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Prefacio

Este afio, al parecer, vemos una luz al final del camino. Al parecer la pandemia esta
cediendo en nuestro pais y son buenas noticias debido a que podemos regresar a las aulas
maestros y alumnos y seguir con nuestras investigaciones.

Este afio, la pandemia nos afecto en cuanto al numero de trabajos publicados,
afortunadamente los trabajos publicados, como cada afio, han subido en calidad y se
muestra como se ha ayudado a nuestros companeros operadores de linea y alumnos.

Otra buena noticia es que ya se iniciaron los trabajos, por parte de la Secretaria del
Trabajo y Prevision Social, con la continuacién de la Norma Oficial Mexicana 036-2, que
corresponde a los trabajos repetitivos y han sido convocados a trabajar en dicha norma
nuestros colegas y amigos los doctores Carlos Espejo y Octavio Lopez, y estamos seguros
que sera en beneficio de la Sociedad Mexicana.

Los editores, arbitros y comité académico, a nombre de la Sociedad de Ergonomistas de
México, A.C., agradecemos a los autores de los articulos aqui presentados su esfuerzo, e
interés por participar y compartir su trabajo y conocimientos en este nuevo libro. También
agradecemos a los autores provenientes de muy diversos lugares y formaciones su
valiosa aportacién que estamos seguros derivara en el avance de la ergonomia en las
Instituciones de Educacion Superior y en la planta productiva nacional y mundial.

Enrique de la Vega Bustillos
Presidente SEMAC 2002 - 2004

SOCIEDAD DE ERGONOMISTAS DE MEXICO A.C.

“Trabajo para optimizar el trabajo”
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Resumen: Actualmente, el sector industrial crece constantemente respondiendo a
la demanda de procesos de disefio de productos para la manufactura aditiva (MA).
El desarrollo del disefio de un producto se considera importante en la gestién de
proyectos de MA, ya que diversas acciones son llevadas a cabo por los disefiadores,
los gestores del disefio del software y los operadores de los equipos. Sin embargo,
las malas practicas en el proceso contribuyen a los errores humanos. Estos pueden
generar problemas mayores como el desperdicio de material y energia, pérdidas
econOmicas entre otros efectos (Song y Telenko, 2017).

La Ergonomia Cognitiva es la rama de la Ergonomia que estudia los procesos
por los que el ser humano procesa y analiza informacion sobre todos los aspectos
del trabajo humano, teniendo como componentes esenciales la toma de decisiones,
el aspecto perceptivo, el andlisis de la informacion y la motricidad (Cafias, 2001).
Su proposito es estudiar las actividades y proceso mentales sobre el desempefio
del ser humano en situaciones rutinarias, tareas cognitivas, interacciones hombre
maquina, entre otras y tiene métodos para estudiar estos procesos (Benito, 2008).
Entre ellos estan los métodos de andlisis, identificacion y evaluacion del error
humano (Marchito, 2011).
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Asi, el error humano es uno de los aspectos mas importantes a estudiar
dentro de la Ergonomia Cognitiva. Se define conceptualmente como "cualquier
conjunto de acciones o actividades humanas que exceden algun limite de
aceptabilidad, es decir, una accion fuera de tolerancia en la que los limites de
rendimiento son definidos por el sistema" (Di Pasquale et al., 2015).

Palabras clave: Error humano, Manufactura aditiva, Conducta Humana, Procesos
de disefio, Producto.

Relevancias para la ergonomia: A través de este trabajo abre la puerta a futuras
investigaciones para determinar los problemas que existen, causados por el
manufacturador dentro del area de Manufactura aditiva.

Abstract: Currently, the industrial sector is constantly growing in response to the
demand for product design processes for additive manufacturing (AM).
Developments of a product design is considered important in the management of
AM projects, as various actions are carried out by designers, software design
managers and equipment operators. However, poor practices in the process
contribute to human errors. These can generate major problems such as material
and energy waste, economic losses among other effects (Song and Telenko,
2017).

Cognitive Ergonomics is the branch of Ergonomics that studies the processes
by which human beings process and analyze information about all aspects of human
work, having as essential components decision-making, perceptual aspect,
information analysis and motor skills (Canas, 2001). Its purpose is to study the
activities and mental processes on human performance in routine situations,
cognitive tasks, human-machine interactions, among others, and has methods to
study these processes (Benito, 2008). Among them are the methods of analysis,
identification and evaluation of human error (Marchito, 2011).

Thus, human error is one of the most important aspects to study within
Cognitive Ergonomics. It is conceptually defined as "any set of human actions or
activities that exceed some limit of acceptability, i.e., an out-of-tolerance action in
which performance limits are defined by the system" (Di Pasquale et al., 2015).

Keywords: Human Error, Additive manufacturing, Human behavior, Design
processes, Product.

Relevance to Ergonomics: Through this work, it opens the door to future
research to determine the problems that exist, caused by the manufacturer within
the Additive Manufacturing area.

1. INTRODUCTION

In their eagerness to obtain more accurate results, decision makers have to look for
alternatives that propose better solutions to the presentation of a problem. Thus,
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engineers, designers and managers are given the task of obtaining and processing
information that can give them the opportunity to exercise clear and objective
judgments in situations involving multifactorial phenomena or low objectivity. To this
end, Cognitive Ergonomics is the branch of Ergonomics that studies the processes
by which the human being processes and analyzes all aspects of human work,
having as essential components decision-making, the perceptual aspect, the
analysis of information and motricity. The purpose of which is to prevail in mental
activities on the performance of professionals in routine situations (Benito, 2008),
and has methods to study these processes. Among them are the methods of
analysis, identification and evaluation of human error. Marchito (2011) defines that
the approach to human error was influenced by Cognitive Ergonomics since it arose
from addressing the phenomenon of human behavioral failure, defining a taxonomy
that helps to identify and interpret the error itself. Thus, human error is one of the
most important aspects to be studied within Cognitive Ergonomics. It is defined
conceptually as "any set of human actions or activities that exceeds some limit of
acceptability, i.e., an out-of-tolerance action in which performance limits are defined
by the system" (Swain, 1986). Similarly, Hollnagel, (2005) proposes to consider
human error as "an identifiable human action that, in retrospect, is considered to be
the cause of an undesirable outcome”. In either case, a human error implies a
deviation from an expected result. In other words, the deviation generally manifests
itself in manufacturing as a quality problem (Torres, 2020).

In The historical evolution of industrial systems, technology, and automation
for the design and elaboration of products, Marchitto (2011) reports on the
substitution of the human operator in risky, tedious, physically demanding activities,
transforming said operator into a key participant in automatic process monitoring. In
addition, this author points out that as a consequence of the above, the reduction of
execution errors in many cases, such as additive manufacturing, has inevitably been
replaced by an increase in other types of errors such as those of evaluation,
forecasting, and maintenance of automatic systems. In such a way that with the
human factor, it continues to be identified as responsible for 70% of product
problems and accidents. He also states that the reasons most likely lie in the fact
that it is not so much the level of automation of a system that determines the
presence and absence of erroneous or incorrect behaviors, but rather the set of
factors that affect and regulate human performance. In certain systems: these
factors are related to the organization, its culture, its policies, its procedures, and its
practices. Other authors such as Turjanski (2016) mention that responsibility goes
beyond the operator's failure. Thus, the operator's "human error" would no longer be
treated as the key factor to explain the facts, but rather as the supervisor's "human
error”. , or the manager, who can explain what happened in a greater degree of
"depth.” In other words, the error of the first-line operator is no longer associated
with a psychological precursor, nor with another error within the hierarchical chain,
but with the design of the nearby work context and, upstream, with the problems of
“organizational design”.

Human error is here to stay (Taylor et al., 1995) this perhaps obvious
statement has a deeper implication if we consider how common human errors are in
everyday life and in the work environment. The vast majority of today's catastrophes
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arise from a combination of small events, system failures, and human errors that
would be irrelevant individually, but when combined in a special time sequence of
circumstances and actions, can lead to unrecoverable situations (Di Pasquale et al.,
2015). Several researchers have focused on the concept of human error in order to
understand, evaluate and identify possible actions to limit it. The evidence that
human actions are a source of vulnerability for industrial systems gave rise to human
reliability analysis (HRA), which aims at a closer examination of the human factor by
predicting when an operator is most likely to fail (Di Pasquale et al., 2015).

The selection of a suitable process within additive manufacturing to
manufacture a product design in its final phase is an important issue in MA design.
One of the many types of approaches to AM process selection is based on user
criteria decision making. Most user decision-based approaches have the advantage
of taking into account the relative importance of types of product design performance
parameters. However, they are not entirely satisfactory, since they do not have the
ability to reduce the influence of the deviation of the values in the performance
parameters on the result of the final product, these risks are usually visible according
to the attitudes of the users in decision making (Yuchu Qin, Qunfen Qi et al., 2020).

That is, an important factor in user decision making for the product in the use
phase of additive manufacturing is often a trigger for environmental impacts in the
life of products due to energy and material consumption. These inappropriate human
behaviors could increase environmental impacts during the use stage of the product
design life cycle (Song and Talenko, 2019).

On the other hand, additive manufacturing is defined by building a volume
layer by layer, from a CAD file, and has the advantage of producing parts of high
complexity, good dimensionality and with a wide range of materials. The Origin of
MA has presented several benefits the increasing demand for manufacturing
components with complex designs has caused a revolution in manufacturing
methods. Additive manufacturing stands out as a promising technology when it
comes to prototyping multi-functional and multi-material designs (Jin, Z et al., 2020).
However, it also has certain drawbacks.

Among them are the low production volumes, small dimensions, cost and low
manufacturing speed (Ledn et al., 2020). Other factors being different variations in
the parameters of 3D printed design samples due to damage properties and
deformation behavior, this is a matter of considerable importance that is often
overlooked (Webbe Kerekes et al. , 2019). Its beginnings began in 1984, Charles
Hull invented the method of Stereolithography (SLA), it was a printing process aimed
at making models to test prototypes before taking them to the assembly line, That
same year he created the company 3DSystems, from this mode allowed the
industrial use of the 3D printing process. Later in 1990, Scott Crump founded
Stratasys developing a new 3D printing technology, FDM (Fused Deposition
Modeling), with which it was possible to create three-dimensional objects thanks to
the superposition of layers of material, which were fused with each other to, as it
cools, the joint solidifies. Over time, this technology reduced costs and managed to
reach smaller companies or even some users (Pascual, 2018).

Today companies are thinking of using additive manufacturing in their design
production processes. Mainly to replace subtractive production processes. This to
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give companies a clearer idea of the benefits of using additive manufacturing in the
industrial sector, the approach results in the visualization of impact on the market,
therefore helping companies in the orientation phase. (Zimmermann et al., 2019).
That is why Additive Manufacturing is now moving towards the direct production of
functional parts, parts that fulfill one or more functions, such as medical implants or
aircraft engine parts, which are ready for distribution.

The term human error has not been defined as such within additive
manufacturing and opens the door to research by exploring the possible causes that
define errors in the operator-machine interaction.

1.1. Objetives

The objective of this research is to develop a systematic review of the literature to
determine the state of the art of the study of human error in product design with
additive manufacturing, using the most recognized databases.

1.2. Delimitation

The present study aims to conduct a comprehensive literature search for human
error in the industrial sector within the additive area in product process management.

2. METHODOLOGY

To develop the literature review, it consisted of PRISMA that incorporates several
conceptual and methodological aspects, which consists of various successive steps
that must be explicit and reproducible, known as a systematic review.

3. EVIDENCE OF HUMAN ERROR

Regarding the evidence of human error in additive manufacturing, deficiencies have
been found in the communication process between the customer and the
manufacturer, both in the designer work and in project management. For example,
Moreno and Fernandez (2020), point out that human error can be related to such
critical aspects of AM as Defects that occurred during the manufacturing process,
defective design, poor communication in the project team and insufficient financing
(Moreno and Fernandez, 2020). In addition, Abudi, (2013) identifies that the
problems caused in the additive area are found from poor internal and external
communication between the team and the rest of the organization, and even with
the client, this can have a negative effect on the daily management of the project
and reduce the productivity of the project resulting, therefore, in longer deadlines
and exceeding budgets. It can also be a cause of conflict in the future and can
deteriorate the atmosphere of the work environment.

Other problems related to human error in additive manufacturing refer to the
waste of material due to problems in print handling. For example, Nagarajan et al.,
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(2016) mention that energy is a dominant impact factor when evaluating the
environmental performance of additive manufacturing, and highlight human action in
this process. In addition, other authors affirm that inexperience can influence human
errors and cause waste in energy and material within additive manufacturing (Song
& Telenko, 2017).

Therefore, these problems expose the different human errors found in the
product design process, such as the communication of the client with the
manufacturer, the lack of experience in the field and in turn determining the different
failures within the design process of product in additive manufacturing.

Although there is a wide variety of articles that promote the identification of
the error in the additive area, they are limited only to talk about the error when
interacting with the machine, therefore the objective of this research is to carry out a
deeper search within bases of the most important data to carry out a systematic
review of the literature on the subject. For Hunt (1997), he defines systematic review
as the application of an objective and rigorous methodology to carry out the research
review process in a specific field of knowledge and thus achieve an efficient
accumulation of evidence. That is why the work of this research consists of an
exhaustive search for articles that define the terms of human error within additive
manufacturing, thereby raising the limitation of the search based on the errors of the
operator when he comes into contact with the operator. Product design process in
the additive area.

4. MATERIAL AND METHODS

When talking about additive manufacturing on the web you usually find searches
that improve the user's knowledge related to the topic, but if you coin the term human
error the search is compacted and creates a limited research on the topic, that is
why within the various scientific databases provided by the Autonomous University
of Ciudad Juarez, were chosen based on the information service provided by the
accounts with access to various electronic articles which contribute to meet the
information needs of the various academic programs offered by the University. A
clear example is the search for the word "human error" that was performed in
different electronic sources to learn more about the problem of human error, by
typing the concept "Human error in additive manufacturing” you can find
approximately more than 108,000 results among scientific articles, books, etc. The
word "human error" usually identifies problems based on the user's responsibility for
accidents.

In a first step, to identify the relevant studies for this analysis, the search
included all the publications from January 17, 2003 to the present date, within the
article 9 databases were included that are more related to the topic: Association for
Computing Machinery, ACM, ACS Publications, Cambridge, EBSCOHOST,
EMERALD, PUBMED, SCIENCE DIRECT.

It was decided to opt for this search based on recent studies that show that it
is important to analyze the behavior of the operator or user by material consumable,
(Song & Telenko, 2019). That is why it is important to carry out a deeper investigation
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of human error within the additive area and it was from various articles and from my
own experience that we wanted to find out more about the opportunity of the field of
study that we have.

The search was carried out based on keywords that influenced the result,
which is why independent words began to be used and combined with each other to
form verbs that would allow a more extensive search, articles were also identified by
listing them in each word or verb that was used as can be seen in figure 1.

In a second step, it was decided to form 3 concepts that would identify the
key words or verbs used to prioritize important articles and begin to indicate the
reference areas of each one, as the field expanded to a more global approach due
to the scarcity of the subject is therefore, it was easier to verify the specified criteria.

Human error(31), )
Human error additive manufacturing (9
Human error in FDM(5),

Error in additive manufacturing (4)
Risk management in additive
manufacturing(4).

Additive manufacturing(1) )

Additive manufacturing

AND ( GLOBAL

FDM(1),ssues in FDM(2), Manufacture industry

)

Error in FDM(3), Problem in FDM(5),
Fused Deposition Modeling(1).
\_

Human error

THERP in process design(2)
Cognitive ergonomic(14),
Sherpa(2)
Produuct design(2)

Figure 1. An analysis of 85 articles identified in 3 different areas in a global
investigation is shown.

The delimitation criteria were performed based on related problems within the
additive manufacturing area which were exculpating the operator's activity
manifesting complicity that fluctuated due to machine failures. This was determined
based on the analysis of the summary of each item that showed the machine
deficiency or internal programming error of the machine. That is why it was
determined to eliminate options with these filters.

- Filter 1. 17 articles are excluded because they do not belong to the industrial area.
- Filter 2. 36 articles of Machine-Human errors are omitted because they do not
belong to the additive area.

- Filter 3. 32 articles are isolated for exculpating operator errors within the additive
area.

- Filter 4. We work with the 5 potential articles for meeting the characteristics required
by the user.
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17 items are excluded 68 scenic items for
because they are not 68 bringing together the
part of the manufactur- characteristics of the
ing industry. project.

31 articles excluded
from human error

85 items identified. 37 because they do not
belong to the additive
\ area. Y,
( 5

32 items excluded due
to errors that sculpt
the operator within

additive manufactur-

\ ing. )

and included in the

5 potential articles for
meeting the character-
istics of the project
systematic review.

Figure 2. Shows an analysis of 85 articles identified, which were discarded due to
different factors.

5. RESULTS

With the filters performed, 5 potential articles were identified that met the criteria
described by the user. From the 5 potential articles, primary information was
discovered that allows locating a recent problem by the formulated researches,
February 6, 2017 was the first article related to the problem that allows opening an
investigation by manifesting operator problems within additive manufacturing (Song
& Telenko, 2017).

Other problems found in the background check within the additive
manufacturing area were problems managing a project due to lack of communication
and designer errors with the product, Project risks can cause cost overruns, delays
in the completion, unsatisfactory results of the project, total failure (Raz et al., 2002)
or even negatively affect the reputation of the project team and the company. For
that reason, to increase the chances of project success, effective early risk
management is needed to reduce uncertainty and improve decision making.
(Moreno and Fernandez, 2020).

Few studies investigate the causes of manufacturing failures in creation
spaces. User experience and experience level can influence the possibility of
manufacturing failure. Cerdas et al. found that experienced users were better able
to select print parameters that minimized waste. This study aimed to investigate the
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failure rate based on user experience and the level of experience in university
creation spaces. Print failures and daily users of various experience levels were
studied at an open access university (Song and Telenko, 2019).

In the investigation it is mentioned that part of the operator's problems is due
to errors of omission and action, the errors stand out due to the omission of steps of
the program that is used, since the operator has vast experience so he does not
proceed to perform a proper calibration. According to Salas et al., (2018) mentions
that these oversights are attributed to the fact that the operator has more elaboration
time in the company and therefore the work is repetitive, thus allowing the operator
to assume that the process is carried out find it correct without carrying out a
methodology with certain steps that must be followed within the process.

6. MOST APPLIED HUMAN RELIABILITY ANALYSIS (HRA)
METHODOLOGIES

The evidence that human actions are a source of vulnerability for industrial systems
has led to the birth of many Human Reliability Analysis (HRA) methods, which point
to a deeper examination of the human factor (Di Pasquale et al., 2015 ). Although
minor failures can seriously reduce the performance of the operation in terms of
productivity and efficiency. That is, human error has a direct impact on productivity
because errors affect the rejection rates of a product, thus increasing production
costs and reducing subsequent sales (Cacciabue, 1998). Several researchers have
focused on the concept of human error in order to understand, evaluate, and identify
possible actions to limit it. Such evidence is a source of vulnerability for industrial
systems gave rise to the Human Reliability Analysis (HRA), which aims at a more
detailed examination of the human factor by predicting when an operator is most
likely to fail. That is why special attention has been paid to dynamic HRA methods
that use cognitive modeling and simulation to produce a data frame that can be used
to quantify the probability of human error (HEP) (Di Pasquale et al., 2015).

There are different methods to evaluate the quantification of error in humans,
the Swiss cheese model was first introduced by Reason (Reason, 1990). The basic
basis of the model was the use of a production system with five layers of Swiss
cheese slice: inadequate defenses, unsafe acts, psychological precursors of unsafe
acts, deficiencies in line management and fallible decisions (organizational
influence) (Reason, 1990 ). The hazard (represented by the hole) that appears in
each layer must be lined up to make an adverse event. The improvement of this
model is carried out by Reason (1990) to illustrate that the orifices will always move,
changing in shape and size in reaction to the operator's actions and local demands.
To overcome failures or danger, defenses must be built in the most possible way.
Both the individual and the organizational accident should be minimized by using
defenses that prevent active failures and latent conditions (Suryoputro et al., 2015).

Another of the most used methods within the industrial area that allows the
evaluation of human behavior is THERP, which Di Pasquale et al., (2015) mentions
that THERP, include levels of detail that may be excessive for many evaluations.
Existing HRA tools allow very comprehensive assessments of human behavior in

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. Pagina 9



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 14 | 2021

high-risk settings, but can be time-consuming and resource-consuming. First and
second generation methods have focused on quantifying human error and
identifying failure mode, while providing highly detailed and realistic frameworks and
approaches for calculating HEP and human response.

Methods such as THERP or CREAM were born as approaches for nuclear
power plants and consider only the typical accident scenarios in this context, so it is
necessary to apply a lot of effort in different fields, such as manual assembly or
manufacturing systems. (Schemeleva et al., 2012) In the same way, the main HRA
simulation tools described are adapted to specific fields, such as aviation and
nuclear power plant control rooms.

SHERPA's main objective is to provide a model to quantify the probability of
human error in any work situation and in all contexts, a quantification that today is
hardly possible given the lack of tools similar to that achieved in this work. Through
SHERPA, the concept of human reliability, often treated only in theory, is
approached in terms of production capacity (conforming and non-conforming articles
or recovered articles), and useful information on human reliability can be obtained
for all types of work (Di Pasquale et al., 2015).

The SHERPA model can be used effectively to assess changes in the
probability of human error when there are changes in activity type, contextual
conditions, work time, and assigned breaks during the shift. The main advantage of
the model lies in its generic nature: it is suitable for any environment and working
conditions, without limitations related to a particular sector or activity. A large number
of scenarios can be simulated without consuming much time or resources (Di
Pasquale et al., 2015).

7. CHARACTERIZATION OF RESULTS

Of the 5 selected articles, a table was made showing the breakdown of each of the
words related to the operator's errors mentioned in said articles, this in order to give
relevance to each of the problems made by the operator within the area of additive
manufacturing, coupled with this, it was possible to identify the main reason for the
failure caused by humans when coming into contact with the machines, in figure 3
the problem of the operator is manifested within the additive area, the results showed
that in two articles refer to the problem of the omission of steps caused by the worker,
in another article they mention the communicational failure that leads to operator
errors, in three articles they agreed with the lack of skill of the operator, in one article
they expose the lack of experience in purging filament of the machine, the last one
does not inquire into the details of the manufacturer.
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Figure 3. Articles exposing the different problems involving the operator in the
additive area.

8. METHODOLOGICAL SCOPE OF RESEARCH

This study opens the door to future research to strengthen the various problems that
cause millions in losses in the industrial sector. Projects have been proposed which
analyze the waste of material within the additive area and its main errors due to the
orientation of the part. But it is feasible to study human behavior and organizational
behavior that leads to changes in failure rate (Song and Telenko, 2017). Most studies
only consider the material and energy costs of buildings under ideal conditions.
However, consumer use could have a large material impact for some products.
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Resumen El estudio de los factores psicosociales y de carga metal en los sitios de
trabajo siempre han sido de interés para el tomador de decisiones, sin embargo, es
a raiz del inicio de la pandemia ante la aparicion del virus COVID-19 que su analisis
se ha vuelto indispensable para la calidad del trabajador. El presente estudio busca
Determinar el nivel de carga mental y las caracteristicas de sus dimensiones en
asistentes médicos para la generacion de propuestas que contribuyan a la mejora
de dichos indicadores en una Institucion de salud. El procedimiento empleado tiene
su fundamento en el método NASA TLX el cual permite dictaminar la carga mental
tanto por niveles y dimensiones. Como Resultados se obtuvo que el 50% (18) del
personal de salud presenta carga mental Alta y 39% Media; en cuanto a las
dimensiones con mayor presencia se tienen a la Frustracion con 31% (11) y
Rendimiento 19% (7); se estratifico la informacion recabada logrando la
identificacion de la condiciébn en cada trabajador, asi como la generacién de
propuestas que contribuyen a la mejora de los niveles antes mencionados. En
conclusién, se tiene que se logré recabar informacién de gran relevancia para la
atencion de la carga mental en los trabajadores y asi contribuir y/o evitar las
complicaciones de salud fisica y mental derivadas de la misma.

Palabras clave: Carga mental, NASA TLX, COVID-19.

Relevancia para la ergonomia: Identificar de manera puntual y oportuna
informacion esencial para la toma de decisiones relacionada con la presentaciéon de
factores de riesgo. De la misma forma el estudio permitira complementar el analisis
de riesgos del tipo psicosocial.

Abstract The study of psychosocial factors and mental workload in the workplace
has always been of interest to the decision maker, however, it is because of the
beginning of the pandemic due to the appearance of the COVID-19 virus that its
analysis has become essential for the quality of the worker. The present study seeks
to determine the level of mental workload and the characteristics of its dimensions
in medical assistants for the generation of proposals that contribute to the
improvement of these indicators in a health institution. The procedure used is based
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on the NASA TLX method, which allows the mental workload to be determined by
levels and dimensions. As results it was obtained that 50% (18) of the health
personnel present High and 39% Medium mental workload; as for the dimensions
with greater presence we have Frustration with 31% (11) and Performance 19% (7);
the information collected was stratified achieving the identification of the condition in
each worker, as well as the generation of proposals that contribute to the
improvement of the levels mentioned above. In conclusion, it was possible to collect
information of great relevance for the attention of the mental workload in workers
and thus contribute and/or avoid the physical and mental health complications
derived from it.

Keywords: Mental load, NASA TLX, COVID-19.

Relevance for ergonomics: To identify in a timely manner essential information for
decision making related to the presentation of risk factors. In the same way the study
will complement the analysis of psychosocial risks.

1. INTRODUCTION

Coronavirus is the name given to the family of pathogens that have caused various
diseases in both animals and humans. (Editorial staff connects, 2020). The SARS-
Cov-2 coronavirus is a virus that appeared in China. Then it spread to all continents
of the world causing a pandemic. Currently Europe and America are the most
affected. (Coronavirus Mexico, 2021).
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Wuhan to WHO emergency. Mexico. ofthe pandemic. P COVID-19.
31/12/2020 11/09/2020 22/05/2020
25/11'/2'020 The world 21/10/2020 Sixmonths 28/06/2020 The WHO places
60 million ends 2020 Theworld intothe Tenmillion 3
casesand A 3 " 5 South America as
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Figure 1. Timeline COVID 19
Source: Noticias en Espafa RTVE (2021)
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According to Figure 1 "Timeline" on December 7, 2019 China reported that a
large group of people in Wuhan have pneumonia, being the beginning of a
pandemic. Then on January 13, 2021 the same country publicly shares the genetic
sequence of COVID-19, by the end of the month the World Health Organization
(WHO) declares a health emergency. On March 11, 2021 the WHO declares COVID-
19 a global pandemic. It can be observed that on March 13, 2020 the WHO assures
that Europe is the new epicenter of the pandemic. Three months later the contagions
increase to ten million contagions and half a million deaths in the world. 2020 ends
with more than 84 million infections in the world and by July 7, 2021 the world
reaches four million deaths due to COVID-19.

The SARS-COV 2 pandemic, although it has an unequal mortality in each
country, has left more than four and a half million deaths worldwide, the countries
with more deaths by COVID-19 are the United States, India and Brazil, the
comparison between the deaths of countries with more than one million inhabitants
in relation to their population shows that the country with a high mortality rate is Peru
because for every 100,000 inhabitants there are more than 600 deaths. In the case
of Spain currently reports a rate of 180 deaths, previously this country was in second
place in this ranking and currently is not even in the top 20 countries with the highest
mortality.

: América > México

Casos: 3.608.976
Muertos: 274.139

Figure 2. Coronavirus cases and deaths globally
Source: Noticias en Espafia RTVE (2021)

The figure above shows the continents by color red (America), Blue
(Europe), Green (Asia) and Orange (Africa). Based on the size of the color of
the image shows the number of cases and deaths during the pandemic, in
America the first place is the United States with 42,931,354 cases and
688,032 deaths, the country with more infections and deaths in Europe is
Russia which has 7,313,112 and 200,245 respectively. In India, Asia has
33,652,745 cases and 446,918 deaths, and finally, in South Africa, a country
on the continent of Africa, there are 2,896,943 cases and 87,052 deaths.
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At December 2019 SARS-COV 2 appeared in the Middle East which triggered
the disease we know today as COVID-19, its spread reached all corners of the world
terrifying the population and finally being declared a global pandemic by the World
Health Organization (WHO) in 2020. Since COVID-19 was declared a pandemic,
several changes have taken place in the global medical community and health
professionals are facing new challenges and unprecedented new situations (Diez,
2020). Currently in Mexico there are 3,608,976 confirmed cases and 274,129 deaths
due to COVID-19.

Figure 3. Epidemiological Semaphore in Mexico
Source: Coronavirus.gob.mx/semaforo

The map above shows the current epidemiological traffic light in Mexico,
which allows to easily observe the level of contagion in each state. (Ministry of
Health, 2021) The highest level is red, currently no state has this color, this means
that avoid going out if it is not strictly necessary, only essential economic activities
are allowed. The states which should be more cautious are orange which means
that the operation of economic and social activities will be with a capacity of 50%, in
addition to reducing community mobility. The yellow color means that the operation
of economic and social activities will be with a capacity of 75% and a slight decrease
in public space. Finally, the green states have no mobility restrictions, the
educational model will operate under the new normality as established by the SEP
and the operation of economic and social activities will be carried out as usual.

As a result of the contagions, hospital occupancy increased abruptly,
generating an increase in the workload of hospital workers in all established areas.
One year after it began, in March 2021, hospital occupancy increased from 11% to
17%. (Government of the State of Sonora, 2021). Economic activities at the
beginning of the COVID-19 pandemic were directly impacted by health containment
strategies, which generated an economic crisis. As a result, businesses worldwide
are suffering from a lack of revenue due to a lower rate of consumption. Depending
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on the industry, the estimated maximum time a company can operate without
liquidity is between one and three months. Considering the estimated recovery time
of an economic crisis as a multiplicative factor of the duration, i.e. if the crisis were
to last 3 months, the recovery would take 9 months in addition to the duration of the
crisis. So far it is estimated that the crisis could impact between 5% and 10% of the
economic growth estimates of the countries. (Meade, 2020). In the first year of the
study, there were about 151 COVID-19 deaths per 100,000 inhabitants and this
disease has positioned itself as the leading cause of death, leaving behind
cardiovascular diseases and diabetes mellitus (Cortés-Meda, 2021).

Hipertension | .2
piacete: |, 57-4%
Obesiad N 22.0%
Tabaquizme [N 75+
Insuficiencia Renal Cronica _ E.B%
epoc [ 50%

Enfermedad cardiovascular [N &+
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azma [ 1e%
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Figure 4. Main comorbidities in deaths positive for COVID-19
Source: EID, 2021.

During the first year of the COVID19 pandemic, the figure above shows the
most common comorbidities in positive cases were hypertension (17%), obesity
(15%), diabetes (13%), smoking (7%) and other diseases (8%); while in those who
died from this cause, the most common comorbidities were hypertension (45%),
diabetes (37%), obesity (22%), cardiovascular disease (11%), smoking (8%) and
immunosuppression (5%). People who had two or more comorbidities increased
their risk of dying. Twenty-eight percent had no comorbidity. (Cortés-Meda, A, 2021).

Of the total number of infections (2,144,588) in 2020, only 25% received
hospital care. Nationally, only one in five people who died from COVID-19 was
treated in an Intensive Care Unit (ICU). The most significant contrast is that of the
IMSS, which only provided intensive care to 4% of the deceased persons it treated.
In relation to intubation, a procedure that should be applied to the majority of serious
cases, only 29% of the deceased were intubated. Again, the maximum contrast is
observed in the IMSS, in whose medical units only 20% of the deceased were
intubated. This is extremely relevant, because IMSS treats one out of every three

people with COVID-19. (Canales Al, 2021)
Due to the seclusion and minimization of commercial activities and transport
due to the state of alert, there has been a decrease in greenhouse gas emissions,
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especially from industry and road transport. In the short term, this is good news for
the achievement of greenhouse gas mitigation targets, air pollution in cities has been
reduced and one would even expect this to have an impact on the health of the
people living in these areas, who are normally subjected to high levels of pollution.
(Sanz, 2020)

Mental workload is defined as the number of processes required to finish an
activity and according to the time in which a person can find the answers in his/her
memory. (Mondelo, 2000) . With the application of new technologies, jobs
increasingly require workers to process information. Being under so much pressure,
health care workers are submerged to a high set of demands that, after being
assessed as stressors, cause a systemic imbalance as shown in Figure 5.
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Figure 5. Groups of factors shaping mental workload and its effects
Source: INSHT (2002)

The above figure shows the factors of mental workload such as: Content of

the work, demands of the task; Environmental conditions, noise, vibrations, lighting,
temperature, etc.; Psychosocial and organizational factors, low work pace, the
length of the working day, the number, duration and distribution of breaks, and other
factors such as working relationships, communication possibilities, management
style of the bosses, etc.; Job design, adaptation of the furniture and physical space,
and the degree of comfort or discomfort.
In addition, with respect to the worker it is important to consider: Age, State of health,
Degree of fatigue, Level of activation and variations in vigilance level, Sensory acuity
and perceptual speed, Level and type of intelligence, Level of learning and
experience in the task, Personality characteristics (anxiety,
introversion/extroversion, etc.), attitude towards the task, motivation, interest in the
task, satisfaction, etc. (INSHT, 2002).
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In general, these stressors are considered by the workers, due to the amount
of work and personal care when performing their tasks, with performance being the
aspect most affected by health personnel when performing their activities.

The staff is made up of around 232 doctors, 583 nurses, 36 medical
assistants, among administrative and cleaning personnel. To meet the demand for
care in this region, there are 188 beds, 11 operating rooms, an Adult Intensive Care
Unit, a Coronary Care Unit and a Cardiovascular Surgery Unit. In a single day, 388
consultations are provided -359 are specialty consultations, 20 surgeries are
performed and 3,115 clinical analyses are carried out. Every day, 22 people are
discharged and 21 are hospitalized, so its hospital occupancy rate is 91 percent.

Working hours are 8 hours with 2 days off per week, and in the case of night
shifts, 11.4 hours 3 times per week. Although the working hours before the pandemic
were not so long, after the pandemic the health institution requested extra shifts and
they were rewarded as overtime, which caused their fatigue and mental workload to
increase.

The situation generated in hospitals by the effects of the pandemic of covid-
19 has generated in the people who work in these institutions that their workload
increases and they work at more intense rhythms and workdays which has direct
repercussions on their stress levels. Treating some of these stressors linked to the
indicators described as: the number of patients that need to be treated, the material
resources required for the treatment of patients, avoiding more infections from co-
workers, among other factors that impact the life of health personnel.

Table 1. Health Indicators

Indicator Before the During the
pandemic pandemic
contingency
Number of patients 170 188
Material Resources 80% 65%
Number of infections 0 47
Percentage of cases of 15% 40%
burnout

Health workers have seen how their colleagues during the pandemic were
infected by covid-19, unable to provide humanitarian care due to work overload, and
others became victims of aggression or social stigma. The workload exceeds
personal resources. They stated that they lacked sufficient material resources to
care for patients safely, so the mental health of these professionals has undergone
profound changes. All of them increase the degree of stress, anxiety and depression,
affect the performance of their professional functions and reduce their ability to
concentrate, understand and make decisions. (Safety, 2020).

Health care workers have been observed to make complicated day-to-day
decisions, including allocating scarce resources to equally needy patients and a
constant search for how to provide care for all seriously ill patients. This can cause
some workers to experience mental health problems that are compounded by their
personal motives to balance their own physical and mental health needs with those
of patients, families, and friends. Following the onset of SARS-COV-2 infection
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healthcare professionals have had a major psychological impact, about 40% suffer
from some form of burnout either physical or emotional, thus, increasing the
requirement for psychological care in hospital workers (Safety, 2020).

Given the situation described above, the following question arises: ¢ What Will
be the level of mental workload and its main dimensions in workers of a health
institution?

2. OBJECTIVE

To determine the level of mental workload and the characteristics of its dimensions
in workers for the generation of proposals that contribute to the improvement of the
indicators in a health institution.

3. METHODOLOGY

The subject under study includes health personnel with the category of
medical assistant in a health institution. The methodology is based on the
application of the NASA TLX method, the steps of which are shown below.

1. Determine the size of the sample to be studied: To determine
the sample to be studied, a 95% confidence level and a 5% error rate were
considered; however, for the study it was decided to consider the total
population and/or health personnel.

2. Collect data: For this activity a survey was applied using the
NASA TLX method instrument considering as the task all those activities that
they perform daily in their work. Prior to its application, it was explained to each
of the participants what each of the dimensions that make up the method and
the importance of the study.

3. Analyze and interpret the data: A database made in Microsoft
Excel was used to capture the information acquired, once the data capture was
done the statistical analysis was performed by determining the percentages of
incidence of the different variables, presenting these results in an orderly
manner through graphs and inquire about the main reasons for the mental
workload of the assistants.

4. RESULTS

As an initial phase, once a 95% confidence level and a 5% error rate had
been calculated, it was determined that the number of surveys applied would be 36
medical assistants. The next step was to characterize the sample whose relevant
data are listed below:
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o 22.3% of the women surveyed were between 24-27 years of age,
16.7% of the women surveyed were 28 years of age, 24.9% were between 31-34
years of age and 28% were between 35-48 years of age.

. Regarding the marital status of the respondents it is known that 53%
are single and 47% are married.

. With respect to the schooling of the respondents, 72% have university
studies, 22% have high school and the rest have secondary education, while 22.2%
have high school and only 5.6% have only secondary education.

Once the surveys had been applied and the relevant data obtained,
the results were evaluated by organizing the data and observing the outstanding
dimensions of the mental workload of the health personnel under study. The
following is a graph showing the general results of the level of mental workload.

LEVEL OF MENTAL WORKLOAD

[
[=]

0% -

Lo { 0-50 Media [51-65) Hiigh (70-100)
Figure 6. Level of mental workload

Figure 3 shows that 50% of the health personnel under study are in
high level of mental workload, this is because it has been verified that the work
environment has a strong impact on the mental health of the workers. Thirty-nine
percent are in the medium level of mental workload, while 11% have a low level of
mental workload. Taking into account that 41.8% are under 30 years of age, being
young workers. The COVID-19 pandemic exposed health workers to situations in
which they had to make complex decisions and above all work under pressure in
situations of high stress, in terms of the highest dimensions we have the following.

e ——
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HIGHER DIMENSIONS
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Figure 7. Higher dimensions

In the evaluated personnel as shown in figure 4 that the highest dimensions
are performance and frustration with a percentage 31% corresponding to 11 people
in each dimension, mental demand had a result of 19% with a total of 7.

Table 2. Study results

Higher Mental . Higher Mental .
Workers dimension workload Risk Workers dimension workload Risk
level level
1 Fr 60 Media 19 Fr 73 High
2 M 55 Media 20 M 91 High
3 Fr 89 High 21 T 73 High
4 Fr 81 High 22 E 32 Low
5 61 Media 23 M 51 Media
6 88 High 24 Fr 69 High
7 T 54 Media 25 R 85 High
8 Fr 83 High 26 R 46 Low
9 T 54 Media 27 Fr 91 High
10 T 54 Media 28 M 93 High
11 M 29 Low 29 F 55 Media
12 T 61 Media 30 R 65 Media
13 R 74 High 31 Fr 82 High
14 R 70 High 32 M 64 Media
15 Fr 80 High 33 R 65 Media
16 Fr 73 High 34 R 63 Media
17 44 Low 35 Fr 85 High
18 57 Media 36 R 72 High
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Table above shows the results of the study, the light green cells mean that
the risk is low (0-50 points) only 4 workers have a low risk. Medium risk (51-69
points) is the yellow colour, 14 workers are medium risk. 18 workers are high risk
(70-100 points). When evaluating 38 workers 50% have a high risk, so it is
necessary to act.

The frustration of health care workers increased significantly from the
beginning of the pandemic, due to the fact that they had a different work rhythm,
which when the disease arrived caused tension and a bit of hysteria regarding the
safety measures that were required, such as the distance greater than 1.50 meters,
the use of masks and the continuous washing of hands. For health personnel at the
beginning of the pandemic it was complicated to maintain all the safety factors when
they had direct contact with COVID-19 positive patients, because they still did not
have the necessary protective equipment and much less a vaccine to protect them,
this caused the concern of bringing the disease to their loved ones. Some would
stay away from their families for months at a time to avoid contagion.

When the information is sorted, the following diagram of attention by
dimension is obtained

- Workers
. » 1,3,4,8,15,16,19,
Workers Frustration 24.27.31,35
3,4,6,8,13,14,15,
High » 16,19,20,21,24,25 Workers
27,28,31,35,36 5,13,14,17,18,25,
Performance » 26,30,33,34,36
Workers
Mental d § » 2,6,11,20,23,28
Mental . Workers ) ) ental deman 32
workload | Media 1,2,5,7,9,10,12,18, Dimensions_
level | 23,29,30,32,33,34 Workers

Worker
Low » Workers Effort » 22

11,17,22,26

Workers
Physical demand » 29

=

Figure 8. Stratification by mental workload level and by dimension

Figure 6 shows two synoptic maps, one shows the level of metal workload
divided into high, medium or low, and then indicates the workers who suffer from
each one. The following one shows the dimensions that are frustration,
performance, mental demand, temporal demand, effort and physical demand, in
each one are shown the workers that indicate in that dimension besides identifying
in this last one in red color those of High mental load this for a greater approach at
the time of establishing the proposals of improvement.

Time requirement » 7,9,10,12,21
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Once the workers have been identified by load level and size, the following
recommendations are presented for their attention:

Table 3. Plan of attention of the dimensions

Dimension

Actions

Frustration

Performance

Mental demand

Time requirement

Effort

Physical demand

Set clear boundaries at work, promote healthy
habits, and find strategies to counteract stress and
frustration.

It is necessary to emphasize that the success of the
programs in general is not the correction, but the
prevention, as well as the strengthening of the own
capacity of resistance, since each person has a
different capacity of resistance, which is modulated
depending on the age, sex, among others, as well as
with healthy habits as much physical as mental.

A restructuring of positions in the health institution
could help in the performance of the staff, since the
activities that are performed will be well distributed
among them, providing better care to patients, in
addition to less workload, greater efficiency and
effectiveness.

Maintain direct communication with employees and
unions about how the pandemic is affecting work.

Reorganise working time (type of working day,
duration, flexibility, etc.) and provide sufficient time
for self-distribution of some short breaks during each
working day.

Update tools and work equipment (help manuals,
checklists, registers and forms, work procedures,
etc.) following the principles of clarity, simplicity and
real usefulness.

Training to workers to facilitate and streamline
patient care.

Redesigning the workplace (adapting spaces,
lighting, sound environment, etc.).

In addition to the above, workers with high mental workload will be supported
through: the realization of workshops of interest with topics related to psychosocial
factors and psychological support focused initially to address the high levels of

frustration and performance.
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5. CONCLUSIONS

When using the NASA TLX evaluation method, it was obtained that the mental
workload of half of the health personnel evaluated is high, taking for granted the
stress that they live day by day thanks to the COVID-19 pandemic. It was shown
that the highest dimensions in the study are performance and frustration when
performing their activities.

Due to the fact that 47.2% of the personnel evaluated are married and
have families, in addition to the mental burden of their work activities, they also
have personal matters, which increase their mental burden. Conducting this type of
study allows us to identify how likely they are to suffer from stress, which is
generated by their mental workload. It also provides information on the different
dimensions that should be worked on to minimize this burden (mental workload,
physical workload, time demands, frustration, performance and effort).

Knowing the mental workload to which health personnel are subjected
will also allow the departments involved to generate programs or strategies to
reduce this factor, thus reducing lag or even desertion, since this could lead to
greater utilization during their workday and also prevent both physical and mental
health problems.
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MENTAL LOAD ASSESSMENT OF THE MEMORY GAME FOR THE
ANTHROPOMETRIC POSTURES USING THE NASA TLX METHOD
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Resumen: Este documento presenta un estudio comparativo entre dos formas
distintas de aprender las posturas de antropometria basicas. El juego de memoria
Posturama se trata de ensefiar a las personas interesadas en la ergonomia las
posturas de antropometria basicas y de la vida cotidiana, mediante un juego de
memoria que al tratar de relacionar los pares de las postura correcta con la
incorrecta , estos observaran como se realiza adecuadamente cada postura,
también se afiadié una breve descripcion de cada postura para que asi también
puedan razonar como se debe implementar la postura mediante un poco de teoria,
es aqui donde entra el aprendizaje cognitivo.

Se evalu6 mediante el método NASA TLX la carga mental que implica el
aprendizaje de memorizar, tal como lo son las posturas de antropometria. Es donde
se aplicé el juego de memoria para agilizar el aprendizaje y a la vez ayudar a
incrementar su capacidad de memoria o de retencion de datos. La evaluacion de la
carga mental que presentaron los alumnos fue captada mediante una evaluacion de
entrada y otra de salida de pruebas que se aplicaron a lo largo de este proyecto
para medir las dificultades de los alumnos al tocar el tema de las posturas
antropomeétricas.

Los resultados finales de las dos pruebas realizadas con las que se evaluaron
mediante el método NASA TLX con la primera prueba, los alumnos mostraron una
carga mental media; en cambio al realizar la ultima prueba con Posturama, lo
resultados demuestran que los alumnos presentaron una carga mental baja.

Palabras clave: Antropometria, ergonomia cognitiva, didactico.

Relevancia para la ergonomia: Aprendizaje de la ergonomia cognitiva por medio
del método NASA TLX

Abstract: This document presents a comparative study between two different ways
of learning basic anthropometric postures. The Posturama memory game is about
teaching people interested in ergonomics the basic anthropometric and everyday life
postures, through a memory game that when trying to relate the pairs of the correct
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posture with the incorrect one, they will observe how each posture is performed
properly; a brief description of each posture was also added so that they can also
reason how the posture should be implemented through a little bit of theory, thus
where cognitive learning comes in.

The mental load involved in learning to memorize, such as anthropometric
postures, was evaluated using the NASA TLX method. This is where the memory
game was applied to speed up learning and at the same time help increase the
student memory or data retention capacity. The evaluation of the mental load that
the students presented was obtained through entrance and exit evaluations of tests
that were applied throughout this project to measure the difficulties of the students
when being taught the subject of anthropometric postures.

The final results of the two tests evaluated with the NASA TLX method: with
the first test, the students showed a medium mental load; on the other hand, when
performing the last test with Posturama, the results show that the students presented
a low mental load.

Keywords: anthropometry, cognitive ergonomics, didactic.

Relevance to ergonomics: Learning cognitive ergonomics through the NASA TLX
method.

1. INTRODUCTION

The Posturama memory game is about teaching the students who take the
ergonomics class the basic anthropometric and everyday life postures, through a
memory game that when trying to relate the pairs of the correct posture with the
incorrect one, they will observe how each posture is properly performed. A brief
description of each posture was also added so that they can also understand how
the posture should be implemented through a description, this is where cognitive
learning occurs.

The evaluation was based on a test to assess the level of mental load that
students present when taking a test of anthropometric postures. After applying the
first evaluation with the NASA TLX method, the memory game was put to the test
with ten students who answered the questions required by the NASA TLX method
to evaluate the mental, physical, temporal, performance, effort and frustration load
when using Posturama.

Based on the results of the two tests assigned to the students, they were
evaluated using the NASA TLX method, considering for the making of Posturama.

2. OBJECTIVES

eAssess mental load through a memory game, using basic anthropometric
postures, in order to achieve meaningful learning.

e Apply a survey to the students who study ergonomics to analyze the level of
knowledge about the anthropometric positions that exist and the use of it.
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eEvaluate using the NASA TLX method what kind of mental demand the
Posturama requires.

e Apply the memory game in the ergonomics course as part of the student’s
academic training.

e Make a Pareto chart to analyze the results of the survey.

eDesign a memory game that facilitates the teaching of the basic concepts of
anthropometry, as a learning tool for students.

3. METHODOLOGY

First, an idea was raised to create a memory game that would help students in the
ergonomics class to have greater cognitive retention.

A cognitive ergonomic study was generated, applying input surveys to students
who complete the ergonomics subject to justify its viability. As shown in the following
Figure.

Cognitive Ergonomics.

Read each question and underline the answer according to your judgment.

This survey is carried out to evaluate the knowledge of the fundamentals of ergonomics, as well
as to present a method to facilitate the learning of correct and incorrect anthropometric
postures.

Cognitive.

It is the ability of a living being to process information from perception, acquired knowledge
(experience) and subjective characteristics that allow the information to be valued. It consists
of processes such as learning, reasoning, attention, memory, problem solving, the way of
decisions, feelings.

Are you having trouble understanding the terms covered in ergonomics class?
Yes No

Have you tried any method or technique to learn ergonomics easier?
Yes No

Do you know the memory board game?
Yes No

Do you know the cognitive benefits of the memory board game?
Yes No

How do you consider that you have your memory receptor capacity?
Good Regular Bad

Did you know that there is a method to measure your memory?
Yes No Other

Did you know that playing a memory game frequently speed up your data retention capacity?
Yes No

Figure 1. Survey for the input evaluation test.

A knowledge test was formulated to the students taking the ergonomics subject
to evaluate the memory game based on the NASA TLX method, this is shown in
Figure 2.
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Match each description to the position it corresponds to,
placing the position number next to the description.

Keep your gaze straight ahead with your shoulders relaxed,
elbows at 90 degrees. Arms parallel to the trunk and fists
loosely, keep the trunk upright above the hips without losing
the alignment between pelvis and occiput, avoid excessive
lateral displacements of the hip.

=%

e

Itis recommended that the column is aligned to the back of
the chair, the hands with the book should be on the table,

Do not bend your back, bend your knees and lean firmly on
your feet and legs, when getting up, hold objects close to
your body and lift objects only to chest height.

E*
the soles of the feet aligned to the floor. '_hl
fii

The back should be supported by the backrest, the
shoulders relaxed, placing the forearms on the table. The
soles of the feet resting on the ground, with the feet parallel =
and at the same level, if they do not reach the ground 1 n I
because the chair is too high, use a footrest as the feet
should never hang.

When it is necessary to make turns, the torsion of the trunk .

with load should be avoided, the whole body should be fe

turned by means of small movements of the feet. h_ -
i

The arms should never be raised, since in this way the 1
object is very far from the lumbar spine, what should be -
done is to place ourselves at the same height as the object

using a ladder, bring it as close as possible to the body and [-_”_
- H

then descend.
ﬁ

Head and chest should be straight and aligned.

Figure 2. First evaluation of knowledge.

The memory game (Posturama) was created with 25 descriptive cards of the
different basic anthropometric postures and everyday life, based on the principles of
cognitive ergonomics.

4. RESULTS
After applying the test with the anthropometric postures, the seventh semester

students were evaluated with the anthropometric postures, the seventh semester
students were evaluated with the NASA TLX Method format where the results
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regarding the evaluation showed that taking a theoretical test (Figure 1), is
moderately frustrating, stressful and with a high mental load. As showing in the
following table 1.

gg%s;]ﬂ Tgénmp;;gl Performance| Effort |Frustration| TOTAL
1 650 100 1050 1050 1050 1200 850 | Medium
2 500 900 650 1200 1000 1500 958,3 [Medium
3 400 0 975 75 1250 1300 66,7 | Medium
4 2500 850 1425 525 400 450 1025
5 1375 400 525 1500 350 1500 941,7 | Medium
6 1700 450 600 1500 1000 275 920,8 | Medium
I 1800 700 375 1125 450 500 525|Medium
8 475 1050 600 1600 500 1500 954,2 [Medium
9 650 100 1050 1050 1050 1200 850 | Medium
10 1500 0 1600 275 800 2375 1091,7 | High™
TOTAL | 908,33|
Medium | 20%
80%

Table 1. Weights before Posturama.

80% of the students who were evaluated by the input test presented a medium
mental load, above 500 points and below 1000 points. The remaining 20% had a
high mental load over 1000. As shown in the following graph 1.

Graph 1. Weights before Posturama

Weighing

® Medium = High
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After applying the Posturama memory game to the seventh semester students,
they were again evaluated with NASA TLX. The evaluation yielded the following
results (shown in Tables 2 and 3).

Table 2. Weights after using Posturama

Physical [ Temporal

Demand | Demand Performance| Effort |Frustration | TOTAL

700 600 1000 75 75 508,3 | Medium
150 450 1000 200 150 384,5
300 225 1000 125 125 333,3
300 150 1000 300 300 36637
150 150 100 100 50 133,3
200 100 1500 300 150 387,5
75 0 1500 450 450 495,8
0 75 1350 500 600 454,2
0 75 250 500 300 237,5
75 0 1500 450 450 495,8
TOTAL 380 |

Table 3. Scores after using Posturama

PEOPLE Eg)r/:;%l TDeér:np;)nrgl Performance | Effort | Frustration
1 1 1 10 5 3
2 3 3 18 4 6
3 2 6 20 8 6
4 3 7 20 6 6
5 4 2 20 3 2
6 2 2 20 2 2
7 4 3 20 4 4
8 4 3 20 5 5
9 3 6 20 4 2
10 7 8 20 3 3

Tabulation of factors of the NASA TLX Method using Posturama for the
evaluation of mental load (as illustrated in Figures 2, 3, 4, 5, 6 and 7).
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Graph 3. Physical Demand after using Posturama.
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Temporal Demand
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Graph 5. Performance after using Posturama.
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Effort
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Graph 6. Effort after using Posturama.

Frustration
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Graph 7. Frustration after using Posturama.

Taking as a basis the results obtained by the NASA TLX method, making the
comparison between the first evaluation and the second after applying the
Posturama memory game; showed that the first evaluation carried out on the
students demanded a medium to high mental load, in the second evaluation they
presented a low mental load, that is, it is cognitively ergonomic. As shown in the
following graph 8.
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Graph 8. Comparison between evaluations.

The Posturama game with the descriptive cards of the anthropometric
postures is shown in Figure 3.

Figure 3. Posturama game.

5. CONCLUSIONS

With this Project, awareness is raised about how dynamic learning influences our
memorization and learning in a more agile way. With this Posturama game, the
learning level in cognitive ergonomics with respect to anthropometric postures is
improved; thus, learning is stimulated in a fun and enjoyable way. Therefore, the
students present a higher mental load with theoretical tests and a low mental load
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with the Posturama game, then frustration is closely linked with the Mental Load
based on the results obtained, consequently Posturama turns out to be cognitively
ergonomic.
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Resumen: La maquina automatizada de bolis (MABS) fue elaborada con la finalidad
de mejorar las condiciones fisicas del operador que realiza el proceso de envasado
y sellado de productos congelados de PALETERIA LA REYNA. Se realiz6 un
analisis ergonémico para poder determinar el desgaste fisico que el operador
estaba teniendo al momento de trabajar con la maquina convencional de
elaboracion de bolis, sin embargo con el redisefio de una maquina automatizada
(MABS), se logré mirar el gran cambio y disminucion de esfuerzo del operador ya
gue sus actividades se han reducido y solamente tiene que estar al pendiente de
rellenar la maquina de materia prima.

Palabras clave: Condiciones, proceso, analisis ergonémico, maquina, redisefio

Relevancia para la ergonomia: con la aplicacion de las herramientas ergonémicas
se pudo llegar a mejorar la postura del operador y e incremento el nivel de
produccion ya que con la maquina automatizada el operador disminuye el contacto
con la maquina.

Abstract: The automated ice cream machine (MABS) was developed in order to
improve the physical conditions of the operator who performs the packaging and
sealing process of frozen products from ICE CREAM SHOP LA REYNA. An
ergonomic analysis was carried out to determine the physical wear that the operator
was having when working with the conventional machine for making pens, however
with the redesign of an automated machine (MABS), it was possible to look at the
great change and decrease operator effort since his activities have been reduced
and he only has to be aware of filling the machine with raw material.

Keywords: Conditions, process, ergonomic analysis, machine, redesign
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Relevance for ergonomics: with the application of ergonomic tools it was possible
to improve the position of the operator and increase the level of production since
with the automated machine the operator reduces contact with the machine.

1. INTRODUCTION

Handicraft production is developed in various areas, this activity is based on the use,
exploitation and creative transformation of various materials.

MABS was elaborated through the intensive analysis of the processes
developed in ICE CREAM SHOP LA REYNA, since two of the creators are children
of the owners of this company, who have a family tradition in the production and
commercialization of frozen products. This environment allows an analysis of the
artisanal process in this company.

Based on this continuous observation, the idea of automating the packaging
and sealing processes was developed. Through an analysis of process engineering
for manufacturing, the adequate structure was obtained according to the initial needs
of the company ICE CREAM SHOP LA REYNA; However, as MABS research and
development progressed, it was identified that the conventional machine operator
was presenting some problems with bodily mobility (Lobato2016).

This is when the investigation begins and the important role that the operator
plays at the time of Working with the machine and with some ergonomic principles
we realize the bad design of the machine and the dangerous and excessive loads
that the operator carries out.

An improvement will be made in the ice cream production area since there is
an economic loss of production in an 8-hour workday, these costs are generated by
the use of a manual ice cream machine that is more than 30 years old. .

The ice cream making activity is carried out manually as shown in figure 1. In
this machine, bad postures are obtained as well as highly dangerous jobs such as
heavy loads on dangerous heights and repeated operations.

L —————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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Figure 1. Manual machine for making pens
Source: Image taken at ICE CREAM SHOP LA REYNA

This Research has taken its progress to the level of the prototype design for
a multipurpose manufacturing system, where its main objective is the packaging and
sealing of various products seeking quality, efficiency and health care for the
operator.

2. OBJECTIVES
The benefits that arose with the completion of this research are defined below.

General objective
Improve operator health with improved machine utilization and increase
operator performance as well as increase production of sealed products.

Specific objectives

* Analyze the process and determine sub-tasks that are defined as dangerous
according to ergonomic principles.

* Analyze the severity of each activity through different tools.

» Redesign every activity that damages the operator, even his work station.
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3. JUSTIFICATION

With the realization of this project, benefits will be obtained not only for the
worker, but also for the company since the process and the machinery will make
everything faster and well defined, the worker will feel more comfortable with the
realization of the activity and will be more efficient in its functions. With the
improvement to the machine, the knowledge of its use will be available and it will be
possible to facilitate the performance of the task. When the defined process is found,
waste reduction will be obtained. Something that makes the operator feel very
important is that much of the process is improved with the operator's help and input.

4. DELIMITATION

The improvement of this project will be carried out in the area of ice cream production
precisely in the sealing process in the ice cream machine, an activity that is carried
out in the LA REYNA ice cream parlor, in the machine for sealing and packaging for
food products.

Ergonomic evaluation methods

Currently, workers complain of muscle aches and back pain, all associated with
the physical load of work or the misuse of equipment and machines and this leads
to the appearance of fatigue, discomfort, pain or injuries.

That is why it must be taken care of and prevented to avoid and that workers
suffer injuries.

Symptoms related to the appearance of musculoskeletal disorders include
muscle and/or joint pain, tingling sensation, loss of strength and decreased
sensation. It can also cause tiredness and decreased ability of the worker.

The cost for damage generated in a person who continues with the manual
process for making ice cream is depending on its damage in different areas, the
most common areas of the body where damage occurs are:

Lumbar.
Sacred.
Shoulder.

Knees.
Thighs.
Ankles.

Neck.

Depending on the severity of the injury is the economic impact for a company
that is why risk factors must be identified and evaluated, to avoid negative effects on
individuals and entities.
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5. METHODOLOGY

In order to make the improvements, we first used the 12 ergonomic principles
(Middlesworth 2013), with this we detected the first problems such as elbow
positions, the polyethylene grip with the hands, and the bad design of the chair that
the operator is using from the structure of the first machine used, of the 12 principles
the operator could only correctly comply with only 4 of them and the other 8 principles
are the ones that most damage his health.

For the liquid refilling process, the operator had to lift high risk loads from a
bucket of more than 10 Liters as shown in figure 2 and also the operator could load
the bucket above his head more of 18 times with a duration of at least 5 seconds
and to verify its severity we used the NIOSH analysis . (Rochalimaea 1995), at the
time of using this tool it gave us surprising information since the operator was
performing a high risk activity.

Figure 2: Lifting the cuvette on the operator's head.
Source: Image taken at ICE CREAM SHOP LA REYNA

And finally we use the RULA method (Lopez,2014), this helps us to see the
activities that are repetitive since the operator at the time of filling the polyethylene
machine puts the plastic film inside a stainless steel tube and makes a horizontal
movement from right to left to go through the polyethylene and fill it, on the other
hand we have the activity of pulling the polyethylene to be able to make the cut with
hot sealing and then be able to pass the pens to the machine that freezes them and
the damage caused by poor working conditions , since the machine is not adapted
to the operator. To improve production and reduce waste, the cutting / sealing
method was analyzed, which was the one that produced a large amount of waste
since if the operator did not seal the pen well, that pen would be wasted and at the
end of the day the company had to at least a loss of 300 pesos per day of production.
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6. PROCEDURE

First, you start looking for a problem that is easier to investigate and in the case of
an ergonomic improvement, it helps a lot if the operator has a very close approach
to find in an easier way possible failures or damages to the operator.

The analysis begins by looking at the process of making pens and especially
at the operator who uses the manual packaging machine, followed by knowing what
are the annoyances that are occurring at the time of carrying out their operations,
when having an interview with him, we He comments that his main complaints are
in his ankles, his instep on the right side as well as his lower back, followed by a
discomfort in his right arm.

The operator is a person with a very large size as shown in figure 3, in the eyes
of a person without knowledge of ergonomics could say that he is in good condition
but nevertheless, it is possible to observe the damage that is generating on his
shoulders when stopping the bucket, on the other hand you can see the chair with a
bad design for the operator and without reloading for his elbows and finally we have
the bad position of his ankles, generating a problem in his instep such as shown in
figure 4.

Figure 3: Operator sealing ice cream.
Source: Image taken at ICE CREAM SHOP LA REYNA

e ——
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Figure 4: Operator showing the damage to his instep.
Source: Image taken at ICE CREAM SHOP LA REYNA

On the other hand, automated machines are also analyzed in order to obtain
information on how it is that operators can also be damaged but designers do not
think about the damage they cause them, in the following figure 5 it is shown that
the machine performs its operation but nevertheless the operator does not have a
chair and especially with bad posture.

Figure 5: Operator takes care that the machine does not have faults.
Source: Image taken at ice cream La Regia
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On the one hand, there is the information that the operator cannot provide on
the part of his health but something that will also be improved with this research is
the reduction of waste and the increase of production since the machine tends to
have bad seals and that is why that the losses are increased and the production is
reduced.

Once the information is taken into account and the process is analyzed, the
main parts of the machine are taken so that it can be taken to a machine that can be
controlled by means of an application so that the operator stops having contact with
the machine so that do not have damage to your health, once you have the parts,
they are assembled in a stainless steel box to be friendly with the products since
they are food grade and it is the most correct for hygiene.

Counting on the information, with the parts of the manual machine and once
taking it to an assembly of a steel box, tests will begin with an application that is
friendly to the operator to be able to work with the machine, at this stage it is taken
quite a long time since the machine called MABS (figure 6) is working by trial and
error, but the engineers improve the methods and give it a higher quality and
precision when producing ice cream.

Figure 6: MABS machine and sealing of pens.
Source: Image taken at ICE CREAM SHOP LA REYNA

The operator's performance is greater since it presents a great change since it
is active and can carry out other operations if the need to be aware of the machine
since it alone produces and there is a failure to the operator will receive the
information to your telephone by means of alerts and if these are not attended to,
the machine stops completely and waits to be attended by the operator.

Being able to carry out an improvement or renovation or adaptation of an old
process that has been inherited generation after generation is a bit complex since
the owner of the company can get into a dilemma of how an old process that has
always been used reaches a time that becomes obsolete because of an automated
machine that helps the performance of the operator and the company.
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7. RESULTS

The operator will no longer use the common machine for the packaging
process, but to have optimal results in all areas, the MABS machine will be used
(figure 7), increasing the number of production, reducing the number of waste and
above all improving the quality of life of the operator since his effort will be the
minimum (figure 8). Table 1 makes a comparison of results with the two packaging

machines.

Table 1. Comparison of packaging machines.

INDICATOR

MABS PRODUCTION

PRODUCTION BY
HAND

SPACE

Reduced, less than a square
meter.

Wide, requires space
according to industrial
machines or manual liquid
packaging machines.

OPERATOR

Monitoring is carried out by
application, it does not require an
operator dedicated to the process.

It requires at least one
operator dedicated to the
process.

PRODUCTION
PER HOUR

360 ice creams per hour.

315 ice creams per
hour.

SCRAP PER
HOUR

0%, this is 0 only in case of
defect of polyethylene or of the
product delivered by the supplier.

14.28% of production
per hour, that is 45 out of 315
ice creams are waste.

REAL TIME OF
PRODUCTION PER

One hour dedicated.

30 minutes, since the
operator is distracted, or

HOUR dedicates to_domg_other
processes if required.
Liquids.
PRODUCTS TO Solid. Liouids
BE PACKAGED Sausages. quias.
Seeds.
INDUSTRY Nutritional. onlv food
THAT SUPPORTS Restaurateur. Y '
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Hotelier.

And in any place where
product is packaged.

Figure 7. MABS machine.
Source: Image taken at ICE CREAM SHOP LA REYNA

Figure 8. MABS design inside part
Source: Image taken at ICE CREAM SHOP LA REYNA
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On the part of production and performance we have good results since in one
hour the production of ice cream can be increased from 315 packaged ice creams
to 360 ice creams, that is, in one working day 360 ice creams can be produced that
were not produced before or in an extra hour of work, on the other hand we have the
error in the polyethylene sealing, the machine has a failure in the cut and 45 waste
ice creams can be produced, translated into money is 225 Mexican pesos, in the
(figure 9 ) we have the products that have been sealed with the MABS machine, the
evolution of a machine that only bottled liquids changed to a machine that could pack
liquids, sausages, grains and seeds.

Figure 9. Different types of fillings.
Source: Image taken at ICE CREAM SHOP LA REYNA

The MABS machine can be compared with common machines or machines
that are automated but many of them can increase production but due to the care of
the operator it can be very harmful since they keep it in terrible conditions work and
the postures in which he has to work damage his back, ankles.

8. CONCLUSIONS

This machine is an improvement on all existing machines, but it should be noted that
it increases business economy and above all improves the quality of life of people
who usually work with different machines that perform this work.

The machine continues to be observed in order to continue improving and not
causing any health damage to the operator, since the objective of the MABS
machine is to continue producing a large amount of packaged products but above
all to take care of the operator who has contact with the machine.
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9. ERGONOMIC CONTRIBUTIONS

Through this research, a basis is left for the improvement in the
occupational(Velandia,2013)health of the operator who uses this type of manual
machines, as part of the work, all the damage that the worker recently caused due
to repetitive activities was discovered (figure 10) and on all bad postures (figure 11)
at the time of interacting with the machine, since it is not suitable for the operator,
this also improves work efficiency since the knife cut is more precise and therefore
the quality of the product is better .

Figure 10: Repetitive polyethylene tracing and sealing activities
Source: Image taken at ICE CREAM SHOP LA REYNA
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Figure 11: Terrible postures in the 8-hour workday.
Source: Image taken at ICE CREAM SHOP LA REYNA.

As part of the contributions that we have identified has been the lifting of loads,
since in a working day the operator lifted a bucket full of liquid over his head (figure
12) the operator can lift the 20-liter bucket more than 18 times in a working day and
this activity from an ergonomic point of view is determined as a high-risk activity.

Figure 12: Draining of liquid to bucket.
Source: Image taken at ICE CREAM SHOP LA REYNA.

Finally, the polyethylene filling activity is eliminated since it is a repetitive
activity that damages the operator from his shoulder, elbow, wrist and fingers as
shown in figure 13 since what he does is press and pull the polyethylene film , but
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thanks to an electric band the operator stops having the problem of doing the refilling
activity.

Figure 13: Polyethylene filling of the ice cream machine
Source: Image taken at ICE CREAM SHOP LA REYNA.
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Resumen: Empresa dedicada a la fabricaciébn de aislantes de fibra de vidrio
manifesté que al realizar una investigacion de rutina en el departamento de
empaque detectaron malas posturas en los trabajadores al realizar el empaque de
la fibra de vidrio en bolsas de plastico y un cumplimiento regular en los
requerimientos de COVID en esa area de la planta.

Uno de los retos fue mejorar las posturas por medio de un redisefio de la estacion
de trabajo para que el operador desempefiara el trabajo con las posturas correctas
y disminuyera la probabilidad de sufrir alguna lesibn o malestar en espalda y
hombros. Se aproveché ofrecer mejor calidad en el proceso de empaque.

Para validar las posturas antes y después de la mejora se opt6 en el proyecto por
aplicar diferentes metodologias y normas que permitieron mejorar posturas de 20%
hasta 60% partes del cuerpo criticas para el desempefio de la tarea.

Las areas adjuntas a la estaciéon de empaque, con las valoraciones y propuestas
llegaron a excelentes resultados en el cumplimento de requerimientos COVID al
alcanzar un 90.53% de cumplimiento, después de aplicar la mejora en los
pardmetros que requeria. Afortunadamente al valorar el cumplimiento de las
Normas Mexicanas se identificaron buenas condiciones fisicas de trabajo.

Para alcanzar la mejora fue necesario aplicar tres métodos para el analisis de
riesgos ergonomicos. Para las condiciones de ambiente de trabajo se requirio
validacion de riesgos fisicos con aplicacibn de las normas mexicanas de la
Secretaria del Trabajo y Prevision Social (STPS) , asi como las recomendaciones
de la Organizacion Internacional del Trabajo (OIT) referente a los 10 puntos de
verificacion y recomendaciones aplicables por el retorno de los trabajadores bajo
condiciones de riesgo COVID. Para cubrir cada uno de los puntos de redisefio se
apoyé en herramientas de mejora industrial apoyado en las medidas
antropométricas y dimensiones de las estaciones de trabajo.

Palabras clave: OIT, STPS, Empaque, COVID
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Relevancia para la ergonomia: Importancia del andlisis de riesgos ergonémicos y
cumplimiento de las recomendaciones de COVID en empresas, para mejora las
posturas de los operadores y mantener un ambiente se seguridad en las empresas

Abstract : Company dedicated to the manufacture of fiberglass insulators said that
when conducting a routine investigation in the packaging department they detected
bad postures in the workers when packaging the fiberglass in plastic bags and a
regular compliance with the COVID requirements in that area of the plant.

One of the challenges was to improve the postures through a redesign of the
workstation so that the operator could perform the work with the correct postures
and reduce the probability of suffering any injury or discomfort in the back and
shoulders. We took advantage of offering better quality in the packaging process.
To validate the postures before and after the improvement, the project opted to apply
different methodologies and standards that allowed to improve postures from 20%
to 60% of body parts critical to the performance of the task.

The areas attached to the packing station, with the evaluations and proposals
reached excellent results in the fulfilment of COVID requirements by reaching
90.53% compliance, after applying the improvement in the parameters it required.
Fortunately, when assessing compliance with Mexican Standards, good physical
working conditions were identified.

To achieve the improvement it was necessary to apply three methods for
ergonomic risk analysis. For the working environment conditions, validation of
physical risks was required with application of the Mexican standards of the Ministry
of Labor and Social Welfare (STPS), as well as the recommendations of the
International Labor Organization (ILO) regarding the 10 verification points and
recommendations applicable for the return of workers under COVID risk conditions.
To cover each of the redesign points, it relied on industrial improvement tools
supported by anthropometric measurements and dimensions of the workstations.

Keywords. ILO, STPS, Packaging, COVID

Relevance to Ergonomics: Importance of ergonomic risk analysis and compliance
with COVID recommendations in companies, to improve the positions of operators
and maintain a safe environment in companies

1. INTRODUCTION

The company where the research was carried out is responsible for providing
fiberglass insulation. In production, the assembly of the pieces is carried out, the
fiber is packed, and quality is responsible for verifying the packages with insulators.
In the area of fiber packaging is where the problem was detected, which are bad
postures in workers when packaging fiberglass insulation in plastic bags.
The challenge of redesigning the workstation and attached area was to find that the
operator performs the work with the correct postures decreasing the probability of
suffering any injury or discomfort in the back and shoulders. Offering quality at work
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IS something we are looking for when carrying out this project by applying different
methodologies and standards that allowed to improve postures by up to 40%.

This project was selected because an area of improvement was observed that
at that time was critical, it was noticed that there were movements and positions
uncomfortable for the worker at the time of performing his work, an improvement in
the application of ergonomics and Mexican standards was required.

A study analysis of ergonomic risks, physical risks was carried out and the
Mexican standards of the Ministry of Labor and Social Welfare (STPS) appropriate
to the project were applied, as well as recommendations of the International Labor
Organization (ILO) regarding the 10 points of verification and recommendations
applicable for the return of workers under conditions of COVID risk which were
generally complying with almost 90.53%

2. OBJECTIVES

Redesign packaging station applying ergonomic risk analysis, ILO recommendations
and validations of Mexican standards through proposing a station that allows safety
postures to avoid possible injuries to the worker at the time of packing.

3. METHODOLOGY

To validate the fiberglass packaging job, the following methodology listed below was
applied in the company.

Mexican Standards were validated according to the STPS in packing station with
for noise and lighting conditions in the workplace to confirm that the values are within
the values of conformity with the environment in your workplace, see in tablel the
standards applied.

Table 1. List of Mexican Standards according to the STPS applied to the station

Norma Analisis

NOM-011-STPS5-2001 Condiciones de seguridad e higiene en los centros de
trabajo donde se genere ruido.(STPS,2002)

NOM-015-STP5-2001 Condiciones térmicas elevadas o abatidas-Condiciones
de seguridad e higiene. (STPS,2002)

NOM-017-STP5-2008 Equipo de proteccion personal-Seleccion, uso y mangjo
en los centros de trabajo. (STPS,2008)

NOM-025-SPTS-2008 Condiciones de iluminacion en los centros de trabajo
(STPS,2008)

NOM-035-STP5-2018 Factores de riesgo psicosocial en el trabajo
Identificacion, analisis y prevencion. (STPS,2018)

The recommendations of the ILO for redesign in the workplace (ILO, 1996), and
the ILO to reduce the risks of contagion by COVID, in this case applied in the areas
attached to packaging, were validated.

a. Applied in bathrooms and toilets
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b. Dining rooms and rest areas

c. Work utensils

It was analyzed and evaluated according to ergonomic risk methodologies before
redesign and after improvement with RULA, Suzanne Rodgers and WERA
(Workplace Ergonomic Risks Assessment) obtaining results that allowed us to

validate the improvement applied.
The station dimensioning and associated anthropometry were carried out to

redesign the station that was.
5's and SMED continuous improvement methodologies were applied to increase

the productivity of the workstation

4. RESULTS
4.1 Mexican Standards according to STPS

The recommended values of the Mexican standards to validate the physical
conditions of the workstation were validated in the workstation
NOM 011 STPS, we realized when validating it that they are within the permissible
values of decibels 73 dB in the station, see Table 2 and Figure 1.

60-80 dB
60-80 dB
S8
LT
=
w= operador
empaque

Figure 1. Noise Level Condition in Packing Station

NOM 015 STPS 2011 The Temperature is more critical in summer, however at
this time it is within the permissible parameters of thermal comfort of 26.5°C, since
it has air conditioning, see Table 2.

NOM 025 STPS corresponding to Lighting it was found that the packing station
is above the necessary 501 lux, see Table 2 and Figure 2.
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™ 800-1000 lux

m 600-800 lux
M 400-600 [ux

Salida
M aterial |

Figure 2. Condition of Lighting Levels in Packing Station

When evaluating the conditions of the operator in the NOM 017 STPS
workstation if they use the necessary protective equipment for the process and work
area, NOM 035 STPS does not manifest critical values when applying the survey
carried out to evaluate the psychosocial conditions in which the work area is located.

Table 2. Some values of Mexican Standards according to the STPS applied to

the station

Norma | NOM STPS Real Observacion de

STPS Decibel Decibel resultados obtenidos

NOM 80dB 73 dB El Ruido cumple con los decibeles establecidos por norma,
011 no rebasa los niveles permitidos. (Niebel, 2014)

Norma | NOM STPS Real Observacion de

STPS Celsius Celsius resultados obtenidos

NOM 25.38°C 26.5°C La temperatura est&} dentro de Io_establemfd::_) por norma, no
015 rebasa grados centigrados con aire acondicionado

Norma | NOM STPS Real Observacion de

STPS Lux Lux resultados obtenidos
025 500-700 lux | 591 lux Cumple con los luxes establecidos por norma, no se

rebasan

4.2 ILO recommendations regarding COVID

ILO recommendations to reduce COVID risks were validated, in this case applied in

areas attached to packaging
a. Applied in bathrooms and toilets see figure 3, before recommendations were
met in 81.25%, after the improvement they are attended in 87.5%, they have
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been improved by 6.25% comparing a before and after application, see table
3 and figure 6.

Figure 3. Bathrooms and toilets used in shared packaging

b. Dining rooms and rest areas see figure 4, before recommendations were
attended by 79.5%, after the improvement they are attended by 84.1%, they
have been improved by 4.55% comparing a before and after application, see
table 3 and figure 6.

Figure 4. Dining rooms and rest areas used in shared packaging

c. Work utensils see figure 5, before recommendations were met in 58.33%,
after the improvement they are attended in 87.5%, they have been improved
in 41.67% comparing a before and after application, see table 3 and figure 6.

Figure 5. Work utensils used in packaging that are shared
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Benefits were obtained in an area of opportunity to apply COVID improvements
before recommendations were met in 73.04% after the improvement are attended in
90.53% have been improved in 17.49% comparing a before and after application,
see table 3 and figure 6.

Table 3. Percentages of compliance with ILO COVID recommendations in areas
close to packaging

EMPRESA. Areas cercanas a estacion Empaque | ANTES DESPUES Mejora

a. Cuartos de barfio y aseos 81.25 87.5 6.25%
b. Comedores v las areas de descanso 795 84 1 4.55%
c. Utensilios de trabajo 58.33 100 41.67%

Mejora| 73.04% 90.53% 17.49%

Utensilios de trabajo
100.00 58.33 100

AREA DE
EMPAQUE

—4— ANTES
—l— DESPUES

79.5 84.1 81.25 87.5
Comedores y las Cuartos de bafio y
areas de descanso aseos

Figure 6. Behavior of ILO COVID recommendations before and after
improvement applied

4.3 Application of ergonomic risk assessment methods

Packaging station was validated by means of the ERGONOMIC RISK
ASSESSMENT METHOD WERA (Workplace Ergonomic Risks Assessment),
obtaining the results observed in Table 4 and Table 7

L —————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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Table 4. Valuation of packing station by WERA method

Factor Puntuacion
de riesgo Antes Después
Hombro 5 4
Murfiecas 4 3
Espalda 5 2
Cuello 5 3
Piernas 5 2
Fuerzas 2 2
Vibracion 2 2
Stress por contacto 2 2
Duracion de la tarea 4 4
TOTAL 34 24
Observacion Se necesita investigar mas Tarea aceptable
Yy € requieren cambios

Packaging station was validated by means of the Suzanne Rodgers ergonomic risk
assessment method, obtaining the results observed in Table 5 and Table 7

Table 5. Valuation of packing station by Suzanne Rodgers method

Factor Puntuacion

de riesgo Antes Después
Cuello 10 o)
Hombro lzquierdo
Hombro derecho
Espalda
Brazo y codo izquierdo
Brazo y codo derecho
Murieca Mano dedo izquierdo
Murieca Mano dedo derecho
Piernas vy tobillos

~|f||CnjCn|~ (S
= M= = | A = =[S

Packaging station was validated by means of the RULA ergonomic risk
assessment method, obtaining the results observed in Table 6 and Table 7
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Table 6. Valuation of packing station by RULA method

Factor Puntuacion
de riesgo Antes Después
Brazo antebrazo y mufieca 5 2
Antebrazo 3 2
mufieca 3 2
Giro murieca 1 1
Cuello 4 2
Tronco 5 1
Piernas 2 1
Puntuacion 7 3
Nivel de Riesgo 4 2
Requiere analisis vy | Requiere evaluar
Observacion cambios inmediatos detallado y posible algun
cambio

Table 7. Percentages improved when assessing ergonomic risk methods at
packing station

Factor Mejoras encontradas en cada método de evaluacion

de riesgo WERA Suzanne Rodgers RULA
Hombro 20 40 33.3
Muriecas 20 30 29
Espalda 60 60 66.6
Cuello 40 50 33.3
Piemas 60 60 a0
Mejora aplicada 40 48 41.64

4.4 Dimensions and anthropometry

In the analysis of the sizing of the stations according to anthropometry of operators

see table 8, before they did not comply with the dimensions of operating comfort on

the work table, see photograph of Figure 7. Recommendations and redesign of

workstation workspace were applied

a. The feeding tables were sized below the elbow to facilitate extraction of the
feeder container

b. The packaging table is adapted at the elbow level facilitates the comparison and
sizing of the product when packing it

c. Mobile work table with wheels was added for packaging material and packaging
in height below shoulders and below elbow to compensate for height of
packaging pieces, see preliminary project applied in figure 7.
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Table 8. Some anthropometric measurements taken to operator are shown

Descripcion Medician {cm) Descripcion Medicion (cm)
1.Peso 85 kg 13.Anchura de torax 479
2.Estatura 177 14 Ancho de codo a codo 338
4 Altura al hombro 165 32.Perimetro de cabeza 65
5. Altura codo flexionado 112 33. Profundidad de la cabeza 19.7
B.Altura al nudillo 78 35 Longitud de |a cara 16.2

™ 800-1000 lux
m 600-800 lux
W 400-600 ux

Salida
M aterial

operador
empaque

Figure 7. Reconditioning of mobile packing and packing station at the outlet
4.5 Continuous improvement
4.5.1 14 principles of movement

e The 14 principles of movement were validated to improve the design, 13
applied in the project, as can be seen in figure 7 we were allowed to only
show the preliminary project.

e [nitially, only 4 of 13 movement principles were met that apply in the project
30.8%

e After improvement, 12.3 of 13 principles of movement are met, 94.6% applied
with the redesign of the area

e The final arrangement remained as a manufacturing cell, everything within
reach and most of the points are met, the only thing that does not have is
visual aids, only the exit criteria indicated by the client, required in its
packaging, was improved in design by 63.8%

4.5.1 SMED (rapid preparations)

e The internal preparation became external preparation, now the packing bag
is placed on the same output product warehouse table

e Decreased distance and unnecessary movements

¢ In the refinement it is stored directly in the pack and packaging is carried out
at the same time
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o The time of packaging and transfer of the finished product is reduced,
since the same table serves as a transport of the finished product

5. CONCLUSIONS

e The improvements in the redesign of the station were validated through
ergonomic analysis and evaluation in the workstation, applying the WERA,
Suzanne Rodgers and Rula methodologies. Improvements of up to 60%
were found in the back, 33.3% in the neck, 50% in the legs and 20% in the
shoulders and wrists, when applying the proposed improvements. It was
possible to verify by this means up to a 40% improvement, representing a
comfort for the operator and a decrease in possible injuries

e The ILO recommendations allowed to redesign the station, to provide comfort
and certainty, when operating the station designed according to the
requirements of the operator. It is now a safer place from any COVID risks,
as it meets the recommendations by up to 90.53% after the improvement,
when going to eat or doing your personal hygiene.

e Great certainty is obtained by validating the Mexican standards that the
operator works within the parameters that allow him to perform adequately
within the favorable operating environments

e Comfort was achieved by redesigning the workstation by conditioning its
anthropometric dimensions with the dimensions of its workstations, and
adding a mobile warehouse station, which allows it to carry out its work in an
optimal working position.

e Applying the tools of continuous improvement increased production volume,
comfort of movements, less rework and repetition of unnecessary activities
that accumulated fatigue.
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TRANSPORTER - POTS IN BLUEBERRY PRODUCTION
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RESUMEN: En todas las empresas agricolas se pueden generar situaciones
desfavorables, con pérdidas econémicas y humanas e impacto en la sociedad y el
medio ambiente. En nuestra region, crece la necesidad de cultivos agricolas,
especialmente arandanos, en los que los arbustos se plantan en macetas no
directamente en el suelo. Al realizar maniobras entre las macetas es necesario
generar movimientos manuales de estas, siendo el trabajador el motor impulsor para
mover las plantas. Es por ello que se propone generar un dispositivo que ayude al
operador a realizar su trabajo, de tal forma que faciliten la actividad y ofrezcan mayor
seguridad en su ejecucion, facilitando la labor del traspaso de las macetas y
reduciendo el riesgo de malas posturas en el area de operaciones. Se visitd un
cultivo de arandanos durante las labores y se analiz6 la forma de trasladar las
macetas de un lugar a otro, se hizo una comparacion de las formas en que
podriamos mejorar el proceso observado determinado las medidas antropométricas
necesarias para el disefio de la herramienta a disefar, posteriormente se aplicaron
mediciones y céalculos percentiles que ayudaron a generar el prototipo. Este se
disefid llevando a cabo una de las ideas propuestas en base al analisis
antropometrico, de tal manera que permita cumplir con el objetivo propuesto. Como
resultado se obtuvo un disefio en AutoCAD del prototipo de la herramienta
ergonomica que ayuda a la movilizacion de macetas en el cultivo de arandanos y
permitira realizar la actividad de forma segura para el trabajador.

Palabras clave: Posture, pot, Transferencia.

CONTRIBUCION A LA ERGONOMIA: Se busca la concientizacién en el trabajo de
la industria agricola sobre la necesidad de aplicar la ergonomia en las actividades
de los trabajadores del campo que estan sometidos a una alta carga de trabajo
diariamente

ABSTRACT: In all agricultural enterprises, unfavorable situations can be generated,
with economic and human losses and impact on society and the environment. In our
region, there is a growing need for agricultural crops, especially blueberries, in which
the bushes are planted in pots and not directly in the ground. When maneuvering
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between the pots it is necessary to generate manual movements of these, being the
worker the driving engine to move the plants. That is why it is proposed to generate
a device that helps the operator to perform his work, in such a way that facilitates
the activity and offers greater safety in its execution, facilitating the work of
transferring the pots and reducing the risk of bad posture in the area of operations.
A blueberry crop was visited during the work and the way of transferring the pots
from one place to another was analyzed, a comparison was made of the ways in
which we could improve the process observed and the anthropometric
measurements necessary for the design of the tool to be designed were determined,
then measurements and percentile calculations were applied to help generate the
prototype. The prototype was designed by carrying out one of the ideas proposed
based on the anthropometric analysis, in such a way that it would allow the proposed
objective to be fulfiled. As a result, an AutoCAD design was obtained of the
prototype of the ergonomic tool that helps the mobilization of pots in the cultivation
of blueberries and will allow the activity to be performed safely for the worker.

KEYWORDS: Posture, pot, transfer.

CONTRIBUTION TO ERGONOMICS: Awareness is sought in the agricultural
industry work on the need to apply ergonomics in the activities of field workers who
are subjected to a high workload on a daily basis.

1. INTRODUCTION

In all agricultural companies, unfavorable situations can be generated, with financial
and human losses and impact on society and the environment. In our region, the
need for agricultural crops is growing, especially blueberry, in which the bushes are
planted in pots, not directly in the ground. When carrying out maneuvers between
the pots, it is necessary to generate manual movements of these, the worker being
the driving force to move the plants, this is the reason why it is proposed to generate
a device that helps the worker to carry out their work in such a way that facilitate
your work and offer greater security in its execution, facilitating the activity of
transferring the pots and reducing the risk of bad postures in the operations area.

2. DELIMITATIONS

Agricultural enterprises involved in the cultivation of blueberries in pots.

3. METHODOLOGY

The sample was taken from 41 students of the TecNMX industrial engineering career
to make the calculations.
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Table 1. Results of the sample.

Descripcion Media
Ancho de los hombros [45.9925
Altura a la muneca 85.55
Agarre a la muneca 5.047368421
Ancho de la palma de la

mano 9.165

This will help us to be used by different people with different measurements
based on their body dimensions, since these dimensions will provide us with the
distance that must be adjusted to be used by different users.

CALCULATION OF PERCENTILE

Ancho de los hombros

34

5% 36
36

37
38
38

45

45

45

50% 46
46

46

46

47

52

52

52

54

55

95% 61

65
72

Media
45.9925

Data 1. Sample data.
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Altura a la muneca

i)
5% 70.5
74
LE
LE
LE
L)
L)
L)
3.5
80
81

EE[EE

85
85

86
86
87
87
87
88
88
88
89
a0
a0
a0
a0
91
84
84
84
95% 95
102
110

Media
B5.55

Data 2. Sample data.
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Data 3. Sample Data.
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Ancho de la palma de la mano

5%
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95% 135
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Data 4. Sample Data.
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Table 2. Percentile results

Numero de Datos 40
valor i (posicion)

percentil 5 2.5

percentil 50 20.5

percentil 95 38.5

Valor Percentil

5% 36

50% 46

95% 63

Table 3. Percentile results

The handlebar for the two-wheel prototype should measure 46cm based on
the 50% percentile.

Mumero de Datos 40
valor i (posicion)
percentil 5 i
percentil 50 20.5
percentil 95 38.5
Valor Percentil
5% 72.25
50% 85.5
95% 98.5

Table 4. Percentile results

The extendable should adjust the height between 72.25cm-98.5cm to cover
most of the population according to their height.

Numero de Datos 38
valor i (posicion)
percentil 5 1.9=2
percentil 50 19.5
percentil 95 36.1=37
Valor Percentil
5% 3
50% 475
95% 8
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The diameter of the wrist grips must be a maximum of 3 centimeters based
on the 5% percentile.

Table 5. Percentile results

Mumero de Datos 40
valor i (posicion)
percentil 5 2.5
percentil 50 20.5
percentil 95 38.5
Valor Percentil
5% 7
50% 8.75
95% 13

The width of the palm of the hand to grip the tool should not be greater than
7 centimeters based on the 5% percentile.

Table 6. Measure description to the desing

Descripcion Media

Ancho de los hombros 45.9925
Altura a la muneca 83.55
Agarre a la muneca 5.047368421
Ancho de |la palma de la mano 92.165

The extendable should adjust the height between 72.25cm-98.5cm to cover

most of the population according to their height.
The diameter of the wrist grips should be a maximum of 3cm based on the

5th percentile.
The width of the palm of the hand to grip the tool should not be greater than
7 cm based on the 5% percentile.
RESULTS

Table 7. Final percentile results

Percentiles
5 50 95
36 46 63
46 85.5 98.5
61 4,75 8
7 8.75 13
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As a result, we have the reduction of injuries or inside work, and the
satisfaction of the user by having a tool according to their body dimensions for better
performance and less risk of an accident through anthropometric design. It has an
ergonomically acceptable approach to be used in any work area.

75.05

Figure 1. Prototype

3.05

Figure 2. Prototype technical specifications.

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



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 14 | 2021

Figure 3. Prototype technical specifications.

4. CONCLUSIONS

In conclusion, we can highlight that the development of this prototype will help us
reduce the workload of workers in this area as well as help us to emphasize the
importance of ergonomists in Mexico paying more attention to the agricultural sector
where workers are more neglected in the aspects of safety and ergonomics, where
they put their bodies to the maximum effort to be able to carry out their work day by
day.

In addition, we are giving solutions but there are more riskies to work on it like
the musculoskeletal disorders:

“‘Musculoskeletal disorders (MSDs) are increasingly recognized as a
significant hazard of agricultural occupation. In agricultural jobs with significant
physical labor, MSDs are typically the most frequently reported injury. Although not
as lethal as tractor roll-overs, MSDs can result in disability, lost work time, and
increased production costs. MSDs increase production costs as a result of worker
absence, medical and insurance costs, decreased work capacity, and loss of
employees to turnover and competition from other less physically demanding
industries. This paper will provide an overview of what is currently known about
MSDs in agriculture, including high-risk commodities, tasks and work practices, and
the related regulatory factors and workers' compensation costs. As agricultural
production practices evolve, the types of MSDs also change, as do ergonomic risk
factors. One example is the previous higher rates of knee and hip arthritis identified
in farmers in stanchion dairies evolving into upper extremity tendonitis, arthritis, and
carpal tunnel syndrome now found in milking technicians in dairy milking parlors.
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This paper summarizes the presentation, “Musculoskeletal Disorders in
Labor-Intensive Operations,” at the Agricultural Safety and Health Council of
America/National Institute for Occupational Safety and Health conference, “Be Safe,
Be Profitable: Protecting Workers in Agriculture,” January 27-28, 2010, Dallas/Fort
Worth, Texas. The primary focus of the paper is to address current research on
ergonomic solutions for MSDs in agriculture. These include improved tools, carts or
equipment, as well as work practices. One of the key challenges in this area pertains
to measurement, due to the fact that musculoskeletal strain is a chronic condition
that can come and go, with self-reported pain as its only indicator. Alternative
measurement methods will be discussed. Finally, the implementation of research
into practice is reviewed, with an emphasis on best practices that have been
demonstrated to be effective in the agricultural setting, based on worker acceptance
and comfort, improved productivity, and decreased MSDs. The paper will provide an
overview for agricultural stakeholders as to the current science and practice of
ergonomics in agriculture” (Kirkhorn, 2010).
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Resumen El presente proyecto muestra informacion de una investigacion que se
desarroll6 con la finalidad de generar un disefio de las condiciones ergonémicas en
el area de produccién de un insecticida biorracional elaborado a base de Nim, en el
Tecnologico Nacional de México campus Guasave.

“Ergonomia es la disciplina cientifica que trata de las interacciones entre los
seres humanos y otros elementos de un sistema, asi como, la profesién que aplica
teoria, principios, datos y métodos al disefio con objeto de optimizar el bienestar del
ser humano y el resultado global del sistema”. (EIA, 2000).

Las condiciones ergondmicas que se desarrollaron en el area de produccion de
insecticida biorracional ayudo de manera significativa a mejorar el proceso en las
operaciones y las condiciones de trabajo, seguridad, control de inventarios,
reduccion de tiempo, logrando un mejor manejo en esa area. Sé evaluara las
condiciones de trabajo del proceso de produccion
de bioinsecticidas, Se realizara la toma de datos durante 3 semanas para después
presentar la propuesta de disefio de condiciones ergonémicas.

Palabras clave: Insecticida biorracional, Método Rula, Condiciones ergonémicas

Relevancia para la ergonomia: El disefio de condiciones ergonémicas en los
procesos de produccion permite un aumento de productividad. La Aportacion de la
ergonomia garantiza la optimizacion de los recursos y la optimizacion de los
sistemas Hombre- Maquina. Generando un sistema mas eficiente en sus
operaciones, cuidando la seguridad y salud del trabajador.

Abstract: This project shows information from an investigation that was developed
in order to generate a design of ergonomic conditions in the production area of a
biorational insecticide made from Nim, at the National Technology of Mexico campus
Guasave.
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"Ergonomics is the scientific discipline that deals with the interactions between
human beings and other elements of a system, as well as, the profession that applies
theory, principles, data and methods to design in order to optimize the well-being of
the human being and the result global system ”. (EIA, 2000).

The ergonomic conditions that were developed in the biorational insecticide
production area significantly helped to improve the process in operations and
working conditions, safety, inventory control, time reduction, achieving better
management in that area. The working conditions of the bioinsecticide production
process will be evaluated. Data collection will be carried out for 3 weeks and then
the ergonomic conditions design proposal will be presented.

Keywords: Biorational insecticide, job analysis, Ergonomic conditions

Relevance for ergonomics: The design of ergonomic conditions in production
processes allows an increase in productivity. The Contribution of ergonomics
guarantees the optimization of resources and the optimization of Human-Machine
systems. Generating a more efficient system in its operations, taking care of the
health and safety of the worker

1. INTRODUCTION

Sinaloa is the main producer of grains and vegetables in Mexico, due to the great
variety and quality of food derived from the field, which are recognized nationally and
internationally. The agricultural leadership of our state is based on the production of
crops such as corn, wheat, potatoes, squash and many others. It makes this one of
the most representative activities in our region. (CODESIN, 2020).

The presence of musculoskeletal disorders is an important issue in the public
health of farmers. There are a small number of studies that have examined the
ergonomic risk and working conditions associated with the presence of these
disorders. Agriculture has been shown to be an occupation that requires a large
amount of physical demand that includes difficult movements and postures,
repetitive and monotonous tasks and a high possibility of suffering and accidents
due to falls due to the unevenness of the terrain. (Garzén, Vazquez, & Molina, 2017).
According to data from the Mexican Institute of Social Security in 2018, it was found
that of 100 agricultural workers, about 2.2% have occupational risks and 1.8% may
have occupational accidents. (IMSS, 2019). The objective of this work is to analyze
the ergonomic conditions in the production process of an irrational bioinsectide
based on Neem.
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2. OBJETIVES
2.1 General objective

Design ergonomic conditions in the production process of a biorational insecticide
made from neem.

2.2 Specific objectives

Carry out a diagnosis of production activities through the application of ergonomic
principles and detection of risk factors.

* Apply the RULA ergonomic evaluation method to improve the optimal conditions in
the production process of a biorational insecticide

3. METHODOLOGY

1.- Carry out a current diagnosis of the production areas of the biorational insecticide.
Through the identification of risk factors and ergonomic principles.

2.- Analysis of workstations for a certain time and to identify the activities that present
risk factors in the production process.

3.- Design the ergonomic and safety conditions in the production process

4. RESULTS

The production process of the biorational neem insecticide (Azadiracta indica), is
composed of 30 metabolites with anti-food and suppressive action of the hormones
responsible for growth; among them the most important is the substance identified
as azadirachtin.
This process contains 6 activities:

1. Collection of leaves.

2. Washing process sheets.

3. Dry for 2 days,

4. Grinding the leaves in a manual or electric mill and the active ingredient is

extracted.

5. Mix 400 grams of ground leaves in 1 liter of water, and let it rest for 24 hours.

6. The liquid part is separated by decantation or filtering.
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Figure 1. Biorational insecticide production process.
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Figure 2. Production process diagram

The elaboration of the biorational insecticide was carried out with 3 workers, all
men with an age range of 20 to 48 years, with a duration of 5 hours. All operators
carry out 3 to 5 activities. The environmental conditions to which they are exposed
during the working day: temperature between 38 to 42 degrees Celsius and a
humidity of 35% during the working day.

During the analysis of the stages, the stations with the highest risk factors were
inadequate postures, inadequate instruments for the tasks, heights and dimensions
out of reach, in the workstations of leaf collection, drying, separation or filtration.
Applying ergonomic principles.
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Table 1. Ergonomic principles check sheet

ergonomic principles meets | Fails | Does Observations
not
apply
.1-Keep everything within The operator needs to
reach. reach further to reach
-Over effort. X the blades.
-Positions that make work
difficult
2. -Use elbow height as a The band is at a height
reference. higher than the height of
-Wrong position X the elbows.

-Unnecessary effort

3. - Find the correct The table is low to the

position for each work. « elbows and requeried

-Pressure on the body. inmediatily change

-difficulty of work.

4.- Adjustment and change Adjustment and change

of posture of position are not
X ,

-pressures. fulfilled.

-Uncomfortable postures.

5.-Highlight  clearly to
improve compression.

-bad display of controls. X
-Bad visualization of boards.
-Errors due to bad design

During the analysis of the process stages, it is observed that the station with the
highest risk factors is 3 (Leaf collection, leaf grinding, and Separation or filtration).

The RULA ergonomic evaluation method was applied to the 3 stations with the
highest risk factor.
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Figure 4. Application of the RULA method at the Leaf Collection station.

In the leaf collection activity, the RULA method yielded the result of 5, which
indicates that the task needs to be redesigned, making pertinent changes, because
the worker's posture develops cumulative trauma disorders.
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Figure 5.- Application of the RULA method in the sheet grinding station

In the activity of milling leaves, the RULA method yielded the result of 4, which
indicates that the study needs to be expanded, for the proposal of pertinent changes,
it presents a worker's posture that develops cumulative trauma disorders.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. Pagina 82



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 14 | 2021

L T oy
LA Fiis [_r;g:.g_ﬁ? 5%
vt v RO i i

\»..-u....—.--—

Pont | L aatin et e et are

o Q.". a ,;@\.

Pant b G
Ilh——i—‘.-‘
o o e B e

Hiis
5
“l
A
-
-‘; \.«']":
. L ]
R i
7/
7
o

P ) u-.-._-.u.‘u

B ; q}
mhw' w

0 Satens v Sebats g e s el ¢ Bt

~l*l=l*l"l"i"l"l"]l~1%

U U UL UL UL

“jwl*olwlwlwlwlslel~

) dfelafr vl

hyj’-/ -
apaonooonan gatny s BOBLLEEETET
anngaooae [f:-.:-" N ERBEROO0anon
-
onooonooooon
‘“c | Pt |

% Pone 1 s o ponsw o Lo b
6 e st S pancn | My 7Y gy bsiaw pstacis petes w Tk §

| o A sw pewrow

Pane & G v metecs
L L LT
e Sas 0 e e o g T e e
AW v s o mtmy

R L A
L R R e e T )
St puswn h

e KL‘K“
i
!

Pt ) Aad petea @t M et macde
- L e TR N
NG @ b 4 et | e

1 Para s o e

}.

Pon b M parten s SBeans Pnide
O 4 e D 4 BT g 4 | G
petiiamens b woin M veesamin 6 ] ¢! Punhacke sesd ¥

wleolwlw]le

+

Pano T AR partancion e s Foera | Conge

s ¢ eeteae ¢ | hG mmeeaerts o

om0 0000 Ny reriente 1

B e 20 Ky s o pettig 43

Bon e cge V1 G 4 Vet & e ) Partas e

- |-

o R § [Pt ans s n b tamiCop
g s e < 1 Ry waee—
Ny e ot
Boen e Mg s ¢ npees <)
R B e g W N 6 Weats & nlin 3

P 1) Locataw oot on T
e 4 T e e e 11 Ny M
A s Vea el svme g b

|Emprona Fecha 6 Retorwncio
Puesto | Seccion o— fr=a

-
wlolo]l =~

T

Pana | Lonsfaw e o T ©
g o Tt C e e e e en paeen L0y Y

&
|

P B es svelsars ; Wers ¢

PUNTUACION FINAL: 1 6 2: Aceptable; 3 6 4: Ampliar ol estudio; § 6 6: Ampliar el estudio y modificar pronto; 7: estudiar y modificar inmediatamente
Figure 6.- Application of the RULA method in the Separation or filtration station

In the screening and testing activity, the RULA method yielded the result of 6,
which indicates that the task needs to be redesigned, making immediate pertinent
changes, because the worker's posture develops cumulative trauma disorders.

5. DISCUSSION/CONCLUSIONS

The analysis of the ergonomic conditions, allows to detect the risk factors that the
workers are exposed when they carry out operations in the agricultural field. Worker
productivity is affected by environmental conditions, temperature, humidity, and
unsuitable work methods.

In the production process of the biorational insecticide, 3 stations were detected
(leaf harvesting, leaf grinding, Separation and filtration) that are affecting worker
productivity and health.

With the application of the RULA Method in these 3 areas, level 5, 4, 6 is
detected for each analysis posture. For the collection of leaves, a device is presented
that collects the leaves for the scope and a transfer device for the raw material. On
the Leaf Mill, it is recommended to change the height of the mill, raising the height
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to an additional 20 cm so that it is within reach and achieves the effectiveness of the
activities. In the separation or filtration change the height of the work table with 10
cm downwards so that the operation does not generate a shoulder lift, as well as the
tests of the product, perform it with a transport device (hoses) so that the product
reaches more fluently and not being in the wrong posture for long periods.
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RESUMEN: A principios del afio 2020 a causa de la pandemia por el COVID-19
miles de docentes en México cambiaron la forma tradicional de impartir sus clases
a realizarlas de manera remota, actividad denominada home office o teletrabajo, un
cambio de modalidad de trabajo subito, pues no cambi6é solamente el canal de
comunicacién, también se modificaron las condiciones de trabajo, desde un salén
de clases a algun puesto dentro del hogar. Este proyecto tiene como objetivo
conocer las experiencias de los docentes e identificar los riesgos ergonémicos a los
que estuvieron expuestos con esta modalidad. Los sujetos de estudio son los
docentes de educacién basica que residen en la region del noroeste de México.
Para realizar la investigacién se aplico un cuestionario, adaptacion de uno realizado
por la Universidad de Concepcion y SORCHEGO denominado “Entorno ergonémico
del teletrabajo en situacién de pandemia”, se colectaron las respuestas por medio
de formularios de Google. El nivel de confianza es de un 90%. Entre los resultados
mas significativos esta que un 84.11% no habia realizado teletrabajo antes de la
pandemia, un 48.37% no recibieron instrucciones de cdmo realizar las tareas de la
mejor manera, un 79.42% no tiene entrenamiento y/o capacitacion en ergonomia,
un 71.11% tiene menor actividad fisica comparado el teletrabajo con el trabajo de
clases normal; un 58.11% no cuenta con escritorio, silla ajustable o reposapiés; de
un 24.55% a un 43.32% no considera las posturas que adoptara en distintas partes
del cuerpo al trabajar, un 45.81% no cuenta con un lugar fijo de trabajo, un 38.63%
considera su lugar de trabajo como ruidoso. Los resultados también muestran que
la mayoria, han tenido alguna molestia o tienen la necesidad de adaptar su lugar de
trabajo.

Palabras clave: Ergonomia, Riesgos, Teletrabajo, Home office

Relevancia para la ergonomia: El estudio contribuye a la difusién del conocimiento
sobre las condiciones de riesgo que se presentan en el Teletrabajo y la relacion con
la Ergonomia, de tal manera que se identifiquen las oportunidades de mejora y se
determinen acciones que permitan mejorar los elementos de disefio, organizaciones
y cognitivos en lo usuarios de esta forma de trabajo.

ABSTRACT: At the beginning of the year 2020, due to the COVID-19 pandemic,
thousands of teachers in Mexico changed the traditional way of teaching their
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classes to remote teaching, an activity called home office or telework, a sudden
change of work modality, since not only the communication channel changed, but
also the working conditions were modified, from a classroom to a position at home.
The objective of this project is to learn about the teachers' experiences and identify
the ergonomic risks to which they were exposed with this modality. The subjects of
the study are elementary school teachers residing in the northwestern region of
Mexico. To carry out the research a questionnaire was applied, adapted from one
made by the University of Concepcion and SOCHERGO called "Ergonomic
environment of telework in pandemic situation”, the answers were collected by
means of Google forms. The confidence level is 90%. Among the most significant
results is that 84.11% had not performed telework before the pandemic, 48.37% did
not receive instructions on how to perform the tasks in the best way, 79.42% have
no training and/or training in ergonomics, 71. 11% have less physical activity
compared teleworking with normal classroom work; 58.11% do not have a desk,
adjustable chair or footrest; 24.55% to 43.32% do not consider the postures they will
adopt in different parts of the body when working, 45.81% do not have a fixed place
to work, 38.63% consider their workplace as noisy. The results also show that the
majority have had some discomfort or have the need to adapt their workplace.

KEYWORDS: Ergonomics, Risk, Telework, Home office

Relevance to Ergonomics: The study contributes to the dissemination of
knowledge about the risk conditions that occur in Telework and the relationship with
Ergonomics, in such a way that opportunities for improvement are identified and
actions are determined to improve the design, organizations and cognitive in the
users of this form of work.

1. INTRODUCTION

The United States is one of the pioneers in telework, to support this idea, in the year
1988 California had already established a telework pilot program. However, it is until
2010 that telework is defined by law 111 in December in this country (EU congress,
2010, cited by Rodriguez, 2017), and it is in that same year that is dictated the
Telework Enhancement Act or Telework Enhancement Act in English (Alvarez,
2018). Currently, as Rodriguez (2017) points out, the provisions by the government
vary depending on the state, the similarities in the policies are about working hours,
location, safety aspects, as well as selection and termination criteria according to a
study conducted in 35 states of the country.

According to the European Union, in 2001 the Social Dialogue Committee of the
Telecommunications Sector published a document with indications that should be
applied to telecommunications telework in Europe. (Rodriguez, 2007). By July 16,
2002 the European Trade Union Confederation, the Union of Confederations of
Industry and Employers of Europe, the European Union of Craft, Small and Medium
Enterprises and the European Centre of Public Enterprise, signed the European
Framework Agreement On Telework, which in its own terms "seeks to modernize
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the organization of work" in order to increase productivity and competitiveness, as
well as to increase the level of safety and adaptability to different forms of work
(Rodriguez, 2007).

Although in Latin America has tried to include telework as a modality to provide
employment, the structuring of laws and regulations in most countries is not enough
and makes it very difficult to carry it out in a formal way (Fernandez and Bravo, 2019).
On the other hand, Argentina has been located as the main precursor of telework in
Latin America (Osio, 2015), this is evidenced in its background, among the most
prominent: in 2003 is created the Telework Commission corresponding to the
Ministry of Labor, Employment and Social Security (Ramirez, 2008, as cited by Osio,
2015); in 2007 is enacted the Law Legal Regime of Telework. In addition to private
sector initiatives to regulate telework, the most prominent is of the company
Telecom, based in Buenos Aires, which developed its own manual to regulate
telework (Osio, 2015).

Another country that has telework regulation by the government is Colombia,
telework is regulated by Law 1221 of 2008 and Decree 884 of 2012 that regulates it.
While Law 1221 recognizes telework as a modality of work, Decree 884 specifies
the working conditions for private and public entities, the obligations and rights of the
employer and teleworker (Barona, 2013).

In Mexico, as mentioned by Valle (2018) telecommuting is a trend that is
expected to gain greater importance as time goes by. In Mexico, there is a space in
the Federal Labor Law in the sixth title under the name of "special jobs" chapter XII
"Home-work" with several articles that tries to keep track of work activities at home
(DOF, 2019), however, the definition given in Article 311 of work at home is not the
same as telework or home office.

This means that teleworking is not regulated in detail in the existing labor
legislation, it is only validated with home-based work, which is different from the term
teleworking, one of the main differences between the two terms is that the services
of the home-based worker end at the time of delivering the finished product; with the
teleworker a stable work situation is maintained, where the activities can vary
continuously (Silva et al., 2013).

With the passage of time, there has been an attempt to increase the level of
acceptance of teleworking with different strategies, such as the so-called "office in
your home" that took place in Mexico City in 2017 (ILO, 2017). Regarding legal
advances by the government, the Commission of Labor and Social Welfare in the
Chamber of Deputies approved the opinion that seeks to regulate telework in
Mexico, which had already been presented by senators in 2018, whereby Article 311
of the Federal Labor Law will be reformed resulting in chapter Xll bis. (Martinez,
2020). With the reform of the article will be accepted by law the term of telework and
will be added specifications on different points of telework, modifications that are still
in process.

Actually, in March 2020 it was decided that there would be no return to the
classroom because the necessary conditions against Covid-19 in Mexico were not
available (Health Sector, 2020), so classes began to be taught remotely/virtually
from basic to higher levels, which meant a change in the work modality from face-
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to-face to virtual for teachers and students at all educational levels, causing a change
in the working conditions for educators and students.

As described by Cifre and Alonso, (2002) telework brings with it new needs and
demands, as well as health risks. The existing health risks in teleworking can be
related to those that occur in office jobs, since both tasks are performed with the help
of Information and Communication Technologies. On the other hand, as mentioned
by Mondelo et al. (2013) in offices musculoskeletal problems occur mainly due to the
position in front of the desk and the computer. In addition to the above, according to
Erika Villavicencio, a researcher at UNAM, mentions that only 2 out of 10 companies
in Mexico are prepared to apply the telework modality as a result of the health
emergency due to Covid-19. (Miranda, 2020).

Given this context, the following question arises: what are the main ergonomic
risk factors in the telework modality in which teachers of basic education are exposed
to.

Objective

To know the ergonomic environment where teleworking is currently developed in
teachers of basic level by means of an online instrument in order to obtain proposals
for improvement.

2. METHOD AND MATERIALS
Subject under Study

The subject under study in the research was determined to be basic education
teachers (preschool, elementary and high school) residing in northwestern Mexico.

Procedure

In order to fulfill the objectives, set forth, the order of the steps to be followed is
presented below:

Determination of the sample.

1.- Identification of the total number of the population of the subject under study
by means of the Statistical and Geographical Yearbook by federal entity carried
out by INEGI in 2019.

2.- Identification of the formula for the calculation of the proportion sample with
finite population (Valdivieso et al., 2011):

n=[Nx(Z% = p * q]/[(€®) * (N=-1) + (Z?) *p *q]
Design of the instrument

1.- To adapt the instrument developed by the Department of Ergonomics of the
University of Concepcion and the Chilean Society of Ergonomics (SOCHERGO),
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called "Ergonomic environment of telework in pandemic situation" (2020). to a format
that allows the distribution and answer at a distance and in a fast way.

2.- To adjust the questions that require it so that they are in agreement with the
culture of the subject of investigation and to add questions in the spaces where more
information is required.

Analysis of results.
1.- Break down the results obtained through the questionnaire, express them in
percentages and present them graphically.
2.- Identify points that had a higher percentage with negative connotation, for
example: does not have, does not consider it or has inconveniences.

Materials
e |nstrument.
eSocial networks to disseminate the instrument.

3. RESULTS AND DISCUSSION

Considering a finite population sample of N=152,524 and a 90% confidence level,
an n of 272 subjects was obtained, distributed as follows:

Q México

The instrument "Ergonomic environment of telework in pandemic situation" was
adapted to Google form. The questions are grouped as shown below:

1. general information,

2. work situation
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. telework experience,

. hutrition and physical activity,

. conditions for the development of telework and postural aspects,

. aspects of the environment

. Aspect of mental workload, work demands and working hours, 8.
. Telework and consequences.

In the process of adaptation, two sections were added called "work situation”
and "telework and consequences" respectively. The first item was added to identify
if the respondent belongs to the group of interest of the research, and the second
item was added so that the respondents could give a general response to the
acceptance of teleworking.

The most relevant results are presented below:

1.- The surveys answered by the teachers of basic education were a total of
277 surveys.

2 .- 71.84% of the surveys were answered by women and 28.15% by men.

3.- 53.79% of the people who participated were between 20-29 years old, the
second group with the highest percentage was 30-39 years old with 21.66%, the
third group was 40-49 years old with 14.07%, the fourth group was 50-59 years old
with 9.02%, the fifth group was 60-69 years old with 1.08% and the last group was
>70 years old with 0.36%.

4.- 47.29% of the sample is single, 44.76% of the sample is married, 5.77% of
the sample is cohabiting, 0.72% of the sample is widowed and lastly 1.44% of the
sample is divorced.

5.- 4.33% live alone, 12.99% live with 2 persons, 22.01% live with 3 persons,
31.41% live with 4 persons and 29.24% live with 5 or more persons.

6.- 64.98% live with adults, 22.02% live with adolescents, 6.13% live with
children from 6 to 10 years old, 2.16% live with children from 3 to 5 years old and
4.69% live with breastfed babies.

7.- 1.08% have high school education, 0.36% have technical studies, 54.87%
have university studies, 34.29% have a master's degree and 9.38% have a
doctorate.

8.- 32.85% of the population lives in homes between 50 and 80 m2 , 27.07%
of the population lives in homes between 81 and 100 m2 , 20.93% between 101 and
140 m2 and 19.13% over 140 m2 .

9.- 43.32% have a fixed-term contract, 45.84% have a permanent contract,
2.16% are self-employed and 8.66% are self-employed and dependent.

10.- 80.14% are in the basic-public education sector and 19.85% are in the
basic-private education sector.

11.- 15.88% had done telework and 84.12% of people had not developed
telework before COVID-19.

12.- Among those who developed telework prior to COVID-19, 76% developed
telework at home and 24% developed telework at home and/or in public places.

13.- About 48.37% of people with no experience in telework, did not receive
instructions on how to perform the tasks in the best way.

14.- The advantages of teleworking are, lower costs 67.15%, greater flexibility
57.04%, better reconciliation of family life and work 28.52%, 9.39% indicate that

o~NOoO Ok~ Ww
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having the possibility of teleworking increases their job satisfaction, 1.44% other and
4.69% do not find any advantage.

15.- 20.77% have training and/or formal training in ergonomics and 79.42% do
not have. People with training in ergonomics indicate better health, productivity,
quality and better labor relations.

16.- 66.42% of the people did make adjustments in their way of eating and
33.57% did not make adjustments in their way of eating.

17.- 44.76% of the people stated that they have increased their weight, 38.98%
have maintained their weight and 16.24% have decreased their weight.

18.- 40.07% of the people eat the same quantity and quality, 22.38% eat more
quantity, but healthier, 19.49% eat more quantity, but less healthy and 18.05% eat
less and healthier.

19.- 49.09% do not engage in regular physical activity, 28.15% engage in
physical activity 1 to 3 times a week and 22.74% engage in physical activity 3 or
more times a week.

20.- 71.12% of people have less physical activity comparing teleworking with
traditional office work, 14.08% have the same physical activity and 14.80% have
more physical activity.

Conditions for the development of teleworking and postural aspects.

21.- About the technologies used, 75.81% indicate to work with notebook,
88.09% with smart phone, 19.49% with fixed pc and 19.13% with tablets.

22.- 46.93% have a desk, 22.74% have an adjustable chair, 2.89% have a
footrest and 50.18% have none of the above.

23.- In the case of the notebook, 81.58% do not have a support that allows
them to adjust to the height.

24.- 32.88% use a peripheral mouse and 67.12% do not use a mouse.

25.- 21.27% have a peripheral keyboard and 78.73% do not.

The following shows the percentage of those who have had discomfort and the
severity, where 1 is no discomfort, to 5 very strong discomfort.

1 2 3 4 5
Neck 19.13% 22.02% 28.52% 16.97% 13.36%
Shoulder 31.77% 24.55% 23.83% 11.91% 7.94%
Back 11.55% 16.61% 29.24% 21.30% 21.30%
Elbow or 52.71% 23.47% 17.33% 3.97% 2.53%
Forearm
Hand/wrist |40.43% 26.35% 19.49% 9.03% 4.69%
Legs, 31.05% 25.27% 24.55% 10.83% 8.30%
knees.
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e Aspects of the environment:

26.- 54.15% have a workplace designated for work space, 45.85% do not have
a fixed place.

29.- 41.52% carry out their activities in the dining room, 7.58% in the kitchen,
57.04% in the bedroom, 23.83% in the living room, 7.94% in an office, and the
remaining 1.81% in another place.

30.- 76.17% consider that their family respects their work space and time, the
remaining 23.83% do not consider it so.

31.- 38.63% consider their teleworking environment as noisy, the remaining
61.37% do not.

32.- Of the persons who consider their work environment as noisy, 23.61% are
bothered by it, 37.96% do not allow them to concentrate, 38.43% find it difficult to
communicate with colleagues and / or students.

33.- When concentrating, 16.97% use headphones with music, 10.11% use
headphones without music, 0.72% use earplugs or similar systems, 21.30% listen to
background music, and 50.90% do not perform any of the activities mentioned
above.

34.- To 14.08% the illumination does not allow him to realize the telework
without generating some annoyance or inconvenience, to the remaining 85.92% it
does not generate any problem to him.

35.- The problems that generate that the illumination is inadequate (if it
applies), 36.79% is by the scarce illumination, 37.31% is by reflections and/or
annoying glare and 25.91% is by problems of contrast.

36.- 88.09% consider that the ambient temperature is adequate and 11.91%
consider that it is not.

e Aspects of mental workload, work demands and work schedules:

37.- 14.44% consider that they have 100% control over the pace of work,
53.07% 75% of the time, 23.83% 50% of the time, 6.50% only 25% of the time and
2.17% consider that they never have control.

38.- Regarding supervision during the workday, 7.22% had it 100% of the time,
18.05% 75% of the time, 24.55% 50% of the time, 25.63% 25% of the time and
24.55% never had supervision.

39.- 19.49% can negotiate deadlines and deliver results 100% of the time,
31.41% 75% of the time, 23.10% 50% of the time, 12.64% 25% of the time and
13.36% never.

40.- 3.97% of the time demands exceed their ability to handle them 100% of
the time, 18.41% 75% of the time, 24.91% 50% of the time, 22.74% 25% of the time
and 29.96% never.

41.- 61.01% have established work and rest schedules, 31.05% do not and
7.94% prefer not to answer.

42. 55.23% respect work schedules and 44.77% do not respect them.

43.- Of the total population that is not able to respect work schedules, the main
reasons are: household chores (32.13%), because the boss and/or colleagues do
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not respect the work schedule (21.66%), because the students do not respect the
schedule (44.04%) and, finally, 34.30% have not had any problems of this kind.

44.- 84.48% have a schedule between 8:00 and 12:00 hours, 43.68% between
12:00 and 16:00 hours, 38.27% between 16:00 and 20:00 hours, 14.80% between
20:00 and 24:00 hours and 3.97% between 24:00 and 4:00 hours.

45.- 80.14% respect the domestic chores and responsibilities of children and/or
adults who require help in the home, 18.77% do not respect them and 1.08% do not
apply or differ from the two previous answers.

46.- The domestic activities that most distract during the development of
teleworking are: 55.23% cooking, 56.32% cleaning, 31.05% shopping for supplies,
20.58% washing clothes, 29.96% care of children and / or adults who require it,
29.60% support for children in school activities.

e Telework and consequences

The following is the perception as to whether it has improved or worsened in the
following aspects:

Has Remains Has Not | prefer not
improved | unchanged | worsened | applicable | to answer
Health 11.91% 65.70% 18.41% 2.17% 1.81%
labor
. 13.00% 58.84% 23.10% 2.17% 2.89%
productivity
Q“\/\‘;‘(’)‘K of | 14.80% 59.21% 22.74% 1.08% 2.17%
Relations
with 9.39% 64.62% 19.86% 4.69% 1.44%
colleagues
Relations
with 8.66% 7401% | 12.27% 3.97% 1.08%
headquarte
rs
Customer/s
tudent 11.91% 53.79% 28.16% 3.97% 2.17%
relations
Relationshi
ps with 31.41% 55.23% 12.27% 0.36% 0.72%
your family
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48.- 11.19% are worried about being fired, not renewing their contract or fear
losing their clients; 16.97% are worried that the work they do may be changed
against their will, 19.49% feel that their boss/clients recognize their work and 52.35%
are able to respond adequately to work and domestic demands.

49.- On a scale of 1 to 5, where 1 is bad and 5 is excellent, 11.55% rated their
teleworking experience as 5, 48.01% as 4, 32.85% as 3, 5.42% as 2 and 2.17% as
1.

# 49

Mo. 1 Mo 2 Mo. 3 Mo 4 Ma. 5

Figure 2. Telework Perception
Discussions

Before the pandemic, 84% had not developed telework, and yet 79.42% of the
population did not receive training and/or training in ergonomics or instructions on
how to perform the activities. This indicates risks of damage to health, such as weight
gain, physical discomfort and a less healthy diet.

One of the most notorious problems is that almost 50% do not have a fixed
workplace and 14.08% have lighting problems, an inconvenience that can cause
discomfort and damage to the eyesight over time. In terms of physical discomfort,
pain in the neck and back stand out, as 13.36% and 21.30% say they have had very
strong discomfort, for example, more than 50% of the population suffers from some
physical discomfort and it is related to the fact that the percentage that considers the
positions when working is lower than those who do not, only in the back the
percentage of 35% is higher than those who do not consider their position of this
part of the body.

45% do not have a fixed place to perform the work, a fact that makes it difficult
that the conditions are suitable for teleworking, because it would have to design and
adapt several spaces in the home. 31% do not have a work schedule and 44% do
not comply with the established schedule, which means that a percentage of people
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who have planned working time is not possible to continue with what they initially
planned.

4. CONCLUSION

As mentioned before, teleworking is the action of carrying out the tasks designated
by a boss from a place outside the facilities of the company or established place,
making use of the Information and Communication Technologies. To identify the
experience of the teleworkers in the remote work it is necessary to know their opinion
in different points. In this case with the help of a questionnaire on teleworking it was
possible to collect information from 277 people by means of an instrument of 50
questions about the workplace.

Regarding the personal experience of the people, the majority qualified the
experience as good or regular, only a small percentage of 5% to 1% approximately
qualified as excellent and bad respectively the realization of the remote work, the
above indicates in a general way their perception, but, it is possible to identify more
in depth the ergonomic conditions. For example, 49% do not perform regular
physical activity, 71% perform less physical activity than when they worked in
person, 33% did not make adjustments to their diet and 44% have gained weight,
these data are related to each other and generate attention in the high percentages
because the four points are important for the health of the population.

The activities that present greater risk according to the level of manifestation
81% do not have a support to adapt the height of the monitor, 78% do not have a
peripheral keyboard, 71% perform less physical activity contrary to when they
worked in person, a little more than half consider that they have control
approximately 75% of the time in their tasks; most consider that labor relations and
productivity have remained the same, the percentage that believes that it has
worsened is greater than that which considers that it has improved, only in family
relations a greater percentage of improvement is observed; 38. 6% consider their
work space as noisy, 23.8% consider that their family does not respect their space,
18.7% say that household chores are not respected, 16.9% fear that the work they
perform will be changed without notice, 14.08% are bothered by the lighting and
3.97% perform their work from 24:00 to 4:00.

RECOMMENDATIONS:

The recommendation for the present study is to capture more responses in order to
achieve a higher level of confidence. In addition, since teleworking is a modality that
has been gaining more relevance, more lines of research can be generated to
complement the present one, for example, the economic evaluation of home office
in the teaching population, to define the cost benefit of improving the ergonomic
conditions of work and evaluations with other types of ergonomic methodologies.
These topics, and many others, would help to create a solid research base that
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would facilitate the adoption of measures to reduce the ergonomic risks inherent to
teleworking.

Finally, it is recommended to follow up teleworkers to check the degree of
evolution, considering the various impacts that the modality can have on the person,
at professional, personal, family and psychic level.
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PERFORMANCE BY ONLINE SCHOOLING.
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de la Vega Bustillos, Oscar Vidal Arellano Tanori, Lizanna Guadalupe Meza
Pacheco.
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Resumen: El inicio de la enfermedad altamente contagiosa conocida como COVID-
19 es originada en la Ciudad de Wuhan, China el 31 de diciembre de 2019. Mediante
el transcurso del tiempo se presenta la expansion del virus impactando a todos los
paises del mundo, generando en la sociedad un cambio en las actividades
cotidianas.

Las medidas establecidas generan un gran cambio en la forma de impartir
clases, sin embargo, mediante el uso de la tecnologia se emplean diversas
estrategias de comunicaciéon mediante plataformas y lograr continuar las clases de
forma virtual. La nueva modalidad establece un nuevo panorama en el proceso
ensefianza-aprendizaje, presenta cambios en investigaciones y proyectos
realizados desde el hogar, origina una serie de modificaciones en el entorno donde
los alumnos llevan sus clases virtuales, originado porgue los estudiantes no se
encuentran en la misma area, considerando los diferentes distractores y largos
periodos de tiempo al mantener la misma posiciébn, a su vez; se agrega la
condiciones de acuerdo a los recursos y capacidades de cada uno de ellos,
presentando una gran variedad de mobiliario a utilizar como silla, escritorio, mesa y
su equipo tecnolégico como el uso de computadora, tableta, mouse, auriculares,
entre otros. Esto lleva a que presenten diversos tipos de dolencias y fatigas en su
cuerpo ocasionadas por las horas que pasan asistiendo a los cursos en linea y otras
actividades académicas que se conllevan. En este estudio se propone un andlisis
mediante la evaluacion de la fatiga muscular en estudiantes, apoyados con el
cuestionario noérdico.

Palabras clave: Evaluacién de la fatiga; Cuestionario Nordico; Fatiga en
estudiantes; Ambiente de estudio; Pandemia por COVID 19.

Relevancia para la ergonomia: El estudio de evaluacion de la fatiga es un punto
muy importante, pues se dan a conocer los riesgos ergonémicos a los que se
exponen los estudiantes, en la situacion actual de la modalidad de estudios en linea,
donde pasan largos periodos frente a una computadora, pues esto puede tener una
gran repercusion en su salud; con el presente estudio se puede detectar los riesgos
posturales, con lo cual se puede proponer acciones de mejora con el fin de
identificar, evitar o disminuir los riesgos por causa de malas posturas.
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Abstract: The onset of the highly contagious disease known as COVID-19
originated in the City of Wuhan, China on December 31, 2019. Over time, the
expansion of the virus occurs, impacting all countries in the world, generating in the
society a change in daily activities.

The established measures generate a great change in the way of teaching,
however, through the use of technology, various communication strategies are used
through platforms and to continue classes virtually. The new modality establishes a
new panorama in the teaching-learning process, presents changes in research and
projects carried out from home, originates a series of modifications in the
environment where students take their virtual classes, originated because the
students are not in the same area, considering the different distractors and long
periods of time when maintaining the same position, in turn; The conditions are
added according to the resources and capacities of each one of them, presenting a
great variety of furniture to be used as a chair, desk, table and its technological
equipment such as the use of a computer, tablet, mouse, headphones, among
others. This leads to various types of ailments and fatigue in their body caused by
the hours they spend attending online courses and other academic activities that are
involved. In this study, an analysis is proposed through the evaluation of muscular
fatigue in students, supported with the Nordic questionnaire

Key words: Assessment of fatigue; Nordic Questionnaire; Fatigue in students;
Study environment; COVID 19 pandemic.

Relevance to Ergonomics: The fatigue evaluation study is a very important point,
since the ergonomic risks to which students are exposed are made known, in the
current situation of the online study modality, where they spend long periods in front
of a computer, as this can have a great impact on your health; With this study,
postural risks can be detected, with which improvement actions can be proposed in
order to identify, avoid or reduce risks due to poor posture.

1. INTRODUCTION

Due to the prevention measures carried out for the continuation of classes virtually,
students are forced to maintain certain postures during an average period of 6 hours
a day using electronic devices, It is suspected that such positions could directly affect
the student's academic performance causing fatigue and musculoskeletal injuries
long-term. By using various equipment, as an example the Heavy keyboard use has
been associated with a risk of developing symptoms skeletal muscles and hand,
wrist and arm disorders (Quin, Chen & Dennerlein, 2013).

Considering the academic load and the hours of work that this entails, it is
convenient to analyze if the student's conditions are adequate to perform in a way
correct the level of academic load currently assigned, students usually have break
time between classes, as well as the impact on the mental and physical health of the
student dedicating 6 to 12 hours a day to academic activities, situating itself in the
context of a crisis health and economic world.
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Life of the Average Student During the Virus Pandemic COVID-19, was radically
affected, classrooms were changed, classmates, green areas, mastered by a screen
which is supposed to provide useful knowledge for your training as a professional.
However, the population student has not accepted the change that this modality
implied, seeing overwhelmed by the excessive academic load assigned to them and
the long working hours that this represented. Investigation of the factors that cause
such fatigue in the student, the consolidation of a limit in school work and promoting
postures and activities that reduce continuous exposure to stress on the student's
body.

2. OBJECTIVES

Analyze the fatigue caused by the performance of school activities due to of the
confinement caused by the COVID-19 pandemic. The investigation is will be carried
out through an analysis of the changes and conditions of bachelor students, in order
to detect the generative aspects fatigue, in this way it will be possible to generate
comparisons of the various circumstances and in turn make suggestions to improve
the study environment.

3. METHODOLOGY

The research study will be focused on the students of the Tecnolégico Nacional de
México / Campus Hermosillo studying industrial engineering in the seventh
semester, during the semester. The reason for the analysis is with a focus on
students with a workload similar in school activities, the vast majority of them are
studying similar subjects.

The activity required for the data collection of the study, is carrying out a online
survey, that way the results will be obtained for later, make conclusions from the
information obtained, whose purpose is the analysis of the conditions of the students
before the new online modality and the detection of regions of the body that generate
discomfort susceptible to generating a disorder. The population is a quantity of 160,
before this a procedure of acceptance sampling, developing the procedure
described by Gutiérrez and De la Vara, (2009). This project is of the type of cross-
sectional study, it is focused on practical application aimed at the students. The
results are obtained through a series of questions conducted through a survey,
including the Nordic questionnaire and questions identification.

The study considers variables dependent on the time period of the discomfort
that is 8 months. The Nordic questionnaire considers a time lapse greater, but due
to the time of confinement on the date of study of the population, the consideration
of 8 months is the appropriate time to establish. Another dependent variable is the
duration of episodes with discomfort, the frequency and the time when you start to
feel discomfort. As dependent variables, the question is asked if they have used any
treatment for discomfort, if you have changed posture due to discomfort and if they
have impeded school activities. The neck, shoulder, lumbar, arm, elbow, hand and
wrist are considered as independent variables.
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The preparation and collection of survey data is done through a sequence of
steps in a chronological and orderly manner. A survey was carried out in the system
to create questionnaire in the Survio program in which the objective is to know about
injuries arising from online classes for technology students.

The data to consider to identify the sample are: gender, age and semester, the
last piece of information being useful to develop a filter to take into account its
answers in relation to the objective we seek due to the population to which it goes
directed are 7th semester students, this means they are in average in a range of 22-
23 years, so that the respondents did not take a Semester other than the seventh
are not considered for the development of results. After discarding the surveys that
did not have the necessary requirements, a count was made to see if there were
enough responses to meet the sample size. In presenting the situation of no meet
the minimum number of responses, it will be necessary to continue with the
application of surveys until the objective is met. The results of the survey will be
developed in an Excel spreadsheet. | know will fully break down all the issues,
adding frequency, frequency cumulative, percentage and cumulative percentage.

4. RESULTS

Data collection is based on the survey focused on analyzing fatigue and
repercussions that are caused by the performance of school activities with the new
online mode. The results obtained in the survey are generated from a database, in
a Excel spreadsheet in which all the

questions, adding frequency, cumulative frequency, percentage and percentage
accumulated. The surveys are based on the Nordic questionnaire to analyze muscle
fatigue in the neck, shoulder, elbow or forearm, thoracic or lumbar area and wrist or
hand. 43 test subjects were interviewed, of which 58.1% are female and 41.9% male,
as shown in figure 1.

In order to identify the environment that the student has when found in classes
with the online mode, because there can be several objects by which the area can
be made up, the respondent has the option to say between 6 that they are desk,
dining table, desk chair, dining chair, armchair and bed. Table 1 indicates the
frequency of the mentioned options. Of the options that are presented; carry out your
activities online, be in the dining table has a higher frequency with a value of 24
(representing a percentage of 31.2%) and continuing downwards, using a desktop
has a frequency of 18 (representing a percentage of 23.4%). The data obtained with
less frequency is the desk chair and armchair with a frequency of 7 data (9.1%).
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Gender

B Female & Male

Figure 1: Test subjects by gender.

Table 1: Frequent area for study.

Workplace Frequency
Desk 18
Dining table 24
Desk chair 7
Frequent study area | Dining chair 9
Arm chair 7
Bed 12
Other 0

Through the application of the Nordic questionnaire, several divisions are
indicated, initially the regions where the respondent has presented discomfort are
identified, of which they are; neck, shoulder, dorsal or lumbar, arm or elbow and
hand or wrist, then the frequency of each response obtained and the percentage that
each option represents is presented. The regions where the most discomfort has
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occurred are in the neck and in the thoracic or lumbar region, with the least amount
of frequency being the arm or elbow, as shown in Table 2.

When asking, if you have received treatment for discomfort, the most frequent
is the neck, then the dorsal or lumbar, shoulder and hand or wrist are the areas that
follow it and finally there is the area of the arm or elbow which does not present
records of having received treatment among the surveyed population.

Table 2: Nordic questionnaire application.

Frequency Percentage
Neck Yes 39 91%
No 4 9%
Yes 25 58%
Has you felt Shoulder No 18 42%
discomfort Dorsal or Yes 29 67%
ino lumbar No 14 33%
Arm or elbow Yes 12 28%
No 31 72%
Hand or wrist Yes 24 56%
No 19 44%

Once the survey has been carried out and the data collected, the results indicate
that in the neck area the two highest percentages in the causes of discomfort are
long periods of study with 42% and the posture taken by students with 39% this
being the area in which the most responses were given for the proposed causes.
The shoulder area has the highest percentage, like the neck already presented
previously, to posture with 43% and long study periods with 34%.

The dorsal or lumbar shows that the posture and long study periods are the
cause of the discomfort with 44% and 36% respectively, like the two previous areas.
The arm or elbow area has the lowest frequency of results with a total of 24, with
50% of the posture as the major cause of discomfort.

Finally, we have the hand-wrist area in which 21 of the 52 students who
responded to the discomfort in this area, which gives us 40% in posture as the main
cause. After reviewing the graphs we can easily realize that the discomfort of the
high school students is caused mostly by the bad postures adopted at the time of
taking online classes or carrying out their activities on the computer and this is also
reflected in the same way way in the long periods of study and tasks that they
present.

5. CONCLUSIONS

The elaboration of the research gives results of fatigue analysis in the different
regions of the body, the study is carried out in a reduced way directed to the industrial
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students of the seventh semester, because of the ease of communication with the
students who attend this level, however, it is important to consider the willingness or
ease that students have in taking the survey, so it is recommended that it be a brief
survey. One point of view that should have been considered in the analysis is the
sports activities that the student performs because it may happen that due to
physical activity some of the injuries may occur.

The results obtained in the surveys indicate that the neck and back region is
where the greatest discomfort occurs, due to the posture and long periods of study
of the student and one of the causes is the conditions not suitable to continue in
classes online as the most frequently used workspace was identified is in a dining
room. Considering the period of time, more than half of the students have presented
discomfort and it is mainly in the neck region.

A series of interesting aspects were identified to analyze during a second phase
of the project, some of them is the eye fatigue that implies being a long period using
an electronic device, another factor is the average of the rest periods that students
have between classes and the average time spent on daily school activities. A future
investigation would be properly carried out in 3 samples, that is, to analyze the
results of the student's conditions at the beginning of the semester, another analysis
in the intermediate term and finally at the end, this allows a comparison of the state
of the three phases with the modification of the rhythm of work.

The communication that exists between the respondent and the interviewer,
because it may happen that the respondent understands the context of the question
and responds in a way that is inconsistent or related to what is requested. One of
the limitations is the database created, when using the survio program for the
application of the surveys is the trial license, this generates limitations such as
downloading the database to an electronic sheet, before it was required to perform
each graph of each question.
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Resumen: Un espacio confiando es un espacio cerrado, que presenta, para los
trabajadores, posibles riesgos de incendio, explosion, pérdida de conocimiento,
asfixia o agotamiento.

Puede ser pequerio y restrictivo (conductos o depdésitos) o de gran tamafio
(silo de almacenamiento de grano de una capacidad de hasta cientos de metros
cubicos).

Los principales riesgos que presentan los trabajadores cuando laboran en
lugares como estos son: inhalar humos nocivos, los bajos niveles de oxigeno, o el
riesgo de incendio.

Otros peligros incluyen el ahogamiento o la asfixia por otras fuentes como
polvo, grano u otros contaminantes.

Aqui se van a presentar los resultados de diferentes estudios realizados a
trabajadores sometidos a este ambiente laboral.

Una vez analizados los estudios definiremos cuales son las areas que
necesitan mayor grado de cuidado, debido a que estan perjudicando en mayor
medida la salud del empleado.

Una vez identificados los puntos claves, desarrollar una evaluacion
completa sobre el ambiente laboral, que nos ayude a tener datos en tiempo real
sobre la salud del trabajador y poder asegurarnos de una manera mas precisa que
aun se encuentra dentro de los parametros normales y no estan dafiando su salud.

Ya con los datos estructurados y analizados brindaremos propuestas que
hagan el trabajo menos demandante y genere menos desgaste para el trabajador
asignado.

Palabras clave: Espacios confinados, ergonomia, posturas.

Relevancia para la ergonomia: El no dar el suficiente cuidado a los trabajadores que
operan en espacios confinados puede llegar a dar problematicas de corto a largo plazo. Por
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ello, el estudiar la fatiga y las areas en las que labora un operador en espacios confinados,
en este caso, un soldador, da por relevante el riesgo que propicia su labor como también el
dafio a su cuerpo a largo plazo.

Abstract: Confined space is an enclosed space, which presents, for workers,
possible risks of fire, explosion, loss of consciousness, suffocation or exhaustion.

It can be small and restrictive (pipes or tanks) or large (grain storage silo with
a capacity of up to hundreds of cubic meters).

The main risks that these workers present when they work in places such
as: inhaling harmful fumes, low oxygen levels, or the risk of fire.

Other hazards include drowning or suffocation from other sources such as
dust, grain, or other contaminants.

Here we will present the results of different studies carried out on workers
subjected to this work environment.

Once the studies have been analyzed, we will define the areas that need a
greater degree of care, because they are harming the employee's health to a
greater extent.

Once the key points have been identified, develop a complete evaluation of
the work environment, which helps us to have real-time data on the health of the
worker and to be able to ensure in a more precise way that it is still within normal
parameters and that they are not damaging your health.

With the structured and analyzed data, we will provide proposals that do less work
and generate less wear and tear for the assigned worker.

Keywords. Confined spaces, ergonomics, postures.

Relevance to Ergonomics: Not giving enough care to workers operating in
confined spaces can lead to short- to long-term problems. Therefore, studying
fatigue and the areas in which an operator works in confined spaces, in this case,
a welder, gives as relevant the risk that promotes his work as well as the damage
to his body in the long term.

1. INTRODUCTION

Confined space welding work has a variety of hazards that must be considered and
tried to be minimized as much as possible.

Specifically in this type of work in confined spaces there is a risk of
suffocation, excessively high temperatures, explosions and serious physical wear,
which, for us, is of the utmost importance to carry out the highest possible degree of
vigilance despite the complications. That means working in such a small space.

During the development of this article, we will observe, analyze and evaluate
the physical and mental fatigue and the environment to which the workers in the
welding area who are in charge of the water filters produced by the company are
subjected daily, these analyzes will be overcome. by yoshitake and corlett & bishop
studios. On the other hand, the light and sound measurements to which they are
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subjected, we will compare them with the parameters of the corresponding
standards. Once with the results of the studies, we will graph it and evaluate the
answers to determine the physical and mental conditions of the worker. Later we will
analyze the possible proposals to improve the work environment in that area.

2. OBJECTIVES

The main objective with which this research was carried out is to clearly analyze the
results are the factors within the work area in confined spaces that can harm the health of
the worker.

2.1 GENERAL OBJECTIVES

= Ensure the physical integrity of the worker
= treat so that the job requires less effort.
= Make sure that the environment is under the established.

2.2 SPECIFIC OBJECTIVES

= Avoid temporary or permanent damage to the worker's health

= To avoid repercussions in your adult life due to work

= Verify that the confined space has an environment that does not over-exploit the
capabilities of the worker

= Propose changes that can improve the work environment in that area.

3. METHODOLOGY

3.1 DATA COLLECTION.

During the span of a working week (from Monday to Saturday) data were collected
based on the ergonomic situation in which the dedicated and trained workers for the
manufacture of industrial water filters are located, which at one point in their
elaboration is to perform welds within said element, resulting in activities in confined
spaces.

In the first instance we decided to go to a company in which work is carried out in
confined spaces and also to be able to analyze the postures taken by the worker, as
well as to take measurements of the noise and lighting to which they are exposed
while in the area, for this we have the contribution of Eng. Ramos who provided us
with information about the precautions and care that apply both to the worker and in
the environment.

Theoretical Basis: Official Mexican Standard,
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NOM-011-STPS-2001 Safety and hygiene conditions in workplaces where noise is

generated.
TABLA A.1 LIMITES MAXIMOS PERMISIBLES DE EXPOSICION
NER TMPE

90 dB(A) 8 HORAS

93 dB(A) 4 HORAS

96 dB(A) 2 HORAS

99 dB(A) 1 HORA

102 dB(A) 30 MINUTOS

105 dB(A) 15 MINUTOS

DAYS ENTRANCE  EXIT PERMISSIBLE TIME IN DECIBELS (dB)

MONDAY 59.9 62.2 102
TUESDAY 61.2 63.4 102
WEDNESDAY 62.5 61.3 102
THURSDAY 60.3 59.7 102
FRIDAY 61.2 59.9 102
SATURDAY 59.8 62.1 102

Theoretical Basis: Official Mexican Standard, NOM-025-STPS-2008

Tabla 1

Niveles de lluminacion

ensamble simple, trabajo medio en
banco y maquina, inspeccion simple,
empaque y trabajos de oficina.

aulas y oficinas.

Tarea Visual del Puesto de Trabajo Area de Trabajo Niveles Minimos de
lluminacién (luxes)
En exteriores: distinguir el area de|Exteriores generales: patios y 20
trénsito, desplazarse caminando, |estacionamientos.
vigilancia, movimiento de vehiculos.
En interiores: distinguir el area de|Interiores generales: almacenes de poco 50
transito, desplazarse  caminando, |movimiento, pasillos, escaleras,
vigilancia, movimiento de vehiculos. |estacionamientos cubiertos, labores en
minas subterraneas, iluminaciéon de
emergencia.
En interiores. Areas de circulacion y pasillos; salas de 100
espera; salas de descanso; cuartos de
almacén; plataformas; cuartos de
calderas.
Requerimiento visual simple: |Servicios al personal: almacenaje rudo, 200
inspeccion visual, recuento de piezas,|recepcion y despacho, casetas de
trabajo en banco y maquina. vigilancia, cuartos de compresores Yy
paileria.
Distinciobn moderada de detalles:|Talleres: areas de empaque y ensamble, 300
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DAYS ENTRANCE EXIT MINTMOM LTGHTING LEVELS
(LUXES)
MONDAY 51 23 300
TUESDAY 30 16 300
WEDNESDAY 70 31 300
THURSDAY 92 75 300
FRIDAY 87 70 300
SATURDAY 23 14 300

Lighting conditions in workplaces.
3.4 FIELD ANALYSIS

Shown here is one of the largest pumps
that are produced within this industry and
the hole shown in the center is the only
input and output for the worker performing
the task, it can be shown that it is very
narrow, they are only 24 inches in
diameter.

Here it is seen that getting inside the pump
is complicated and you must have a thin
complexion to be able to fulfill it and still
complicated for the worker and has to
make forced postures

You can see the worker performing welding
tasks inside the pump, you can see how
smoke is generated that can be left inside
the space, being harmful to the worker
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In the smallest filter that is manufactured its
access is of the same diameter, however,
due to its position the postures made when
entering are, in the same way, forced but
different from the previous pump.

As you can see the space is too small to
perform movements with the arms, and at
the time of being welded the temperature
can increase, which can affect the health of
theworker.

This would be the view you have of the
worker inside the container when he is
carrying out his activities inside

3.2 YOSHITAKE QUESTIONNAIRE

The Subjective Fatigue Symptoms Test is a questionnaire that measures the types and
magnitudes of fatigue experienced by workers. It addresses three dimensions of the
subjective perception of work fatigue by asking 10 questions for the mental demand at work,
10 for the physical manifestations of fatigue and finally 10 items inquiring about mixed
symptoms.

The questions are designed in such a way that they require a dichotomous answer
(YES / NO) containing a different tabulation mode for men (6 positive answers) and women
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(7 positive answers). This tool was successfully applied in different Latin American countries
(Mexico, Cuba, Argentina, Venezuela and Brazil, among others). Used in conjunction with
other inquiry techniques, it is valuable for studying the physical and cognitive demands of
different types of work processes.

In the time already determined, they were taking samples in relation to the Yoshitake
guestionnaire, this in order to analyze the fatigue caused by welding in confined spaces.
This sampling was carried out to two workers of the company who meet the characteristics
to weld inside the filters that are manufactured in the company. Taking into consideration
that; Worker 1 referred to as "WORKER A" carried out their activities in confined spaces on
Wednesdays and Fridays, and Worker 2 referred to as "WORKER B" carried out their
activities in confined spaces on Tuesdays and Thursdays of the investigation week.

|| Days Worked in Confined Spaces

Table 2. Symptoms of Drowsiness and Monotony in WORKER A

A. SYMPTOMS OF DROWSINESS AND Monday Tuesday Wednesday Thursday Friday Saturday Ans. in A.F.
MONOTONY. YES of YES

EN EX EN EX EN EX EN EX EN EX EN EX

1. Do you feel heaviness in your N N N N N Y N N N Y N Y

head? 3 3

2. Are you tired all over your body? N Y N N N Y Y Y N Y N N 5 8

3. Do your legs feel tired or heavy? N N N Y N Y N Y N Y N N 4 12

4. During this time have you been N N N N N Y N Y Y Y Y Y

yawning (since the start of your work

or since the last measurement)? 6 18

5. ¢Do you feel any discomfort in N Y N N Y Y N Y Y Y Y Y

your brain (ie, bloated or have your

ideas jumbled)? 8 26

6. Are you sleepy? Y Y N Y N Y Y Y Y Y Y Y 10 36

7. Do you feel tired in your eyes? N Y N Y Y Y N Y Y Y Y Y 9 45

8. Is it difficult for you to make any N N N N N Y N N N N N Y

movements (do you feel clumsy or

numb)? 2 47

9. Do you feel insecure when N Y N Y N Y N N N Y N Y

i ?
standing (because you feel sleepy)? s .
10. Do you feel like stretching? N N N N N Y N N N Y N N 2 54
)3 54
. Tabla 3. Symptoms of Difficulty Concentrating in WORKER A
B. SYMPTOMS OF DIFFICULTY WITH Monday Tuesday Wednesday Thursday Friday Saturday Ans. in A.F.
CONCENTRATION YES of YES

EN EX EN EX EN EX EN EX EN EX EN EX

1. Do you have any trouble thinking N N N N N Y N N N N Y Y 3 3

when doing your homework?

2. Don't feel like talking because work N N N N N N N N N N N N 0 3

is overwhelming you?

3. Does the task you do make you N N N N N N N N N N N N 0 3

nervous or stressed?

4. Do you feel unable to concentrate N N N N N N N N N N N N 0 3

and pay attention during your work?

5. Have you lost interest in things at N N N N N N N N N N N N 0 3

work?

6. Do you forget things related to N N N N N N N N N N N N 0 3

your work?

7. éDo you have a lack of confidence N N N N N N N N N N N N 0 3

in yourself, such that you make

mistakes in your work more often

than usual?

8. Do you feel anxious or restless N N N N Y N N N Y Y N N 3 6

when doing your tasks?

Ans.
inNO

10

10
66

Ans.
inNO

9

12

12

12

12

12

12
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16
24

30

34
36
39

49

56
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A.F of
NO

9
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9. Do you have difficulty straightening N Y N N N Y Y Y N Y N N 5 11 7 97
your posture after you have done

your homework?

10. Do you feel that you lack patience N N N N N N N N N N N N 0 11 12 109
to do the things of your work?

5 11 109
Table 4. Bodily Symptoms or Projection of Damages in WORKER A
C. BODY SYMPTOMS OR Monday Tuesday Wednesday Thursday Friday Saturday Ans. in A.F. Ans. A.F of
PROJECTION OF DAMAGES YES of YES inNO NO
EN EX EN EX EN EX EN EX EN EX EN EX
1. Do you have a headache? N N N Y N Y Y N N Y Y Y 6 6 6 6
2. Do you feel tension in your
shoulders? N Y Y N i & N N 5 \ N N 3 9 9 15
3. Do you have back pain? N N N N Y N Y Y N Y Y Y 6 15 6 21
4. Do you feel overwhelmed when
you breathe? N Y N N N N Y Y N N N N
3 18 9 30
5. Are you thirsty? Y Y Y Y Y Y Y Y Y Y Y Y 12 30 0 30
6. Has your voice become hoarse? N N N N N N N N N N N N 0 30 12 42
7. Do you feel dizzy or lightheaded? N N N N N Y N N N N N N 1 31 11 53
8. Are you dazzled or blinking your N N N N N v v N N v N N

eyes? 3 34 9 62
9. Do you have tremors in your arms

or legs? N N N N N N N N v N N 1 35 11 73

10. Do you feel unwell or ill (generally N N N N N N N N N N N N

unwell)? 0 35 12 85
)3 35 85

Table 5. Symptoms of Drowsiness and Monotony in WORKER B

A. SYMPTOMS OF DROWSINESS AND Monday Tuesday Wednesday Thursday Friday Saturday Ans. in A.F. Ans. A.F of
MONOTONY. YES of YES inNO NO
EN EX EN EX EN EX EN EX EN EX EN EX
1. Do you feel heaviness in your head? N N N Y N Y N Y N N N N 3 3 9 9
2. Are you tired all over your body? N N Y Y N Y N Y N N N N 4 7 8 17
3. Do your legs feel tired or heavy? N Y N Y N N N Y N Y N N 4 11 8 25
4. During this time have you been
yawning (since the start of your work N N N N N N Y N N N N N
or since the last measurement)? 1 12 11 36
5. ¢Do you feel any discomfort in your
brain (ie, bloated or have your ideas N N N N N N N N Y N N N
jumbled)? 1 13 11 47
6. Are you sleepy? N N N N Y Y N Y Y N Y Y 6 19 6 53
7. Do you feel tired in your eyes? N N N Y N Y N Y N N N Y 4 23 8 61
8. Is it difficult for you to make any
movements (do you feel clumsy or N N N N N N N Y N N N N
numb)? 1 24 11 72
9. Do you feel insecure when standing
(because you feel sleepy)? N N N Y N N N N N N N N
1 25 11 83
10. Do you feel like stretching? Y N N N N N Y N N N N N 2 27 10 93
)3 27 93

. Table 6. Symptoms of Difficulty Concentrating in WORKER B
B. SYMPTOMS OF DIFFICULTY WITH Monday Tuesday Wednesday Thursday Friday Saturday Ans. in A.F. Ans. A.F of
CONCENTRATION YES of YES  inNO NO
EN SX EN SX EN SX EN SX EN SX EN  SX

1. Do you have any trouble thinking

when doing your homework? N N N N N N N Y Y N N N 2 2 10 10
2. Don't feel like talking because work

is overwhelming you? N N N N N N N N N N N N 0 2 12 22
3. Does the task you do make you

nervous or stressed? N N N N N N N Y N N N N 1 3 11 33

4. Do you feel unable to concentrate

and pay attention during your work?
N N N N Y N N Y N N N N 2 5 10 43
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5. Have you lost interest in things at

work? N N N N N Y N N N Y N N 2 7 10 53
6. Do you forget things related to your
work? N N N N N N N N N N N N 0 7 12 65

7. éDo you have a lack of confidence
in yourself, such that you make
mistakes in your work more often

than usual? N N N N N N N N N N N N 0 7 12 77
8. Do you feel anxious or restless
when doing your tasks? N N N N N N N N N N N N 0 7 12 89

9. Do you have difficulty straightening
your posture after you have done

your homework? N N N Y Y N N Y Y Y N N 5 12 7 96

10. Do you feel that you lack patience

to do the things of your work? N N N N N N N N Y Y N N 2 14 10 106
b3 14 106

Table 7. Bodily Symptoms or Projection of Damages in WORKER B

C. BODY SYMPTOMS OR Monday Tuesday Wednesday Thursday Friday Saturday Ans. in A.F. Ans. A.F of NO
PROJECTION OF DAMAGES YES of YES in NO
EN SX EN SX EN SX EN SX EN SX EN SX
1. Do you have a headache? N N N Y N Y N N N Y N N 3 3 9 9
2. Do you feel tension in your
shoulders? N N N Y N N N Y N N N Y 3 6 9 18
3. Do you have back pain? N N Y Y Y N N Y N N N N 4 10 8 26

4. Do you feel overwhelmed
when you breathe?

N Y N Y N N N Y N N N 4 14 8 34
5. Are you thirsty? Y N Y N N N Y Y Y Y N Y 7 21 5 39
6. Has your voice become
hoarse? N N N N N N N N N N N N 0 21 12 51
7. Do you feel dizzy or
lightheaded? N Y N Y N N N Y N Y N Y 5 26 7 58
8. Are you dazzled or blinking
your eyes? N Y N Y N N N Y N Y N N 4 30 8 66
9. Do you have tremors in your
arms or legs?

N N N N N N N N N Y Y N 2 32 10 76
10. Do you feel unwell or ill
(generally unwell)? N N N N N Y N N N N N N 1 33 11 87

)3 33 87

3.3 CORLETT AND BISHOP QUESTIONNAIRE

It consists of marking the parts of the body where the operator feels pain or discomfort and
listing them in ascending order according to the degree of discomfort or pain. Therefore,
questions such as the following are asked: What is the part of the body where you feel
discomfort? What is the second part of the body where you feel discomfort or pain? And so
on.
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Table 8. Frequency In Dolence In Worker A
12 3 45 6 7 8 9/10/11 12 13 14 15 16 17 18 19 20 21

MON EN
EX
TUES EN
EX
WEND EN
EX
THURS EN
EX
FRID EN
EX
SATU EN
EX

B

o

B

B B B B B B B B B B
B BB B/ B B
B B B B B B B B
B B
A BB AA A B B A A
B B
B B

Table 9. Frequency In Dolence In Worker B

MON E)N(
rues | EN
WEND :;N(
THURS E)N(
FRID E)N(
SATU :;N(

1 2 3 45
B B B
B
B B B
A
B
B
B
B
100
90
80
70
60
50

[ ] Days Worked in Confined Spaces

PARTS OF THE BODY

Meck
Shoulders
Upper back

Upper arm

Middle back
Lower arms
Lower back

— Wrist

——— Thighs
I\ED :-?71 — Legs
6 7 8/9 10 11 12 13 14 15 16 17 18 19 20 21 r}!
B|B B B B |B B | B - :;5-—-- — Ankles and feet
B B B B B B
B B
B B
B B B B B B B B
B B B B B B
B B B B B B
A B B A B B B A B A
B= Botheration
A= Aching
4 RESULTS.
4.1 ENVIRONMENTAL RESULTS.
NOISE MEASUREMENT
C O O O O O
v T — — S
1 2 3 4 5 6
e=@==ENTREY EXIT ==@==PERMISSIBLE TIME IN DESIBELS (dB)
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The graph indicates that the sound levels to which the worker is exposed are
maintained by a range of 59.7 to 63.4 decibels.

v the maximum permissible time indicated by the official Mexican standard 011 is
102 dB, which means that it is not so high as to cause any damage or pathological
disease.

LIGHTING MEASUREMENT

350
300 @ & & ® ® ®
250
200
150

100 At

1 2 3 4 5 6

=@==ENTREY EXIT ==@==NIVELES MINIMOS DE ILUMINACION (LUXES)

The graph of results shows that the calculated data do not exceed the limit of
luxes allowed indicated by the official Mexican standard 025, in the work area where
the person is located, being in a range of 14 to 92 luxes.

v The variability of the lighting does not cause difficulties in the worker such as
seeing incorrectly or concentration problems.

4.2 RESULTS PER WORKER.
4.2.1 YOSHITAKE QUESTIONNAIRE:

WORKER A

A. SYMPTOMS OF DROWSINESS AND MONOTONY

12

10
8
6
: I I I
: l
2 [ M M
A B C D E F G H | J
M Ans. in YES 3 5 4 6 8 10 9 2 5 2
Ans. in NO 9 7 8 6 4 2 3 10 7 10

M Ans. in YES Ans. in NO
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FRECUENCY PER DAY

16
14

NOT WORKED IN CONFINED SPACES v

0

DAY FREQUENCY OF YES FREQUENCY OF NO .

MONDAY 6 14 .
TUESDAY 4 14

THURSDAY 5 15 !

SATURDAY 12 8 2

0

Monday Tuesday Wednesday Thursday Friday Saturday

-

m frequency of yes  m frequency of no

A 1. Do you feel heaviness in your head? F 6. Areyou sleepy?

B 2. Areyou tired all over your body? G 7.Doyou feel tired in your eyes?

8. Is it difficult for you to make any movements (do you feel
clumsy or numb)?

4. During this time have you been yawning (since the start of | 9. Do you feel insecure when standing (because you feel
your work or since the last measurement)? sleepy)?

5. éDo you feel any discomfort in your brain (ie, bloated or
have your ideas jumbled)?

C 3. Do your legs feel tired or heavy?

J  10. Do you feel like stretching?

The result applied to demonstrate the symptoms of drowsiness and
monotonous, we notice that the results show a difference between the days that he
works inside the confined space and those that outside it, when he works in confined
spaces, they are usually a little more mentally exhausted.

1. Do you have any trouble thinking when doing your

A homework? F 6. Do you forget things related to your work?

B 2. Don't feel like talking because work is overwhelming G 7. ¢Do you have a lack of confidence in yourself, such that
you? you make mistakes in your work more often than usual?

C 3. Does the task you do make you nervous or stressed?  H 8. Do you feel anxious or restless when doing your tasks?

D 4. Do you feel unable to concentrate and pay attention | 9. Do you have difficulty straightening your posture after you
during your work? have done your homework?

E 5. Have you lost interest in things at work? I il%rlig you feel that you lack patience to do the things of your

B. SYMPTOMS OF DIFFICULTY WITH CONCENTRATION

15
10
8 = = [ |
A B C D E F G H | J
M Ans. in YES 3 0 0 0 0 3 5 0
Ans. in NO 9 12 12 12 12 12 12 9 7 12

M Ans. in YES Ans. in NO

e ——
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NOT WORKED IN CONFINED SPACES

1,Rp you have ahepadache? . ereQUENCY OENO O FRECUENCY PER DAY
2. Do you feel tension in your shoulders? G 7. %
vibNdayou have back pain? 1cH 8. 2
B=Do.you feel overwhelmed when you breathe? 1 9. .
THuRAERYOU thirsty? 2 16 ) 1(
SATURDAY 2 18 10
5
- [ | ] [ ]
Monday Tuesday Wednesday Thursday Friday Saturday

mfrequency of yes mfrequency of no

Symptoms of difficulty in concentration are also found to vary within the days
that they are working within confined jobs, as can be seen, the values that indicate
fatigue are higher than the average of the days in which the work is outside.
confined space.

C. BODY SYMPTOMS OR PROJECTION OF DAMAGES

14
12
10
8
6
4
2 1 1 1
0 [ [
A B C D E F G H | J
B Ans. in YES 6 3 6 3 12 0 1 3 1 0
 Ans. in NO 6 9 6 9 0 12 11 9 11 12

B Ans.in YES M Ans.in NO

WORKED IN CONFINED SPACES

DAY FREQUENCY OF YES FREQUENCY OF NO
WEDNESDA
Y 8 17
FRIDAY 3 17
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NOT WORKED IN CONFINED SPACES

DAY FREQUENCY OF ~FREQUENCY OF NO FRECUENCY PER DAY
YES
MONDAY 4 16 12
TUESDAY 4 16 .
THURSDAY 8 12 I
SATURDAY 6 14 10
8
WORKED IN CONFINED SPACES i
DAY FREQUENCY OF = FREQUENCY OF , I I
YES NO o
WEDNES Monday Tuesday Wednesday Thursday Friday Saturday
DAY 6 14 MW frequency of yes B frequency of no
FRIDAY 7 13

Body fatigue is also an aspect that is slightly affected when carrying out work
in confined spaces, a slight increase in responses in favor of fatigue symptoms can
be noted.

As can be seen in the results of "WORKER A" we can realize the conditions
in which he works.

Table A shows us that he usually finds himself with some degree of tiredness,
sleepiness and mentally exhausted.

Table B shows that he is still in a good capacity for concentration and that
area is safe.

Finally, Table C indicates that the hydration of "worker A" is insufficient,
because he is constantly thirsty and this can cause a headache.

WORKER B
A 1. Do you feel heaviness in your head? F 6. Are you sleepy?
B 2. Are you tired all over your body? G 7.Do you feel tired in your eyes?

8. Is it difficult for you to make any movements (do you feel
clumsy or numb)?

4. During this time have you been yawning (since the start of 9. Do you feel insecure when standing (because you feel
your work or since the last measurement)? sleepy)?

5. éDo you feel any discomfort in your brain (ie, bloated or
have your ideas jumbled)?

C 3. Do your legs feel tired or heavy?

J  10. Do you feel like stretching?

e ——
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A. SYMPTOMS OF DROWSINESS AND MONOTONY.

— — — —
— — — —
o
Ll
[e)]
00 ) [}
o o
< < <
o0
~
I — — — — I
A B D E F H | J
M Ans. in YES 3 4 4 1 1 6 4 1 1 2
Ans. in NO 9 8 8 11 11 6 8 11 11 10
NOT WORKED IN CONFINED SPACES FRECUENCY PER DAY
20
DAY FREQUENCY OF YES FREQUENCY OF NO 18
MONDAY 2 18 12
WEDNESDAY 5 15 12
FRIDAY 3 17 10
SATURDAY 3 17 8
6
WORKED IN CONFINED SPACES 4
: | .
DAY FREQUENCY OF YES FREQUENCY OF NO 0 .
TUESDAY 6 14 Monday Tuesday Wednesday Thursday Friday Saturday
THURSDAY 8 12 B frequency of yes W frequency of no

It can be observed in the results that the days in which the worker is in confined
spaces has a greater metal load than in those outside the area, so itis recommended
that the environmental factors to which he is exposed be reviewed to reduce the
negative impact on mental exhaustion.

1. Do you have any trouble thinking when doing your

A homework? F 6. Do you forget things related to your work?

B 2. Don't feel like talking because work is overwhelming G 7. éDo you have a lack of confidence in yourself, such that
you? you make mistakes in your work more often than usual?

C 3. Does the task you do make you nervous or stressed?  H 8. Do you feel anxious or restless when doing your tasks?

D 4. Do you feel unable to concentrate and pay attention | 9. Do you have difficulty straightening your posture after you
during your work? have done your homework?

£ 5. Have you lost interest in things at work? ] :v%rli(?) you feel that you lack patience to do the things of your

e ——
SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. Pagina 120



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 14 | 2021

B. SYMPTOMS OF DIFFICULTY WITH CONCENTRATION

14
12
10
8
6
4
2
. [ «f IR 1 [
A B C D E F G H | J
M Ans. in YES 2 0 1 2 2 0 0 0 5 2
M Ans. in NO 10 12 11 10 10 12 12 12 7 10
B Ans.in YES ™ Ans.in NO
NOT WORKED IN CONFINED SPACES
FRECUENCY PER DAY
DAY FREQUENCY OF YES FREQUENCY -
MONDAY 0 20
WEDNESDAY 3 17 | 20
FRIDAY 6 14
SATURDAY 0 20 1°
10
WORKED IN CONFINED SPACES
5
DAY FREQUENCY OF YES FREQUENC . l I
TUESDAY 1 19 ° - .
THURSDAY 4 16 Monday Tuesday Wednesday Thursday Friday Saturday

m frequency of yes  ® frequency of no

In section B we can conclude that there is not much impact on the change of
roles, however, it is recommended to continue monitoring it in the area since in
worker A there was variability and can present them in a future in worker B.

6. Has your voice become hoarse?

7. Do you feel dizzy or lightheaded?

8. Are you dazzled or blinking your eyes?

9. Do you have tremors in your arms or legs?
10. Do you feel unwell or ill (generally unwell)?

1. Do you have a headache?

2. Do you feel tension in your shoulders?

3. Do you have back pain?

4. Do you feel overwhelmed when you breathe?
5. Are you thirsty?

m oo w>
- T6om™m
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C. BODY SYMPTOMS OR PROJECTION OF DAMAGES

14
12
10
8
6
4
; I =
A B C D E F G H | J
M Ans. in YES 3 3 4 4 7 0 5 4 2 1
M Ans. in NO 9 9 8 8 5 12 7 8 10 11
HAns.in YES ™ Ans.in NO
NOT WORKED IN CONFINED SPACES
DAY FREQUENCY OF YES FREQUENCY OF FRECUENCY PER DAY
NO "
MONDAY 4 16
WEDNESDAY 3 17 1
FRIDAY 7 13 14
SATURDAY 4 16 1
10
WORKED IN CONFINED SPACES s
DAY FREQUENCY OF FREQUENCY OF NO 6
YES
TUESDAY 8 13 4
THURSDAY 7 13 2 I
0

Monday Tuesday Wednesday Thursday Friday Saturday

o frequency of yes  m frequency of no

In the body fatigue we could observe that if there is a great variability in the
frequencies since it presents physical discomforts due to the postures in which it is
in the worker.

In the case of "WORKER B" you can see reflected in graph A who is
constantly sleepy during his work period.

In graph B it is seen that like the first worker he is within the normal in his
concentration level. And finally in graph c it is shown that you are also constantly
thirsting so you need more hydration
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MOST RECURRING SYMPTOM AMONG WORKERS
WHEN WORKING IN CONFINED SPACES
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C. BODY SYMPTOMS OR...
A. SYMPTOMS OF DROWSINE... B. SYMPTOMS OF DIFFICULTY...

These symptoms although they do not look too harmful to health, with the
passage of time if they can present any disease or deterioration in any area, in
addition to that does not allow them to give 100% of their work capacity, for these
two reasons is that it must be attended and solved as soon as possible.

As observed in the results of the yoshitake questionnaire, it can be seen that
mental exhaustion is not a factor that influences in such a transcendent way in the
development of this work, although certain features of this type of exhaustion can be
noticed in worker A, however not so relevant as to harm their health or their quality
of work.

4.2.2 CUESTIONARIO CORLETT & BISHOP:

WORKER A
Days not to be worked in confined spaces (Monday, Tuesday, Thursday,
Saturday).

> W
onN Bk
o RN
o ww
or A
o o u
coo
o r ~
o o w
o N ©
o N o
oo
o rN
o olw
on b
o N o
orlo
or N
o w
o r|o
o r|o
o w Rk

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. Pagina 123



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 14 | 2021

FREQUENCY IN DOLENCE ON DAYS NOT WORKED
IN CONFINED SPACES.
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FREQUENCY OF PAIN IN DAYS WORKED IN
CONFINED SPACES.
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FREQUENCY IN DOLENCE ON DAYS
NOT WORKED IN CONFINED SPACES.
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It is notorious how the ailments in comparison to the god not worked in
confined spaces of the two workers grow, the discomfort prevailing is in the middle
of the back, knees and feet as a consequence of the postures in which the worker is
checked. However, it is also important to highlight that the pain indices are very low,
but it is important to give relevance to the postures in which the worker can be placed
since it could cause chronic damage in an average time.

5 CONCLUSIONS.

By way of conclusion, we can say that the correct application of these methods
based on studies, help us to have a perspective that we originally did not have of the
work that was being done. This helps us define what are the red spots that can be
caused in our health, which have to be treated immediately to prevent them from
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becoming permanent damage. The application of these studies can be of great help
to promote the well-being and maximum physical performance of a worker within the
company. It is important not only to consider the worked at our discretion, because
we must also have an official format that endorses it as safe. It is important to
preserve the physical integrity in good condition, because any damage can be
irreplaceable and harm to a small or large extent the adult life of the sufferer.

CONTRIBUTION TO ERGONOMICS.

The purpose of this article is to provide readers with information about the different
problems that arise in confined spaces, specifically in the welding area.

This particular area is usually forgotten and is not given the seriousness it really
requires.

We manage to observe how complicated it is to work on it, the positions that
the worker has to perform when executing the activity will be devastating for his
future years, as well as the environment to which he is exposed: noise and lighting,
which together, these problems will cause chronic diseases in the future.

This article seeks to create awareness in our branch giving it greater
seriousness and focus to seek solutions, and thus, to be able to create workstations
that facilitate the worker, remembering that the human being should not adapt to the
environment but the environment to the worker.
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Resumen: El estudio ergondmico de los puestos de trabajo en las industrias permite
evaluar las condiciones laborales y dar solucién oportuna a las lesiones y
enfermedades que se hacen presente en las areas de trabajo; actualmente, existe
una amplia variedad de metodologias para generar alternativas de solucion. En esta
investigacion se utilizé el método RULA (Evaluacion Réapida de las Extremidades
Superiores) para obtener informacion que permitié generar las acciones correctivas
pertinentes considerando cada una de las operaciones llevadas a cabo en el area,
las posturas corporales, las cargas y tareas repetitivas. RULA evalu6 las
extremidades superiores (hombro/brazo, antebrazo/codo, mufieca), cuello, tronco y
piernas. La investigacion se limit6 a las estaciones de trabajo del area de produccién
en las que se lleva a cabo el proceso de prensado de una empresa maquiladora de
conectores y ensamble de tableros electronicos para servicio de telecomunicacion.
Los resultados arrojaron una puntuacion total de 6, lo que sugiere un nivel de accion
“ampliar el estudio y modificar pronto”.

Palabras clave: Lesiones, evaluacion ergonomica, prevencion, RULA

Relevancia para la Ergonomia: La exposicion de los trabajadores a riesgos
ergonomicos por posturas inadecuadas ocasiona trastornos, lesiones, accidentes
y/lo enfermedades que afectan la productividad dentro de las empresas ya que se
pueden reflejar en dias laborales perdidos, incapacidades, ausentismo, jubilaciones
anticipadas, gastos por exdmenes diagnosticos y tratamientos (Jiménez, 2014).

El estudio de las condiciones de trabajo permite detectar estas condiciones
e implementar estrategias evaluando el grado de exposicion (frecuencia/repeticion),
fuerzas y duracion/carga estatica para disminuir los problemas sefalados y evitar
exponer al trabajador.

Las estadisticas recientes relacionadas con los desordenes musculo-
esqueléticos de origen ocupacional, uno de los padecimientos laborales mas
frecuentes tanto en paises industrializados como en vias de desarrollo, son
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realmente preocupantes no solo por los efectos que tienen en la salud del
trabajador, sino también por el enorme impacto econémico sobre los negocios y el
costo social sefialan Rodriguez, Y. & Guevara, C., (2011) y sugieren que la
aplicacion sistematica de la ergonomia ha sido reconocida como la forma mas eficaz
de combatirlos.

Abstract: The ergonomic study of workplaces in industries makes it possible to
evaluate working conditions and to provide timely solutions to injuries and illnesses
occurring in the work areas; nowadays, there is a wide range of methodologies to
generate alternative solutions. In this research, the RULA (The Rapid Upper Limb
Assessment) method was used to obtain information that allowed to generate the
appropriate corrective actions considering each one of the operations carried out in
the area, body postures, loads and repetitive tasks. RULA evaluated the upper limbs
(shoulder/arm, forearm/elbow, wrist), neck, trunk and legs. The research was limited
to the workstations in the production area where the pressing process of a company
manufacturing connectors and assembly of telecommunication electronic panels is
carried out. The results yielded a total score of 6, suggesting a level of action to
“extend the study and modify soon.”

Keywords: Injuries, ergonomic assessment, prevention, RULA

Relevance to Ergonomics: Exposure of workers to ergonomic risks due to
inappropriate postures causes disorders, injuries, accidents and/or illnesses that
affect productivity within companies as they can be reflected in lost working days,
incapacity, absenteeism, early retirement, expenses for diagnostic tests and
treatments (Jiménez, 2014).

The study of working conditions makes it possible to detect these conditions
and implement strategies evaluating the degree of exposure (frequency/repetition),
forces and duration/static load to reduce the problems identified and avoid exposing
the worker.

Recent statistics related to occupational musculoskeletal disorders, one of the
most frequent occupational diseases in both industrialized and developing countries,
are truly worrying. Not only for the effects they have on workers' health, but also for
the enormous economic impact on business and the social cost, point out Rodriguez,
Y. & Guevara, C., (2011) and suggest that the systematic application of ergonomics
has been recognized as the most effective way to combat them.

1. INTRODUCTION

Ergonomic analysis of working conditions aims to adapt tasks, tools, as well as the
general work environment to the skills and needs of the employee.
The RULA method aims to improve the ergonomic conditions of the workers of a
company manufacturing connectors and assembly of telecommunication electronic
panels.

According to the ILO (International Labor Organization), musculoskeletal
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disorders (MSD) constitute one of the main occupational health problems resulting
from small and repeated injuries, such as: increase in the pace of work, the
concentration of forces in the hands, wrists and shoulders, forced and sustained
postures causing static stress on diverse muscles. (Franco, S., Salazar. M., Pefia,
M. & Aguilera, M., 2017).

According to the occupational health statistics of the Instituto Mexicano del
Seguro Social (Mexican Institute of Social Insurance), occupational risks related to
some type of musculoskeletal trauma amounted to 63 854 cases out of the 492 684
registered in 2020, which represents about 13%, and 1 681 out of the 8 274
registered were permanently incapacitated, representing 20% of them. Instituto
Mexicano del Seguro Social (2020) (Mexican Institute of Social Insurance).

Objectives

General:
To analyze ergonomic conditions in the workstations from a maquiladora

company through the implementation of the RULA method.

Specific:

e Identify the ergonomic conditions at workstations in the production areas.

e Detecting hazardous conditions at workplaces throughout the application of the
RULA method.

e Propose improvements to the ergonomic conditions of workstations in
production areas.

2. METHODOLOGY

In order to perform the ergonomic analysis of the pressing area, it was necessary to
diagnose the current situation of the workstations in order to detect potential risk
factors. Subsequently, the RULA methodology was applied to assess the work
postures, determine the level of intervention required and thus reduce the level of
risk due to the postural load, i.e. for the ergonomic improvement of the area.
Diagnosis of ergonomic conditions in work stations.

A questionnaire was designed and applied to 102 workers in the press
process, to determine if they are exposed to risks that may cause an injury or
disease. The questionnaire questions are illustrated in Figure 1.
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Figure 1. Questionnaire “Risks and damages”

Risk factors were searched using the Nursing Department’s disease or
accident records. Employees were also consulted and operations and jobs were
observed first-hand. Subsequently, a Pareto Chart was used to detect the risk factors
causing injuries and diseases in workers with the highest incidence according to the
data recorded in figure 1.

Risk Factors No. of Defects Relative % Accumulated %
Machinery 60 34 34
Incorrect postures 57 32 66
Furniture 30 17 83
Workload 20 11 94
Raw material 10 6 100
Total 177 100

Figure 1. Potential risk factors
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We collaborated with a team of experts in the field to make an Ishikawa
diagram that allowed us to identify the root cause of occupational injuries and
diseases. See Figure 10.

Application of the RULA method.

Information was collected through the study of time, videos and photographs from
the studied area to apply the RULA method and determine the individual and not
joint postures or sequences of postures to be evaluated considering the work cycles
of each position. The scores of each part or segment of the body were obtained, the
final score and level of action were determined being proportional to the risk involved
in carrying out the task. High values indicate a higher risk of musculoskeletal injuries.
See Figure 2.
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Figure 2. Ergonomic evaluation format of the RULA method

On the basis of the data obtained, corrective actions leading to the
improvement of ergonomic conditions were proposed.

3. RESULTS
The results from the survey are shown in Figures 3-8. 60.78% of the workers have

suffered an accident or disease resulting from their work activities, the predominant
risks being overwork due to handling loads and falling objects, materials or tools.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. Pagina 132



Ergonomia Ocupacional. Investigaciones y Aplicaciones. Vol 14 | 2021

The most common posture is sitting without standing up. The main areas in
the body that feel discomfort are the hand, wrist and finger. In addition, workers
consider that the physical and mental demands of their activities to be average.

Have you had an accident or work-related illness??
70
60 62
50
40
30
20
10

40

Si No
*Yes *No

Figure 3. Question 1

What are the accidentrisks that exist while you are working?

40
35
34
30 =
25
20 22
15 15
10
5 .
0
Golpes Caidas de personas Sobreesfuerzopor Caidas de objetos,
del mismo nivel manipulacién de materiales o
cargas herramientas

*Hits *People falling from the same level *Overexerting due to the handling loads
*Objects, materials or tools falling

Figure 4. Question 2
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What is your usual working posture or postures?

60 55
50
40 38
30
20
10 9
. —
De pie, sin apenas andar De pie, andando Sentado, sin levantarse
frecuentemente casi nunca

*Standing, barely walking *Standing, walking frequently *Sitting, barely getting up

Figure 5. Question 3

Indicate the 3 main areas of your body where you feel

discomfort
35
31
30 27
25
25
20
15
10
10 9
0
Nuca / Cuello Hombro/s Mano /s, Brazo/s, Alto de la
Mufieca /s, Antebrazo /s espalda
Dedo /s

*Nape / neck *Shoulder / s *Hand / s, Wrist/s, Finger / s *Arm / s, Forearm / s
*Upper back

Figure 6. Question 4
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What is your opinion on the physical demands of

your job?
100
79
80
60
40
0 —— —
Altas Medias Bajas
*High *Medium *Low
Figure 7. Question 5
What is your opinion on the mental demands of your
job?
100 86
80
60
40
0 ; —
Altas Medias Bajas

High *Medium *Low
Figure 8. Question 6

In the analysis of the press process using the Pareto Chart (see Figure 9), it
was observed that 20% of the risk factors (machinery, incorrect postures and
furniture) represent 83% of the risks in the employee, causing injuries and diseases
in different parts of the body.
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*Machinery *Incorrect postures *Furniture *Workload *Raw material*
*No.of Defects *Accumulated %

Figure 9. Pareto Chart
The Ishikawa diagram (Figure 10) shows the root cause of the injury and

disease problem is the machinery, specifically the manual press, which is unsuitable
for the process.

MEDIOAMBIENTE| |MANO DE OBRA| IMAQUINARIA!

| LESIONES Y ENFERMEDADES
Pl 3 1 » DETRABAJO EN EL AREA DE
PRENSADO
I ateain peina Elmécodo de

& deun proveedor » Rt & La capacitacién pera
nico irseguro i3 ol uso de la prensa e inadecuada

[MATERIA PRIMA] [METODO DE TRABAIO|

Figure 10. Ishikawa Diagram

The result from the RULA method is “extend the study and modify soon” with
a total of 6 points. (See Figure 11).
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Figure 11. Ergonomic evaluation format of the RULA method applied to production
areas.

It was observed that when performing the operations on the manual press the
operator exposes their shoulders / elbows / forearm, while elevating the shoulder to
grab the lever, performing one repetition per minute, applying force to carry out the
press causing musculoskeletal damage.

Considering the repetitive and constant effort when performing the critical activity,
they presented ailments in their limbs. The proposals are as follows:

e Automate one of the presses.

e Ergonomic exercise routines in small 5 minutes res periods.

e Awareness from the staff from that area.

e Acquisition of ergonomic furniture.

4. DISCUSSION/CONCLUSIONS

According to Obando F., & Maldonado, C. (2019) it is estimated that worldwide
between 30% and 50% of workers are exposed to risks that generate
musculoskeletal injuries impacting on the productivity of organizations and therefore
on the economy of industry. Ergonomic analysis and assessment is a fundamental
element in determining corrective actions aimed at reducing risks and diseases
inside a work area by guaranteeing healthy and productive workers.

It is important to implement ergonomic principles at workspaces; however,
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according to Franco, S. et al (2017), it is not enough to have a good workplace, but
also to be trained on the importance of maintaining a proper posture, since workers
are also affected by bad postures.

Obando F., et al., (2019) based on Gomez, L.; Rivera, S.; Granado, M. and
Suarez, O. (2017) and Asensio, S.; Bastante, M. and Diego, J. (2012) point out that
it is important to consider variables such as weight distribution, load or force applied
in a specific area of the body , repetitive movements, load elevations, postures
forced and static, mental requirement, and the environment because they increase
the chance of suffering an injury over time.

This method provided relevant information about the work postures in the
area, which allowed the identification of corrective measures to improve the physical
health of the worker.

The proposed actions were implemented in the company in such a way as to
automate the manual press, adapt ergonomic furniture, perform 5-minute exercise
routines and train the staff with an emphasis on prevention and based on the
assigned tasks.
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Resumen La adaptacién a los cambios de los procesos productivos, tiene como
reto, el analisis integral de todos los factores que intervienen, uno de ellos es la
evaluacion de las estaciones de trabajo en las areas produccion, en la cuales, se
realizan las operaciones directas de la transformacion de las materias primas al
producto terminado. El estudio que se presenta se realizé en una empresa dedicada
a proveer soluciones integrales en tarimas y embalajes de madera, el objetivo
general fue evaluar las estaciones de trabajo y proponer un disefio de area de
produccién que cumpla con las condiciones Optimas para que el trabajador aumente
su desempefio y disminuya el riesgo laboral.

Palabras clave: Principios ergondmicos, riesgos, estaciones de trabajo, distribucion
de éarea.

Relevancia para la ergonomia: Siendo la ergonomia la disciplina que se encarga
del disefio de lugares de trabajo, la investigacion realizada representa un analisis
importante dentro de la empresa que propicia un mejoramiento de las condiciones
de los espacios para los trabajadores y da pauta a trabajar con conocimiento de la
normatividad aplicable.

Abstract: The adaptation to changes in production processes, has as a challenge,
the integral analysis of all the factors involved, one of them is the evaluation of the
workstations in the production areas, in which, the direct operations of the
transformation of raw materials to the finished product are performed. The study
presented here was conducted in a company dedicated to provide integral solutions
in wooden pallets and packaging, the overall objective was to evaluate the
workstations and propose a design of production area that meets the optimal
conditions for the worker to increase their performance and reduce occupational risk.

Keywords. Ergonomic principles, risks, workstations, area distribution
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Relevance to Ergonomics: Ergonomics being the discipline that deals with the
design of workplaces, the research conducted represents an important analysis
within the company that favors an improvement in the conditions of the spaces for
workers and gives guideline to work with knowledge of the applicable regulations.

1. INTRODUCTION

A productive process encompasses a set of activities by which materials undergo a
transformation process, to be destined for sale and consumption by the final
consumer. (Nufio, 2017). Within a productive process it is important to identify that
the execution of the activities respects aspects such as the principles of the economy
of movements that according to (Niebel and Freivalds, 2012) are based on an
elementary understanding of human psychology and should be of great utility in the
application of the analysis of methods with the operator in mind. Industrial and
manufacturing engineers continually develop guidelines for the design of safer, more
efficient and effective manufacturing stations. (Meyers, 2000).

The ergonomic aspects that involve the environmental, hygiene and safety at
work, are fundamental to provide workers with conditions that improve their
performance.

In this project, an analysis of the operations of the pallet production area called
ABB in a wood pallet manufacturing company is carried out. The flow of operations
was identified, the percentages of production contributed by each operator in a given
time, analyzing the work areas, to subsequently make proposals for the necessary
changes for a better functioning of the area, taking care of the integrity of the
workers. A redesign of the production area is presented taking into account the
current area and the necessary spaces for the worker considering the available
space in the new warehouse and the necessary changes for the arrangement of the
production area. Following the results of this project, significant changes are
estimated for the improvement of the ABB production area.

2. OBJETIVES
2.1 General objective
Evaluar las de estaciones de trabajo y disefiar un area de producciéon que cumpla

con las condiciones 6ptimas para el trabajador que aumente su desempefio y
disminuya el riesgo laboral en una empresa fabricante de tarimas de madera.
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2.2 Specific objectives

e Determinar el diagndstico situacional del funcionamiento en el area
de produccion.

¢ Identificar las areas de oportunidad para mejorar el area de trabajo.

e Desarrollar las propuestas de disefio de las estaciones de trabajo
bajo los principios ergondémicos y normatividad aplicable.

e Proponer el disefio de la distribucion del area de producciéon
cumpliendo con el flujo del proceso.

3. METHODOLOGY

A case study that only applies to the planning and design area of the ABB production
area of the company Proeser de México was carried out through the analysis and
evaluation of seven workstations included in this area. A mixed approach was used,
determining the performance indicators based on numerical data from the records
of material handling and calculations of the company's areas, as well as qualitative
indicators regarding compliance with ergonomic principles and the characteristics
that the design of the workstations must comply with. The time of development of
the research was from August to December 2020. The information analyzed was
based on direct observation of the processes, interviews with personnel and data
provided by the company.

The research was conducted according to the following procedure:
. Identification of the operation of the production area.
. Obtaining performance indicators.
. Identification of ergonomic principles for each area.
. Study of risks.
. Determination of specific rules applicable to the work area.
. Workstation design.
. Material handling analysis.
. Determination of space requirements.
. Area layout design.

OCOoO~NOUIDAWNPEF

4. RESULTS

4.1ldentification of the production area operation.
The company supplies wooden pallets as special products to a wide variety of
companies of different industries. Table 1 shows some examples of its products.
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Table 1. Products manufactured in the study area

Daily monitoring of the production process was carried out to identify activities,
transports, decision making and inspections, thus creating the ABB flow diagram
shown in Figure 1.

Figure 1. Process flow diagram.

4.2ldentification of ergonomic principles for each workstation.

The company's workers are exposed to long working days where they perform
repetitive movements that directly affect the operator and the productivity of the
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