gran parte de la informacion es
impartida de forma tedrica, por lo que se busca incorporar nuevos elementos
académicos al programa, que conduzcan a mejorar la experiencia de aprendizaje
mediante el uso de recursos practicos (Tablero de accionamientos de seguridad).
La metodologia seleccionada conduce a la realizacion de un tablero de
accionamientos de seguridad y el disefio de una practica que permita evaluar la
importancia y funcionalidad de los componentes al ser operados por cualquier
alumno que esté interesado en conocer los diferentes tipos de accionamientos en
la industria maquiladora.

Palabras clave: accionamientos de control, controles, dispositivos de control,
tablero.

Relevancia para la ergonomia: La principal aportacion de este proyecto al area de
ergonomia, es contribuir en la capacitacion académica de los futuros profesionistas
gue cursan las asignaturas de ergonomia e higiene y seguridad, ya que se contara
con un tablero que les ayudara a los docentes a abordar de una manera mas
ilustrativa y didactica, lo referente a los tableros y controles.

Abstract: It This project is focused on the design of a safety actuators board, the
objective of which is to be applied as an instrument for practices in the Ergonomics
subject. Currently, the subject has a manual of practices that covers topics related
to occupational ergonomics, boards, controls, anthropometry, physical conditions,
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etc. Much of the information is taught in a theoretical way, so it seeks to incorporate
new academic elements to the program, leading to improve the learning experience
through the use of practical resources (Safety Drives Board).

The selected methodology leads to the realization of a safety drives board
and the design of a practice that allows evaluating the importance and functionality
of the components when operated by any student interested in learning about the
different types of drives in the maquiladora industry.

Keywords. control drives, controls, control devices, control panel.

Relevance to Ergonomics: The main contribution of this project to the area of
ergonomics is to contribute to the academic training of future professionals studying
the subjects of ergonomics and health and safety, since there will be a board that
will help teachers to approach in a more illustrative and didactic way, the subject of
the boards and controls.

1. INTRODUCTION

Drive mechanisms play a critical role in a wide variety of industries and applications.
These devices are responsible for converting energy into motion, enabling machines
and systems to perform specific tasks (Mora, 2018). They are used from process
automation to motion control, energy efficiency, safety and technological innovation,
these devices play a key role in the efficient operation of mechanical systems and in
driving productivity and technological advancement (Moreno & Tarazona, 2020).

This project is targeted to the future professional who has in his graduate profile
the need to know the different controls that exist in the industry and in a variety of
scenarios of common use, such as schools, hospitals, workplaces, and others. Many
of these controls are implemented with the purpose of protecting the integrity of
people by notifying and/or stopping machines if there is a dangerous situation. In this
way they provide safety to individuals, equipment or simply are the means for proper
man-machine communication (Oborne, 1990).

Under this perspective in the careers of TecNM (Tecnoldgico Nacional de
México), in the subjects of Hygiene and Safety and Ergonomics within their
educational programs, they have practices to instruct young people in the knowledge
of different drives, providing them with training in the understanding of their functions,
for proper use and integration of the design of control panels.

The design of this board is directed to the practices within the manufacturing
laboratory of the Tecnoldgico Nacional de México Campus Cd. Juarez (ITCJ) to be
carried out in a practical, efficient and giving students to know the most used controls
in the industry in a physical way and within their reach.
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2. GENERAL OBJETIVE

Design and implement the use of a didactic board with the most commonly used
controls in the maquiladora industry, to carry out the laboratory practices of the
ergonomics and hygiene and safety subjects at the ITCJ, in accordance with the
provisions of the NOM-004-STPS-1999 standard.

3. DELIMITATION

The board that was designed contains the most commonly used drives in the
maquiladora industry (since this is where ITCJ graduates commonly enter the labor
field) and that through surveys it was determined that they are less known by
Industrial Engineering students. The board has only didactic purposes for the
subjects of ergonomics, hygiene and safety.

4. METHODOLOGY

The project has a non-experimental cross-sectional methodological design. The
approach will be of decomposition, from the existing guidelines in relation to
Ergonomics and Safety and Hygiene programs about safety controls, the general
principles for the design of the control panel will be described. According to the type
of data, it is mixed, since a survey and an interview are used as instruments for
collecting and analyzing the information.

The methodology used for the design of the dashboard was known as
DESIRE (Design Thinking Innovation and Research), which consists of 5 phases:
Empathy, Definition, Ideation, Project Prototyping and Testing (Latorre et al., 2020).

In the first phase, empathy, the needs were identified for the development
of a study on safety controls in the Ergonomics and Hygiene and Safety programs
of the Tecnoldgico Nacional de México Campus Cd Juarez. The cognitive immersion
technique was used, which includes a questionnaire directed to students of the
industrial engineering career. The opinion of the students was gathered to determine
the existing level of knowledge about safety controls. Techniques such as the study
of trends and surveys will be used to identify the safety actuation devices currently
used in the industry, which will be considered in the design of the control panel. In
addition, a virtual survey will be conducted (Annex 1 - Instrument 02) directed to
industrial engineering students of the Instituto Tecnolégico de Ciudad Juérez. The
objective of this survey is to identify the devices of which they have less knowledge
in terms of functionality and importance. This information will be used in the design
phase of the dashboard. security in the mentioned programs.

In the second phase, definition, techniques such as the study of trends and
surveys were used to identify the safety drive devices currently used in the industry,
which will be considered in the design of the control panel. In addition, a virtual
survey was conducted, directed to industrial engineering students of the Instituto
Tecnologico de Ciudad Juarez, to identify the devices of which they have less
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knowledge in terms of functionality and importance. This information will be used in
the design phase of the control panel.

In the third phase, ideation, we used the Moodboard technique and the
Council of the Wise, where we compiled a set of design models of boards used in
other subjects, and the opinion of experts in the subject of ergonomics.
Subsequently, with this information, a sketch of the board was made.

In the fourth phase, prototyping, in this phase we proceeded to build the
control panel in physical form with the safety devices that were selected in the virtual
survey with the students, and considering the suggestions obtained in the ideation
phase.

In the fifth phase, Testing, the constructive interaction technique was used
to gather information about the students' experience of use when operating the
board, through a laboratory practice.

5. RESULTS

The results of the first phase empathy, were obtained through a 5-question
guestionnaire to 4 teachers who teach ergonomics subjects at the ITCJ. The main
findings of this instrument are summarized below:

It is proposed to have didactic material in the laboratories to reinforce with
practices the theory reviewed in the classroom.

Incorporate practices to the program, update the information of the subjects
and consider constantly updating the didactic material.

Consider constantly updating the didactic material according to the current work
environment.

In the second phase definition, through a virtual survey of 17 types of
drives, the least known by the ITCJ student community were selected to be included
in the design of the board, as shown in Figure 1.

In the third phase, ideation, we used the Moodboard technique and the
Council of the Wise, where we compiled a set of design models of boards used in
other subjects, and the opinion of experts in the subject of ergonomics.
Subsequently, with this information, a sketch of the board was made, it is show in
figure 2.

In the fourth phase, prototyping, Once the final layout of the components was

captured in a design, the next step was to materialize it. Below is a sequence of
figures describing the manufacturing process.
Once the list of necessary components was defined, we proceeded with the
construction of the structure; composed of extruded with approximate dimensions of
20 x 2 x 22 inches (length, width, height). The distribution of the components will be
positioned on a lexan plastic base, see figure 3 and 4.

Having the structure assembled together with the lexan plastic base, the next
step was to make aesthetic improvements in terms of the visualization of the board,
it was decided to paint the structure and to relocate the safety actuators. The total
list of components is fourteen actuators, each of which was mentioned in the
previous phase of the research. Figure 5 and 6.
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For the connection of the components, it was decided to use a 24v power
supply to energize each of the LED lights incorporated in the board. The principle of
operation and functioning of the elements that make up the board will be described
in the work instructions. See Figure 7.

IR ]

Double protruding pushbutton ceiling light LED light turret

gevrl
y¥ur¥

LED lights Inductive approach sensor Buzzer

=

Anti Tie Down Interlock Magnetic Mechanical Numbering
Device

Figure 1. Actions less well known by the ITCJ student community
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Figure 2. AutoCAD control panel layout
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Figure 3. Board structure Figure 4. Physical layout of components

Figure 5. Drives on structure Figure 6. Paint application on structure
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Figure 7. Connections of the electronic components with 24V power source

Finally, a series of tests were carried out to verify that the safety actuators
were correctly connected and that each one of them works when actuated by the
person.

At the end of the fabrication of the board, a practice was designed to be
implemented in the Ergonomics course. The purpose of this is to enrich the
theoretical information of the program and that the students' knowledge is reflected
in practice; to cover information regarding the importance and main characteristics
of the drives commonly used in the automotive industry.

1

Figure 8. board function tests
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In the fifth phase, testing, the results are not yet available since the board will be
used in the next school semester August-December 2023 in the subjects of
ergonomics and industrial hygiene and safety at the ITCJ.

4. CONCLUSIONS AND RECOMMENDATIONS

In accordance with the objectives set out in the research, it can be concluded that
each of the points were covered satisfactorily, since when investigating the type of
safety actuators that were included in the board, surveys were previously conducted
with students and teachers where areas of opportunity were detected that could be
applicable to enrich the didactic material that is currently available at the Institute.

Based on the results obtained in the surveys (quantitative and qualitative), a
security action board was designed that considers the opinion of the students
regarding the knowledge and functionality of each of these components. Once the
above was materialized, a practice about controls and boards was designed where
the industrial engineering students should develop it to put into practice the
knowledge acquired and with this, enrich the didactic content of the Ergonomics and
Hygiene and safety subjects of the Instituto Tecnolégico de Ciudad Juérez.
Recommendations: The present project seeks to enrich the material that is currently
being taught in the Ergonomics and Health and Safety subjects, so there is a field of
opportunity to continue including more updated and/or valuable information for the
professional training of the Institute's students.

Itis suggested to carry out tests to assess the level of knowledge that students
have on the subject of safety panels and controls, in order to detect whether the
practice designed in this project meets the purpose for which it was developed. It is
also important to mention that the practice manual that currently exists in the
Ergonomics program has valuable information, but possible improvements were
detected, which can be applicable to improve the academic experience for students.
Incorporate boards or design booths that complement in a practical way the topics
of physical conditions and occupational ergonomics where lighting, noise, etc. can
be tested.
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Resumen: El presente proyecto es una investigacion que se desarrolld6 para
generar un analisis y disefio de condiciones ergonémicas en el proceso productivo
de la empresa congeladora de camar6dn. Su actividad principal es la produccion y
procesamiento de camaron a nivel nacional, el frezado de camaron es el proceso
principal en la estacion de llenado de taras con camardn se presentan problemas
de rotacién de personal, lesiones musculoesqueléticas con base a esto se propone,
realizar un andlisis y disefio de condiciones ergonémicas de la estacion de trabajo,
para tener una mayor productividad y disminuir lesiones, rotacion y problemas de
calidad de producto. Todo a través del analisis y métodos de evaluacion ergonémica
y asi lograr el disefio de condiciones ergondmicas. Se espera reducir los tiempos
muertos, y la rotacién de personal y las lesiones musculoesqueléticas de la estacion
de llenado de taras en la empresa.

Palabras claves: Método RULA, Disefio ergonémico, DTA, Congeladora de
camaron.

Relevancia para la ergonomia: La ergonomia es la interaccion entre los seres
humanos y otros elementos de un sistema. Este estudio aporta informacién que
contribuye a la mejora de las condiciones de trabajo del sector Acuicola.

Abstract: This project is an investigation that was developed to generate an analysis
and design of ergonomic conditions in the production process of the shrimp freezing
company. Its main activity is the production and processing of shrimp at a national
level, shrimp spawning is the main process in the shrimp filling station, there are
problems of personnel turnover, musculoskeletal injuries based on this, it is
proposed to carry out a analysis and design of ergonomic conditions of the work
station, to have greater productivity and reduce injuries, turnover and product quality
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problems. All through the analysis and ergonomic evaluation methods and thus
achieve the design of ergonomic conditions. It is expected to reduce downtime, staff
turnover and musculoskeletal injuries at the company's tare filling station.

Keywords: RULA method, Ergonomic design, DTA, Shrimp freezer.

Relevance to ergonomics: Ergonomics is the interaction between human beings
and other elements of a system. This study provides information that contributes to
the improvement of working conditions in the Aquaculture sector.

1. INTRODUCTION

Sinaloa is the most important agricultural state in Mexico. Additionally, it has the
second largest fishing fleet in the country. (Government of the State of Sinaloa,
2017). One of the predominant activities is Aquaculture, which is practiced
throughout the state. There are a total of 907 Crustacean Aquaculture Production
Units (UPAs) served by CESASIN, which are equivalent to 7,304 culture ponds of
various types and sizes, installed in 67,345.63 ha of water mirror (OSIAP-
SENASICA, 2021). Due to its size, Guasave occupies the eighth place with respect
to the other municipalities in the state; It has an area of 3,464.41 square kilometers,
which represents 5.9 percent of the state area and 0.17 percent of the national area.
There are more than 442 |ocations in the municipality, where 100 shrimp aquaculture
farms are located. (Guasave M., 2021).

Aquaculture Los Ahumada S.S.S S. de S.S. is a company dedicated to the
breeding, processing and commercialization of shrimp nationwide. Currently the
company has a process, which is divided into 7 operations, among which are the
following: reception of raw material, beheading, classification, rest, spawning,
packaging and shipment. The headless area is made up of 3 activities, the first is
the collection and distribution of the shrimp, in which there is a conveyor belt through
which the shrimp from the reception area passes, in addition crates are used for their
collection and it is distributed with the help of personnel, using the technique of
dragging tares with a weight of 35 to 50 kg of product. The second activity is
headless, this is divided into production lines, which are made up of steel tables, with
capacities of 6 people each. The number of employees per line ranges from 18 to
30, in this activity staff of both sexes work, the majority are female, with an age range
between 18 and 68 years. The third activity is the registration and distribution of the
shrimp to the next area, for which a computer with internet service is used, a scanner
for the registration of the buckets, crates for the distribution of the shrimp in the
process. The entire area works between 8 to 10 hours a day. The main problem that
arises is the low productivity in the product distribution area using the technique of
dragging tares with a weight of 35 to 50 kg, causing staff turnover, upper and lower
back pain, low productivity, and delays in the process.
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2. OBJECTIVE

Carry out an analysis and application of ergonomic methods in the station for filling
tares with product from the shrimp freezer, to identify and evaluate possible
musculoskeletal injuries, and design ergonomic conditions in the work station.

3. METHODOLOGY

1.- Carry out a diagnosis of the company's production process through tours, where
the characteristics of the workers and work station that harm the health and safety
of the operator are identified. Through the identification of STPS Standards and
ergonomic principles.

2.- ldentify the area for filling tares, as the station that presents the greatest
risk to the well-being of the worker. For this, evaluations are carried out for the
identification of musculoskeletal injuries and cumulative trauma disorder through
ergonomic evaluation methods.

3.- Design the area for filling defects with ergonomic and safety conditions in
the production process.

4. RESULTS

When carrying out the analysis carried out in the area of tare filling, it was identified
that the movements carried out by the operators are inadequate and are risk factors
in their health and safety, for this the ergonomic design proposal is presented that
should be considered in the production process.

Data collection was carried out for 3 weeks to later present the design
proposal, which will benefit the workers, eliminating unnecessary movements or
operations when executing the tasks, to provide workers with better working
conditions and efficient productivity.
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Table 1. Identification of Official Mexican Standards of the STPS.

List of official Mexican Standards applied to the production process of the company

Company: Acuicola Los Ahumada.

Line of business: hrimp milling company (filling tares)

Date: May 22,2023

Standard Yes

No

Observations

Official Mexican STANDARD NOM-
011-STPS-2001, Safety and hygiene

X

In the facilities there is no mediator to
reduce the noise that the machinery

conditions in workplaces where generates, in the same way the worker does
noise is generated. not use personal protection.

Official Mexican STANDARD NOM- The company does not have security
001-STPS-2008, Buildings, X conditions in any of its work areas.
premises, facilities and areas in

workplaces-Safety conditions.

Official Mexican STANDARD NOM- The operators do not have any protection
004-STPS-1999, Protection when using the machinery to carry out their
systems and safety devices in X | activities. Some  personal protective
machinery and equipment used in equipment is not adequate for the type of
workplaces. activity they perform.

Official Mexican STANDARD NOM- Employees do not have preventive health
030-STPS-2009, Preventive health X and safety services within the company.
and safety services at work-

Functions and activities.

Official Mexican STANDARD NOM-

024-STPS-2001, Vibrations-Safety Employees are exposed to high levels of
and hygiene conditions in the vibration without any vibration.

workplace.

NOM-016-STPS-1993, Relative to The personnel is exposed to high levels of
safety and hygiene conditions in X | humidity without having any means to

workplaces regarding ventilation.

regulate ventilation.

Table 2. Ergonomic principles applied to workstation 1

Principles

Remarks

Principle 2: Use the elbow
height as a reference.

Working at the wrong height leads to vicious positions and
unnecessary strain. Elbow height: Work is carried out at the
height of the elbow whether sitting or standing, above or below
the elbow the effort is greater. Considering the current situation
in the company, which has three work tables with a height of
50, 75 and 90 centimetres, our corrective action is to design
these tables at the height of the elbow of the worker, which is
112 centimetres, so that the worker can develop in the best
possible way and avoid unnecessary effort.
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Principle 4: Find the correct
position for each task.

There are very bad habits with respect to some tasks, therefore,
on many occasions workers do not look for the correct position
to carry out an operation, a very clear example is that on
occasions heavy objects are moved, and when they are lifted,
they do so incorrectly and the back is subjected to the most
pressure. The workshop has a small tool for this task, but it is
not commonly used

Principle 6: Minimise fatigue
Many times workers overtax
their physical capacity by
doing activities that can
cause muscle damage

In addition, sometimes, due to space constraints in the
workshop, workers have to work outside in direct sunlight

Principle 7: Minimise direct
pressure.

The workshop has a work belt, which is rarely used, in fact, it is
used because they feel a pain in their back. Ideally it should be
worn every day to prevent any fractures

Principle 8: Adjustment and
change of posture

No matter how much the worker wants to adjust, it is difficult as
there is no ergonomic table or stretcher available, which affects
the back when carrying out operations under a trolley.

Principle 9: Provide space
and access It is of great
importance that  working
space is provided for each
element and easy access to
whatever is needed.

Therefore, to ensure adequate working space, our corrective
action is to make an efficient distribution in which it is proposed
that the old iron is stored in drums to prevent them from
obstructing the sides of the workshop, as well as moving the
engines and transmissions that are in the central part to the
storage warehouse, with this we intend to avoid accidents at
work and have better space to work comfortably

Principle 12: Improve the
organization of the work If the
tool trolley were well
organized,

The work would be more efficient as we would save time
looking for the tool that is needed. Moreover, this principle is
not fulfilled because the distribution of space is not the most
appropriate.

Duranig the ergonomic assessment, little use of the STPS legal framework

was identified.

The Official Mexican Standard NOM-025-STPS-2008. It is not

applied because of the lighting conditions, there is insufficient lighting for the
minuscule work carried out at the workstation.

The Official Mexican Standard NOM-011-STPS-2001, Safety and hygiene

conditions in workplaces where noise is generated. The workstation does not control
the number of decibels used in the process, exposing the worker to decibels above
90 decibels during the workday. The Official Mexican Standard NOM-001-STPS-
2008 does not have a specific distribution for the processes carried out in the
workshop. The official Mexican standard NOM-015-STPS-2001 sets out the
appropriate conditions for exposure to temperatures. In the workshop they are
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exposed to 42 to 48 degrees, generating an unsatisfactory thermal environment,
causing fatigue and mental exhaustion.

4.1. Application of ergonomic evaluation methods in station 1.

Método R.U.L.A. Hoja de Campo
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Figure 2. Application of the RULA Method in workstation 1

4.2. Design of ergonomic conditions in the work station 1.

The official Mexican Standards were analyzed and the specifications of standard
036 on manual handling of loads are considered, indicating that the maximum mass
that a worker by age and gender can lift or lower is: 25 kg per load, men aged 18 to
45 years old, at the work station they move a load of 35 to 50 kg per tare product.
Another ergonomic condition is the anti-fatigue mat to reduce fatigue for those who
are exposed to 12 hours of work at that work station. As well as modifying the height
of the support bench for tare filling, raising it 10 cm more so that the movement of
the load is more comfortable for the movements made by the operator, and not
generate a disorder of cumulative trauma, DTA or musculoskeletal injuries in
workers.
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4. CONCLUSIONS

The ergonomic analysis allowed to identify the risk factors in the workplace. The
operator performs the work at an incorrect height because the work tables are
outside the elbow height, which is 112 centimeters, in addition to changing the
material handling posture to perform the operations.

The Rapid Upper Extremity Assessment (RULA) and ergonomic principles
help to have a better perspective of the levels of ergonomic risk that affect the health
of the operator in station 1.

The most feasible solution would be to insert an anti-fatigue mat into the work
area, seeking to decrease operator fatigue, as well as suggest that the workbench
be placed on top of a climbing workbench for easy reach.

The benefits offered by the improvement of the workplace for the worker are
very significant in comparison with the design and structure that was considered
previously, since in this way the operator is prevented from having a leaning posture,
working in an uncomfortable way or presenting any type of accumulated fatigue,
which can cause injury. With this modification, the quality of life and the productivity
of the operator would increase, since the worker would be located in a more
comfortable position, which makes the operator a more productive worker, which is
basically what is sought in any company.

Ergonomic analysis identifies risk factors in the shrimp tare filling workstation.
Risks and dangerous conditions for the operator were found, through ergonomic
principles overexertion, pressure on the body, unnecessary efforts, adjustment and
change of inadequate postures were detected, the controls and dashboards do not
have a good visualization, generating confusion in the operators when carry out their
activities.

The ergonomic evaluation indicates the working conditions to which the
operator is exposed when carrying out the tasks. The RULA method evaluates the
postures and risks associated with musculoskeletal disorders due to postural load,
in the activities of the production process. As a result, it indicates a level 5, which
represents a need to redesign the task or work station. Based on standard 036 of
the STPS, ergonomic risk factors were analyzed due to the manual handling of
loads, and presenting a postural risk in the extremities of legs, arms, upper and lower
back. generating fatigue and cumulative trauma disorders.

The improvement proposal for the work area is the placement of anti-fatigue
mats, installing a conveyor belt with separators for the assignment of the tares with
product to the work tables, assigning a distance closer to the operator and can be
within reach , all based on the Official Mexican Standard 001 of STPS for the
redesign of tasks. For the worker, these improvements are significant, avoid bad
postures or present some type of fatigue and low productivity, and do not cause
injuries. With this modification, the operator's quality of life and productivity would be
increased, decreasing staff turnover, generating a more productive operator.
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Summary: The objective of this study is to show the application of ergonomics to
design a workstation, according to the anthropometric measurements of boleros that
are registered in the municipal register of the City of La Paz, Baja California Sur
(B.C.S.) Mexico. The protocol used in this research consisted of taking
anthropometric measurements and analyzing each workstation. The results
revealed areas of priority improvement in each boleria, with these findings an
improvement proposal was designed for the workstation.

Keywords:
Ergonomics, Bolero, Anthropometry, Workstation, Design.

Relevance to ergonomics: This study documents the application of tools and
methods provided by ergonomics in productive activities, which are not commonly
considered in the commercial field of industrial or academic design.

Ergonomics proposes a systemic and methodical perspective to consider in this
case in the design of workstations. Looking for better conditions for the operator to
carry out his activity eliminating or mitigating possible impacts on health generated
by a bad design and that these translate into a loss of well-being for society that
performs a trade in unsuitable conditions.

1. INTRODUCTION

According to the Real Academia Espafola (RAE) bolero (a) means "Clean boots",
in Mexico boleros are designated to those people who are responsible for cleaning
and polishing men's and women's footwear.

In the network there are several studies carried out on boleros, for example,
the work of Rubio Campos J. (2013) conducted a case study for the city of Monterrey,
integrated based on tools such as field mapping, participant observation and semi-
structured interviews with leaders of the union of cleaners, as well as with the
workers themselves.
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Luna S. (2013) contributed the work "Shoe shiners: a job at risk of losing its
shine" points out that, according to the Ministry of Labor and Social Welfare, in 2013
there were a total of 156 women and 2 thousand 993 men working as accredited
shoe cleaners in Mexico City, preserving, in many cases, A family tradition, as this
work is performed by people whose family has done this for years. He also points
out that this profession is in danger of extinction because young people do not shine
their shoes.

Estrada Ruiz Diego (2013) presented his thesis called “Proposal for redesign
of workstation based on anthropometric measurements of shoe cleaners in the
downtown sector of Los Mochis, Sinaloa”. In this research he presents an
anthropometric study carried out on shoe shiners belonging to the union constituted
in Los Mochis, Sinaloa. With the data obtained, a series of anthropometric charts
were constructed for each subject, with their dimensions corresponding to the sitting
and standing positions.

This activity is carried out in street stalls within various areas of the City of La
Paz, many of these positions are acquired or sent to manufacture by each bolero,
which leads to a very limited workstation, they only add the basics, so when they sell
it does not fit the dimensions of the new bolero. Faced with this situation, the
municipal government launched a call and to regularize this activity that is totally
informal, a register was raised, in such a way that, the boleros who accepted to
register to pay taxes and become creditors to different aids from the municipal
government, are provided with a new itinerant stall.

1.1 Objective

Design an ergonomic workstation based on anthropometric measurements for
boleros.

1.2 Delimitation
The study was conducted in the city of La Paz, Baja California Sur, considering the
bolero workstations that are registered in the municipal register.

2. MATERIALS AND METHOD

The type of research is descriptive with a cross-sectional research design.
The materials used to conduct this study were the following:

1. Clarita Anthropometer.
2. Scale.
3. Anthropometric measurement sheets.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGIN 131



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023
Figura 2 scale
Table 1 Adapted from Medina (2000).
ANTHROPOMETRIC CHART
GENERAL DATA Control No. 10
Name: David Aviles Ensiso Age: 52

From the subject: Mazatlan

Place of birth: From the father: Mazatlan

From the mother: Mazatlan

Gender: M Date: 24/11/2016 Shift: M Body side: Left
Place: Isabela Catolica Timetable Beginning: 11:03 End: 11:18
Measure (cm)
Eye height from the ground 106.4
Head height from seat 74.7
Back height from seat 51.9
Elbow to seat height 17
Popliteal height 42.5
Maximum arm reach 62.7
Minimum arm reach 37
Sacro-patella distance 57.3
Sacro-popliteal distance 45.5
Width from elbow to elbow 40.5
Width of sitting hips 35.6
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REMARKS:
With shoes? Yes Do you have any type of disability?
Midsole height 2cm Specify:

Feedback:

signature(s):

Name of anthropometrists

The method was based on the study conducted by Estrada Ruiz Diego (2013) and
consisted of the following stages:

1.

Determine the study population: It consisted of 12 individuals registered with
the XV. H. City Council of La Paz as shoe cleaners, who work in the city of La
Paz, B.C.S.

Identify body measurements relevant to design: The following measures were
selected for workplace redesign (see tables 1 to 3). Additional dimensions in
the standing position were collected for future research.

Design for average, range, or extremes: The 5th and 95th percentiles were
used in the job redesign.

Presentation of the information collected: The anthropometric charts, with the
dimensions in standing and sitting position, corresponding to each subject are
presented in the Appendices section.

Information processing: The body dimensions of individuals are shown, in a
sitting position, standing, as well as various percentiles (see tables 2 to 4).

3. RESULTS

Table 2. Body dimensions in sitting position (subject no. 1 to 6)

Participants

Body Dimension

Head height from seat 111.3 124.3 121.9 107.5 118.6 126.4
Eye height from the ground 78.1 87.8 81.7 78.3 85.3 91.2
Shoulder height from the seat 55 65.2 59.5 56.6 58.2 64.4
Elbow to seat height 20.6 25.6 26.6 27.3 22.6 27.9
Popliteal height 43.3 455 48.6 43.6 43.6 43.6
Maximum arm reach 70.2 68 67.6 56.1 59.4 68.9
Minimum arm reach 44 45 42.8 34.8 38.5 42.2
Sacro-patella distance 55.9 81 54.4 42.8 61.8 72.6
Sacro-popliteal distance 45.5 49 49.5 39.7 47.9 50.4
Width from elbow to elbow 54.7 56.4 47.5 51.9 63.5 55.6
Width of sitting hips 38.4 42.1 39 43.8 46.3 45.7
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Table 3. Average body dimensions in sitting position

‘ Body Dimension Sum Average Standard deviation
~ Head heightfromseat 14055 117.125 6.166
Eye height from the ground 992.4 82.7 5.064
Shoulder height from the seat 693.9 57.825 3.958
Elbow to seat height 346.5 28.875 13.462
Popliteal height 532.2 44.35 1.833
Maximum arm reach 756.3 63.025 7.467
Minimum arm reach 503.7 41.975 6.966
Sacro-patella distance 714.9 59.575 9.532
Sacro-popliteal distance 567.2 47.2666667 3.431
Width from elbow to elbow 631.4 52.6166667 5.185
Width of sitting hips 489.3 40.775 3.409

Table 4. Percentiles corresponding to body dimensions in the sitting position
(percentile 0 to 50)

Body Dimension Oth percentile  5th percentile  10th percentile  25th percentile  50th percentile
Head height from seat 106.4 107.005 107.88 113.025 119.2
Eye height from the ground 74.7 75.25 75.94 78.25 82.85
Shoulder height from the seat 51.9 52.23 52.71 54.9 58.05
Elbow to seat height 17 18.98 20.6 22.1 25.25
Popliteal height 42.1 42.32 42.52 43.15 43.6
Maximum arm reach 42 49.755 56.43 61.875 65.3
Minimum arm reach 34.8 36.01 37.12 38.425 39.8
Sacro-patella distance 42.8 47.42 51.52 55.225 56.8
Sacro-popliteal distance 39.7 41.405 43.02 45.375 48.45
Width from elbow to elbow 40.5 44.35 47.91 51.6 52.4
Width of sitting hips 35.5 35.555 35.88 38.85 40.2

The measures selected based on the 5th and 95th percentile for the design are
presented in the following tables 4, 5 and 6:
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3.1 Body Dimensions (seated subject)

Table 5 . Selected percentiles (sitting position)

‘ Body Dimension 5th percentile 95th percentile
Head height from seat 107.005
Eye height from the ground 90.21
Shoulder height from the seat 64.76
Elbow to seat height 18.98
Popliteal height 42.32
Maximum arm reach 69.485
Minimum arm reach 53.1
Sacro-patella distance 47.42
Sacro-popliteal distance 41.405
Width from elbow to elbow 59.595
Sitting hip width 45.97

3.2 Body Dimensions (Standing Subject)

Table 6. Selected percentiles (standing position)

Height 155.965

Eye height from the ground 80.9325
Maximum arm reach 67.11

Minimum arm reach 32.935
Width from elbow to elbow 57.605
Waist 38.335
Hip width 38.99

Weight 48

The redesign proposal for the workplace can be seenin figures 1, 2, 3, 4, and
5, based on different existing designs where a ceiling was taken into account to be
placed outdoors and a greater height for the easy reach of the worker. The proposed
seat for shoe shiners uses percentiles obtained from anthropometric charts.
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Figure 3 Redesign proposal for shoe grooming workstation. (Station)
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Figure 2 Front view of the station.

Figure 1 Side view of the station.
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Resumen: ElI enfoque prevaleciente en la investigacion del comportamiento
informacional es el constructivista centrado en el individuo como generador de
conocimiento. Recientemente han aumentado las criticas a esta postura realizando
un giro de lo individual a lo social. Desde esta perspectiva se emplean métodos
como el andlisis del discurso que busca conocer, a través del lenguaje de los
usuarios, cdmo se genera y comparte el conocimiento en el contexto social. Este
trabajo describe cdmo se ha aplicado a la investigacion del comportamiento
informacional dentro de un contexto escasamente estudiado en ambiente natural,
presentando, ademas, una aplicacion en la practica y se discuten las implicaciones
profesionales y metodologicas consideradas. Para ello, la metodologia empleada
pone en manifiesto diversas consideraciones que deben ser tomadas en cuenta en
estudios en ambientes naturales y los resultados exhiben que se pueden aplicar en
el area de produccion. Para ello, se definid una metodologia que buscaba capturar
el comportamiento informacional dentro de dicha area de interés.
Consecuentemente, se redujeron el retrabajo y los costos operativos y se
incrementd el uso de las herramientas abstractas y fisicas dentro del area de
trabajo. De lo anterior que concluyd que es necesario hacer uso de otros enfoques
para resolver problemas en é&reas distintas a las inicialmente propuestas del
comportamiento informativo, confirmando que dicho comportamiento esta presente
en todas las actividades humanas.

Palabras clave: Comportamiento informativo, lenguaje natural, Teoria de la
Actividad, area de produccion

Relevancia para la ergonomia: El conocimiento del comportamiento informacional
dentro del area laboral es un reto ya que conlleva trabajar directamente con los
colaboradores dentro de su area de trabajo; ademas, la comprension del significado
de los diversos términos del lenguaje natural usados dentro de dicho contexto y asi,
visualizar el proceso de toma de decisiones, fueron tareas demandantes que
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escasamente se han estudiado. Por ello, dar un significado académico es una
aportacion sustantiva ya que pone en manifiesto cémo el comportamiento
informativo puede tener un impacto real en el proceso de toma de decisiones dentro
del area de produccion.

Abstract: The prevailing approach in information behavior research is the
constructivist, this is one centered on the individual as a generator of knowledge.
Criticism of this position has recently increased, calling for a turn towards from an
individualistic to a social approach. From this perspective, methods such as
discourse analysis has been used, which seeks to know, through the language of
the users, how knowledge is generated and shared in the social context. This work
also describes how it has been applied to the investigation of information behavior
within a context that is scarcely studied in a natural environment. It is also presenting
a practical application and discussing the professional and methodological
implications. For this, the methodology used reveals various considerations that
should be included in studies in natural environments and the results could show
that they can be applied for example in the production area. For this, a methodology
was defined trying to capture the information behavior within the mentioned area of
interest. Consequently, reworking and operating costs were reduced and the use of
abstract and physical tools within the work area was increased. From the above, he
concluded that it was necessary to use other approaches to solve problems in areas
other than those initially proposed for information behavior, confirming that such
behavior is present in all human activities.

Keywords. Information behavior, natural language, Activity Theory, production area.

Relevance to Ergonomics: Knowledge of information behavior within the work area
Is a challenge, since it entails work directly with collaborators in their work area. In
addition, understanding the meaning of the various natural language terms used
within the production area context and thus visualizing the decision-making process
were demanding tasks that have rarely been studied. For this reason, giving an
academic meaning is a substantive contribution from this perspective and it shows
how information behavior can have a real impact on the decision-making process
within the production area.

1. INTRODUCTION

Humanity has undergone significant changes within its areas of interest, some of
these are the production processes. In order to respond to the various problems
existing in these processes, various strategies have been developed, for example
applying techniques, methods and approaches from other knowledge areas to the
mentioned context, thus making adjustments that allow solving its problems in order
to visualize their solutions in short and medium periods of time. One of the strategies
Is the use of technologies that allow to facilitate the information exchange in real

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGIN 140



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

time. This is because information has been considered as an asset of high strategic
value.

For this, an appropriate behavior to evaluate the use of technologies within
human activities is information behavior, recognizing that one of its internal
behaviors is the information exchange. Informational behavior is related to behavior
in direct and indirect relationship with information through its seeking, processing
and using within the context of interest. This includes the production, dissemination
and communication of information where technologies have been developed to
facilitate commented activities (Berrio-Zapata, 2016).

However, the use of these technologies has generated new challenges in
form that they suggest influences on the decision-making process within the used
contexts. For this reason, it is relevant to have a recognition of the information
behavior in the use of the technologies in context. Hence, based on these needs,
various activities could be investigated from the method of seeking, processing and
using information from the perspective of utilizing technological tools. For example,
each patrticipant or collaborator may exhibit different information behavior despite
having access to the same technologies and tools to seek, process and use
information among other behaviors.

Therefore, in the context under study, various aspects to what was previously
indicated were considered, since it has been found that, in itself, the context has a
direct influence on the method or methods of seeking, processing and using
information. Hence, the flow of information is a relevant factor since occasionally the
information may be limited for certain participants and this directly affects the
decision-making process or information use. Besides, it was consequently found that
there was 80% satisfaction in the information use. That is, 20% of employees
perceive that they do not have the required information in a timely manner to be used
within their work activities. This could result, in the same line, in other activities in
context, but that were not considered in the study because they could imply using
other resources that could not be accessed at that time when the study took place.

Another of the factors, that was visualized and considered, was the
collaborative aspects within the context and the implications of the work method.
This was able to visualize how information was received late taking the form of work
orders, the increase in time in accessing information technologies while collaborators
exchange information in real time, the delay in the registration of various elements
of production activities, among other aspects or factors also considered in context.
Particularly, the delay in the measurement of the implicit costs for the handling of
information and its deviations. For example, employees point out that 32% of rework
activities is caused by lack of information due to the delay in updating the required
information in real time. This could be verified in the use of visual aids displaying
outdated specifications to the information needs in the production area of new
products and/or model changes in the design of products.

In this line, also, is the preventive and corrective maintenance of equipment
and machinery used in the process. This could be visualized in the delay times due
to model changes, downtimes, among others problematic situations originating from
the information behavior; specifically, in the information seeking, processing and
using in activities related to these activities carried out by the Maintenance
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Department. That is, certain support activities to the production areas. For this, in
the present study, the objective was defined to improve information behavior in the
assembly and production area by modifying the physical and abstract tools used
using principles of Cognitive Ergonomics to facilitate the decision-making process.

Therefore, the study has scope and limitations within the context under study
and the area of knowledge (Cafias and Waern, 2001). Within the scope, the study
has considered the participants within their work area (Creed, 2022) to understand
what is happening and their information needs in context. In the same way, various
tools were used in the work areas and they have been considered to improve diverse
projects in which the participants have been involved. This included documentation
and visual aids used in the work areas. Also, the perceptions and work experiences
of each participant were considered (Opi, 2022, Psaropoulou, 2022). On the other
hand, within the limitations considered, it is noted that the research was carried out
from a qualitative perspective where the data collected was obtained in the form of
words, to which meaning is given within the analysis considering the context and,
specifically the meaning that collaborators gave in context. The experiences of the
applicants within other areas of work were an essential part of the study to visualize
the limitations of the study. It is also considering the influence on the decision-making
process in the work areas and specifically, on exhibiting the information behavior
(Saha and Chatterjee, 2022).

2. LITERATURE REVIEW
1.1 Information Behavior

The origins of information behavior have been located in Library Science and the
field of readership. Studies on uses of libraries and how scholars utilized information
relative to their work emerged at least 90 years (Wilson, 2010). The research in these
fields included the switch from system-centred to user-centred (Wilson, 2000a;
Rioux, 2004; Case, 2006); that is passing from giving importance to system to user
as principal factor in study. In addition, information behavior served to evaluate
technological tools and relations with users. Moreover, same behavior extended the
studies to information origins that are in physical or electronic form in libraries or
places where users were immersed and used information. This also favored the
individuals as origins of information (Wilson, 1981). Similarly, this recognized the
importance of contexts such as everyday life and work in diverse areas. For instance,
Talja and Hansen (2006) stressed that information behavior can change the course
of the relationships between individuals and their information sources in context. This
Is because information behavior offered a concise relationship with contextual and
situational variables, resources and rules to seek, process and use information
(Wilson, 1981).

A consequence of that relation is the information behavior is considered as
an umbrella term. This is seen when the terms information behavior and information
practice are used interchangeably (Savolainen, 2007). However, Savolainen (2007)
argues that despite both terms are used in the same form, there is a difference in
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relation to the approach in which they are conceived. He pointed out that information
behavior is conceived in the cognitive approach and the information practice, in the
social constructionist approach. That is, information behavior is considered as a
product of the mind and information practice, a product of the social interactions
between individuals. Therefore, it is important to consider that information behavior
and information practice are mutually related, so both the cognitive and the social
perspectives are considered in this study in order to give relevance in context. This
Is because the cognitive approach can help to understand the behavior in context
and the social constructionist approach, the collaborative nature of massive
production using information behavior as the principal means.

1.2 Activity Theory

This meta-theory helped to discover knowledge within the environment even when
individuals are unaware of its existence and provided the theoretical, methodological
and practical grounds to study the information behavior in the mentioned context.
Here, the awareness of an activity (or behavior) is a product of itself (Wilson, 2008)
and works by studying it holistically (Wilson, 2006). Also, this activity results from its
continuous realization and its interactions and human experiences with other
individual beings and the surrounding environment directly influencing itself. In
addition, the activity is aimed at achieving objects or objectives (Mwanza, 2002) to
generate results (Kaptelinin and Nardi, 2006). On the other hand, this theory
considers that individuals have a social nature and are directly influenced by the
culture, language, and behavior of other individuals located in the surrounding
organizations, which may be the family, communities, groups, among others (Allen
et al, 2011).

These assumptions helped to understand the motivations of commented
behavior that can be cognitive (generated inside the human being) and social
(generated externally). These motivations determine the goals to be achieved and
are affected by existing environmental conditions. The goals, in turn, are composed
of actions aimed at achieving goals. Similarly, actions are carried out by operations
performed automatically or routinely under stable environmental conditions.
Otherwise, if conditions are unstable, trades become stocks to the point where
conditions are stable again and stocks are once again converted to trades. This is a
cycle of human activity that is repeated in direct relation with the environmental
conditions, but capturing its essence is a challenge that was carried out in the routine
operation of the context.

In addition, the theory suggests that all activities are governed by the following
principles: all human activity is collective, mediated by artefacts or tools, and goal-
oriented; there are multiple opinions; it has a history resulting from transformations
carried out over time; the tensions and contradictions are the origin of those changes
thus developing said activity; and this can have various transformations of expansion
resulting in changes and innovations as a result of the accumulation of tensions and
contradictions. The latter can be located in each element of the activity (primary);
related to each other (secondary); related between the motives/objects of a central
element of a system and the motives/objects of a culturally more advanced element
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(tertiary); and related between the central activity and other close (quaternary)

activities (Engestrom, 1987).

Rules and Norms < > < > Division of
Community Labour

Figure 1. Human activity system

Tools:

Motivation Subject (s)

Likewise, the theory gave the basis to find and use each element of the human
activity system or behavior under study. These are: which subject(s) carry out the
activities, what are their objects, what tools (mental and/or physical) are used to
mediate the activity, which community is involved, what rules and norms of
interaction they follow, how they divide the work and what is the expected result
(Engestrom, 1987), see figure 1. In the same way, this theory helped to make sense
and understand the information collected, this is why the activities must be
understood through what people do and because it does (Kaptelinin, 2005).
Additionally, its understanding was holistic based on its dynamism and complexity
with a close relationship with its environment, providing conditions to interpret and
study the activities in its natural environment (Denzin and Lincoln, 2000). This was
through the support of methodological strategies for the collective case study,
increasing their knowledge with analytical and non-statistical generalizations (Yin,
2009).

3. METHODOLOGY

In the search for knowledge of information behavior within the work area, the
following considerations were made, that consisted of:

1. Activity Theory was used as the conceptual framework where each element of the
human activity system should be discovered within the context. For this,
interviews, review of diverse used documentation and routine observation of the
activities carried out were utilized. Here, the various problems that were present
were also exposed. In the same way, a delimitation of the activities to be carried
out was made in order to focus on gathering the data that will be analyzed later.
Within this section, the search for indicators that defined the decision-making
process was necessary and relevant. Each element was analyzed in order to find
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the tensions and contradictions and the relationships between each element
within the context in consideration of perceptions of collaborators.

2. Once the data was collected, the analysis began in reference to the human activity
system and the information behavior as an activity under study. Each of the
factors was discovered within the collected information. Here, the relationships
between these elements were discovered and the impact that can be had on the
activity under study. Within this analysis, the costs of various elements and their
impact within the object of study were considered.

3. The result of the previous stage led to the suggestion of changes in the various
physical and abstract tools used to implement the improvements in them, thus
seeking to directly or indirectly impact on information behavior. Likewise, the
discovery of areas of opportunity revealed that cognitive aspects can be
considered to achieve mentioned improvements. Particularly, perceptions were
the central part to achieve in order to have a direct impact on the decision-making
process as well as the results in the production process.

4. Once the materials were developed in the physical and abstract tools, tests were
carried out in their use in order to subsequently seek continuous improvement of
them. In the same way, the activities where they were used and in consideration
of other users were visualized to understand the context of use and the impact on
the decision-making process from the perspective of their use. The individual
contribution was relevant in the costs studied as a secondary part of the study.
The initial survey carried out on the collaborators was carried out to verify the
perception of the improvements to the various abstract and physical tools. Diverse
indexes were discovered and gave the basis to future improvements.

4. RESULTS

This section presents the results obtained in each of the stages indicated above.
Initially, the human activity system was developed and each element was
discovered. Here, the relations between them were seen from the various forms
were manifested; besides, those relationships can generate the basis to make
changes within the context under study. Here, the use of the considered indicators
was manifested within the particular area and its forms of use. The diverse indicators
considered to evaluate the impact were the lack of administrative support, the time
without use of machinery and equipment in considerations of lack of maintenance,
among others.

Subsequently, the information flow was evaluated in reference to the
administrative levels declared within the work area. It is how and what information
was used in the diverse administrative levels in the organization and what tools were
utilized on it. One aspect considered was the analysis of the cost incurred by the
staff, or in this case, the research participants or collaborators. In the same way, they
were given a questionnaire to evaluate the work from the perspective of a human
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activity system in direct relationship between other human activity systems or
collaborative environment. Another aspect considered was the level of complexity in
the management and retention of information within the activity system. Others
aspects were the knowledge of the lack of communication and information within the
production area.

The various elements found within the human activity system at the individual
and collaborative levels were enhanced, particularly the physical and abstract tools
discovered and employed in context. The elements that had improvements were the
community, the division of labor, the employed tools, and the expected result within
the activity.

Finally, diverse indicators were modified as a result of the implementation of
the improvements in commented tools. The measured indicators suggested that the
information exchange increased, as an element within the information behavior. This
brought with it a 10% reduction in weekly rework and operating costs were reduced
1.3%. In the same way, satisfaction in the use of physical and abstract tools such as
visual aids increased by 7%. In the same way, user satisfaction increased by 90%;
that is, dissatisfaction in the use of information was reduced by 10%. Additionally,
various physical tools were replaced seeking to increase satisfaction among the
participants, among other indexes.

5. CONCLUSIONS AND RECOMMENDATIONS

The results obtained suggested that, in an effort to make good use of resources, the
analysis and improvement of four elements of the human activity system were the
best strategy to contribute by improving information behavior. Among the revised
indicators were rework activities and costs as operational indicators, on the one
hand, and the satisfaction of the users of the physical and abstract tools, as a
contributing indicator with the information behavior, on the other.

From them, it was obtained that the stated objective was achieved, integrating
each participant within the human activity system at individual and collaborative
levels. The information exchange was crucial to visualize the results mentioned
above and it is expected that in future research it could be found other
improvements.

In the same way, it is seen that the activities carried out to improve information
behavior ware the beginning of other activities necessary to increase their area of
influence. The considered study area was a part of the company that allowed this
study, having other areas of opportunity within it. Among the changes that could
arise in mentioned implementation were the use of other technologies for better
utilization of existing resources and the consideration of the cognitive limitations and
information needs of the future participants or collaborators. In addition, it is
suggested to improve the development of work teams focused on information
sharing to improve information behavior. In the same way, it is suggested to develop
strategies to improve the organizational climate aimed at achieving organizational
objectives.
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Resumen: EIl presente proyecto es una investigacion que se desarrollé para
generar un analisis y disefio de condiciones ergondmicas en el proceso productivo
de la empresa congeladora de camarén. Su actividad principal es la produccion y
procesamiento de camaron a nivel nacional, el frezado de camaroén es el proceso
principal en la estacién de llenado de taras con camardn se presentan problemas
de rotacién de personal, lesiones musculoesqueléticas con base a esto se propone,
realizar un analisis y disefio de condiciones ergonémicas de la estacion de trabajo,
para tener una mayor productividad y disminuir lesiones, rotacion y problemas de
calidad de producto. Todo a través del andlisis y métodos de evaluacion ergonémica
y asi lograr el disefio de condiciones ergondmicas. Se espera reducir los tiempos
muertos, y la rotacién de personal y las lesiones musculoesqueléticas de la estacion
de llenado de taras en la empresa.

Palabras claves: Método RULA, Disefio ergondmico, DTA, Congeladora de
camaron.

Relevancia para la ergonomia: La ergonomia es la interaccion entre los seres
humanos y otros elementos de un sistema. Este estudio aporta informacién que
contribuye a la mejora de las condiciones de trabajo del sector Acuicola.

Abstract: This projectis an investigation that was developed to generate an analysis
and design of ergonomic conditions in the production process of the shrimp freezing
company. Its main activity is the production and processing of shrimp at a national
level, shrimp spawning is the main process in the shrimp filling station, there are
problems of personnel turnover, musculoskeletal injuries based on this, it is
proposed to carry out a analysis and design of ergonomic conditions of the work
station, to have greater productivity and reduce injuries, turnover and product quality
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problems. All through the analysis and ergonomic evaluation methods and thus
achieve the design of ergonomic conditions. It is expected to reduce downtime, staff
turnover and musculoskeletal injuries at the company's tare filling station.

Keywords: RULA method, Ergonomic design, DTA, Shrimp freezer.

Relevance to ergonomics: Ergonomics is the interaction between human beings
and other elements of a system. This study provides information that contributes to
the improvement of working conditions in the Aquaculture sector.

1. INTRODUCTION

Sinaloa is the most important agricultural state in Mexico. Additionally, it has the
second largest fishing fleet in the country. (Government of the State of Sinaloa,
2017). One of the predominant activities is Aquaculture, which is practiced
throughout the state. There are a total of 907 Crustacean Aquaculture Production
Units (UPAs) served by CESASIN, which are equivalent to 7,304 culture ponds of
various types and sizes, installed in 67,345.63 ha of water mirror (OSIAP-
SENASICA, 2021). Due to its size, Guasave occupies the eighth place with respect
to the other municipalities in the state; It has an area of 3,464.41 square kilometers,
which represents 5.9 percent of the state area and 0.17 percent of the national area.
There are more than 442 |ocations in the municipality, where 100 shrimp aquaculture
farms are located. (Guasave M., 2021).

Aquaculture Los Ahumada S.S.S S. de S.S. is a company dedicated to the
breeding, processing and commercialization of shrimp nationwide. Currently the
company has a process, which is divided into 7 operations, among which are the
following: reception of raw material, beheading, classification, rest, spawning,
packaging and shipment. The headless area is made up of 3 activities, the first is
the collection and distribution of the shrimp, in which there is a conveyor belt through
which the shrimp from the reception area passes, in addition crates are used for their
collection and it is distributed with the help of personnel, using the technique of
dragging tares with a weight of 35 to 50 kg of product. The second activity is
headless, this is divided into production lines, which are made up of steel tables, with
capacities of 6 people each. The number of employees per line ranges from 18 to
30, in this activity staff of both sexes work, the majority are female, with an age range
between 18 and 68 years. The third activity is the registration and distribution of the
shrimp to the next area, for which a computer with internet service is used, a scanner
for the registration of the buckets, crates for the distribution of the shrimp in the
process. The entire area works between 8 to 10 hours a day. The main problem that
arises is the low productivity in the product distribution area using the technique of
dragging tares with a weight of 35 to 50 kg, causing staff turnover, upper and lower
back pain, low productivity, and delays in the process.

2. OBJECTIVE
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Carry out an analysis and application of ergonomic methods in the station for filling
tares with product from the shrimp freezer, to identify and evaluate possible
musculoskeletal injuries, and design ergonomic conditions in the work station.

3. METHODOLOGY

1.- Carry out a diagnosis of the company's production process through tours, where
the characteristics of the workers and work station that harm the health and safety
of the operator are identified. Through the identification of STPS Standards and
ergonomic principles.

2.- ldentify the area for filling tares, as the station that presents the greatest
risk to the well-being of the worker. For this, evaluations are carried out for the
identification of musculoskeletal injuries and cumulative trauma disorder through
ergonomic evaluation methods.

3.- Design the area for filling defects with ergonomic and safety conditions in
the production process.

4. RESULTS

When carrying out the analysis carried out in the area of tare filling, it was identified
that the movements carried out by the operators are inadequate and are risk factors
in their health and safety, for this the ergonomic design proposal is presented that
should be considered in the production process.

Data collection was carried out for 3 weeks to later present the design
proposal, which will benefit the workers, eliminating unnecessary movements or
operations when executing the tasks, to provide workers with better working
conditions and efficient productivity.

Figure 1. Shrimp tare filling workstation.
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Table 1. Identification of Official Mexican Standards of the STPS.

List of official Mexican Standards applied to the production process of the company

Company: Acuicola Los Ahumada.

Line of business: hrimp milling company (filling tares)

Date: May 22,2023

Standard Yes | No Observations
Official Mexican STANDARD NOM- In the facilities there is no mediator to
011-STPS-2001, Safety and hygiene X reduce the noise that the machinery

conditions in workplaces where
noise is generated.

generates, in the same way the worker does
not use personal protection.

Official Mexican STANDARD NOM-
001-STPS-2008, Buildings,

The company does not have security
conditions in any of its work areas.

premises, facilities and areas in X

workplaces-Safety conditions.

Official Mexican STANDARD NOM- The operators do not have any protection
004-STPS-1999, Protection when using the machinery to carry out their
systems and safety devices in X | activities. Some  personal protective
machinery and equipment used in equipment is not adequate for the type of
workplaces. activity they perform.

Official Mexican STANDARD NOM- Employees do not have preventive health
030-STPS-2009, Preventive health X and safety services within the company.
and safety services at work-

Functions and activities.

Official Mexican STANDARD NOM-

024-STPS-2001, Vibrations-Safety X Employees are exposed to high levels of
and hygiene conditions in the vibration without any vibration.

workplace.

NOM-016-STPS-1993, Relative to The personnel is exposed to high levels of
safety and hygiene conditions in X | humidity without having any means to

workplaces regarding ventilation.

regulate ventilation.

Table 2. Ergonomic principles applied to workstation 1

Principles

Remarks

Principle 2: Use the elbow
height as a reference.

Working at the wrong height leads to vicious positions and
unnecessary strain. Elbow height: Work is carried out at the
height of the elbow whether sitting or standing, above or below
the elbow the effort is greater. Considering the current situation
in the company, which has three work tables with a height of
50, 75 and 90 centimetres, our corrective action is to design
these tables at the height of the elbow of the worker, which is
112 centimetres, so that the worker can develop in the best
possible way and avoid unnecessary effort.
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Principle 4: Find the correct
position for each task.

There are very bad habits with respect to some tasks, therefore,
on many occasions workers do not look for the correct position
to carry out an operation, a very clear example is that on
occasions heavy objects are moved, and when they are lifted,
they do so incorrectly and the back is subjected to the most
pressure. The workshop has a small tool for this task, but it is
not commonly used

Principle 6: Minimise fatigue
Many times workers overtax
their physical capacity by
doing activities that can
cause muscle damage

In addition, sometimes, due to space constraints in the
workshop, workers have to work outside in direct sunlight

Principle 7: Minimise direct
pressure.

The workshop has a work belt, which is rarely used, in fact, it is
used because they feel a pain in their back. Ideally it should be
worn every day to prevent any fractures

Principle 8: Adjustment and
change of posture

No matter how much the worker wants to adjust, it is difficult as
there is no ergonomic table or stretcher available, which affects
the back when carrying out operations under a trolley.

Principle 9: Provide space
and access It is of great
importance that  working
space is provided for each
element and easy access to
whatever is needed.

Therefore, to ensure adequate working space, our corrective
action is to make an efficient distribution in which it is proposed
that the old iron is stored in drums to prevent them from
obstructing the sides of the workshop, as well as moving the
engines and transmissions that are in the central part to the
storage warehouse, with this we intend to avoid accidents at
work and have better space to work comfortably

Principle 12: Improve the
organization of the work If the
tool trolley were well
organized,

The work would be more efficient as we would save time
looking for the tool that is needed. Moreover, this principle is
not fulfilled because the distribution of space is not the most
appropriate.

Duranig the ergonomic assessment, little use of the STPS legal framework

was identified.

The Official Mexican Standard NOM-025-STPS-2008. It is not

applied because of the lighting conditions, there is insufficient lighting for the
minuscule work carried out at the workstation.

The Official Mexican Standard NOM-011-STPS-2001, Safety and hygiene

conditions in workplaces where noise is generated. The workstation does not control
the number of decibels used in the process, exposing the worker to decibels above
90 decibels during the workday. The Official Mexican Standard NOM-001-STPS-
2008 does not have a specific distribution for the processes carried out in the
workshop. The official Mexican standard NOM-015-STPS-2001 sets out the
appropriate conditions for exposure to temperatures. In the workshop they are
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exposed to 42 to 48 degrees, generating an unsatisfactory thermal environment,
causing fatigue and mental exhaustion.

4.1. Application of ergonomic evaluation methods in station 1.

Método R.U.L.A. Hoja de Campo
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Figure 2. Application of the RULA Method in workstation 1

4.2. Design of ergonomic conditions in the work station 1.

The official Mexican Standards were analyzed and the specifications of standard
036 on manual handling of loads are considered, indicating that the maximum mass
that a worker by age and gender can lift or lower is: 25 kg per load, men aged 18 to
45 years old, at the work station they move a load of 35 to 50 kg per tare product.
Another ergonomic condition is the anti-fatigue mat to reduce fatigue for those who
are exposed to 12 hours of work at that work station. As well as modifying the height
of the support bench for tare filling, raising it 10 cm more so that the movement of
the load is more comfortable for the movements made by the operator, and not
generate a disorder of cumulative trauma, DTA or musculoskeletal injuries in
workers.
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4. CONCLUSIONS

The ergonomic analysis allowed to identify the risk factors in the workplace. The
operator performs the work at an incorrect height because the work tables are
outside the elbow height, which is 112 centimeters, in addition to changing the
material handling posture to perform the operations.

The Rapid Upper Extremity Assessment (RULA) and ergonomic principles
help to have a better perspective of the levels of ergonomic risk that affect the health
of the operator in station 1.

The most feasible solution would be to insert an anti-fatigue mat into the work
area, seeking to decrease operator fatigue, as well as suggest that the workbench
be placed on top of a climbing workbench for easy reach.

The benefits offered by the improvement of the workplace for the worker are
very significant in comparison with the design and structure that was considered
previously, since in this way the operator is prevented from having a leaning posture,
working in an uncomfortable way or presenting any type of accumulated fatigue,
which can cause injury. With this modification, the quality of life and the productivity
of the operator would increase, since the worker would be located in a more
comfortable position, which makes the operator a more productive worker, which is
basically what is sought in any company.

Ergonomic analysis identifies risk factors in the shrimp tare filling workstation.
Risks and dangerous conditions for the operator were found, through ergonomic
principles overexertion, pressure on the body, unnecessary efforts, adjustment and
change of inadequate postures were detected, the controls and dashboards do not
have a good visualization, generating confusion in the operators when carry out their
activities.

The ergonomic evaluation indicates the working conditions to which the
operator is exposed when carrying out the tasks. The RULA method evaluates the
postures and risks associated with musculoskeletal disorders due to postural load,
in the activities of the production process. As a result, it indicates a level 5, which
represents a need to redesign the task or work station. Based on standard 036 of
the STPS, ergonomic risk factors were analyzed due to the manual handling of
loads, and presenting a postural risk in the extremities of legs, arms, upper and lower
back. generating fatigue and cumulative trauma disorders.

The improvement proposal for the work area is the placement of anti-fatigue
mats, installing a conveyor belt with separators for the assignment of the tares with
product to the work tables, assigning a distance closer to the operator and can be
within reach , all based on the Official Mexican Standard 001 of STPS for the
redesign of tasks. For the worker, these improvements are significant, avoid bad
postures or present some type of fatigue and low productivity, and do not cause
injuries. With this modification, the operator's quality of life and productivity would be
increased, decreasing staff turnover, generating a more productive operator.
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Resumen Este proyecto fue desarrollado para mejorar el tiempo de investigacion y
analisis del desempefio de los proveedores que tiene una empresa de giro médico
dentro del Departamento de Calidad. Ademas, esto incluye el proceso de toma de
decisiones para evaluar a los proveedores en tiempo en el cumplimiento de un indice
corporativo. Similarmente, se espera disminuir los errores por la falta de informacién
0 por no saber donde obtenerla. En el desarrollo de esta mejora se pretende
implementar una metodologia poco usada en las industrias siendo primordialmente
utilizadas en ambientes escolares, cientificos o psicolégicos. La metodologia de la
Ergonomia Cognitiva, el Comportamiento Informacional y la Teoria de la Actividad
tiene un gran impacto en este proyecto, ya que nos enfocaremos en el ambiente
laboral y seguridad mental de las personas y en su busqueda de informacién para
la toma de decisiones. Los resultados mostraron mejoras en las diversas actividades
del sistema de calidad de proveedores, reduciendo asi principalmente los costos
operativos y el tiempo requerido en las auditorias requeridas para evaluar a estos.
Esto trajo consigo la valia de la metodologia desarrollada para poder mejorar el
comportamiento informativo dentro de dicho contexto.

Palabras clave: Comportamiento informativo, calidad, proveedores, Teoria de la
Actividad
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Relevancia para la ergonomia: El mejoramiento del comportamiento informativo
dentro de procesos de evaluacién de proveedores de calidad es un tema que ha
sido poco estudiado. El presente estudio ha incluido los elementos principales del
sistema de actividad humana donde se consideraron los usuarios del sistema
empleado para llevar a cabo dichas actividades y los proveedores en si. Esto
permitid encontrar la valia en el empleo de nuevos enfoques en la solucién a
problematicas existentes dentro de las organizaciones, buscando mejores
soluciones y en el pleno reconocimiento que éstas son temporales. Aunque esto
sea temporal, éstas, también, forman las bases para futuras intervenciones que
tenga el mismo objetivo sefalado.

Abstract: This project was developed to improve the time for research and analysis
of the performance of suppliers that a medical company has within the quality
department. In addition, this included the decision-making process to evaluate
suppliers on time against a corporate index in this line. Similarly, errors due to lack
of information or not knowing where to obtain it were expected to decrease. In the
development of this improvement, it was intended to implement a methodology little
used in industries, being primarily used in school, scientific or psychological
environments. The methodology of Cognitive Ergonomics, Information Behavior and
Activity Theory had a great impact in this project, since we focused on the work
environment and mental safety of people and on their search for information for
decision making. The results showed improvements in various activities of the
supplier quality system, thus mainly reducing operating costs and the time required
in the audits to evaluate suppliers. This brought with it the value of the methodology
developed to be able to improve the information behavior within mentioned context.

Keywords. Information behavior, quality, providers, Activity Theory.

Relevance to Ergonomics: The improvement of information behavior within
evaluation processes of quality suppliers is a topic that has been little studied. The
present study has included the main elements of the human activity system where
the users of the system used to carry out commented activities and the providers
themselves were considered. This allowed to find the value in the use of new
approaches in the solution of existing problems within the organizations, looking for
better solutions and in full recognition that these were temporary. Although this was
temporary, they also formed the basis for future interventions that should have the
same mentioned objective.

1. INTRODUCTION

Currently, companies invest resources to achieve their objectives and depending on
them, were the arrangements they make to achieve them using minimum resources.
Among the used resources are technological that take various forms as equipment,
machines, facilities, software, etc. However, the use of these technologies brings
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with it challenges in its use. For this, various strategies are deployed to be able to
use everything they offer in order to exploit their capabilities. Here, training is a
commonly used strategy since it allows to be in direct relationship with the user and
the desired technology. In the case of computer systems or software used in
organizations, the training aims to develop the skills required for their best use. This
is the case of the context considered in this study, which it is an organization in the
medical field. This company has strict quality controls in its processes and the
evaluation of suppliers is a necessity to ensure this. This is indicated in the various
regulations that govern their production processes in direct relation to the market in
which they are, or wish to establish them.

One of the competencies or expected behaviors is that related to the seeking,
processing and using information in context. In other words, one behavior that is
directly related to mentioned activities is the information behavior, particularly, that
behavior focused in the context and using the tools that are available to carry out the
expected activities. These tools can be physical or tangible and abstract or
intangible. This behavior is called information behavior and it is expected to be a
crucial behavior in the activities to be done (Eduarte, Alcaina and Meneses, 2018).

In the particular study case in the present investigation, it was the relationship
between the information behavior and the evaluation of suppliers using a computer
system in the activities. The relationship between these resources was discovered
as a result of various existing problems in the supplier evaluation process. This
results on increasing the rate of staff turnover developing these activities, that has
consequently led to an increase in the time spent for it, going from approximately
two weeks to four weeks in average. In addition, a lack of satisfaction was discovered
in the use of the system as the main support tool in the process.

These problematic situations generated the pattern to be able to find the
appropriate ways to change the course of these activities. For this reason, it was
proposed to change the perspective to improve the information behavior in such a
way that it would have an impact on these activities within the supplier evaluation
process. The use of the cognitive ergonomics approach was employed and the
Activity Theory was utilized as a conceptual framework (Garcia, 2017a). On the one
hand, cognitive ergonomics helped on understand how the error can be reduced
through various activities focused on developing the cognitive abilities of the users.
On the other hand, Activity Theory exhibited advantages in the analysis of human
activity (or behavior) under study (Garcia, 2017b), such as the information behavior
is focused on improving the supplier evaluation process. Among those activities
considered errors are: not verifying inventory levels, not verifying the risk
represented by the supplier in updating inventories, not evaluating the quality
performance of its products, not confirming purchase plans considering required
quality levels, not knowing the criticality level of the product provided within the
production process, among others failures.

These situations carried out challenges that were addressed throughout the
project with the aims of reducing the error and increasing collaborators satisfaction.
This was seen as an area of opportunity or tension generated within or between
elements of the activity system or between activity systems. That is, the treatment
of the problems was visualized as areas of opportunity within the language used in
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the context under study. For this, it was necessary to create different expectations
in the users in such a way that it was expected to create new ways of relating
between the users of the system and the organization's providers. It is because there
are regulations that indicated the need to strengthen relations between suppliers and
their customers in order to improve the quality of the products and services between
them (Moreno and Jeno, 2016).

In addition, within the various activities carried out, various problems could be
visualized, among which are: the verification of the raw material, the calculation of
the risk of non-compliance of suppliers, the measurement of the performance of the
quality indicators that the suppliers have, the various activities carried out jointly,
among others problematic situations as explained before. Besides, other situations
were mentioned requiring activities to improvement better practices within the
supplier evaluation system in the use of tools for better performance. For this, the
objective has been defined: to improve the information behavior in the area of
supplier quality by modifying physical and abstract tools using cognitive ergonomics
to reduce the time on the evaluation process of suppliers.

This project showed various limitations. Some of them are those related to
the analysis to be carried out on each of the providers in order to evaluate their
performance. That is, the project was focused on visualizing its level of risk or
noncompliance as a supplier using the evidence that has been generated in relations
with the company, that participated in the study.

Other limitations were the information behavior by each of the collaborators,
who carry out activities related to the mentioned analysis, the object of study, and
the mainly tool used, providing the information required for doing those activities
(Valero and Ponjuan, 2014). The system developed to be able to concentrate the
information from the material supply processes, to the various production processes
was considered the main tool to support information behavior (Infante, 2016) in
context.

Also, other physical and abstract tools were considered such as the instruction
sheets and the training received to carry out the aforementioned activities. This was
also in consideration of the various processes for updating information in the system,
limiting the study.

In the same way, various indicators were developed that could evaluate the
performance of collaborators and internal processes, differentiating, for example,
analysis times, risk calculations, recognition of the type of required evaluation, the
types of formats to be used, the type of documentation to be required from each
supplier according to the product or service it provided, the commitment to allow
follow-up audits, the follow-up in the attention of supplier requests, the cost incurred
by supplier follow-up, among others indexes employed.

The aforementioned indicators were also considered within the company to
measure the performance of the supplier evaluation system itself; however, in the
present study only the indicators of satisfaction in the use of tools and the
effectiveness and time spent by the system in support of follow-up activities were
used. Moreover, the area of supplier quality was considered in the study.
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2. LITERATURE REVIEW

1.1 Information Behavior

The origins of information behavior have been located in Library Science and the
field of readership. Studies on uses of libraries and how scholars utilized information
relative to their work emerged at least 90 years (Wilson, 2010). The research in these
fields included the switch from system-centered to user-centered (Wilson, 2000a;
Rioux, 2004; Case, 2006); that is passing from giving importance to system to user
as principal factor in study. In addition, information behavior served to evaluate
technological tools and relations with users. Moreover, same behavior extended the
studies to information origins that are in physical or electronic form in libraries or
places where users were immersed and used information. This also favored the
individuals as origins of information (Wilson, 1981). Similarly, this recognized the
importance of contexts such as everyday life and work in diverse areas. For instance,
Talja and Hansen (2006) stressed that information behavior can change the course
of the relationships between individuals and their information sources in context. This
is because information behavior offered a concise relationship with contextual and
situational variables, resources and rules to seek, process and use information
(Wilson, 1981).

A consequence of that relation is the information behavior is considered as
an umbrella term. This is seen when the terms information behavior and information
practice are used interchangeably (Savolainen, 2007). However, Savolainen (2007)
argues that despite both terms are used in the same form, there is a difference in
relation to the approach in which they are conceived. He pointed out that information
behavior is conceived in the cognitive approach and the information practice, in the
social constructionist approach. That is, information behavior is considered as a
product of the mind and information practice, a product of the social interactions
between individuals. Therefore, it is important to consider that information behavior
and information practice are mutually related, so both the cognitive and the social
perspectives are considered in this study in order to give relevance in context. This
is because the cognitive approach can help to understand the behavior in context
and the social constructionist approach, the collaborative nature of massive
production using information behavior as the principal means.

1.2 Activity Theory

This meta-theory helped to discover knowledge within the environment even when
individuals are unaware of its existence and provided the theoretical, methodological
and practical grounds to study the information behavior in the mentioned context.
Here, the awareness of an activity (or behavior) is a product of itself (Wilson, 2008)
and works by studying it holistically (Wilson, 2006). Also, this activity results from its
continuous realization and its interactions and human experiences with other
individual beings and the surrounding environment directly influencing itself. In
addition, the activity is aimed at achieving objects or objectives (Mwanza, 2002) to
generate results (Kaptelinin and Nardi, 2006). On the other hand, this theory
considers that individuals have a social nature and are directly influenced by the
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culture, language, and behavior of other individuals located in the surrounding
organizations, which may be the family, communities, groups, among others (Allen
et al, 2011).

These assumptions helped to understand the motivations of commented
behavior that can be cognitive (generated inside the human being) and social
(generated externally). These motivations determine the goals to be achieved and
are affected by existing environmental conditions. The goals, in turn, are composed
of actions aimed at achieving goals. Similarly, actions are carried out by operations
performed automatically or routinely under stable environmental conditions.
Otherwise, if conditions are unstable, trades become stocks to the point where
conditions are stable again and stocks are once again converted to trades. This is a
cycle of human activity that is repeated in direct relation with the environmental
conditions, but capturing its essence is a challenge that was carried out in the routine
operation of the context.

In addition, the theory suggests that all activities are governed by the following
principles: all human activity is collective, mediated by artefacts or tools, and goal-
oriented; there are multiple opinions; it has a history resulting from transformations
carried out over time; the tensions and contradictions are the origin of those changes
thus developing said activity; and this can have various transformations of expansion
resulting in changes and innovations as a result of the accumulation of tensions and
contradictions. The latter can be located in each element of the activity (primary);
related to each other (secondary); related between the motives/objects of a central
element of a system and the motives/objects of a culturally more advanced element
(tertiary); and related between the central activity and other close (quaternary)

activities (Engestrom, 1987).

Rules and Norms < > < > Division of
Community Labour

Figure 1. Human activity system

Tools:

Motivation Subject (s)

>

Likewise, the theory gave the basis to find and use each element of the human
activity system or behavior under study. These are: which subject(s) carry out the
activities, what are their objects, what tools (mental and/or physical) are used to
mediate the activity, which community is involved, what rules and norms of
interaction they follow, how they divide the work and what is the expected result
(Engestrom, 1987), see figure 1. In the same way, this theory helped to make sense
and understand the information collected, this is why the activities must be
understood through what people do and because it does (Kaptelinin, 2005).
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Additionally, its understanding was holistic based on its dynamism and complexity
with a close relationship with its environment, providing conditions to interpret and
study the activities in its natural environment (Denzin and Lincoln, 2000). This was
through the support of methodological strategies for the collective case study,
increasing their knowledge with analytical and non-statistical generalizations (Yin,
20009).

3. METHODOLOGY

In the search for knowledge of the information behavior within the area of supplier
quality, the following considerations were made, that consisted of:

5. Activity Theory was used as the conceptual framework where each element of the
human activity system has been discovered within the context. For this,
interviews, review of various documentation used and routine observation of the
activities carried out were used. Here, the various problems that were present
were also exposed. In the same way, a delimitation of the activities to be carried
out was made in order to focus on gathering the data that was analyzed later.
Within this section, the search for indicators that define the decision-making
process was necessary and relevant. Particularly, those related to the use of the
computer system that supported the activities in the area and the various sections
or elements of it.

6. Once with the data was collected, the analysis begdan in reference to the human
activity system and the information behavior as an activity under study. Each of
the factors was discovered within the collected information from the methods.
Here. the relationships between these elements were discovered and the impact
that can be had on the activity under study. Within this analysis, the indicators of
satisfaction using the tools and the effectiveness and time spent in the use of the
system by evaluating the suppliers were considered.

7. The result of the previous stage led to the suggestion of changes in the sections
or subsystems, among which are the accounting of non-conformities in the
suppliers, the elements under study to carry out the evaluation of the supplier and
those related to the type of service or product they provided. These tools were
declared as physical and abstract tools and in which improvements were
implemented, thus seeking to directly or indirectly impact information behavior.
Likewise, the discovery of areas of opportunity revealed that cognitive aspects
can be considered to achieve commented improvements. Particularly,
perceptions are the central part to be achieved in order to have a direct impact on
the decision-making process or the use of information that allows the evaluation
of suppliers. In addition, the mentioned indicators were the focus in the study.

8. Once the materials were developed in the physical and abstract tools, tests were
carried out in their use in order to seek continuous improvement of them. In the
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same way, the activities where they were used and in consideration of other users
were visualized to understand the context of use and the impact on the decision-
making process from the perspective of their use. The individual contribution was
relevant for the improvement of the main tool by developing future tools in order
to improve cognitive abilities through training. In itself, these activities are to
generate processes of continuous improvement from the cognitive perspective
and enriching the informative behavior. In addition, the use of the system and
making changes in relation to the suggested improvements by the users were
relevant to the achieve of the objective.

4. RESULTS

The results of the study were in accordance with the stages indicated above. In the
first instance, the human activity system using the Activity Theory as a conceptual
framework was developed, where each element of the system was discovered and
indicated. This allowed the visualization of the existing relationships between each
of the elements and the generation of human activity systems of certain types. Here,
suppliers added information enriching the study particularly on giving the basis for
creating a secondary activity system on quaternary level. On the other hand, the
aforementioned indicators such as satisfaction in the use of tools and the
effectiveness and time spent by the system in support of the monitoring activities
generated the necessary basis to make improvements in the system used. Each part
was improved using the Cognitive Ergonomics paradigm, managing the reduction of
the resources used in the activity system.

Hence, the modification of the different parts of the system used in the
evaluation of suppliers. Initially, several changes were suggested, including the
information capture order, the display order of the directories and information
sections, the change of colors in the various sections of the system indicating the
suggested order to capture information and the suggested use of the contents,
among other changes. Also, it was possible to make changes in the classification of
suppliers based on their real evaluation needs and showing the needs of the
production processes in real time and according to the sales forecast.

In the same way, on the other hand, satisfaction surveys of users or
collaborators were carried out using the system and relations with suppliers, where
an increase in the index of 15% indicating strength relationships with suppliers. It
was found that the information collected clearly delineated the areas of opportunity
and/or desired improvements within the system and aids in the evaluation process
of suppliers. From the above, seven areas of opportunity arose inside and outside
the company, but within the system of work with suppliers. In this line, the
collaborators were participants in the evaluation of the suggested changes and
during the implementation phase, thus reducing the implementation time and use of
the improvements. This had a direct impact on the improvement of the information
behavior, decreasing the service time required in the evaluation activities of the
suppliers. The time was reduced and controlled in 10 days on average dedicated to
their audits. This represented a substantial reduction in operating costs related to
supplier quality costs.
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The work carried out on the improvements, in turn, increased the satisfaction
not only of the collaborators but also, as a side effect, the satisfaction of the suppliers
by using clear information requirements, that could help on improving their service
offered to clients. That is, the improvements were focused on the operation of the
company and there were additional benefits in the improvement of commercial
relations with suppliers. Here, it was a full recognition of the human activity of
information behavior inside and outside the organization obtaining benefits in both
directions. That is, the recognition of the needs of both parties were a crucial part in
the development of the study and the results obtained. This brought with it the
recognition of information management that directly impacted in the operation of
customer and supplier systems.

5. CONCLUSIONS AND RECOMMENDATIONS

The proposed objective was achieved by improving the information behavior by
modifying the physical and abstract tools used in the evaluation of suppliers, thus
reducing service times. This brought some improvements in various elements of the
activity system used as the basis for the analysis. For example, user satisfaction was
one of the main activities of the project and this transcended in a way that the
suppliers were benefited from the improvements proposed and carried out. Mainly,
a point of interest was the full recognition of the achievement of organizational
objectives, which overlapped in a sense that this generated conditions to improve
the entire system.

Also, this improved working conditions by reducing service times for suppliers
in their evaluation and in the implementation of improvements in the different
processes that involved them. That was at the individual and collective levels in
reference to the users, and at the organizational level in full recognition of the needs
of the organization and its suppliers. Besides, the recognition of the human factor
was essential to carry out this study and the various phases that were carried out
exhibited this perception.

In the same way, it was discovered that several improvements are needed in
other processes supporting the relationships with the suppliers. Therefore, it was
mentioned that the basis for these improvements were generated and the human
activity system has been modified considering other elements of the organization. In
the same way, other activity systems have been developed at other levels for
creating systems at various levels to complete an entire viewpoint of the organization
and those that are in its level of influence.
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Resumen: EIl siguiente trabajo consiste en la aplicacion de un programa de gestion
ergonomico en la empresa dedicada a la produccion de tortillas, con el objetivo de
identificar y reducir los niveles de riesgo en las cinco estaciones que del proceso de
elaboracion de tortillas de harina. Se realizaron visitas al establecimiento para obtener
informacion sobre el proceso de produccién de tortillas y se registraron imagenes y videos
gue permitieran observar con claridad los movimientos de cada uno de los trabajadores.
Se llevaron a cabo evaluaciones ergondmicas como son los métodos Art, Mac y Rapp
Tool, asi como el método postural RULA y el método para obtener el gasto metabdlico de
energia de todas las estaciones, esto con el fin de identificar los factores de riesgo
presentes en cada una de las estaciones para proponer mejoras que permitan reducir el
nivel de riesgo de las tareas. Las evaluaciones para las estaciones 3,4 y 5 se tomaron en
cuenta al trabajador més alto y el mas pequefio, con la finalidad de identificar el nivel de
riesgo para ambos casos. Como resultados se obtuvieron que la estacion 1 en funcion de
RULA y Mac indica un riesgo alto (rojo) en la posicién de amasado y Mac riesgo medio
(naranja) en el transporte y carga de la cubeta de agua y un riesgo alto (rojo) para la
carga y transporte del costal, la estacion 2 se categoriza en riesgo bajo (verde) para
ambos brazos. La estacion 3 cuenta con riesgo bajo (verde) mientras que el transporte de
charola muestra un riesgo medio (naranja) segun Mac. La estacién 4 en base Art indico un
riesgo medio (naranja) para el lado derecho y riesgo bajo (verde) para el lado izquierdo,
por ultimo, la estacion 5 en funcién del método Art indico un riesgo medio en sus labores a
excepcion del brazo izquierdo del trabajador de estatura baja. En base los resultados, se
plantearon propuestas de mejora con ayuda de una simulacién para el redisefio y apoyo
de cada una de las estaciones de trabajo.

Palabras clave: Ergonomia, evaluacion ergondémica, salud, lesiones, riesgo.

Aportacion a la Ergonomia: Aplicacion de un programa ergonomico
demostrando la importancia y la presencia de la ergonomia en empresas como es
una tortilleria, analizando y midiendo los niveles de riesgo que se presentan en el
proceso de fabricacién. De esta manera los trabajadores puedan desenvolverse
en un ambiente comodo que les permite ser eficientes en sus labores.

Abstract: The present study consists of the application of an ergonomic risk
management program in the company dedicated to the production of tortillas, with
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the aim of identifying and reducing ergonomic risk levels in the five workstations of
the flour tortilla production process. Visits were made to the establishment to obtain
information on the production process and images and videos were recorded to
clearly observe the movements of each of the workers. Ergonomic evaluations
were carried out such as the British Art, Mac and Rapp Tool methods, as well as
the RULA postural method and the method to obtain the metabolic expenditure of
energy of all the stations, this in order to identify the risk factors present in each of
the stations to propose improvements that allow reducing the level of risk of the
tasks. The evaluations for stations 3,4 and 5 were considered the tallest and
smallest worker, to identify the level of risk for both cases. As results, it was
obtained that station 1 based on RULA and Mac indicates a high risk (red) in the
kneading position and Mac medium risk (orange) in the transport and loading and
loading of the water bucket and a high risk (red) for loading and transporting the
sack, station 2 is categorized as low risk (green) for both arms. Station 3 has a low
risk (green) while the transport of tray shows a medium risk (orange) according to
Mac. Station 4 in Art base indicated a medium risk (orange) for the right side and
low risk (green) for the left side, finally, station 5 according to the Art method has a
medium risk in their work except for the left arm of the short worker. Based on the
results, proposals for improvement were proposed with the help of a simulation for
the redesign and support of each of the workstations.

Keywords: Ergonomics, ergonomic evaluation, health, injuries, risk.

Relevance to Ergonomics: Application of an ergonomic program demonstrating
the importance and presence of ergonomics in companies such as a tortilla shop,
analyzing and measuring the levels of risk that arise in the manufacturing process.
In this way, workers can function in a comfortable environment that allows them to
be efficient in their work.

1. INTRODUCTION
1.1. Background

According to the International Ergonomics Association (IEA, 2015), ergonomics is
the application of scientific knowledge to design work, systems, products, and
environments that fit the physical and mental capabilities and limitations of
individuals. Its presence in companies has been increasing due to the prevalence
of musculoskeletal injuries caused by poor posture, repetitive movements, among
other factors. Its application aims to ensure that workers do not suffer injuries from
the postures, movements, or forces exerted during their workday.

An ergonomic risk assessment becomes highly important, as it allows for the
identification and control of risks associated with tasks involving repetitive motions,
uncomfortable postures, and excessive strain on the human body. When
evaluating ergonomic risks in the process, we can pinpoint problematic areas and
take measures to reduce or even eliminate risks. In addition to safeguarding the
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health and well-being of workers, it can also contribute to enhancing worker
efficiency and productivity.

The Tortilleria is a microenterprise dedicated to the production and sale of
corn and flour tortillas, founded in January 2003. It started as a small establishment
operating from a private residence with only one employee.

The objective of this study is to conduct an ergonomic evaluation of the
various workstations within the company, identifying and analyzing working
conditions in order to detect, prevent, and mitigate potential occupational hazards
that could impact both the well-being of the workers and the efficiency of the
workplace.

1.2. Process Description

This study focuses on the process of making homemade-style flour tortillas, which
consists of the steps illustrated in Figure 1.

STATION 1 STATION 2
Preparation of Dough-ball
dough making

STATION 5 STATION 4 STATION 3
Packing Cooking Crushed

Figure 1. Block diagram: tortilla production process

1. Dough Preparation: Wheat flour, water, salt, and shortening are mixed, and
a kneading machine is responsible for thoroughle blending the mixture until
the desired consistency is achieved (Figure 2).

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. PAGINA 170



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 16 | 2023

Figure 2. Station 1: dough preparation

2. Dough-ball making. With the assistance of a rounding machine, the dough is
placed into the hopper to form small, equally sized dough balls, which are
then place onto trays. During this step, the dough is loaded into the machine
In specific quantities base on its capacity (Figure 3).

Figure 3. Station 2: dough-ball making

3. Ball Flattening: The trays are taken to a machine where each dough ball is
flattened. The dough ball is placed in the flattening machine, which
automatically presses it just once, resulting in the shape of a tortilla (Figure
4).
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Figure 4. Station 3: crushed

4. Cooking: The tortillas are transferred to a griddle, where they are flipped
approximately 3 times each using a spatula to ensure thorough cooking
(Figure 5).

Figure 5. Station 4: cooking

5. Cooling and Packaging: Once cooked, the tortillas are transferred to a
cooling table, where they rest for a few minutes under direct air. Once they
have cooled completely, they are packed in sets of 12 pieces in a clear
plastic bag. It is important to note that Tortilleria has no prior history of
implementing ergonomic risk management programs in the company,
making this the first time such a program is being introduced (Figure 6).

Figure 6. Station 5: packing and cooling

2. THEORETICAL FRAMEWORK

2.1. Ergonomic Evaluation Method
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Ergonomic evaluation methods allow for the assessment and analysis of
ergonomic risks in workplaces. These methods focus on the relationship between
the worker and their work environment, aiming to identify factors that can lead to
musculoskeletal injuries, fatigue, stress, discomfort, and other work-related health
issues. This is achieved through direct observation of work postures, body
movements, physical task requirements, worker-environment interactions, and
other relevant factors. Subsequently, redesign options are proposed to mitigate the
level of risk (Diego-Mas & Jose Antonio, n.d.).

2.2. Related Works

Researching works with some similarity to the ergonomic risk management project
within Tortilleria, a compilation of research and applications by the Ergonomists
Society of Mexico, A.C was found, focusing on occupational ergonomics. Among
its content is the "Analysis and Ergonomic Evaluation of Tortilla Cutting Activity in a
Corn Products Factory" in the city of Tijuana, B.C. The objective of this study is to
determine the risk level of developing musculoskeletal disorders within the corn
products factory. For evaluation, ergonomic assessments like REBA and Suzanne
Rodgers are implemented. For the REBA assessment, Ergonautas software is
used, while Suzanne Rodgers' method employs an Excel-based evaluation.

The results obtained (Vol, 2022) using REBA indicate a high risk with a
score of 10 for the left side and a very high risk with a score of 11 for the right side.
This assessment suggests that immediate actions are necessary to reduce the
high level of risk. On the other hand, the evaluation conducted using Suzanne
Rodgers' method identifies body areas with a high level of muscular fatigue and
high priority for modifications, such as shoulders and back. Neck, arms, and
elbows are at a medium risk level, while the remaining areas are at a low risk level.

Finally, the team recommends machinery redesign to accommodate the
measurements and reach of the majority of the male workforce in this case.
Additionally, they propose establishing schedules for machinery use, indicating
breaks for workers, and even considering alternating with other operators to reduce
task repetitiveness and associated fatigue.

3. METHODOLOGY

The necessary steps were followed for the implementation of an ergonomic
program.
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Figure 7. Diagram: ergonomic evaluation process

During the diagnostic phase, the OSHA (Occupational Safety and Health
Administration, 2018) checklist was utilized. The conducted diagnosis revealed that
all 5 workstations exhibit ergonomic risk factors related to posture, while the first
and third workstations present risks associated with manual material handling.

Regarding the level of risk obtained for each workstation, the results are
presented in Table 1:

Table 1. Risk level stations 1-5

No. De Nivel de riesgo

estacion

3.1. Ergonomic Evaluation Procedures.

Table 2 outlines the methods employed to conduct the ergonomic evaluation for
each workstation.
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Table 2. Selection of ergonomic evaluation methods.

— (.j,e Operacion gt d_e, Método
estacion evaluacion
1 Preparacionde la | hra \ivMy GME | Mac Tools y RULA
masa
2 Boleado DTAy GME Art Tools
3 Prensado DTA, MMMy GME | ATt To0ls y Mac
Tools
4 Coccion DTAy GME Art Tools
Enfriado y
5 empaque DTAy GME Art Tools

4. RESULTS

Stations 3, 4, and 5 were analyzed for two specific cases: the tallest and the
smallest workers, with the intention of identifying the risk level for both scenarios.
To determine the risk level, the worst-case scenario was considered, which is the
evaluation indicating the highest risk level.

4.1. Ergonomic evaluation
4.1.1 Station 1: Dough Preparation

For the postural aspect (right side), RULA (McAtamney, 1993) was used, resulting
in a score of 5, suggesting the need for further study and prompt modifications.

Regarding Manual Material Handling (MMM), utilizing MAC Tools (HSE
(Health and Safety Executive), 2003), it is divided into two parts: the first involves
lifting a bucket of water (17 kg), transporting it, and lifting it again. The first lift for
transport yielded a score of 6, while the transportation scored 9, and the final lift to
deposit the bucket scored 8. Although all three activities are of low-risk category,
corrective actions are required based on the MAC scores.

The second part involves lifting and transporting a flour sack (44 kg). Like
the bucket, this also involves two lifts and one transportation. The first lift for
transport yielded a score of 18, transportation scored 21, and the final lift to deposit
the flour yielded a score of 14. For the first and second flour sack lifts, scores of 18
and 14 respectively were obtained, warranting prompt corrective actions. The
transportation of the flour sack obtained a score of 21, demanding immediate
corrective actions.
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4.1.2 Station 2: Dough Rounding

In this station, both arms were evaluated for the postural aspect using ART Tools
(HSE (Health and Safety Executive), 2010), resulting in a score of 9.5 for both
arms. This indicates a low risk level according to the method's scale, but with some
factors that could be improved, such as repetition.

4.1.3 Station 3: Pressing

For both ends, both arms were evaluated for the postural aspect using ART Tools
(HSE (Health and Safety Executive), 2010), resulting in a score of 6.5. This
signifies a low risk level according to the method's scale, but with certain areas for
improvement, such as repetition.

For MMM in this station, evaluated using MAC Tools (HSE (Health and
Safety Executive), 2003), two types of actions were considered: lowering when
picking up a tray from the rack where the dough rests, and transportation to the
workstation. The first activity scored 8, and transportation scored 7. Both are
considered lower-risk activities, but they require corrective actions.

4.1.4 Station 4: Cooking

Similarly, we evaluated both ends of the operators and both arms for the postural
aspect using ART Tools (HSE (Health and Safety Executive), 2010). For the taller
operator, the left arm scored 8.25, and the right arm scored 15.75. For the shorter
operator, the left arm scored 9, and the right arm scored 16.5.

For both the taller and shorter operators, a low exposure level was obtained
for the left side, while the right side had a high level of exposure. Therefore,
immediate further investigation is required for Station 4.

4.1.5 Station 5: Cooling and Packaging

For Station 5, there are three tasks: arranging, gathering, and packaging. ART
Tools (HSE (Health and Safety Executive), 2010) were used for evaluation,
considering both ends and both the left and right arms.

The first activity, arranging the tortillas, resulted in scores of 14 for both
arms of the taller operator, and scores of 13 for the left arm and 18 for the right arm
of the shorter operator.

The gathering activity yielded scores of 8 for the left arm and 16 for the right
arm of the taller operator, and scores of 9 for the left arm and 18 for the right arm
of the shorter operator.

Lastly, the packaging activity for the taller operator resulted in scores of 15
for both arms, while the shorter operator obtained scores of 14 for both arms.

Consequently, all evaluations presented a medium exposure level,
indicating that Station 5 has a medium risk level and requires further investigation.
Below is a table summarizing the results obtained, with "I" denote the left side and
"D" denoting the right side.
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Table 3. Results of the ergonomic evaluations

RULA
MAC Tools
1 (cubeta)
MAC Tools

(costal)

2 ART Tools

ART Tools
(estatura
alta)
ART Tools
(estatura
baja)
MAC Tools
(charola)
ART Tools
(estatura
alta)
ART Tools
(estatura
baja)
ART Tools
(Acomodar-
estatura alta)
ART Tools
(Acomodar-
estatura
baja)
ART Tools
(Juntar-
estatura alta)
5 ART Tools
(Juntar-
estatura
baja)
ART Tools
(Empacar-
estatura alta)
ART Tools
(Empacar-
estatura
baja)

4.2. Metabolic Energy Expenditure
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The results of the application of the AMMA method (SEMAC, n.d.) are presented in
Table 4.

Table 4. Results of the AMMA method.

No. de estacion | Edad | CTF GME Método

Estacion 1 30 6.33 3.24 CTF > GME

Estacion 2 30 9.11 3.09 CTF > GME

40 5.94 3.1 CTF > GME

Estacion 3
50 5.69 3.1 CTF > GME
40 5.94 2.475 | CTF > GME
Estacion 4
50 5.69 2.965 | CTF > GME
40 5.94 3.02 CTF > GME
Estacion 5

50 5.69 3.02 CTF > GME

In all workstations, the total metabolic energy expenditure is lower than the
physical work capacity, indicating that the work falls within the limits of the workers'
physical capacity.

5. PROPOSED IMPROVEMENTS
5.1. Engineering Controls

¢ Anthropometric redesign of all workstations.

e Step stool for shorter individuals to reach the worktable.

e Footrest mats for all workstations, as operators remain standing throughout
their shift.

¢ Relocate the sink, placing it at 4 meters or less from the dough preparation
station.

e Move the sacks closer to the station, reducing the distance traveled to
transport the load.

e Use of a shovel at the kneading station to prevent excessive back bending
when moving the dough.

e Implementation of the 5S tool to maintain a clean and well-organized
workspace.
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5.2. Administrative Controls

e At Station 1, where a load equivalent to a 44 kg sack is handled, it's
necessary for this sack to be manipulated by two individuals.

e Hire a second person for Station 4, so that between the two workers, they
can flip the tortillas for proper cooking, thereby reducing repetitions by a
single worker.

e Employ a second person for Station 5. One person would be responsible for
receiving and distributing tortillas on the cooling table, while the second
person would handle the packaging.

5.3. Personal Protective Equipment

Proper use of the following personal protective equipment to maintain personal
hygiene and ensure a manufacturing process free from contaminants:

e Hairnet.

o Cap.

e Face mask.

e Apron.

6. EVALUATION OF IMPROVEMENTS

The evaluation of improvements was carried out through a simulation of the new
workstations.

Figura 8a. Simulation station 1 MMM flour bag as a team
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Figura 8b. Simulation station 1 MMM Bucket Loading as a team

Figure 8c. Simulation station 1: kneading

Figure 9. Simulation station 3: pressing
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Figure 10a. Station 4 simulation: cooking
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Figure 10b. Station 4 simulation: cooking

Figure 11. Simulation station 5: packing and cooling

The evaluations for each station were conducted once again, considering
the proposed improvements (Table 5). A new method, RAPP Tools (HSE (Health
and Safety Executive), 2016), was used.

7. DISCUSSIONS

This evaluation focused on the process of making homemade-style flour tortillas,
which is divided into 5 subprocesses: dough preparation, rounding, ball flattening,
cooking, and cooling and packaging. The assessment was carried out for
ergonomic risk factors such as repetition, postures, and efforts. While
iImprovements were proposed to achieve low risk levels in the workstations, there
are still opportunities for further enhancement.

8. CONCLUSIONS

The implementation of the ergonomic program within Tortilleria allowed for the
identification of risk factors present in each workstation involved in the flour tortilla-
making process. This was accomplished through evaluations using various
ergonomic methods, including postural assessments, manual material handling,
and metabolic energy expenditure. This process facilitated the identification of
workstations with higher risk levels. Thanks to the proposed engineering and
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