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Prefacio 
 
La Sociedad de Ergonomistas de México A.C. (SEMAC), como parte relevante de su 

actividad e interés en la difusión, promoción y apoyo a la ergonomía, ha organizado desde 

1999 y de forma anual, su Congreso Internacional de Ergonomía. En Abril de 2016, la 

progresista ciudad de Tijuana, en Baja California y en especial el Instituto Tecnologico de 

Tijuana y la Universidad Autonoma de Baja California, Campus Tijuana, nos abre sus 

puertas para recibir el XVIII Congreso Internacional de Ergonomía, con la participación de 

ergonomistas profesionales e interesados en esta área. 

 

Este año está lleno de retos y esperanzas. Tenemos una nueva legislación laboral 

que entro en Vigor en Febrero del año pasado. Este nuevo Reglamento tiene como novedad, 

a propuesta de SEMAC, un artículo dedicado a la Ergonomía en los centros de trabajo y 

aunque parece muy poco, tendrá un gran impacto en la salud de los trabajadores debido a 

que los centros de trabajo deberán evaluar los puestos de trabajo y realizar las mejoras 

cuando sea necesario. Aunado a este Reglamento, se está trabajando en una Norma Oficial 

Mexicana para la aplicación adecuada del mismo, esperando que este año sea publicada y 

poder tener certeza, tanto los trabajadores, los empresarios y los académicos de los 

alcances y limitaciones de este nuevo instrumento legal. 

 

Se reúnen en este libro una selección de los trabajos, presentados en este 

congreso, más representativos de las diversas áreas que participan en la ergonomía, 

aportando diferentes investigaciones y soluciones a problemas específicos, con la finalidad 

de contribuir a la difusión, apoyo en la educación e investigación, de temas de interés para 

la ergonomía. En este evento académico, concurren ponentes de Universidades de 

Colombia, y Chile, así como investigadores y estudiantes de diferentes Instituciones de 

nuestro país, desde Mérida hasta Tijuana además de empresas que están aportando los 

resultados de sus intervenciones, lo que nos indica que la semilla que sembró SEMAC está 

dando frutos. 

 

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

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

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

en el XVIII Congreso Internacional de Ergonomía de SEMAC. También agradecemos a los 

participantes y asistentes, provenientes de muy diversos lugares y formaciones, así como 

a todo el equipo de organización de este congreso, su valiosa aportación que estamos 

seguros derivará en el avance de la ergonomía en las Instituciones de Educación Superior 

y en  la planta productiva nacional y mundial. 

 
Enrique de la Vega Bustillos 

Presidente SEMAC 2002 – 2004 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO A.C. 

“Trabajo para optimizar el trabajo” 

Tijuana, Baja California,  Abril de 2016 
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ANTHROPOMETRIC MEASUREMENT PROTOCOL FOR PATIENTS 
WITH DUCHENNE MUSCULAR DYSTROPHY 

 
Obed Mendoza Jimenez 1, Pamela Quiñones Valles1 and John A. Rey 

Galindo1 
 

1Department of Ergonomics 
University of Guadalajara 

Calzada Independencia Norte No. 5075,  
Huentitán El Bajo S.H. 

Guadalajara, Jalisco 44250 
obed.mendoza@live.com.mx, dipamquinones@outllook.com, 

john.reygalindo@gmail.com 
 

Resumen: Las mediciones antropométricas en pacientes con Distrofia Muscular 

Duchenne deben ser consideradas como un trabajo con población especial, debido 

a  las características físicas, musculares y estructurales óseas que presentan los 

pacientes.  

El objetivo de este trabajo es proponer un protocolo de medición antropométrica 
en población con Distrofia Muscular Duchenne, ajustando los parámetros existentes 
a las condiciones que presenta esta población.  

Como resultado de este trabajo se completó una cedula antropométrica con 32 
mediciones de las cuales 4 fueron representativas en cuanto al grado de dificultad 
para la toma de medición, principalmente por las desviaciones articulares que 
presentaron los pacientes que se midieron y la incapacidad del paciente para 
mantener una postura en bipedestación.  

Se espera que todos los pacientes con distrofia muscular Duchenne puedan 
tener a su alcance herramientas, aditamentos, materiales e instrumentos  que les 
servirá durante su proceso de rehabilitación y en actividades de la vida diaria. 
 
Palabras clave: Distrofia muscular Duchenne; Protocolo antropométrico 
 
Abstract: The anthropometric measurements in patients with Duchenne Muscular 

Dystrophy it should be considered a special population work, due physical bone, 

muscle and structural characteristics presented by patients.  

The aim of this paper is to propose a protocol in population with anthropometric 
measurement in Duchenne Muscular Dystrophy, adjusting existing parameters to 
the conditions presented by this population.  

As a result of this work  it completed with 32 anthropometric measurements, 4 
of which were significant as to the degree of difficulty for taking measurement, mainly 
by joint deviations presented patients were measured and the patient's inability to 
maintain a position in bipedalism.  

It is expected that all patients with Duchenne muscular dystrophy may have to 
reach their tools, hardware, materials and instruments of therapy that will help them 
during their rehabilitation process and in activities of daily living. 
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Key words: Anthropometric protocol; Duchenne muscular dystrophy. 

 
CONTRIBUTION TO ERGONOMICS 
 
The anthropometric profile of a population group allows to have access people's own 
needs; patients with Duchenne muscular dystrophy will be beneficiated from a vision 
of universal design to an overview of social inclusion. 
 

1. INTRODUCTION 
 

The Duchenne Muscular dystrophy (DMD) is a severe muscular disease linked to X 
chromosome. His name comes from Duchenne de Boulogne, who contributed to 
define its characteristics in 1868. Duchenne’s dystrophy is the most frequent 
muscular dystrophy in infants and affects 1 from each 3,500 male newborns. DMD 
is due to the absence of Dystrophin, a fundamental protein in the maintenance of 
muscular fiber.  

Its presence starts with muscular weakness in the early childhood, which follows 
a progressive and stereotyped course. Without any intervention, patients tend to lose 
the ability to walk before adolescence, subsequently death comes in the second or 
half of the third decade of life due to a respiratory failure, or hearth complications 
(Camacho, 2014). Nowadays, does not exist a recovery treatment, but physical 
rehabilitation therapy joined with multidisciplinary cardiorespiratory and orthopedic 
treatment has changed DMD’s natural history. 

From the perspective of Ergonomics, objects, spaces, systems and services 
most comply to user’s characteristics and requirements (IEA, 2016), according to the 
activities related with them; in that sense, the interdisciplinary condition of 
Ergonomics has allowed to develop in multiple aspects involved with the pursuit of 
adapting the context to people. A clear example of this is the development of 
Anthropometric techniques that have permitted to characterize populations in 
dimensional terms (Avila Chaurand, Prado León, & González Muñóz, 2007), making 
possible to adjust objects dimensions in a coherent manner with population’s 
physical dimensions. 

In that sense, great efforts have been made in standardize the way of obtaining  
peoples dimensions on the different body segments in order to have a more reliable 
dimension obtaining process, developing specific instruments, establishing 
somatomethric points and particular techniques according to the used measuring 
tools (Ulijaszek & Komlos, 2010). However, this standardization is possible in 
accordance with the idea that people have similar physical characteristics, which 
allows to normalize the technique; nevertheless some individuals have physical 
proportions and conditions and/or disabilities, that differ from the typical conditions 
considered by the standardized techniques which keeps off from using the traditional 
Anthropometric techniques. This occurs with people suffering from DMD, who, like 
we said in previous lines, experience motion loss and extremity deformation caused 
by muscular rigidity. 

In the case of anthropometric measurements with Duchene Muscular Dystrophy, 
is very important to consider different conditions, in that sense is necessary to adjust 
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the way how the measurements are taken, in order to ensure consistency between 
physics characteristics, muscular and bone structure which the patients have, and 
the anthropometric method to use to obtain adequate and reliably data. 
Unfortunately, there are no such adjustments; in fact, the development of specifics 
anthropometric technics for populations with different physical conditions is very 
limited and it includes people with DMD, which leaves such populations without the 
possibility of characterizing their physic dimensions. Translating this into applied 
terms, the possibility of adjusting the physical conditions of the environment to their 
needs and characteristics can be diminished.  

According to the age range and based into the reviewed literature, patients with 
DMD lose the ability of walking between the ages of 8 and 10 years, therefore after 
losing the ability to walk in a short period of time they are no longer available to hold 
a standing position. DMD is a progressive and disabling disease, because of this 
patients in the ages between 12 and 16 years tend to lose the ability of controlling 
their body trunk and therefore maintaining a sitting posture. The previous, are a few 
of the main reasons by which patients cannot take the conventional postures needed 
in a regular anthropometric protocol, which is one of the main troubles while 
recollecting the measuring data. 

Besides the preceding information, must be aware that most of the muscles of 
DMD patients, suffer a contracture process that limits the possibility to maintain their 
body segments aligned, which in the most severe cases results into a flexing pattern 
in hips and knees, besides an important deviation of the spine. In that sense it will 
be needed to consider that traditional anthropometric measuring in patients with 
DMD can be only used in those who are available of holding a sitting and standing 
posture, which probably occurs only before the age of 8 years, after that the 
technique must be adjusted.  

Based in the previous information, this article presents a proposal of an 
anthropometric measurement specific for people suffering from DMD, using the 
traditional direct technique and their instruments, but making adjustments to the 
physical and motor conditions presented by this population. 
 

2. OBJETIVE 
 

To propose a protocol of anthropometric measurement in Duchenne Muscular 
Dystrophy population, adjusting existing parameters to the conditions presented by 
this sector. 
 

3. METODOLOGY 
 

3.1 Delimitation 
 

The Anthropometric measurement protocol is proposed for patients with Duchenne 
Muscular Dystrophy. These persons will be males from 8 years old, which is the age 
when they lost the walking and standing capability. 

The pilot study was made at the “Care Center for with patients Dystrophy.” 
facilities, in Guadalajara, Jalisco, where therapy is provided to young with this 
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condition. In that test seven patients with Duchenne Muscular Dystrophy between 9 
and 21 years where measured. The pilot test was made in November of 2015. 

This tool is addressed to be used by every actor or sector involved in the 
understanding of the condition, anthropometric examiners or special groups 
designers. 
       The protocol aims to analyze the general measures for people with Duchenne 
Muscular Dystrophy. For special designs or studies some measures can be omitted 
according to the interest. 
 

 

3.2 Strategy 
 
The Project is divided into 3 phases: 

1) In the first place, a literature reviews about the conception of anthropometric 
protocols. Then a revision of bibliography about Duchenne Muscular Dystrophy 
condition, the evolution of the patient’s capabilities. This allowed identifying: all 
differences between people with and without any dystrophy, differences between 
individuals with the condition but in different in age and differences in the evolution 
of the condition. 

2)  Once identified the anthropometric protocols currently existing 
incompatibilities for this population: the standing posture for some measures, the 
sitting posture without supports and the wheelchair influence; we proceeded to make 
changes to adjust the protocol. 

3) Finally, the evaluation phase.  It consists of test the protocol with real 
Duchenne Muscular Dystrophy patients. For this test stadiometer and calipers 
(UdeG models) were use. 
 

4. RESULTS 
 
The application of the technique adapted from anthropometric measurement in 
patients with Duchenne muscular dystrophy, results in an anthropometric identity 
card with 32 measurements. 

The 32 items were classified into 3 different positions in which they could be 
positioned securely to the patient during measurement. The measure posture where 
sitting position on wheelchair, sitting position on the edge of the bed and lateral 
decubitus on the bed.  

During the application of the anthropometric measurement protocol it was found 
that subjects had dissimilar conditions between 2 hemi bodies, so that is not enough 
to perform measurements in the right hemi body of the patient, as suggested in 
conventional protocols.  

Also, it was found that there is wide variability in the morphological characteristics 
of the same age group of patients with Duchenne muscular dystrophy, among other 
conditions by the presence of different degrees of stiffness in joints, different degree 
of scoliosis and the tendency to presenting obesity or malnutrition, therefore, age 
groups should be considered at lower age ranges and continue using the 5th 
percentile and 95 and is conventionally employed anthropometric data. 
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4.1  Instruments 
 
For the application of the protocol a stadiometer, cone handle, wheelchair bascule, 
stretcher and crane for patient transport are needed. 
 

4.2  General considerations 
 

In order to make the measurement in a standard and safety way some 
considerations may be taken: 

Make sure the patient know about the anthropometric measurements that will be 
made, and have their consent informed. 

Where measurements are made, it should be a broad place, enough to the 
movements of the patient in the wheelchair. 

Changes in patient position should be done with extreme caution, always 
supported by a family member or a specialist. 

The patient should wear light clothing, do not wear accessories that will interfere 
with the measurements. 

To have a reliable data, we suggest the measurement of the 4 extremities of 
patients, since they present contractures and joint deformities in varying degrees, it 
may have a significant variation between hemi bodies. 

The measurement procedure should be quick and nimble to avoid fatigue in 
patients. 

Consider a caregiver who hold the patient in the sitting position, the caregiver 
must be previously trained for that at all times try to keep the patient as aligned as 
possible. 

Having a crane to transport patients from the wheelchair to the gurney. 
 
4.3  Procedure 

 
Weight: a scale for wheelchair will be use; make a first measurement of weight with 
the patient sitting on the wheelchair, the second weight measurement will be 
performed to the empty wheelchair; it concluded subtracting the result from the 
second measurement to the first measurement. 

Height: will be obtained by performing the sum of measurements of the 
segments corresponding to the lower limbs, trunk and head; these measurements 
were taken considering the height at the sitting knee, length buttock - popliteal and 
maximum seated height. 

Chest depth and maximum depth of the body: Patient being measured in a 
sedestation –or sitting- position on the edge of a stretcher. It will be necessary to 
provide support to the patient holding his shoulders not to lose control of the trunk. 
For maximum depth of the body, the protocol propose the use of a vertical and rigid 
element, like a board to be place in the prominent portion of the body, on the back –
the back or buttock, depending on patient- and with the caliper find and take the 
maximum depth. 

Head width, length of the face and head depth: the patient will be measure 
with the patient being in a sedestation position on wheelchair. The patient head being 
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placed in the Frankfort plane. Once patient are placed in this position, generally the 
still can maintain the position, will measure under traditional measurement protocol. 

Width of the thorax, maximum body width, maximum width bideltoidea, elbow 
width - elbow and width of sitting hip: Patient measured while in sedestation position 
on a stretcher, patient supported holding from his shoulders and it will be necessary 
to supervise that the pelvis and trunk remain aligned as due to scoliosis presented 
in the column and pelvic girdle can resulted in an imbalance. 

Thickness hand and handle diameter: All patients measured in a sedestation 
position on wheelchair, Patient's hands positioned and will be help to extend the 
phalanges so they could open their hands and hold the measuring cone . At all times, 
patients will be help to hold the cone because do not have enough strength to hold 
it by themselves. All patients have contracture fingers in some degree which keeps 
them in a position of static semi flexion. 

Foot length, foot width and heel width: Patients will be measure being in 
sedestation position on the edge of a stretcher. Foot length taken from the tip of the 
first toe to the heel; the examiner have to consider the contraction and retraction of 
the Achilles of some patients, this will be that patient may have not the capability to 
have heel contact with the ground, so the measurement will be in the neutral position 
of the patient’s feet.  

Sitting height, shoulder height sitting, elbow height sitting, thigh height sitting, 
knee height sitting, popliteal height and height ankle: Patient will be measure while 
in sedestation position on the edge of a stretcher. Provide support to him holding the 
shoulders so not to lose control of the trunk. Pelvis aligned and feet flat –where 
possible- on the floor lined up, most patients will support on the floor with the front 
and outer edge of the foot, due to the retraction of the Achilles tendon. 

Length buttock - popliteal length and buttock - knee: Patient will be measure 
while in sedestation position on the edge of a stretcher. Variation can be found 
between one end and another of the same patient because the scoliosis they will 
have, led them to an imbalance of the pelvis. 

Arm length and forearm length: the measurement was taken while patient 
being in sedestation position on the edge of a stretcher. It will be necessary to 
provide support to the patient holding his shoulders so not to lose control of the trunk. 
Patients will be assist to elevating his arms and positioning aligned when making the 
measurement. 

Ankle angle, knee angle, hip angle and elbow angle: Patient in lateral 
decubitus being measured on a stretcher. A two-arm goniometer will be need. For 
all measurements the patient be ask to help mobilizing them and bringing into flexion 
and maximum extension of these joints to make the corresponding records. 
 

5. DISCUSSION 
 
The implementation of a special anthropometric measurement protocol is necessary 
in patients with Duchenne muscular dystrophy; since there is a great variability in 
these anthropometric patients. It is expected that all patients with Duchenne 
muscular dystrophy may have access to hardware, tools, materials and therapy 
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instruments that will help them during their rehabilitation process and in activities of 
daily living. 

The development of an anthropometric measurement protocol implies the 
knowledge of the population to be measure; this meant, have the capability to find 
new solutions for take measures in an unconventional way, but also, have the 
sensibility to recognize the needs and limitation of the patients. 
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Resumen: Este documento tiene como objetivo determinar la relación entre las 
características antropométricas en las manos y la fuerza máxima de agarre para los 
hombres y mujeres universitarios con edad de trabajar de 18 a 28 años, nacidos en 
el estado de Sonora. Se utilizó el método directo para obtener los datos y se llevó a 
cabo en el lugar de estudio, con una muestra de 110 personas, teniendo en cuenta 
26 tipos de medidas antropométricas y 3 puntos diferentes de la fuerza máxima, 
tanto en la mano dominante y no dominante. Una base de datos fue desarrollada 
con la información de cada hoja de datos para el procesamiento, con el fin de 
realizar el análisis estadístico: correlaciones, una media y desviación estándar de 
cada dimensión medida y la fuerza máxima en la mano dominante y no dominante, 
además del cálculo de percentiles para cada sexo. Se encontró una fuerte 
correlación para ambos sexos en la medición de la circunferencia de la mano con 
las tres fuerzas tomadas en la mano dominante. La mayor fuerza para las mujeres 
fue identificado en la posición 2 a una distancia de 2,5 cm y u hombres en la posición 
3 con una distancia de 6,4 cm. 
 
Palabras Clave: Antropometría, máxima fuerza de agarre 
 
Abstract: This document aims to determine the relationship between 
anthropometric features in hands and maximum strength of grip for college men and 
women  with working-age from 18 to 28 years old, born in the State of Sonora. The 
direct method was used to obtain the data and was held at the site of each subject 
of study, with a sample of 110 people, considering 26 types of anthropometric 
measures and 3 different points of maximum strength in both dominant and non-
dominant hand.  A data base was developed with information from each sheet of 
data for processing, in order to perform the statistical analysis:  correlations, an 
average and standard deviation of each measured dimension and maximum 
strength in hand dominant and non-dominant hand; calculating percentiles for each 
sex. It was found a strong correlation for both sexes in the measurement of the 
circumference of the hand with the three forces taken in dominant hand.  The 
greatest strength for women was identified in the 2 position at a distance of 2.5 cm 
and or men in position 3 with a distance of 6.4 cm. 
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Keywords: Anthropometry, maximum strength of grip 
 
Contribution to ergonomics: In this research were obtained relevant data such as 
the anthropometric characteristics of the hands, the maximum strength of grip in 
several positions and the variables that are related to the maximum grip force. It is 
essential for product designers to use anthropometric data that are appropriate and 
updated for the design and development of products for users who use hand tool. 
However, these data are scarce in Mexico, and it is the main motivation of this study. 
 
 

1. INTRODUCCIÓN 
 
1.1 Background.   
 
According to Lee & Jung (2013), many researchers in the field of ergonomics have 
been trying to understand how humans use their hands and what factors affect the 
ability of the hand - function. Different studies present  the grip strength as a standard 
parameter to evaluate the function of the hand, it is common for  evaluating the 
efficacy of surgical procedures, job skills or other clinical conditions. 

Chandra, Chandna, & Deswal, (2011) mentioned that the economic growth and 
technological improvements have led to greater demand and development of 
machines and devices used in industrial environments. Anthropometric data are one 
of the essential factors in the design of machines and devices. The incorporation of 
such information would facilitate more effective designs, which will be easier to use, 
more secure, and could allow higher performance and productivity. 
 
1.2. Approach of the problem.   
 
The INSHT (2015) mentions that it is common that workers do not regard the signals 
that their body gives them about any muscle-skeletal disorder, because they  fear 
losing their jobs, but are putting their health at risk, since if they do not heed time, 
causes them serious illness and even death. 

Gripping is an important and fundamental role for several movements. The 
manipulation of objects with a stable grip is one of the most frequent movements 
made in the activities of daily life and occupational fields (Seo, Sindhu & 
Shetechman, 2011). 

In Mexico, according to statistics of the STPS (2010), workplace accidents occur 
more in the anatomical region of the hand and wrist nationally according to statistical 
reports of the IMSS. 
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Figure 1. Accidents at work for the anatomical region of the hand and wrist in 
Mexico. 

 
It is possible to point out  by observing the table that accidents decreased in 2009, 
but in 2010 they increased, fact which exceeds the 2008 statistics. 
 
1.3 Objectives 
 
1.3.1. General objective.  
Check if there is relationship between anthropometric characteristics and maximum 
grip strength both in dominant hand as in non-dominant hand. 
 
1.3.2 Specific objectives 

 Determine the anthropometric characteristics of the hand  

 Determine the maximum grip strength  in dominant and non-dominant hand 
 
1.4 Justification 
 
This study aims to understand the anthropometric characteristics of hands and 
determine if there is relationship with maximum gripping force both in dominant and 
non-dominant hand, as well as to assess whether there are significant differences 
between both hands, in such a way to allow having the parameters or bases 
sufficient to prevent illness or injury by the use of tools not suitable for people. 

Currently in the State of Sonora, there are few studies that determine the 
anthropometric characteristics and its relationship with maximum grip force both in 
dominant and non-dominant hand, this could be a possible causal of serious 
musculoskeletal disorders due to effort originated by poorly designed manual 
operations,  generating affectations in joints and tendons of the hands. 

The hand represents the most sophisticated and differentiated skeletal muscle 
tool in the human being, demanding the greater capacity of the nervous system in 
relation to its size. Functioning and adequate strength of the hand are preconditions 
to deal with the demands of everyday life (Angst, Drerup, Werle, Herren, Simmen & 
Goldhanhn, 2010). 
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1.5 Delimitation.   
 
The study considered people of both sexes who have not suffered an injury or 
disease in the hands and with place of birth in the State of Sonora, within a range of 
age between 18 and 28 years old. 
 

2. METHODOLOGY 
 
2.1 Study subjects.  
Subject to the study population were people born in the State of Sonora with ages 
from 18 to 28 years. Selecting cases that comply with the specifications of the place 
of birth and age; with a total of 110 samples of both genders (male and female). 
 
2.2. Measurement Instruments. 
 
The instruments used for data collection were: A manual dynamometer of the brand 
Lafayette, 78010 model. The dynamometer has adjustable handle to the size of the 
hand and it measures the force between 0 and 100 kg at intervals of 0.1 kg.  

Before using the dynamometer it was set to three different positions from the 
handle to the end, to obtain the greater strength during the measurments; also, it 
was used an small anthropometer to measure length, breadth and depth of the hand, 
the anthropometer has a range of 0 to 30 cm in increments of 0.1 cm; besides, a 
tape of fiberglass for circumference measurements, with graduation in mm; and 
finally a cone was used to measure the grip diameter, which consists of a conical 
body lengthwise, graduated in intervals of 1mm in diameter.  

All of these instruments are analog and manual, they do not require calibration 
and are similar to those used in previous studies.  The reliability of data was 
measured using the intraclass correlation coefficient  (CCI) which is widely used to 
assess the reproducibility of the measurements between the evaluators, 
laboratories, technical, or devices (Zaki et al., 2013).; it was obtained a CCI of 0.98; 
What it defines is that the observed variability is explained by differences between 
subjects and not by differences in the method of measurement. 

It was used Table 1 as support for collecting data, compiling information about 
the subjects of study, such as age, sex, place of birth, occupation, laterality and 
registration number 
 

Table 1. Data collection sheet 

 
 
 
 
 
2.3 Procedure 
 

6 7 8 F1 F24321 5 FM3F3 F4 F5 FM1 FM2No. Edad
Lugar de 

Nac
Sexo MD
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The process of data collection was conducted at the site of each subject of study, it 
was explained them the purpose of the activity and its importance. For the 
measurement of the dimensions of the hands they were requested to take the correct 
position  for a precise measurement (seated subject), they were asked for 
information about age, sex, place of birth, occupation and dominant hand; the 
measurements were carried out with the corresponding  instruments and they were 
collected in the data sheet. 

A data base was developed  with information from each sheet of data for 
processing them, in order to perform the statistical analysis, presenting a mean and 
deviation standard of each taken dimension and maximum strength in dominant and 
non-dominant hand; calculating percentiles for each sex. For this research is 
considered a direct measurement through anthropometric measures according to 
Mohammad (2005): 
 

1. Hand length. 
2. Hand width. 
3. Palm of the hand length. 
4. Palm of the hand width. 
5. Hand thickness. 
6. Grip diameter. 
7. Palm of the hand circumference. 
8. Hand circumference. 
F1. Thumb length. 
F2. Index finger length. 
F3. Middle finger length. 
F4. Ring finger length. 
F5. Little finger length. 
FM1. Maximum grip strength to 1.5 cm. 
FM2. Maximum grip strength to 2.5 cm. 
FM3. Maximum grip strength to 6.4 cm. 

 
 

3. RESULTS 
 
3.1 Anthropometric data 
 
A descriptive analysis of the measures considered in this study is presented in 
Tables 2 to 5. 
 
 
 
 
 
 

Table 2. Anthropometry of dominant hand in men, the measures are in 
centimeters. 
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MEASUREMEN
T 

MEA
N 

S. 
D.  

P5 P10 P25 P50 P75 P90 P95 

1 
19.19 0.97 

17.5
9 

17.9
5 

18.5
4 

19.1
9 

19.8
5 

20.4
4 

20.7
9 

2 
10.72 0.57 9.77 9.98 

10.3
3 

10.7
2 

11.1
0 

11.4
5 

11.6
6 

3 
11.13 0.49 

10.3
2 

10.5
0 

10.8
0 

11.1
3 

11.4
6 

11.7
5 

11.9
3 

4 8.74 0.47 7.97 8.14 8.42 8.74 9.05 9.33 9.50 
5 3.28 0.23 2.89 2.98 3.12 3.28 3.43 3.57 3.66 
6 4.93 0.35 4.35 4.48 4.69 4.93 5.16 5.37 5.50 

7 
20.54 1.14 

18.6
5 

19.0
7 

19.7
7 

20.5
4 

21.3
0 

22.0
0 

22.4
2 

8 
24.48 1.38 

22.2
1 

22.7
1 

23.5
5 

24.4
8 

25.4
0 

26.2
4 

26.7
5 

F1 7.46 0.48 6.68 6.85 7.14 7.46 7.78 8.07 8.24 

F2 
10.76 0.58 9.80 

10.0
2 

10.3
7 

10.7
6 

11.1
5 

11.5
0 

11.7
1 

F3 
12.11 0.61 

11.1
1 

11.3
4 

11.7
0 

12.1
1 

12.5
2 

12.8
9 

13.1
1 

F4 
11.42 0.57 

10.4
8 

10.6
9 

11.0
4 

11.4
2 

11.8
0 

12.1
5 

12.3
6 

F5 
9.20 0.58 8.25 8.46 8.81 9.20 9.58 9.93 

10.1
4 

 
Table 3. Anthropometry of the non-dominant hand in men, the measures are in 

centimeters. 
 
MEASUREMEN
T 

MEA
N 

S. 
D. 

P5 P10 P25 P50 P75 P90 P95 

1 
19.28 0.96 

17.7
0 

18.0
5 

18.6
4 

19.2
8 

19.9
2 

20.5
0 

20.8
5 

2 
10.71 0.56 9.79 9.99 

10.3
4 

10.7
1 

11.0
9 

11.4
3 

11.6
4 

3 
11.08 0.46 

10.3
3 

10.5
0 

10.7
8 

11.0
8 

11.3
9 

11.6
7 

11.8
4 

4 8.64 0.43 7.94 8.09 8.36 8.64 8.93 9.19 9.35 
5 3.21 0.24 2.81 2.90 3.05 3.21 3.37 3.52 3.61 
6 4.98 0.35 4.41 4.53 4.75 4.98 5.21 5.43 5.55 

7 
20.36 1.06 

18.6
1 

19.0
0 

19.6
5 

20.3
6 

21.0
7 

21.7
1 

22.1
0 

8 
24.27 1.36 

22.0
2 

22.5
2 

23.3
5 

24.2
7 

25.1
8 

26.0
1 

26.5
1 

F1 7.45 0.38 6.82 6.96 7.19 7.45 7.70 7.93 8.07 

F2 
10.66 0.56 9.74 9.94 

10.2
9 

10.6
6 

11.0
4 

11.3
8 

11.5
9 

F3 
11.99 0.55 

11.0
9 

11.2
9 

11.6
2 

11.9
9 

12.3
5 

12.6
8 

12.8
8 
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F4 
11.24 0.63 

10.2
1 

10.4
4 

10.8
2 

11.2
4 

11.6
6 

12.0
4 

12.2
7 

F5 9.03 0.54 8.14 8.34 8.67 9.03 9.39 9.73 9.92 

 
Table 4. Anthropometry of dominant hand in women, measures are in centimeters. 
 
MEASUREMEN
T 

MEA
N 

S. 
D.  

P5 P10 P25 P50 P75 P90 P95 

1 
17.40 0.86 

15.9
9 

16.3
0 

16.8
2 

17.4
0 

17.9
7 

18.5
0 

18.8
1 

2 
9.31 0.55 8.40 8.60 8.94 9.31 9.68 

10.0
1 

10.2
1 

3 
10.10 0.54 9.21 9.41 9.74 

10.1
0 

10.4
6 

10.7
9 

10.9
8 

4 7.63 0.39 6.99 7.13 7.37 7.63 7.90 8.14 8.28 
5 2.81 0.20 2.48 2.55 2.67 2.81 2.94 3.07 3.14 
6 4.55 0.32 4.03 4.14 4.34 4.55 4.77 4.96 5.08 

7 
18.27 0.91 

16.7
8 

17.1
1 

17.6
6 

18.2
7 

18.8
8 

19.4
3 

19.7
7 

8 
21.49 1.26 

19.4
2 

19.8
8 

20.6
4 

21.4
9 

22.3
3 

23.1
0 

23.5
6 

F1 6.79 0.54 5.91 6.11 6.43 6.79 7.15 7.48 7.67 

F2 
9.70 0.50 8.88 9.07 9.37 9.70 

10.0
3 

10.3
3 

10.5
2 

F3 
10.95 0.50 

10.1
3 

10.3
1 

10.6
1 

10.9
5 

11.2
9 

11.5
9 

11.7
7 

F4 
10.31 0.47 9.54 9.71 

10.0
0 

10.3
1 

10.6
3 

10.9
1 

11.0
8 

F5 8.23 0.51 7.39 7.58 7.89 8.23 8.58 8.89 9.08 

 
Table 5. Anthropometry of the non-dominant hand in women, measures are in 

centimeters. 
 

MEDIDA MEDIA DESV. P5 P10 P25 P50 P75 P90 P95 

1 17.43 0.89 15.96 16.28 16.83 17.43 18.02 18.57 18.89 
2 9.29 0.52 8.42 8.62 8.94 9.29 9.64 9.96 10.15 
3 10.07 0.55 9.17 9.37 9.70 10.07 10.44 10.77 10.97 
4 7.60 0.41 6.92 7.07 7.32 7.60 7.88 8.13 8.28 
5 2.77 0.22 2.41 2.49 2.62 2.77 2.92 3.06 3.14 
6 4.61 0.30 4.11 4.22 4.40 4.61 4.81 4.99 5.10 
7 18.07 0.93 16.53 16.87 17.44 18.07 18.69 19.26 19.60 
8 21.26 1.25 19.20 19.65 20.42 21.26 22.10 22.87 23.32 

F1 6.77 0.53 5.90 6.09 6.42 6.77 7.13 7.45 7.65 
F2 9.60 0.48 8.81 8.98 9.28 9.60 9.92 10.21 10.39 
F3 10.81 0.49 10.00 10.18 10.48 10.81 11.13 11.43 11.61 
F4 10.16 0.52 9.31 9.50 9.81 10.16 10.51 10.82 11.01 
F5 8.09 0.51 7.25 7.43 7.75 8.09 8.43 8.75 8.93 

 
 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 15 

 

3.2 Maximum hand force. 
 
From a total of 110 samples, the analysis of information separated by  sex in 
dominant and not dominant hand, for three positions of the instrument, were 
carried out. In   Figures 2 and 3 are shown the behavior of the maximum strength 
of grip in the different groups. 
 
 

 
 

Figure 2. Strength of the dominant  and non-dominant hand in women. The unit 
presented is Kg. 

 

 
 

Figure 3. Strength of the dominant and non-dominant hand in men. The unit 
presented is kg. 

 
3.3 Correlation Analysis 
 
From a total of 110 samples, an information analysis was conducted to determine if 
there is a correlation between maximum force by  sex in dominant  and non-dominant 
hand, to three positions of the instrument. Tables 6 and 7 show the main findings, 
where you can see that in the case of women there is correlation (p < 0.05) between 
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the forces and different measures of hand, practically in all measures of the dominant 
hand with the FM2 and FM3, while in the case of men does not occur the same 
behavior,  finding that for the three different positions of the dynamometer there is 
correlation only on the circumference of the hand. 
 

Table 6. Correlation between the Anthropometry of hand and the maximum grip 
strength in women, P-value < 0.05 

 

Measurement 

P-value,              
FM1 

P-value,           
FM2 

P-value,        
FM3 

MD MND MD MND MD MND 

1 0.003 --- 0.001 0.003 0 0 

2 0.017 0.032 0 0.007 0 0.001 

3 0 0.022 0 0.001 0 0 

4 0.003 0.006 0 0 0 0.001 

5 0.024 0.047 0 0.008 0.002 0.008 

6 --- --- 0.033 --- 0.001 0.006 

7 0.006 0.017 0 0.001 0 0.002 

8 0.008 --- 0 0.006 0 0.002 

F1 --- --- 0.014 --- 0.007 --- 

F2 0.007 --- 0.001 0.001 0 0.002 

F3 0.017 --- 0.002 0.019 0.001 0.019 

F4 0.008 0.049 0.001 0.017 0.013 0.01 

F5 0.001 0.013 0 0.005 0 0.001 

 
 

Table 7. Correlation between the maximum grip force, and the Anthropometry of 
hand in men,  P-value < 0.05 

 

Measurement 

P-value,              
FM1 

P-value,           
FM2 

P-value,        
FM3 

MD MND MD MND MD MND 

1 --- 0.001 --- --- --- --- 

2 --- 0.017 --- --- --- --- 

3 --- 0.043 --- --- --- --- 

4 --- --- --- 0.016 --- 0.022 

5 --- --- --- 0.034 0.001 0.001 

6 --- 0.014 --- --- --- --- 

7 --- --- --- 0.035 0.009 0.009 

8 0.014 --- 0.036 0.002 0 0.003 

F1 --- 0.023 --- --- 0.045 --- 

F2 --- 0.007 0.007 --- 0.023 0.008 

F3 --- 0.001 --- --- --- --- 
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F4 --- 0.027 --- --- --- --- 

F5 --- 0 --- --- --- --- 

 
 

5. CONCLUSIONS 
 
The results of the studied population allow to know anthropometric variables that are 
related to the maximum grip force in three-point of distance. Several correlations 
were found in the female data, and for both men and women, a strong correlation of 
the circumference of the hand was found with the three levels of force measured in 
the dominant hand. 

The maximum gripping force for women identified a greater force in the distance 
of 2.5 cm and for men at 6.4 cm, in hand dominant for both. In this study the fact that 
women are  stronger to lower distance, in accordance with the information 
presented, can be attributed  to her anthropometric characteristics and allows to 
conclude that the proper adjustment of tools or utensils to anthropometric 
characteristics is important to increase efficiency in its use 
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RESUMEN: Este estudio  se lleva a cabo con la idea de tener una base de datos de 
medidas antropométricas en las tortillerías de maíz de Los Mochis Sinaloa, debido 
a la falta de información en esta área de la ergonomía. Donde se pretende sentar 
bases sobre futuros estudios sobre el diseño del espacio de trabajo, la modificación 
de espacios y objetos de uso. 
 
PALABRAS CLAVE:  Ergonomía, tortillerías y estación de trabajo. 
 
ABSTRACT: This study was carried out with the idea of having a database of 
anthropometric measurements in corn tortilla Los Mochis Sinaloa, due to the lack of 
information in this area of ergonomics. Which aims to lay foundation for future 
studies on the design workspace, changing spaces and objects of use. 
 
KEYWORDS: Ergonomics, tortillerías and workstation. 
 
CONTRIBUTION TO ERGONOMICS: With the percentiles miller is has a database 
with which millers can redesign your work area to help improve occupational health 
miller to improve the welfare and quality of life of these workers. 
 

1. INTRODUCTION 
 
There are few studies on anthropometric measures millers plying their trade in 
tortillerías of Los Mochis, Mexico is increased demand of society on the inclusion of 
information on anthropometric specific data for later use in designs work areas, 
improve accessibility and make studies concerning measures for these workers. 

The main problem that hinders is that the work areas miller (tortilla corn) are 
not designed properly for workers, as these are the paradigm adapt to the work area 
whatever the situation, which is often harmful on several factors such as productivity 
by slowing activity and quality of life by making unnecessary overexertion by bad 
design area. 

mailto:Alberto_ramirez_leyva@yahoo.com
mailto:jesus_ruizi@hotmail.com
mailto:erik.martinez.v1994@hotmail.com


Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 20 

 

The results arising from this study will bring benefits to both workers and 
tortillerías because millers may have a suitable work area as well as the inclusion of 
new enhancements, which means an increase in safety, quality of life and the 
company will with suitable millers which brings profit increased productivity in 
tortillerías facilities. This research was developed with anthropometric 
measurements millers of corn tortilla in Los Mochis Ahome Sinaloa, where data from 
thirty millers who were willing to cooperate with this study were taken. 

Currently, anthropometry is a fundamental discipline in the workplace, both in 
relation to safety and ergonomics. Anthropometry allows creating a suitable working 
environment allowing proper equipment design and proper distribution, enabling you 
to configure the geometric characteristics of the job, good design furniture, hand 
tools, of personal protective equipment, etc. According to Esperanza Valero (2007), 
knowledge of static dimensions is essential for the design of jobs and allows for the 
required distances between the body and its surroundings. The structural 
dimensions of the different segments of the body are taken into individuals in static 
postures, standard good standing or sitting. The human body can take many different 
static anthropometric data that may interest, depending on what you are designing. 

Ultimately, it comes to organizing and designing jobs determining the 
necessary space to develop the activity so that the person can carry out their work 
doing all the movements required by the job without being exposed to potential risks 
arising from the lack of space . The percentile is very useful because it allows us to 
simplify when we talk about the percentage of people who will be considered for the 
design. All this is done in order to improve the quality of life of workers. 
 

2. OBJECTIVE 
 
The overall objective of the research focuses on having a current anthropometric 
data base Millers city of Los Mochis. The database will serve for future research, in 
which they intended to redesign the workspace of a miller, design tools and design 
the machinery that handles. 
 
3. METHODOLOGY 
 
The collection of anthropometric data sits as a basis for the design of workspace 
tortilla corn, where it was determined who will be the users (millers) and consider 
human variability already mentioned, also the functions they will perform in that 
space and dimensions that are required for it, objects or equipment to be used, 
determine whether users will labor among individuals with disabilities. 

Since many times is virtually impossible to measure all individuals of a given 
population it was selected individuals (millers) to serve as an example of the entire 
population (corn tortilla). The wider the sample, the more representative of the total 
population will, in this case thirty measures millers of Los Mochis, Sinaloa were 
taken. 

To carry out measurements there are a variety of tools and methods, which 
were used to carry out the investigation were the anthropometer and measuring 
tape. formats anthropometric identity card which measures to take important for the 
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development of the activity of the miller, after taking measurements of 30 millers, 
data is captured in a database in which the percentiles were taken indicated were 
used suitable for the activity of the miller. 
 
 

4. RESULTS 
 
Then the data collected in the most important area for design work or other activities 
percentiles are presented. Percentiles are 100, 95, 90, 75, 50, 25 and 5 (cm). 
 
                                              Table 1. Table of percentiles 
          

                                                                
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

                                                   Figure 1. Measures taken miller 
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5. CONCLUSION 

 
With the identified body percentiles you can develop strategies to improve the 
workstation miller, adapting the work area to your body based on the right to develop 
its activity percentiles increased physical well-being of these workers and increasing 
productivity their work can also be adapted hand tools that facilitate the activity 
without making a total redesign of the workstation. 
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Resumen: En esta investigación se describe de manera detallada el método de 
repetitividad y reproducibilidad (R&R) de medias y rangos, conocido como método 
largo. En el caso de estudio se utilizó como instrumento de medición un 
antropómetro marca LAFAYETTE MODEL 01290, con una resolución de 1 cm, con 
un rango de medición de 0-60 cm, que se empleó en la medición de una variable de 
longitud antropométrica, conocida en Ergonomía como “anchura de hombros” 
abreviada como HH. Con la obtención de los datos se llenó una tabla en Excel, para 
su análisis estadístico y exposición de resultados. La finalidad de este estudio fue 
la identificación de causas de error en el proceso de medición. 
 
Palabras clave: Repetitividad, Reproductibilidad, Antropometría, Ergonomía, 
Metrología 
 
Abstract: This research describes in detail the method repeatability and 
reproducibility (R & R) of averages and ranges, known as long method. In the case 
study was used as a measuring instrument mark an anthropometer LAFAYETTE 
MODEL 01290, with a resolution of 1 cm, with a measuring range of 0-60 cm, which 
was used in the measurement of a variable length anthropometric known 
Ergonomics as “shoulder width " abbreviated HH . By obtaining data table filled in 
Excel, for statistical analysis and presentation of results. The purpose of this study 
was the identification of sources of error in the measurement process. 
 
Keywords: Repeatability, Reproducibility, Anthropometer, Ergonomics, Metrology. 
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Relevance to Ergonomics: To design and make a safe and reliable ergonomic 
research is necessary that the measuring instruments are as robust as possible, and 
this research a statistical application through a long method repeatability and 
reproducibility of a anthropometer is done to determine if the instrument meets the 
measurement criteria. 
 

1. INTRODUCTION 

 
The term comes from Greek anthropos anthropometry (man) and metrikos 
(measure) and is the quantitative study of the physical characteristics of man. 
(Valero Cabello, 2013). 

The instrument for this measure is known as Anthropometer, which is described 
as (Valero Cabello, 2013), as a metric scale with two branches, one fixed and one 
moving that is used to measure linear dimensions. 

Any instrument dimensional measurement is subject to error, which affects the 
quality measurements, errors can be for two main reasons, the measurement 
method and the instrument is not calibrated or conditions for use, a way to find out 
is with a study of repeatability and reproducibility. According (Llamosa, 2007), 
methods to determine the repeatability and reproducibility of measurements are 
based on the statistical evaluation of the dispersions of the results, either as a range 
or its representation as variances or standard deviations. The methods used are: 
Range, Average and Range, and ANOVA (analysis of variance). Below the average 
and range method implemented in this research, it is shown. 

 
2. OBJECTIVE 

Determine whether the measuring instrument (anthropometer) is suitable for 
anthropometric measurements. 

 
3. METHODOLOGY 

 
The development of the method was carried out with a group of students Research 
Workshop sixth semester of Industrial Engineering, the Higher Technological 
Institute of Guasave.  Research subjects are 10 male students participated with an 
age range of 20 to 22 years as a measurement object, three students of different 
took steps three times in each of the 10 students at random, this as tracking and 
long RR method known as a method of averages and ranges, which is carried out 
as follows by (Pulido Gutierrez, 2009): 
1. Select three operators to conduct the study on the measuring instrument interest.  
2. Select randomly a set of 10 persons to whom they will measure the shoulder 

width HH, which will be measured several times by each operator.  
3. Decide the number of times each test or operator measures the same part. Three 

trials were conducted. 
4. Label each part and randomize the order in which the parties give operators. In 

this case, each person was called by name and the part is to measure specific 
operators. 
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5. Identify the area or point in the part where the measurement will be taken, as well 
as the method or technique to be applied.  

6. Get in random order the first measurement (or test) for all persons selected to 
operator. 

7. Return to randomize people and get the first measurement the operator B. 

8. Continue until all operators have made the first measurement of everyone.  

9. Repeat the three steps above to complete the number of selected trials.  

10. Do the statistical analysis of the data. 

 

4. RESULTS 
 
Averages and ranges of R & R long study analysis: the method is illustrated with 
data and applying the format and formulas which are described in tables 1 and 2. 

 
5. CONCLUSION 

 
Following the criteria of the method reproducibility and repeatability, the percentage 
of R & R results in 55.60 %, exceeding the 30 % error thus concludes that the 
measuring instrument needs to be calibrated or otherwise changed by one of best 
quality with calibration certification. As observation regarding the method of 
measurement , it is necessary to instruct the operator to take the same measurement 
points on each of the parties, persons or pieces depending on the case and make 
the right reads , taking care of the basic principles of metrology 
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Table 2. Results R & R Anthropometer (Part 2) 

K1 Number of Tests Must be between 2 or 3 3

K2 Number of Workers Must be between 2 or 3 3

K3 Number of samples 10

Denomination: Measuring device: Anthropometer Center: ITSG

Feature: Shoulder width HH Measuring device nº: Range  0-60 cm Deparment: Industrial Engineering

Tolerancia: 6 cm   Type measuring device:: LAFAYETTE Made by: MC.Viridiana Humarán

Next Rev.: Date: 18 marzo 16

WORKER P A R T RESULT

Tests 1 2 3 4 5 6 7 8 9 10 AVG

A 1 42.8 43.4 41.0 43.2 44.8 44.7 43.8 42.7 41.4 43.8 A1 43.16000

2 44.1 43.4 40.9 43.4 44.5 44.8 43.6 43.6 41.4 43.7 A2 43.34000

3 43.2 43.5 40.6 43.6 44.8 43.0 43.1 42.9 41.5 43.9 A3 43.01000

Mean 43.36667 43.43333 40.83333 43.4 44.7 44.16667 43.5 43.06667 41.43333 43.8 XA 43.17000

Range 1.3 0.1 0.4 0.4 0.3 1.8 0.7 0.9 0.1 0.2 RA 0.62000

B 1 44.0 43.0 41.0 43.0 42.0 44.0 43.2 44.0 40.0 42.5 B1 42.67000

2 43.5 42.5 40.0 42.5 43.0 43.3 43.0 42.0 39.8 42.0 B2 42.16000

3 43.2 42.8 41.0 42.4 43.0 43.0 42.5 41.8 40.0 42.3 B3 42.20000

Mean 43.56667 42.76667 40.66667 42.63333 42.66667 43.43333 42.9 42.6 39.93333 42.26667 XB 42.34333

Range 0.8 0.5 1.0 0.6 1.0 1.0 0.7 2.2 0.2 0.5 RB 0.85000

C 1 44.0 44.0 39.9 43.5 43.1 44.0 42.6 44.5 40.0 43.5 C1 42.91000

2 42.4 43.4 40.1 43.7 43.0 44.8 43.5 43.2 39.1 42.5 C2 42.57000

3 43.1 43.5 40.6 43.0 42.4 44.0 43.2 42.8 39.9 42.0 C3 42.45000

Mean 43.16667 43.63333 40.2 43.4 42.83333 44.26667 43.1 43.5 39.66667 42.66667 XC 42.64333

Range 1.6 0.6 0.7 0.7 0.7 0.8 0.9 1.7 0.9 1.5 RC 1.01000

Med. Mean 43.36667 43.27778 40.56667 43.14444 43.4 43.95556 43.16667 43.05556 40.34444 42.91111 xPieza = 42.71889

Range Mean RPieza = 3.61111

R = RA+ RB + RC / N.of workers = 0.62000 + 0.85000 + 1.01000 / 3 R = 0.82667

XDIFF=[Max (X)ABC]   -   [Min (X)ABC]   = 43.17000 - 42.34333 XDIFF = 0.82667

UCLR= R * D4  = 0.82667 * 2.580 UCLR = 2.13280

LCLR= R * D3  = 0.82667 * 0.000 LCLR = 0.00000

NAME OF WORKER

Narda Guadalupe Hernández Vea

Maria Fernanda Murillo Berrelleza

Marisol Ruelas Rodríguez 

DATA SHEET R = 0.82667 XDIFF = 0.82667 RPieza = 3.61111

Repeatability and Reproducibility ( Long Method )

Any value between 2 and 10

OK

OK

OK

WORKER

NOTES: All calculations are based on the prediction of 5.15 σ ( 99 % 

of the area of the normal curve ) . A negative value under the square 

root sign , causes the variation of the estimate is zero.

A

B

C
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. 

 

Analysis measurement units                                                                                                       Based on the variation in samples

Repeatability - Equipment Variation ( EV )

EV = R * K1 % EV = 100[EV/TV]

EV = 2.52133 Essays K1 % EV = 42.02

3 3.05

Reproducibility - Change Operator (VO )

AV=   [ ( XDIFF * K2)
2 - (VE / nt)] (n parts, t trials) % AV = 100[AV/TV]

AV= 2.18401 Workers K2 % AV = 36.40

3 2.70

% R&R = 100[R&R/TV]

R&R=    (EV2 + AV2) % R&R = 55.60

R&R= 3.33572

Variation sample (PV)

PV= RPieza * K3 Samples K3 % PV = 100[PV/TV]

PV= 5.85000 10 1.62 % PV = 97.50

Variation Total (TV) 1.62

TV=     (R&R2 + PV2) THE MEASUREMENT DEVICE IS REJECTED

TV= 6.73421 All ranges are OK

Repeatability & Reproducibility ( R & R)

THE CONCLUSION IS... MEASURING EQUIPMENT IS REJECTED , you NEED 

IMPROVEMENT

Guide for accepting gauge repeatability and reproducibility ( % R & R) : 
10% LOWER ERROR: Calibre OK . 
10% to 30 % ERROR : Can be accepted depending on the importance of the application. 
SUPERIOR 30 % ERROR : Calibre needs improvement. IDENTIFY problems and correct them.

        
  

    
= 0.4895

        
  

    
= 0.4240
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Resumen: En este trabajo, se presentan las medidas antropométricas tomadas a 
peluqueros de la ciudad de Los Mochis, Sinaloa. La principal aportación de esta 
investigación consiste en la obtención de datos antropométricos que sirvan para 
futuros rediseños de estaciones de trabajo para peluqueros, así como, herramientas 
de mano utilizadas por los mismos con el objetivo de erradicar posibles DTA’s o 
incluso fatiga y que éstos a su vez puedan ser utilizados en la región o hasta en el 
estado para fines benéficos a la sociedad. Se busca posibilitar y facilitar el rediseño 
del área de trabajo de los peluqueros. El estudio se realizó en un periodo de dos 
semanas, en diferentes peluquerías de la cuidad de Los Mochis donde los 
peluqueros y clientes ofrecían y recibían un servicio respectivamente.  
 
PALABRAS CLAVE: Peluquero,  antropometría, percentil. 
 
Abstract: This paper presents anthropometric measures taken from hairdressers in 
the city of Los Mochis, Sinaloa. The main contribution of this research is to obtain 
anthropometric data, which will serve for future redesigns of workstations for 
hairdressers, as well as hand tools used by them in order to eradicate possible DTA 
's or even fatigue, and that they in time can be used in the region or even in the state 
for beneficial purposes to society . It seeks to enable and facilitate the redesign of 
workspace hairdressers. The study was conducted over a period of two weeks, in 
different barber shops of the city of Los Mochis where hairdressers and clients a 
service offered and received respectively. 
 
KEY WORDS: Hairdresser, anthropometry, percentile. 
 
Contribution to ergonomics: The data collected above may provide a basis for 
further work in the rest of the country on the economically active population. 
Anthropometry gives a great contribution in order to prevent risks related barbers 
using their own equipment, furniture and tools. Thus enable them to prevent 
musculoskeletal injuries. 
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1. INTRODUCTION 

 

Anthropometry as (Roebuck, 1993), is the science of measurement and the art of 
application set physical geometry, mass properties, and resistance capabilities of 
the human body. It is considered as the science that studies the human body 
measurements, in order to establish differences between individuals, groups, races, 
among others. Cueva (2014) comments, anthropometry, as a discipline was founded 
by the Belgian mathematician Quetlet in the mid-nineteenth century, however, since 
ancient times the Greeks and Romans studied the dimensions of the human body, 
in order to meet standards and ratios to be applied in architecture and mainly 
sculpture. 
 

2. OBJECTIVE 
 
The overall objective of the research focuses on having a current anthropometric 
data base of hairdressers in the city of Los Mochis. 
• To serve as a reference for future research, in which they intended to redesign the 
workstations and barbers’ tools. 
 

3. METHODOLOGY 
 
Participants willing to collaborate in the project were 20 hairdressers in the city of 
Los Mochis. All hairdressers are men who work an eight-hour period from Monday 
to Saturday. They were sampled in a period of two weeks. 
     The measures were taken with a flexometer due to the lack of an anthropometer 
since they are really expensive to acquire; the information was collected using 
anthropometric sheets and captured in Microsoft Excel. 
 

4. RESULTS 
 
Data analysis and presentation of results of various measures is observed here. 
Once the measures were defined it proceeded to complete the database with 
percentiles 100, 95, 75, 50, & 5 (cm). 

Table 1. Nomenclature 
Table 2. Percentiles 

 
5. CONCLUSIONS 
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Great accuracy is needed when making measurements to make tool designs or work 
areas that are of benefit to the workers evaluated. Therefore, the need for an 
anthropometer is crucial in order to get accurate measures. The measures presented 
above me include a bias since the tool used is not as accurate as an anthropometer. 
The research needs to go further, beyond the city of Los Mochis, and add more 
accurate data with more accurate measuring tools.  
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Resumen: El propósito de este artículo es descubrir cómo la comprensión de las 
situaciones (CS) permite y controla el intercambio de información (II) para la 
colectiva CS. Ésta es necesaria para la toma de decisiones dentro del contexto de 
la operación rutinaria de los eventos grandes incluyendo el manejo de incidentes 
rutinarios y contingentes. Este contexto de trabajo es considerado inexplorado, 
dinámico, con tiempo restringido y complejo proveyendo condiciones naturales 
para estudiar el II. Un paradigma interpretativo considerando perspectivas 
cognitivas y sociales fue escogido para obtener su profundo conocimiento. 
Revisión de documentación organizacional, observación de la práctica y entrevista 
de personal experimentado fueron los métodos utilizados para recolectar 
información en conciertos y partidos de béisbol. La teoría de la actividad fue 
empleada como marco conceptual y herramienta analítica. La información fue 
categorizada descubriendo significados, riesgos y estimulantes del medio 
ambiente y la comprensión de los individuos como construcciones subjetivas e 
inter-subjetivas requeridas en este contexto.    
 
Palabras clave: Conocimiento de la situación, intercambio de información, gestión 
de incidencias, grandes eventos, teoría de la actividad 
 
Relevancia a la ergonomía: La comprensión de cómo la conciencia situacional 
(SA) mejora y controla el intercambio (IS) en la gestión y operación de rutina 
incidente en los principales eventos de información. Esta relación hacia SA 
colectivo no ha sido declarado claramente, por lo que este se abre una brecha de 
conocimientos, que se trata aquí. 
 

Abstract: The purpose of this paper is to uncover how situational awareness (SA) 
enhances and controls information sharing (IS) towards collective SA. This is 
needed to make decisions within the context of routine operation of major events 
involving the management of both routine and contingent incidents. This working 
context considered unexplored, dynamic, time constrained and complex provided 
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naturalistic conditions to study IS. An interpretive paradigm considering cognitive 
and social approaches was chosen to gain in-depth insights about it. Review of 
organizational documentation, observation of practices and interview of 
experienced personnel were the methods used to collect data in concerts and 
baseball matches. Activity theory was used both as a conceptual framework and 
an analytical tool. Data were categorized uncovering meanings, risks and 
stimulation from the environmental elements and awareness of individuals as the 
subjective and inter-subjective social constructions needed in this context. 
 
Keywords: Situational awareness, information sharing, incident management, 
major events, activity theory. 
 
Relevance to Ergonomics: The understanding of how situational awareness (SA) 
enhances and controls information sharing (IS) in the routine operation and 
incident management at major events. This relationship towards collective SA has 
not been clearly stated, so this opens a gap of knowledge, which is treated here. 

 
1. INTRODUCTION 

 
Routine operation of major events implies the alignment of its principal activities to 
prevent routine incidents and to minimize the impact of contingent incidents. Major 
events are broadly defined as public or social things that taking place with the 
purpose of entertaining a group of people who have leisure objectives within a 
place or venue. Routine operation is the set of activities, actions and operations 
that are performed before, during, and after the normal operation with the goal of 
preventing incidents or managing potential or active incidents. Incident means any 
unusual situation that could lead to the loss or disruption of the routine operation. 
Incident management is the set of activities, actions and operations that are 
performed before, during and after the routine or contingent incidents with the goal 
of preventing casualties, reducing their impact on infrastructure and returning to a 
state of normalcy as routine operation. Activities are consequently focused on the 
creation and preservation of SA at individual and collective levels preventing and 
managing those incidents, and serving to understand continuously what has 
happened, what is happening and what could happen in the working context over 
time (Endsley, 1995). The goal is to gain a clear picture of the context to make 
informed decisions. 

At that level of situational understanding, IS is crucial to pass from individual 
SA to collective SA because diverse types of SA are demanded by organizations. 
This is because each organization is centered on achieving its goals and has 
significantly different understandings of the context. The context treated here helps 
in corroborating different situational meanings that served as mediators of IS. 
Consequently, the environmental elements included in SA have different relevance 
to individuals and their organizations. So, passing from individual SA to collective 
SA is a challenge. Specifically, this includes the diverse mediators employed by IS 
involving different technologies. They are principally represented by the information 
and communications technologies (ICT’s) as material tools. These technologies 
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are aligned to facilitate and command it; however, some abstract technologies are 
not incorporated in the current research. For example, language is seen as a 
control variable. For this reason, Richardson and Ashtana (2005) suggest that 
language is an important element of IS by incorporating levels of efficacy and 
efficiency in it. 
 

2. INFORMATION SHARING, ABSTRACT TOOLS AND SITUATIONAL 
AWARENESS 

 
The goal of information sharing is to change the image of the world of individuals 
that they should use in a working context. Furthermore, it is seen as a nested 
component of information behavior, which has both cognitive and social 
dimensions (Wilson, 2006). This approach allows study of it from interpretive 
strategies enriching its understanding by using diverse paradigms, assumptions 
and methods. This also permits researching its motivations, types, technological 
mediators and challenges (Sonnenwald, 2006), specifically, the abstract mediators 
or tools. Thus, this literature review is only focused on abstract tools and SA. 
 Language is the principal abstract tool utilized to mediate and control human 
activity (Engestrom, 1987) and used during social interactions between individuals 
underpinning face-to-face interaction. It is contextualized as the language of 
emergency management (Mishra, Allen and Pearman, 2011); the military 
(Sonnenwald and Pierce, 2000); the police (Allen, 2011) among others. 
Nonetheless, Richardson and Ashtana (2005) stated that professional language is 
an element of IS helping in clarifying relationships between individuals from diverse 
organizations using shared images of the world. Expertise is another abstract tool 
and is an element of behavior that facilitates and regulates IS, but it is strongly 
linked to positive attitudes. Other abstract tools are training; information culture; 
body language; shared meanings of symbols and implications of information, 
among others. However, their efficacy and/or efficiency are not commented on in 
terms of facilitating or regulating IS. For example, it is necessary to deal with 
ambiguity of language in dynamic and complex environments because it can lead 
to misunderstandings in creating usable images. 
 Situation awareness or situational awareness are two terms used 
interchangeably, but situational awareness (SA) is preferred because to point out 
the necessity of individuals to be aware of diverse situations in context, which are 
analyzed and not measured. This allows the understanding of naturalistic situations 
with unique characteristics and attributes. SA is defined “as the perception of 
elements in the environment within a volume of time and space, the 
comprehension of their meaning in terms of task goals, and the projection of their 
status in the near future” (Endsley, 1995, p.36). Its value is critical to control 
dynamic, time constrained and complex environments (Sonnenwald and Pierce, 
2000) by helping in projecting future states of environments permitting the making 
of informed decisions. SA is considered a product being a complete understanding 
of specific situations resulting in a mental model o picture. SA is also considered a 
process for achieving stages to complete situational understandings. Furthermore, 
SA is informed by two perspectives. The information perspective involves four 
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stages summarized as perception of environmental elements, comprehension of 
those elements in context, projection of states of those elements and prediction of 
what external variables may affect that projection. The ecological perspective 
summarizes the dynamic interaction between individuals and the environment 
defining SA in context. Flach (1995) stated that SA is the creation of “meaning with 
respect to both the objective tasks constraints (i.e. the situation) and the mental 
interpretation (i.e. awareness)” (p.151) at individual level. It is considering “who 
understand via awareness (the cognitive agent) and the implications of the 
situation (objective reality)” (p.151). It also includes the affordances (Gibson, 
1983), which are attributes of objects or environmental elements that allow 
individuals to perform actions. That is, SA is created in relation to the situation in 
context shaping the tasks performed at individual and collective levels. 

The individual SA or SA implies the discovery of information in context to 
create and maintain awareness of what is going on around individuals (Millward, 
2008) and it can lead to IS (Solomon, 2002), if individuals create meanings of the 
environmental elements. This is because differences in the mental model can lead 
to IS and can be observed in the diverse relationships emerging between 
individuals during routine work (Endsley et al., 2003). The response can be seen in 
how individuals manage the information obtained and how information is shared 
and this starts with SA at individual level considering other individuals in context. 
However, certain individuals are not prepared to add their pieces of situational 
information in time-constrained environments. Therefore, it is important to 
recognize that each individual should have particular goals to accomplish, plays a 
specific role, or performs a certain function in interacting with elements in the task 
environment by passing from individual to collective SA playing an important role 
for generating and preserving that SA.  

The collective SA refers to the shared SA or shared understandings 
between at least two individuals in context. It was found as team, distributed, 
shared and interwoven SA. Team SA is treated as an element required by diverse 
members of teams to achieve their roles by helping them with the understanding of 
what is happening in situations in context, and how this understanding aids with 
their responsibilities, accomplishing organizational processes as communication, 
coordination, collaboration and performance backed up by IS. Distributed SA is 
related to the interaction between individuals with devices providing knowledge and 
information to understand situations. Shared SA is seen as the overlaps between 
individuals in context and in consideration of shared requirements and is defined 
as “a process of knowing what is going around oneself and others with whom one 
interacts” (Millward 2008, p.13), being two types: one does not demand IS (called 
type I) and another demands IS (called type II). Interwoven SA stressed the 
necessity of diverse types of SA to “facilitate task completion” (Sonnenwald and 
Pierce, 2000, p.471) and is defined as the “interwoven patterns of individual, intra-
group and intergroup SA” (p.476). This implies the recognition of their roles, 
distinguishing their physical position and using tools for facilitating the interaction. 
However, if multiple types of SA are shared and received these can lead to 
misinformation and information overload. Using diverse sources can generate 
tensions with/between individuals and their organizations. The relationship of IS 
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and SA towards collective SA has not been clearly stated, so this opens a gap of 
knowledge treated here. 

 
3. CONTEXT AND METHODOLOGY 

 
3.1. The Context of the Routine Operation and Incident Management at Major 
Events 
 
This research was undertaken at concerts and baseball matches at cities located in 
northeast Mexico. The local government of Tijuana organized the concerts and the 
managers of the baseball teams of Los Mochis and of Guasave, the baseball 
matches. The organizers deployed a pyramid/hierarchy organization to control the 
routine operation following guidelines included in the General Law of Civil 
Protection (Estados-Unidos-Mexicanos, 2012), which suggests the formation of a 
command and control area (C2) assembled by the leaders of all participant 
organizations. From here the individuals are involved in coordinating the activities 
of a number of different organizations not all of which are necessarily used to 
working together with each other. It was usual that some individuals stayed in 
determined areas while others patrolled some areas of the venues over time. 
These patrols help in understanding what is happening over time within the venues 
and in discovering those areas that might be seen as problematic, because they 
can suddenly change over time. Contrarily, the located individuals were alert to 
manage the contingent incidents.  

 
3.2. Participants and Their Organizations 
 
13 diverse organizations were included in the study: two baseball teams (serving 
as organizers of baseball matches), a department of the local government (serving 
as organizer of the concerts), two divisions of the Police (active and commercial), 
the Fire Department, two Civil Protection areas, the Red Cross, two voluntary 
organizations and two security organizations. This allowed inclusion of individuals 
with experience in incident management and with roles at tactical and operational 
levels forming the pyramid/hierarchy organization: their leaders constituted the C2. 
Additionally, each organization and its members wore uniform to distinguish 
between each other in context.  
 
3.3. Gathered Data 
 
Observation of current practices, interview of incident responders using the Critical 
Incident Technique (Flanagan, 1954), and review of organizational documentation 
were the methods used to gather data in the fieldwork. The first phase involved the 
observation of practices in two concerts with an audience of 55,000 and 35,000 
spectators respectively. The organizational documentation was reviewed and 17 
semi-structured and face-to-face interviews were conducted. The next phase 
included the baseball matches. Practices were observed in 19 matches that 
incorporated the semifinals and the finals of the season. The organizational 
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documentation was reviewed and 19 interviews were conducted. The final phase 
covered the review of organizational documentation of the concerts and 19 
interviews. The fieldwork overall resulted in 55 interviews with operative and 
tactical personnel with experience managing incidents reporting 119 incidents; 
nearly 100 hours of observations in 21 events discovering 56 incidents, and the 
review of 147 documents. 
 
3.4. Analysis of Data 
 
Activity Theory (AT) “can be quite a powerful analytical tool and conceptual 
framework of inquiry” (Wilson, 2006, p.9). Specifically, AT as framework has been 
found useful to study IS (Hassan Ibrahim and Allen, 2012) and gives the 
opportunity to study the human activity in everyday practice considering the cultural 
and historical context and the individual and social levels (Wilson, 2006). This is 
because the “human mind…and can only be understood within the context of 
human interaction with the world, and this interaction, that is, activity, is socially 
and culturally determined” (Kaptelinin, Nardi and Macaulay, 1999, p.28). The 
notion of IS helps to “understand not only what people are doing but also why they 
are doing it” (Kaptelinin, 2005, cited in Nardi, 2005, p.38). Additionally, AT as 
analytical tool enables the understanding of the context where IS is studied, that is 
an integrated whole containing diverse elements including the tools and artifacts 
within the activity system (Engestrom, 1987). It starts by clarifying the activity 
elements; following with exploring those with the lens of the activity principles; and 
finalizing with discovering inner contradictions that entail tensions in situations 
involving subjects that consequently change the nature of activity to overcome 
those strains. Thus, it permits to study in detail the mediation of its elements by 
analyzing separately each element and after as a whole. 

This analysis also includes “an interpretive, naturalistic approach” (Denzin 
and Lincoln, 2000, p.3), permitting to gain in-depth understanding of IS and SA in 
this naturalistic context, which is “little known”. This approach also offers to gain in-
depth understanding of the SA demanded at individual and collective levels 
associated with the personal subjective and inter-subjective meanings while 
individuals interact with the context. Here, reality is a social construction of 
individuals that similarly includes other realities, a consequence of continuous 
interaction between them. Hence, these multiple-voiced constructions permit 
accessing the meanings individuals shared between them (Denzin and Lincoln, 
2005). Furthermore, the research captures the unpredictability of situations through 
the meanings given by individuals offering extra understandings of the context.  

NVivo9 was chosen to facilitate the handling, management and analysis of 
qualitative data. The language of analysis was Spanish because the collected data 
was in it, bringing transparency of the phenomenon under study for working with 
transcripts of naturally occurring data and only some used quotations were 
translated to English. Furthermore, the employed inductive approach permitted the 
discovery of “frequent, dominant, or significant themes inherent in raw data, without 
the restraints imposed by structured methodologies” (Thomas, 2006, p.238), 
helping to link concepts and themes. The richness of description of incidents was 
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crucial to subsequent analysis. Initially, the coding process is “a process of 
simultaneously reducing the data by dividing it into unit of analysis and coding each 
unit” (Calloway and Knapp, 1995, p.2). This started using the open coding process 
in which data were coded interpretatively and using the constant comparative 
method until new codes were not discovered (Strauss and Corbin, 1998). The next 
step was axial coding. It is related to linking categories at the level of properties 
and dimensions until the point of selective coding was reached, or no new 
properties, relationships or dimensions emerged. For example, the role of 
information providers and receivers and individual SA were themes classified 
inside of the theme collaborative SA as an outcome of IS in face-to-face 
interactions. 

 
4. FINDINGS 

 
Findings suggest that if individuals were able to obtain meaning from situations 
(Flach, 1995), they may forecast future states of those elements, so they were 
likely to share information with other individuals. Furthermore, the findings suggest 
similarities with discoveries in other investigations in collaboration, in the military 
and in team performance. For example, Sonnenwald (2006) argued that SA 
included elements from the context, socio-emotional aspects and characteristics of 
tasks and processes performed. In this line, the findings uncovered similar sources 
discarding emotional aspects for ethical reasons. Furthermore, Endsley and Jones 
(2001) and Millward (2008) argued that SA provided the elements for creating 
collaborative SA in others via communication. This investigation found the same 
elements and via considering that in this paper communication is seen as IS  -as a 
two-way process-. Moreover, the findings confirmed that SA mediated and 
controlled IS using other abstract and material tools as means to achieve that 
collaborative SA. 
 
4.1. Meanings of Environmental Elements 
 
The elements included in SA captured the situational meanings created from 
environmental elements that continuously were updated. This permitted projecting 
the states of the situations and predicting what factors may affect them (Endsley, 
1995). In this line, individuals suggested two elements required in context including 
the state of the situation in terms of what is and what should be (Hancock and 
Diaz, 2002). One was in relation to what was happening in a determined place and 
time. The other was in reference to what is the best state of the routine operation in 
major events (no incidents or fast return to this state). Both implied the discovery of 
complexities in situations, which were included in the SA created. Consequently, 
individuals located those environmental elements that mismatch the expected state 
of the situations. This was seen in the continuous interaction and immersion in the 
environment (Gibson, 1983) allowing the adaptation of individuals to the 
environment. For instance, when individuals understood that “beer sellers left 
bottles to the spectators during the baseball matches (e21)” means that they were 
immersed in the environment and their tasks were shaped by it uncovering their 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                             Página 37 

 

role mediating consequently IS. This was seen when one-another noticed, “they 
(bottles) can cause damage (e21)” suggesting future states of the situations 
because “bottles are used as projectiles (e21)”. For this reason, it is suggested 
additional research on investigating what other elements are included in SA, what 
meanings they have and how they are connected with future states in context. 
   
4.2. Discovery of Risks in the Environment 
 
The discovery of environmental risks was considered relevant in context. 
Individuals pointed out the requirements to open the vision at the moment of 
evaluating the incidents so that they can broadly understand their situations and 
risks. For instance, certain individuals should “open the vision and evaluate the 
scene (e7)” in order to “report what happened (e7)”. Individuals should focus their 
attention on certain environmental elements and others should be discarded. This 
phenomenon is named attentional tunnelling (Harrald & Jefferson, 2007, p. 6)” or 
“tunnel vision (e7)”. In other words, the environmental evaluation “served to assess 
the risks included in the problematic area and what type of resources would be 
required to manage that incident (e7)” triggering information sharing. Furthermore, 
the “evaluation of the scene helped to intervene in a safe way…because safety is 
relevant to individuals (e7)”. However, this generated tensions between individuals 
for expecting to manage incidents fast, but they should first be completely sure of 
what was going on. An example is when individuals evaluated the situations, they 
wanted to “know if there was an incident, or they (spectators) were only try to 
confuse us in order to gain attention of uniformed people (policemen) and left 
uncovered other problematic areas (e46)”. Thus, it is important to study how risks 
are located, what risks are relevant to safety and security areas, to what extent 
individuals are connected with those risks and are trained to discover them, and 
what type of training effectively improve the skills and abilities to avoid attentional 
tunnelling. 
   
4.3. Stimulation from Environmental Elements 
 
The next element of interest was the reception of the stimulation from the 
environmental elements which subsequently were transformed and processed 
(Hancock and Diaz, 2002). For instance, when individuals saw that “there was a 
circle within the crowd (e49)”, individuals suggested that this was an “unusual 
crowd movement (e49)” which should be managed. Being sure of what was going 
on triggering IS involving those individuals who can manage the incidents and 
notifying those who can control and coordinated them. An example was when 
certain individuals “observed something unusual in the middle of the crowd, 
because it is notorious (e51)”, they subsequently notified to those individuals 
located near to that area because they knew the localization of others. Here, their 
positions were updated continuously verbally or by being visible using uniforms. 
Tensions arose in context “until the incident has been managed (e51)” because in 
certain incidents, spectators “could be invited to abandon the event (e51)” for being 
involved in incidents and IS was employed with this goal. Some questions arose 
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related to what crowd movements are considered unusual and why, and how IS is 
used to invite spectators to abandon the events and in what types of incidents are 
crucial to do so. 

4.4. Awareness of Individuals  

 
This element was in relation to discover individuals in context and specifically, to 
be aware of the identity of those individuals (Glaser and Strauss, 1964), the 
perceptions of their competence (Treurniet, Besseling and Wolbers, 2012) and the 
definition of their role confirmed by their uniform. For example, guards were aware 
of policeman, but they did not want to “spend the relationship (e21)” in minor 
incidents so that they prefer to manage them without their support. In those cases, 
the guards weighted the support that could be given by policeman so that it would 
be solicited “only when it was required (e21)”. Furthermore, individuals also 
expected that other individuals performed their roles; otherwise, additional 
individuals would be required to assist them when they failed or required support. 
For this reason, those individuals were “located behind of the firemen and 
policemen (e19)” to back them for providing “oxygen and open (ning-added-) more 
space (e19)”. Moreover, additional research was suggested to answer the 
questions what skills and abilities are expected to perform supporters, what roles 
are required, how individuals comprehend that support is required, and to what 
extent individuals are located near to back others managing incidents. 
 

5. CONCLUSIONS 
 
In this paper, the significance of SA as an abstract tool is presented. It serves to 
enhance and control IS in the routine operation and incident management at major 
events. This naturalistic context is considered unexplored, dynamic, time 
constrained and complex and includes the management of both routine and 
contingent incidents. The findings suggest that individuals employed SA to mediate 
and control IS towards collective SA. Individuals obtained information from context 
including tasks, processes and other individuals. This helped to obtain meanings 
for being immersed in it (Flach, 1995) allowing their adaptation to the environment. 
Subsequently, this information was utilized to project future states of the situations 
(Endsley, 1995) in which other individuals were included providing information to 
them (Millward, 2008). This was seen when individuals discovered risks and 
stimulation from the environment (Hancock and Diaz, 2002) and served to identify 
other individuals (Glaser and Strauss, 1964) and their competences (Treurniet et 
al., 2012). Thus, the evidence exhibited that SA is likely to mediate and control IS 
for creating and maintaining collective SA. 

Referring to the methodological implications, the approach taken is proved to 
be as a feasible tool to study IS and SA. Specifically, the AT helped to uncover the 
influences of the context by discovering the relevant environmental elements 
included in the SA demanded. This was confirmed with the activities performed by 
individuals in strong relation with this context. In addition, the use of three methods 
to gather data provided enough information to obtain a holistic view of what is 
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happening in the context. This also helped on understanding what environmental 
elements were crucial to trigger IS towards collective SA. Furthermore, the 
framework employed provided additional factors that were relevant in context. For 
example, the responsibility implied in the SA that triggered IS.  

The practical implications uncovered the uses of individual SA in the 
development of knowledge, abilities and expected performance of the individuals 
implicated in context. Training is one way to achieve this. Moreover, the 
comprehension of what environmental environments were mentioned by whom put 
on manifest the relationships between the organizational goals and the information 
seeking strategies using the human sensory systems. This can be studied under 
the information behavior providing additional insights.  

To sum up, this research helped in uncovering the significance on how SA 
enhances and controls IS towards collective SA.  Findings serve to put on manifest 
diverse relevant environmental elements included in SA so that this permitted to 
infer the necessity of projecting those elements for making informed decisions. 
Here, the use of sensory systems in context was crucial to create SA permitting to 
include other individuals by sharing information with them. Furthermore, this 
research presents significant results in a different context as usual (far removed 
from the military and C2). On the other hand, additional research is needed to 
explore these issues involving other organizations and their personnel that were 
excluded and considering other major events in Mexico and other countries. 
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Resumen: En la actualidad, el uso de equipos para el entretenimiento en casa, 
representan un reto cognitivo para los usuario. En este caso de estudio se 
presentan dificultades en buscar y seleccionar películas de forma fácil y eficiente 
al utilizar un dispositivo para el aparato de televisión. Esto genera un incremento 
en la carga cognitiva del usuario; además, de la posibilidad de cometer diversos 
errores humanos que reducen la eficiencia en el uso del dispositivo. Por ello, este 
artículo, tiene como objetivo, realizar un análisis de la tarea de esta interacción 
entre el usuario y el equipo de entretenimiento; así como, de la carga mental a 
través del método NASA-TLX, así como el Task Analysis For Error Identification 
(TAFEI) para  el error humano. Los resultados muestran que la tarea representa 
una carga mental de trabajo con puntuación baja ; además, debido a su dificultad 
de acceso a los menús, es posible que suceda alguno de siete errores posibles 
donde  el más frecuente es el de que la película comience antes de estar 
completamente cargada. 
 
Palabras clave: HTA, NASA, TAFEI 
 
Relevancia a la ergonomía: El estudio de la magnitud de las tareas cognitivas de 
las personas en la interacción con los objetos es relevante para la ergonomía para 
evitar el error humano y el mejorar la optimización utilizando la tecnología 
 
Abstract: Home entertainment is now available using several television electronic 
devices. Users of these devices present difficulties to search and select movies 
easily and efficiently. This device is controlled remotely so the user can interact 
with the interface. This is a study about the analysis of a mental workload and 
human error during the task of see a movie.  As methods, the NASA-TXL for 
mental workload and the (Task Analysis for Error Identification) TAFEI for human 
error were used. Previously a hierarchical task analysis (HTA) was developed. 
Results show that mental workload is at an average punctuation and there are 
seven possible errors that can occur while performing the task and the most 
common is that the movie starts before it is fully charged. 
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Keywords: HTA, NASA, TAFEI 
 
Relevance to Ergonomics: The study of the magnitude of cognitive tasks of 
people in the interaction with objects is relevant for Ergonomics to avoid the human 
error and the improve the optimization when using technology 
  

1. Introduction 
 
Actually, the task of watching a movie using home entertainment devices is the 
most common activity among people. However, for some users the interaction with 
this kind of technologies represents a cognitive challenge to complete a task 
efficiently due to their high level of sophistication and complexity. This device, 
known as third generation perform tasks such as video gaming, see movies among 
other activities. However, for every task selected, user must be able to navigate 
among multiple options such as channels and menus that increase the mental 
workload and the possibilities of human error.  
 Mental workload is defined as “that part of the limited capacity of think 
necessary to realize a particular task” (Tsang, 2006). For their evaluation, usually 
the NASA-TLX (Task Load Index) method is used (Hard, Steven land, 1988). This 
multi-dimensional rating procedure derives an overall workload score based on a 
weighted average of ratings on six subscales. These subscales include Mental 
Demands, Physical Demands, Temporal Demands, Own Performance, Effort and 
Frustration. It can be used to assess workload in various human-machine 
environments such as aircraft cockpits, command, control, and communication 
(C3) workstations; supervisory and process control environments; simulations and 
laboratory tests.  
 In other hand, human error is defined as an inappropriate or undesired 
decision or behavior that may reduce the efficiency, security or activity of a system. 
In this case, the common method used is Task Analysis for Error Identification 
(TAFEI); it allows the prediction of errors in the use of devices modeling their 
interaction with the user.  
 Due to everyday people should be able to interact with new technologies, 
the analysis of mental workload that this interaction generates; as well as reducing 
the chances of making human error becomes relevant. In this way, this paper was 
realized using both methods described above in the task of see a movie using a 
home entertainment device.  
 

1.1 Objectives 

 
The general objective, the specific objectives as well as the scope and delimitation 
of this research are as follow: 
 
1.1.1 General Objective 
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Analysis of mental workload and Human error in the task of see a movie using a 
home entertainment device  
 
 
1.1.2 Specific Objectives 
 

 Perform a hierarchical task analysis (HTA) when users see an undefined 

movie 

 Perform the mental workload analysis using the NASA-TLX method when 

completing the task of searching, selection and finally user see the movie.  

 Perform the human error analysis using the TAFEI method when completing 

the task of watch a  movie.  

1.2 Scope and Delimitation 

 
In terms of scope, this research includes the analysis of the six mental workload 
sub scales when a home entertainment device is used to see a movie. In addition, 
human error was obtained. A HTA was necessary to describe this task.  

With respect to the delimitation of this research, only ten users were observed 
performing this task during several days and times.  
 
 

2. METHODOLOGY 
 
2.1 Materials  
 
2.1.1 Home entertainment device 

The device uses series of decoders; provide over-the-top content in the form of 
channels. A device in streaming obtains data through a cable or Wi-Fi connection 
to an internet router. The data is emitted through an audio cable, a video cable or 
the two signals through an HDMI cable. The device can be connected to any 
television (or another device) with corresponding input connections. This device 
uses a stream source in the internet channel that offers contents under demands 
or direct video streaming. User has the option of see free channels or pay to see 
specific content; also, users has the opportunity of add or eliminate different 
channels through a channel store.  

2.2 Methods 
 

The methodology consists in elaborate a HTA for the task of see a movie, using a 
home entertainment device, then the NASA-TLX method was used to evaluate the 
mental workload. Finally, for human error evaluation TAFEI was developed 
 
2.2.1 Hierarchical Task Analysis 
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The HTA implies a description of the activity as an analytical object in terms of a 
hierarchy of objectives, sub-objectives, operations, and plans. The result is an 
exhaustive description of all the activities developed. This method is popular for its 
flexibility and scope of additional analysis that offers to the Human Factors and 
Ergonomics practitioners.   

Stanton (2005) suggest the following steps to perform a HTA: 

 Decide the purpose of the analysis. 

 Define the main task. 

 Data retrieval 

 Acquire data and prospect of table or diagram decomposition. 

 Verify the validity of the composition with the interested parts. 

 Identify significant operations 

 Generate and if possible, test out the hypothesis relative to the task 

execution.  

2.2.2 Mental Workload 
 
Mental workload is defined as “The portion of processing resources that a person 
requires to accomplish a task” (O’Donnell and Eggermeier, 1986). One of the main 
purposes of measure it, is the evaluation of their level with the objective of 
identifying and eliminating the demands related with the workload that reduces the 
performance (Wilson & Eggemeier, 2006). There exist three levels under when it is 
less than 500 points, means when it is greater than 500 and less than 1000 points 
and high when it is greater than 1000 points. Sandra Hart, NASA-Ames Research 
Center, Moffett Field, CA. (2006) 
 
2.2.3 NASA-TLX 
 
It is a subjective method that proposes a procedure to evaluate the mental 
workload from a multidimensional perspective, and that provides a global score 
from the workload starting with the weighted average of the scores from six sub 
scales which are described in Table 1. Its objective is diagnosing the factors of 
workload placed.  
 

Table 1. Sub-scales of NASA TLX 
 

Scale Question Example 

Mental 
Demand 

How much mental and perceptive 
activity was necessary? 

Thinking, deciding, 
calculating, remembering, 
looking, investigating, etc. Is 
it a difficult or easy task, 
simple or complex, heavy or 
light? 
 

Physical 
Demand 

How much physical activity was 
necessary? 

Pushing, throwing, turning, 
pulsing, etc. Is it a difficult or 
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easy task, slow or fast, 
relaxed or tiring 

Temporal 
requirement 

How much time pressure felt due to 
the rate at which tasks or task 
items were happening? 

Was the slow, slow or fast 
and furious pace 

Effort 
In what measurement has there 
been physical or mental work to 
reach the levels of result 

 
If the task involves extra 
effort 

Level of 
Frustration 

During the task, in which 
measurement has there been 
feelings of insecurity, frustration, 
tension, or worry; or on the 
contrary, has there been feelings of 
security, joy, relaxation and 
satisfaction 

 
if the task is so complicated 
to the extent of not wanting 
to do it, and your mood 
changes 
 

Performance 

Up to what point do you think you 
have had success in the objectives 
established by the investigator or 
by yourself? What is the grade of 
satisfaction with your level of 
execution? 

 
rerun the task until the 
desired results and to feel a 
sense of satisfaction 

 
The method application contained from 2 phases: 
 

 Weighting phase (previous to the execution of the task): The subjects perform a 
weighting with the purpose of determining the weight of each factor according 
to the workload of each specific task. Later, 15 binary comparisons are realized 
for the six dimensions chosen for each pair that the user perceives as the major 
source of workload. Table 2, indicate the comparison of the dimensions 
 

 
 

Table 2. Dimension Comparison 

 
For each dimension a weight is obtained depending of the number of times that 

was selected in the binary comparisons. It could be between 0 (the dimension has 
not been chosen in any of the comparisons) and 5 (the dimension has been 
chosen in all comparisons in which it appeared). 

 

F-M T-F T-Fr 

T-M R-F T-E 

R-M Fr-F R-Fr 

Fr-M E-F R-E 

E-M T-R E-Fr 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                             Página 47 

 

 Scoring Phase (immediately after the execution): The workers evaluate each 
task or sub-task that was completed in each of the proposed dimensions. For 
this a scale of 0-20 (starting from low to high). 

 
Once these two phases are completed, a table is filled out. Weight indicates the 

time in which each variable wins in the weighting phase. Scoring means to the 
scoring column obtains the values of the evaluation that is realized by the workers. 
Converted scoring is obtained by multiplying the values of the punctuation column 
by 5. Weighted score is obtained by multiplying the scoring column converted by 
the weight column. Global weighted Average is the sum of the weighted score 
divided by 15 which is the total of the weight. Finally equation 1 is used for the 
global index calculation of the mental workload caused by the task. Where   

stands for the workload, Pi is the weight obtained by each dimension in the 
weighting phase and Xi is the score obtained by the dimension in the value phase. 
Results can be seen in the weighted score, it reflects the importance of each factor 
as workload causers and it subjective importance in each task, and conclusions 
are obtained from diverse indole: risks can be identified, predominant factors can 
be analyzed, and the workload for two determined tasks that require a series of 
different responses can be compared. 

 

 

(1) 

2.2.4 Human Error 

 
According to Cañas and Waerns (2001), there are different types of errors, which 
are classified in different ways: 

 Error by omission: it occurs when forgetting to do something. 

 Error by allocation: occurs when something is made incorrectly. 

 Sequence Error: Occurs when one person completes a series of steps or 

sequence in the incorrect order. 

 Time Error: Occurs when one person does not do what he or she is 

supposed to do with the assigned time. 

According to Kuselman, Pennecchi, Fajgelj y Karpov (2012) the procedure for 
TAFEI method occurs in 3 steps: 

 First step: is to complete a HTA to identify the task objectives, it focuses in a 
specific goal and provides the secondary task. 

 Second step: complete state-space diagrams (SSDs), for the device 
functionality, it is the series of issues suffered by the device.  

 Third step: The possible errors of each tasks are visualized in a transition 
matrix. 

 

3. Results 
 
The results of the 3 analysis completed are presented in this investigation. 
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3.1 Results of the Hierarchical Task Analysis 

 
The HTA is shown in Figure 1. In the task of watching a movie, two sub-goals were 
identified. The sub-goal of finding a movie implies the selection of the movie type 
among six alternatives; this task requires that the user interact with a remote 
control and search among more than 1,500 movie channels available. This sub-
goal is tedious and it presents difficulties for the user. The subtask of watch the 
movie, user must select the language of his/her preference and then select a 
subtitle as well. In this subtask the interaction with several buttons, menus and 
submenus on the TV screen presents difficulties for the user. 
 

 
Figure 1. State-Space Diagrams (SSDs) of watching a movie 

 
3.2 Results of the NASA-TLX Mental Workload analysis 

 
The average mental workload obtained from the 10 people who participated in the 
study are shown in the Table 3. Table 4, shows that the average mental around 
43.53. Where the scale is less than 500 points is low level, and 500 points below 
the 1000 average level and above the 1000 points is a high level. 
 
 

Table 3. Global Weighted Average of the sample. 
 

User Global Weighted Average 

1 37.33 

2 47.33 

3 35.33 
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Ta
ble 

4. Average weighted averages of the 10 individuals 
 

 
 
3.3 R

esults of TAFEI Human Error analysis 

 
In this part we will see the results that were obtained through the TAFEI method in 
its three phases: 

 Phase 1: The HTA elaboration that is presented in Figure 1 

 Phase 2: The SSDs is presented in Figure 2 where the status of each 
activity is appreciated. 

 Phase 3: The transition Matrix is presented in Table 5. It shows the 
description and solution of the possible errors. 
 

Table 5.  Transition Matrix of the task of see a movie. 
 

 Off On Watching Waiting Loading Start End Off 

Off - L (1) I (B) - - - - I (A) 

On - - I (C) - - - - L (2) 

Watching - - - I (D) I (E) L  (3) - L (4) 

Waiting - - - - L (M) I (F) - L (5) 

Loading - - - -  L (M) I (G) L (6) 

Start - - - -  - L (M) L (7) 

End - - - -  - - L (8) 

Off - - - -  - - L (9) 

 
 
 
 
 

4 63 

5 34.33 

6 31.33 

7 36.33 

8 72 

9 48.67 

10 29.67 

Total of User Mental workload average 

10 43.53 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                             Página 50 

 

 
 

Figure 2. State-Space Diagrams (SSDs) of see a movie. 
 

Table 6. Description of errors and solutions for the task of watching an undefined 
movie 

 

 
 

 
 

4. Conclusions and Recommendations 
 
4.1 Hierarchical Task Analysis 

 
 
Regarding the analysis of the ETS task of watching a movie using an 
entertainment device in the home, it was concluded that the menus are very 
confusing for the user, as there are many menus and sub menus for choice of each 
movie and the alternatives that exist are equally complicated that the main task 

Error Transition Description Solution 

A 1 to 8 
Want to see the movie when the 
device is off 

Put a button with focus on 

B 1 to 3 Off when already is off Put a button with focus off 

C 2 to 3 Want to turn now to start movie Programming movies 

D 3 to 4 Appears with language Programming language 

E 3 to 5 Not to charge the movie Download movies before 

D 4 to 6 
Start the movie with not 
complete charge 

The movie doesn’t start if it is 
fully charge 

G 5 to 7 
Want to end when even not 
start 

Recommend interesting 
movies 
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that all menus are based on the same instructions to play any movie is 
recommended 
According the method,  is recommended to redesign the way in which the user 
navigates in the menu.  
 
4.2 Mental Workload 

 
Regarding the mental workload analysis is concluded that, users showed a low 
level of mental workload. This means that method individuals are not hard the task 
because frustration grew   during the navigation through multiple menus and 
alternatives. Methods applied were effective finding the causes of mental workload 
and error during tasks can be individually or as research shows a sample. 
 
4.3 Human Error 

 
With regard to human concern error method TAFEI identified possible errors that 
can be made to perform the task and possible design solutions. For example, 
seven were found seven errors, the most common is that the movie starts before 
being fully charged were found, and the most difficult solution is to find a way that 
the movie does not start until the load is complete. 
 
 
 

5. References  
 
 
Annett, J., (2004). Hierarchical task analysis. In: Diaper, D., Stanton, N.A. (Eds.), 

the Handbook of  

Al-Hakim, L. y Maiping, T., y Sevdalis, N. (2013). Applying hierarchical task 
analysis to improving the patient positioning for direct lateral interbody fusion in 
spinal surgery. Applied Ergonomics, 1- 

Baergo (2006). Boletín Digital FH: Artículo. Estrés Ocupacional: una perspectiva 
ergonómica        y su protección en el diseño organizacional 
 
Kuselman, Pennecchi, Fajgelj y Karpov. (02 November 2012). Human errors and 
reliability of      test results in analytical chemistry. Accreditation and Quality 
Assurance, 18, 3-9. 2 Abril 2016, De science direct Base de datos 
 
Mahwah, NJ: Lawrence Erlbaum Associates, 67–82.Mahwah, NJ: Lawrence 
Erlbaum  
      Raduma, M., Flin, Rhona. Yule, S., y Close, S. (2012). The importance of 

preparation for doctors’ handovers in an acute medical assessment unit: a 
hierarchical task analysis. BMJ Qual Saf, 21, 211-217. 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                             Página 52 

 

 Sandra Hart, NASA-Ames Research Center, Moffett Field, CA. (2006). NASA-
TASK LOAD INDEX (NASA-TLX); 20 YEARS LATER. 2-abril-2016, de human 
system Sitio web: 
http://humansystems.arc.nasa.gov/groups/TLX/downloads/HFES_2006_Paper.
pdf 

Stanton, N.A., Salmon, P.M., Walker, G.H., Baber, C., y Jenkins, D.P. (2005). 
Human factors methods a practical guide for engineering and design. 
Burlington, VT: Ashgate Publishing Company. 

Wilson, G. F., & Eggemeier, F. T. (2006). Mental Workload Measurement. In 
Exposito W. Karwowsky, International Enciclopedia of Ergonomic and Human 
Factor. 814-817. Kentucky.Taylor and Francis. 

 Wilson, G. F., & Eggemeier, F. T. (2009). Mental Workload Measurement. En 
Expósito W. Karwowsky, International Enciclopedia of Ergonomic and Human 
Factor. 814-817. Kentucky.Taylor and Francis. 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

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

 

COGNITIVE ANALYSIS OF THE MUSIC’S IMPACT IN THE 
INDUSTRIAL SCOPE OPERATORS 

 
Adbeel Cristóbal, Bustamante Ríos, Carlos Francisco, López Díaz, Héctor de 

Jesús, Sánchez Ibarra, Francisco Octavio, López Millán 

 
 Department of Industrial Engineering   

Instituto Tecnológico de Hermosillo 
Avenida Tecnológico y Periférico Poniente S/N  

Hermosillo, Sonora 83170 
adbeelcbr@gmail.com, carloslpz36@gmail.com , hj.sanchez08@gmail.com, 

lopezoctavio@yahoo.com.mx 
 
Resumen: La productividad es un parámetro de gran importancia para una 
empresa de manufactura; si los tiempos de ciclo de una actividad se reducen, esto 
incrementa la producción, afectando directamente a la utilidad de dicha empresa. 
En el presente artículo, se analizará el efecto que tiene la música en el ritmo de 
trabajo de los operadores, haciendo un análisis detallado del entorno en el que se 
efectúa dicha operación.  
 
Palabras Clave: Ergonomía Cognitiva, Estimulación auditiva, Método Tomatis, 
Línea de Producción 
 
Relavancia a la Ergonomía: Este artículo tendrá un impacto en el campo de la 
ergonomía cognitive ya que mejorará el trabajo del operador ayudandolo a 
disminuir los probable errores que se puedan presenter y mejorar el ritmo de 
trabajo al cual están expuestos. Su publicación es muy importante debido a que 
apoyará a las compañías a recortar sus tiempos de ciclo, los cuales afectan 
directamente en sus utilidades.  
 
Abstract: Productivity is a parameter that plays a huge role in a manufacturing 
company; if an activity’s cycle times are reduced, this increases the production 
numbers, affecting directly to the utility of the after mentioned company. In this 
article, the effect that the music has in the operator’s work rhythm will be analyzed, 
making a detailed study of the environment where the operations are done. 
 
Key Words: Cognitive Ergonomics, Auditory Stimulation, Tomatis Method, 
Production Line  
 
Relevance to Ergonomics: This article will make an impact in cognitive 
ergonomics by improving the operator’s work by diminishing the probable mistakes 
they could do and by improving the work rhythm they are exposed to. Its 
publication is important to help companies improve their Cycle Times, which affects 
directly to the company’s revenue. 
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1. INTRODUCTION 

 
Last December of 2015, by observing the production line simulations of the 
Industrial Engineering students, specifically in the subject of Ergonomics given in 
5th semester at Instituto Tecnológico de Hermosillo (ITH), a change in productivity 
and work rhythm was appreciated, according to the change of the different rhythms 
of commercial music. These changes varied depending on the music genre 
according to the preferences of each operator. 

The idea of studying how the music affected the operators came up, focusing 
on an statistical analysis where we could prove mathematically if there is an actual 
and significant difference between working with or without music. 

We already know that productivity is a very important factor in the 
manufacturing world, since time equals money, if we perform an operation in less 
time, without affecting the quality of the product, the physical or mental integrity of 
the operator, the utilities of the company will raise automatically. The change might 
not be huge, but it could make a significant impact in the long run. 

We strongly believe that there will be a positive and significant difference when 
working in a place where there is background music. First of all, we have to make a 
research of which music genres are suitable for the study. This is why we went to 
the Centro Tomatis de Sonora, where auditory therapies are given. 
 
 

2. OBJECTIVES 
 
The main objectives of the present article were to analyze the behavior of the 
operators when they were exposed to a change in the background, focusing in 
weather or not there was music in the workplace.  

We aimed to evaluate how the productivity of the operators changed when they 
was classical music present, which is perfect to stimulate human brain and body.  

We focused on demonstrating if there was a significant difference in the 
production rhythm when there was no music and when there was Mozart’s 
compositions.  
 

 
3. METHODOLOGY 

 
In order to do this project we started by analyzing the Tomatis Method of Auditory 
Stimulation, which gets its name thanks to Dr. A Tomatis. It is based in an auditory 
stimulation through which we can get, in first place, an improvement in hearing, 
language, learning skills, and in second place, emotional and physical wellbeing, in 
kids, adolescents and adults. 
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In this way, the ear, its neuro-physiology and its functions where the Tomatis 
method focuses its axioms. They affirm that the ear is the human organ that forms 
in the first place and any auditory stimulation can reach any part of the body, 
weather it is via aerial or osseous, to heal the problem that people have in that 
moment. 

Its objective is to stimulate and regulate the functions that the ear represent 
(hearing, equilibrium, energy). This is why they use a specialized headset through 
which sounds are sent, such as classical music (Mozart), Gregorian songs, the 
mother’s voice, kid’s songs…in which most of the cases in a filtered way, they 
allow to combine the low-pitched and high-pitched sounds and stimulate this way 
the functions of the ear. 

If we go in depth in the after mentioned ear functions (hearing, equilibrium, 
energy) we can observe that by stimulating the hearing function we obtain a better 
capacity of information integration (register, memorize, reproduce, imitate), 
consequently, improving the aspects of language, reading, writing. In the same 
way, by stimulating the vestibular function (equilibrium) we obtain an improvement 
in coordination, muscular tone and verticality, healing as well motor disabilities or 
problems, hypotonia, impulsivity, space-temporal, and finally working in the 
energetic function, we obtain a better brain activity, given that 80% of the brain 
energy comes from the ears. 

The ear cannot be under constant stimulation, it is necessary to have 
interruptions or pauses once in a while. Just as the brain has the need of an 
intensive and repetitive stimulation, it needs as well periods where it is not 
stimulated in order to construct and consolidate the change. We can find this rule 
in any training given that the construction is made after the effort during a phase of 
apparent passiveness: the reality is that it is a phase of assimilation. The 
stimulation causes an “annoyance” to our organism; that is why we have to have 
rest phases where assimilation takes place. 

The fact of choosing Mozart’s music among every other composer/writer is not 
a random fact. Tomatis used at the beginning of his researches the most diverse 
music applied in different cities from Orient and Occident, and he proved that the 
only music everyone admitted was Mozart’s. This is how he started to prove the 
reason of this fact and to study the concrete characteristics that allow this music to 
have that positive influence in every patient. 

If we take into consideration the theory that different frequencies have 
influence in concrete aspects of the evolutionary development and quoting Sylvia 
Carrasquilla (Consultant at a Tomatis Center in Bogota) the music of this composer 
is the ideal for the treatment, since Mozart worked with high pitched frequencies –
specially with flutes and violin- and is ideal for the auditory therapy, given that it is 
between 125 and 9000 hertz, the ones needed for the therapies. 

It is not only the ideal because of the frequencies he uses, but the music itself 
has special characteristics that differentiate one from another and give them this 
therapeutic characteristic: it is about freshness. This is given the fact that Mozart 
started to write at 4 years old before going in the strict framework and cultural 
models. 

The ear has more functions than just hearing. 
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According to the music and auditory therapy expert from the Centro Tomatis 
Sonora, Dr. Leticia T. Varela Ruiz, we have to pay attention to 6 important aspects 
in the therapies: 

 
• Rhythm 
• Velocity of the rhythm 
• Instrumental timbre 
• Volume 
• Relation of the person with the music 
• Stimulation Time 
 

The rhythm need to stimulate the body delicately, it does not have to be something 
complex. It must have an undulating fluency. 

The velocity must be according to the activity that it’s being done. 
The low quality instrumental timbres, this is the ones coming from instruments 

manufactured with low quality materials, they only drain energy from the brain, that 
is why they are not the proper ones to stimulate, for example the ones made from 
bronze. Electric instruments are not recommended either. The best ones we can 
use are the acoustic instruments, on the condition that they are not strident or too 
loud, such as the drums and cymbals. If we play heavy rock, the test subjects 
would be mentally exhaust in less than 10 minutes, since it demands a lot of 
wearing of energy for being really strong stimulation. The recommended is a mix of 
low pitched and high pitched sounds; combine violin, flute and clarinet with the 
trombone, trumpet, classic guitar and violoncello. 

The volume at which we must play the music must be moderated, not so low 
but not so high, the one that allows to have a normal conversation while we are 
working. In a lot of restaurants very high volumes are used, that do not even let u 
hear the person that is next to you. It only destroys people’s neurons. 

With the relation of the person with the music, it has to be a song that doesn’t 
bring memories to people’s minds or make them sentimental. If we play banda 
music, there is a high probability that the operators remember about last 
weekend’s party, and instead of stimulating them, it might distract them. It is better 
If there is just instrumental music, with no lyrics, because it can distract the 
operators as well, this is why it is recommended as well that if it has lyrics, the 
song is in another language. 

The stimulation time is the last aspect we need to consider. If the stimulation is 
done for a long time, it can saturate the operators and if it is done for a short period 
of time, there could be no stimulation at all. In this case the recommended is to do 
it is in an alternate way, playing music for 30 minutes and other 30 minutes in 
silence. By doing it this way, we would obtain optimal results, avoiding the 
saturation of the operators, which doesn’t make the stimulation work. 

Every considerations are applied with the assumption that every operator has 
ears in perfect conditions. It would be much better if they take therapies to 
reactivate or try to give the ears more capability to work properly, because most of 
the people in the world have auditory problems, even though we do not realize it. 
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4. RESULTS 

 
An activity was selected to be performed and be measured using a stopwatch and 
at the end, compare the results when we were playing classical music and when 
using no music. 

We did not focus in physical ergonomics since what we were working with is 
cognitive ergonomics.  

The process consisted in the assembly of three pieces of the “Meccano” Kits 
using 4 screws and 4 nuts as it can be seen in the image. The pieces of metallic 
color have a specific place, which was not specified in order for the operators to 
make a decision at the moment of the assembly. The production run was made for 
2 hours, taking a sample of times in each case to perform the statistical analysis. 
When working with music it was done by alternating and playing Mozart music for 
30 minutes and then with no music, to prevent the operators overload, as 
mentioned by the expert Leticia Varela. 

Once the learning curve was done with each operator, we 
measured the times that were needed to do the statistic test. 

To determine if the use of music and the different rhythms 
affect in a positive way the operator when doing a specific 
task, a multiple linear regression and a hypothesis test were 
performed, which allowed us to verify and demonstrate in a 
mathematical way if there is an actual change in the time that 
take the operators do the task. Classical music was used, 
specifically Mozart compositions, since it was the one 
recommended by Leticia Varela. We excluded other rhythms 
such as reggaeton, banda and norteño, due to the fact that his 
do not present any stimulation in people; they are just noises 
that affect people’s concentration. The following hypotheses 
where used for both operators: 

 
H0: There is no significant difference between working with music (classical) and 

without music 
H1:  There is a significant difference between working with music (classical) and 

without music 
 

In the first operator, a simple of 10 times was measured with and without 
music. 

 

Table 1. Operator 1 Times 

Without 
music With music 

71.18 50.5 

70.15 46.22 

88.06 66.16 

59.1 57.57 

Figure 1. Assembly 
Operation 
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52.6 55.34 

56.22 48.47 

61.97 38.1 

57.65 46.42 

58.65 37.66 

50.82 36.77 

 
Table 2. Regression Statistics  

Multiple Correlation Coefficient 0.57455417  

Determination Coefficient R^2 0.33011249  

R^2  adjusted 0.24637655  

Error 8.27314389  

Observations 10  

 
Table 3. ANOVA Table 

 

   

  

Degrees 
of 
freedom 

Sum of 
Squares 

 

Squares average F 
 F Critical 
Value 

Regression 1 269.830611  269.830611 3.9423035 0.08234171 

Residuals 8 547.559279  68.4449099 
  Total 9 817.38989        

 
After applying the corresponding formulas, we got the conclusion that with the first 
operator there is a significant difference between the registered times, since the 
value of F is over the Critical Value, rejecting the null hypothesis, where there is no 
difference.  

In the same way, we obtained a sample of 10 data for the second operator. 
They were by doing the exact same operation.  

 

Table 4. Operator 2 Times 

Without 
Music With Music 

57.72 51.55 

46.15 57.1 

38.44 51.18 

71.59 81 

44.63 49.46 

38.47 62.44 

67.28 52.13 

39.16 46.44 

62 53.25 

54.69 69.31 
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Table 5. Regression Statistics 
    Multiple Correlation 

Coefficient 0.46784723 
    Determination 

Coefficient R^2 0.21888103 
    R^2  adjusted 0.12124116 
    Error 10.0058443 
    Observations 10 
    

 

 
 
 

    Table 6. ANOVA Table 
    

  
Degrees of 
freedom 

Sum of 
Squares 

Squares 
Average F 

F Critical 
Value 

Regression 1 224.43388 224.43388 2.24171779 0.17270518 

Residuals 8 800.93536 100.11692 
  Total 9 1025.36924       

 
Just as with the first operator, there is a significant difference between the 
operation done with music and without music, rejecting the null hypothesis. 

 
 

5. CONCLUSION 
 
As it was considered in the hypothesis and after knowing that the proper music 
genre to be used was classical music (Mozart) and testing both of the operators, 
we got to the conclusion that besides none of the operators being familiarized or 
having previous contact with classical music, they reacted positively to its 
stimulation, lowering the average time that took them to perform the operation 
compared to the one done without music. 

With this conclusion we can take our project more deeply and analyze 
furthermore, other cognitive aspects in the close future in order to have a more 
complete project.  
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Resumen: La amputación parcial de pie es una complicación que se presenta  
frecuentemente en diabéticos al pasar los 40 años de edad. Es consecuencia de 
diabetes mellitus (DM), la cual causa trastornos en el pie por problemas en las 
arterias periféricas. Estos trastornos hacen que los pacientes sean más propensos 
a desarrollar úlcera en el pie y a consecuencia de las dificultades de cicatrización, 
es posible llegar posteriormente a la amputación. Por estas mismas dificultades y 
complicaciones, los amputados presentan múltiples problemas para sanar su 
herida del muñón, llegando a la re-amputación a nivel proximal. El objetivo de esta 
investigación es identificar los factores de riesgo post-amputación parcial de pie en 
diabéticos para proponer un diseño de ortesis enfocado a ellos protegiendo su piel 
y disminuyendo que se generen nuevos hematomas y puntos de presión plantar, 
también identificar y entender qué elementos de diseño son los responsables para 
una restauración efectiva del pie, con el fin de acercar la marcha del amputado a 
una marcha natural. Se realizó una revisión bibliográfica retrospectiva de varios 
artículos relacionados al tema central de la investigación. Se planteó además una 
evaluación ergonómica de diseño de dos ortesis, fabricadas con base en la 
información recaudada de investigaciones previas.  Se utilizará como herramienta 
principal para el análisis de la presión plantar las plantillas instrumentadas, las 
cuales permiten medir la presión en condiciones de movimiento, esto con el fin de 
identificar los puntos de mayor presión y poder eliminarlos a través del diseño.  
 
 
Palabras clave— Diabetes mellitus – Amputación parcial de pie – Diseño – 
Ortesis  
 
Abstract: Partial foot amputation is a complication that becomes common in 
diabetic patients over the age of 40. It is a side effect of diabetes mellitus (DM), 
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which causes foot disorders due to irregularities with the peripheral arteries. These 
disorders make patients prone to foot ulcers and scarring difficulties, which can 
lead to amputations.  These same complications are present on amputees and can 
lead to a re-amputation at proximal level due to stump healing problems. The 
objective of this research is to identify the risk factors on partial-foot amputation 
patients to propose an orthosis design focused on protecting their skin and 
preventing new hematomas or plantar pressure points to appear. Another objective 
is to identify what elements of design are responsible for an effective restauration 
of the foot that allows a more natural walk for the amputee. A retrospective 
bibliographical review of various journals related to the topic of this research took 
place. The ergonomic evaluation of two experimental models made based on the 
gathered information was set. Instrumented insoles will be used a primary tool to 
analyze plantar pressure, which allow measurements during movement. This will 
allow to identify mayor pressure points and eliminate them through a new design.  
 
 
Keywords— Diabetes mellitus - Partial foot amputation - Design – Orthotics  
 
Relevance to ergonomics: with the information gathered through research, an 
ergonomic design of an orthosis for transmetatarsal amputation can be proposed. 
This will contribute to improving life quality of amputees by allowing them to walk 
with comfort, natural mechanics and preventing friction, hematomas, discomfort 
and other risks that might end up in re-amputation. The information gather can be 
useful for future research and for the ergonomic design of foot equipment or 
devices. 
 

1. INTRODUCTION 
 

Partial foot amputation (PFA) describes the loss of any anterior part of the foot. 
Most of the times it is caused by diabetes mellitus (DM). Neuropathy is one of the 
side effects of diabetes and it diminishes touch sensitivity, this can get to a point 
where the patient can’t feel pain on its wounds, making them to pass unnoted and 
eventually causing ulcers that can lead to amputation.  

Foot wounds are one of the most common, complex and expensive 
consequences of diabetes mellitus. Even for superficial wounds, treatment is 
usually difficult and with low success rate. Amputation wounds are one of the most 
difficult to heal in lower limbs given that they are deep, exposing bone and 
tendons, and in diabetics, lower scarring capabilities complicate this further. 

During the last four decades, comprehension of walking mechanics of patients 
with partial foot amputations and the influence on prosthetic intervention has been 
based on theoretical analysis of force. This were derived from observation of 
walking mechanics of persons without limb loss and preceded the assumption that 
partial foot prosthesis would be able to restore the length of the lost foot. 

 Nevertheless, recent studies have revealed that only some devices are 
capable of fully restoring the foot’s length. Traditionally, many orthopedic designs 
have been utilized for partial foot amputations, including prosthesis fillings, 
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individual reinforcements, ankle immobilization AFO’s, and a combination of these; 
but without considering the ergonomic factors necessary for protection, which is 
essential on diabetics. Therefore, what are the ergonomic principles necessary to 
design an orthosis that adequately restores walking and protects the amputated 
foot? 
 

2. OBJECTIVES 
 

The objective of this research is to identify post-amputation risk factors that could 
produce new ulcers, hematomas, changes in pressure, and understand what 
ergonomic and design elements are responsible for an effective restoration of the 
amputated foot. This in order to propose an orthosis for diabetics that would reduce 
chances of re-amputation by protecting the foot and granting natural walk 
mechanics. 
 

3. METHODOLOGY 
 

Transmetatarsal amputation was selected as the base of this research because it 
presents deformity to clubfoot and alters walking mechanics.  
        An analytical-documental method was used to manage instruments like 
interviews, observations, tests and polls that were applied to specialists in the 
topic, such as diabetlogists, surgeons, footwear producers, orthotists, prosthetists, 
and patients and users alike. 

A bibliographical review of scientific journals from diverse sources was made in 
order to gather data about foot amputation aftermath and orthosis design. The 
findings were divided in two categories. 
 
 

4. BIBLIOGRAPHICAL REVIEW 
 

    
4.1 Problems after partial foot amputation 

 
Many authors have taken interest for investigating partial foot amputation 
problems, weather it is for improving the healing process or walking mechanics.  

A big percentage of diabetics with partial foot amputation are submitted to 
re-amputation within the first three years after their surgery. Sometimes the re- 
amputation is caused by the excessive effort of carrying an extra load or unequal 
distribution of force (Goicoechea, 2013). 

In a study about healing of partial foot amputation, Armstrong & Lawrence 
(2005) used negative pressure therapy (NPT) on the wound of diabetics. They 
reported that the most common problems were infections and infestations; 25 
patients (32%) of the group healed with NPT and 27 of the control group (32%) had 
one or more adverse events associated with this class. They reported that using 
NPT through the healing process reduces risks for the patient. 
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Ploeg, Lardenove, Vrancken, & Breslau (2005) analyzed the association of 
multiple clinical factors with the morbidity of 1,028 consecutive amputations on 786 
patients during a period of 13 years. The operation mortality rate was 7% (57 out of 
786 patients).  345 amputations were above the knee and 626 below it. After the 
operation, 15.4% of the amputations failed to heal and required revision. Fail rate 
of amputations above knee was 9%, while those below was of 19%.  

Malayo, Margolis, Hoffstad & Bellamy (2006) calculated the insufficiency to 
heal after initial foot amputation. They published that in the 1,775 personas that 
met criteria of having diabetic neuropathic foot ulcer (DNFU) treated by foot 
amputation, there were a total of 5,314 wounds. Mean age of patients was 64.78 ± 
13.24 years old and 58.26% of the wounds were grade 2 or inferior. 

Kennedy & Meier (2011) confirmed that complications of pressure and 
shearing on an amputated foot are caused by less Surface area and disequilibrium 
created by the loss of the distal parts of the foot  

Another consequence of partial foot amputations, specifically of 
transmetatarsal amputation is that this generates a bigger state of incapacity, given 
by the loss of force needed for foot launch where there is no fulcrum point 
anymore. Another consequence of transmetatarsal amputation is clubfoot, which is 
a malformation of the foot where the plant turns inside and may appear when a 
good orthosis is not used.  Clubfoot and limited articular movements have been 
associated with changes in walking mechanics and can cause the skin on the 
stump to rupture because of the pressure (Dillon, 2010). 

 
 

4.2 Design of Orthoses and Prostheses for partial foot amputation 
 

Various studies and proposals have been made for the design of orthoses 
and prostheses, much of which have been based on analysis of walking mechanics 
plantar pressure of the partially amputated foot.  

Regarding foot pressure, Dillon, Fatone & Hansen (2011), analyzed the 
effect of plantar pressure on the prosthesis design, demonstrating that the most 
effective components of a partial amputation prosthesis to restore an effective foot 
length are the ones that combine the following: a rigid front part for the foot, 
restraining dorsiflexion, and a shell for the anterior part of the leg. This study was 
made on patients with transmetatarsal amputation and lisfrank.  

Kennedy & Meier (2011) commented that an inadequate design or a poorly 
adjusted shoe can give forth to a situation where excessive friction is created, 
resulting in blisters and skin cracks. They state that materials with a smooth 
Surface like Plastazote (thermoformable polyethylene foam) would be less 
susceptible to causing harm. They proposed a ball and socket with an anterior 
wedge and complemented with an AFO orthosis.  

The ball and socket and wedge limits dorsiflexion and reduces the angle 
between leg and foot. The AFO device aligns it, assuring a uniform distribution of 
pressure throughout the shell. This combination also generates a better walk.  

Dillon & Barker (2008) came to a similar result, where their observational 
study on patients with partial foot amputation showed that reducing the power of 

http://www.sciencedirect.com.wdg.biblio.udg.mx:2048/science/article/pii/S1067251606004431?np=y
http://www.sciencedirect.com.wdg.biblio.udg.mx:2048/science/article/pii/S1067251606004431?np=y
http://www.sciencedirect.com.wdg.biblio.udg.mx:2048/science/article/pii/S1067251606004431?np=y
http://www.sciencedirect.com.wdg.biblio.udg.mx:2048/science/article/pii/S1067251606004431?np=y
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the ankle can be helpful to reduce pressure located on the frontal part of the 
stump. They proposed an orthosis with an extensive tibial shell (a device that is 
clamped to the leg).  

 
 

5. RESULTS 
 

On the first stage for this research, field work was made as an observatory 
exploration. 2 Doctors, 2 orthotists and 1 patient were interviewed. As a result, and 
based on the doctor’s experience regarding their patients, partial foot amputation 
healing time is approximately 3 years. They also mentioned that new ulcers are 
formed because plantar pressure points change after the procedure. These new 
ulcers are harder to heal and play an important role on the healing process and 
chances or re-amputation at proximal level.  

 After reviewing the data gathered from the bibliographical research, it was 
determined that it is important to study the user-orthosis relation during movement 
with orthoses available in the state of Jalisco to identify plantar pressure points. 
The study is correlational-descriptive, the method will be experimental.  
An ergonomic analysis is needed to obtain particular and specific solutions that 
would guarantee its efficiency. For this, observations of walking will be made from 
a lateral perspective; this allows the clubfoot walk, heel support, and foot launch at 
first metatarsal level to be analyzed to detect problems and design opportunities. 
After the first stage of theoretical revision, the necessary information for the 
development of 2 types of orthoses was acquired: One with a front shell and 
another with a back shell that work as a leg clamp that limits dorsiflexion. Once 
both prototypes are built using adequate materials for contact with the amputee’s 
stump, they will be submitted to observations using instrumented insoles as a 
primary tool to measure pressure and make a comparative analysis of both 
prototypes.  
A comparison between both models will be made based on walking mechanics: 
walking rhythm, foot launch, inclination to clubfoot and plantar pressure points. The 
information will be collected through the use of lateral observation, and 
instrumented insoles, as well as surveys to include subject comfort in relation to 
material and orthosis form. 
 Tests will be run with the voluntary help of 4 subjects from the state of Jalisco that 
present transmetatarsal amputation. They will be asked to utilize both experimental 
models, which will be fabricated based on user requirements and the data acquired 
from the bibliographical review.  
Finally, in the formal development stage the object factors will be analyzed to start 
the development of the final product. The factors are the following: dimension, 
volume, technology, color, texture, form, finish and weight. 
 

6. DISCUSSION 
 

This research consists on establishing the bases for designing an orthosis focused 
on persons with diabetes mellitus and that present a transmetatarsal amputation.  
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      It is important to highlight that other types of partial foot amputation exist:  
lisfrank, chopart, toe amputation and symes. Each of this amputations presents 
different alteration to walking mechanics and variations to pressure points.  
Transmetatarsal amputation, whenever feasible, is the logical preference of 
amputation because it is the only procedure with the potential of supporting weight. 
In theory, a good prosthesis should allow a transmetatarsal amputation to have 
better mobility (Lakshmanan, 2014). 
Another important factor that affects the correct healing of the patient is 
communication between doctors and orthosists. In some cases, communication is 
minimal and follow-ups are left aside, ignoring the patient’s needs and/or progress.  
 
Instrumented insoles (Figure 1) are an alternative tool to make the analysis and 
comparative measures between orthoses. These are designed to make dynamic 
recordings and analyze pressure points between sole and footwear. This tool is 
clinically used to evaluate the post-traumatic foot, and the information is used to 
improve treatment and evaluate results after surgery. (Figure 2) 
Lastly, a guide on foot anthropometry would be useful for the design of the 
orthosis. Given that each orthosis is custom design, a list of anthropometric 
measurements and the tools necessary to take them would help establish design 
guidelines.  

 

 
 

Figure 1: instrumented insoles 

         
 

Figure 2: Software view 
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Resumen: La evidencia muestra que entre los factores de riesgo asociados con el 
síndrome del conducto carpiano (SCC), están la fuerza que se requiere para 
realizar el gesto de aprehensión y la postura de la muñeca, entre otros. Esta 
patología afecta considerablemente a la población colombiana, siendo uno de los 
más importantes problemas de salud pública en el ámbito laboral.  El sector 
floricultor tiene los mayores índices, debido a las demandas propias de la actividad 
en el corte de flores, ya que se presenta mayor grado de mecanización pero con 
una mayor incidencia de SCC, lo que sugiere que el desarrollo industrial aplicado 
hasta ahora en el sector, no ha estado orientado a reducir los factores de riesgo 
que favorecen la aparición de la patología. Por tanto se debe buscar soluciones 
que mitiguen esta problemática, asociada directamente a la actividad, presentando 
los factores de riesgo desencadenantes de ésta patología. Este artículo presenta 
el desarrollo de una herramienta manual para corte de flores que permite mitigar 
algunos de los factores de riesgo asociados al SCC, al disminuir el esfuerzo 
resultante en la aprehensión y mantener una postura neutral de la muñeca. De 
esta manera, se propuso una herramienta manual de corte que al ser comparada 
con la usada tradicionalmente en la floricultura, se consiguió aumentar la ventaja 
mecánica de corte sin detrimento de la ventaja biomecánica propia del usuario en 
un 180%.  El proceso de desarrollo se realizó mediante la conceptualización de 
alternativas, prototipos, digitalización y simulación en paquetes CAD-CAE y un 
modelo funcional para validación. 

Palabras claves: Presión táctil, modelado CAD-CAE, floricultura. 

Abstract: Evidence shows that within risk factors associated with Carpal Tunnel 
Syndrome (CTS) are the forces required to make the gesture of apprehension and 
wrist posture, among others. This pathology significantly affects Colombian 
population, being one of the most important public health issues in work sphere. 
Floriculture activity has the highest CTS rates, due to the flower cutting demand, 
because this activity has higher degree of mechanization but also has a higher 
incidence of CTS, suggesting that industrial development applied so far in the 
sector has not been aimed at reducing risk factors that increase the pathology’s 
development. Therefore, it must be seek for solutions to mitigate this problem 
directly associated with the activity, presenting risk factors of this disease. This 
article presents the development of a hand tool for cutting flowers that mitigates 
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some of the risk factors associated with SCC, by reducing the effort for the 
apprehension and maintaining a neutral risk posture. In this way, this article wants 
to show the development of a manual cutting tool which, compared to those 
traditionally used in floriculture, succeeded in increasing the mechanical advantage 
without cutting the biomechanical advantage in 180%. The development process 
was performed by alternative conceptualization, prototyping, digitization and 
simulation CAD-CAE and a functional model for validation packages. 

Keywords: Touch pressure, CAD-CAE modelling, floriculture. 

Contribution to ergonomics: Contribute to develop tools aiming to improve and 
to advance work conditions of workers, cutting force and posture risk factors that 
affect productivity and therefore reducing costs caused by absenteeism, surgical 
intervention, work diseases or disability. Likewise, this design can be used for other 
work activities that use manual cutting tools, like meat and agricultural sectors. 

1. INTRODUCTION 

Evidence shows that among the risk factors associated with CTS are the force 
required to make the gesture of apprehension, the wrist posture and repetitive 
movements (R., 1972) (Armstrong, 1989) (Hertzberg, 1955). This condition 
significantly affects the Colombian population, being one of the most important 
public health problems in the workplace ((ACED), 2014). The floriculture sector has 
the highest rates of this kind of work issues due to the specific demands of the 
activity in the cut flower, since there is a more increased mechanization with an 
increased incidence of CTS (Maria F. Maradei-Garcia, 2012), suggesting that the 
Industrial development applied so far in this sector has not been aimed at reducing 
risk factors that increase the development of the pathology. Thus, the 2nd National 
Survey of Health and Safety Conditions at Work, showed that the CTS cases 
diagnosed in Colombia in 2010 was on average 42.5% compared to other 
pathologies, where the floriculture, livestock and hunting sector, concentrated 3.7% 
of all. Floriculture activity ranks as the second largest exporter worldwide, 
generating more than 92,082 direct jobs and 25% of rural female hand work 
(Superintendencia de Sociedades., 2015). This scenario and the rise increased of 
CTS issues in this population, highlights the need for solutions to mitigate the 
problem of public health. Therefore, the redesign of tools used in repetitive tasks 
such as flower and meat products cuttering, dental procedures, hairdressing and 
manufacturing, promote the proper execution of force applied to the cutting tool 
and reduces the presence of fatigue during working hours (I. Arvidsson, 2012 ) (HC 
Chen, 2010) (H. Dong, 2007) (JL Boyles, 2003) (GA Mirka, 2002). Based on the 
above, the purpose of this paper is the development of a hand tool for flower 
cutting that may help mitigate some of the risk factors associated with CTS, to 
reduce the stress resulting in the gesture of apprehension. It seeks to take 
advantage of biomechanical and physiological characteristics of the hand and 
retain the already known ergonomic features. 
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2. OBJETIVES 

To develop a manual cutting tool, under the ergonomic criteria of neutral posture and less 

force applied to the apprehension gesture. 

 
3. METHODOLOGY 

 
The development of the Project was carried out by two design phases with a 
systematic approach. The objectives of phase one were to determine the aspects 
related to the environment, manual cutting tool and the user in floriculture; compare 
different mechanisms in manual cutting tools and determine the ergonomic design 
considerations through literature review in the “EBSCOhost Research Databases” 
database, and secondary sources. Therefore, two design proposals were 
generated based on the determinants of the project and mechanical principles, 
supported by three reference books: “Machines and Mechanisms” by Myszka H. 
Davis, “Machine Design” by Robert L. Norton  and “1700 Animated Mechanical 
Mechanisms” by Nguyen Duc Thang. Also it took into account the efficiency of 
power transmission and motion. In phase two, the two proposed alternatives were 
evaluated considering the most relevant requirements, that is, those identified as 
having a direct impact on the development of CTS: The force necessary to perform 
the apprehension gesture, the strength of final cut and the length of the force 
displacement apprehension. Each one of these variables were evaluated according 
to the parameters of the corresponding part of the system, with the scale of 1, 3 
and 5; where 1 does not meet the requirement, 3 meets the requirement but needs 
some modification to 5 fulfil the requirement. Moreover, the forces and 
displacements were obtained from the analysis of forces in each mechanism. 
Finally, the creative process is developed with the formalization of the alternative, 
the prototyping for decision making, the simulation with CAD-CAE software to allow 
the manufacturing process stablishing protocols for experimental testing and 
defining new design criteria. Based on this, a functional mechanical model is 
developed for validation purposes. This model features all formal, structural, and 
technical characteristics of the final product. 
 

4. RESULTS 

The creative process results in two possible alternatives for tool design. This 
alternatives   were assessed by a CAE strength analysis, to check the performance 
of each one compared to current tools used in Colombian agriculture sector. 

In this way, the development of the manual cutting tool was defined and shows an 
increase on the cut strength from 2.2 to 6.16 kg, this means that the mechanical 
advantage growth 180% without detriment on the biomechanical advantage. 

5. CONCLUSIONS 

A mechanic system that increases the mechanical advantage and potentiates the 
biomechanics advantage. By the other hand, by studding the necessary cutting 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 70 

 

posture in real floricultural conditions, it was possible to keep the neutral position of 
the wrist. By last, the cutting tool proposed in this paper, can relieve the exposition 
to postural and force risk factors. 
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RESUMEN: El uso de redes sociales ha ido sustituyendo a los medios 
tradicionales de comunicación como el correo postal, el telégrafo y el teléfono fijo. 
Hoy en día más personas se integran a estos nuevos medios de comunicación 
social excepto aquellos grupos de usuarios como los adultos mayores, a pesar de 
que existe el interés en hacer uso de estos medios en especial de Facebook, 
quienes han quedado al margen de los avances tecnológicos por diferentes 
causas. 

Diversas investigaciones muestran cómo el uso de un Sitio de Red Social 
como Facebook puede ser benéfico para un adulto mayor al reforzar los lazos 
sociales y la integración social, el bienestar psicológico y la salud mental. 
 
PALABRAS CLAVE: Adultos mayores, usabilidad, diseño inclusivo, redes 
sociales 
 
ABSTRACT: The use of social networks has been replacing traditional media as 
the postal, telegraph and landline phone. Today more people are integrated to 
these new social media except those user groups such as the elderly, although 
there is interest in using these media especially Facebook, who have been 
disadvantaged by progress technology for different reasons.  

Research shows how the use of a Social Networking Site like Facebook can 
be beneficial for an older adult to strengthen social ties and social integration, 
psychological well-being and mental health. 
 
 
KEYWORDS: Older adults, usability, inclusive design, social networks. 
 
RELEVANCE TO ERGONOMICS: A proposed design of the Facebook page 
suitable to the limitations and capabilities of older adults can contribute to the study 
of human-computer relations and meet the needs of a greater number of possible 
people as it is this group of special users what it will help to emphasize the user-
centered design. 
 

1. INTRODUCTION 

 
In the last 20 years the development of technology has been so rapid that 
equipment, electrical and electronic devices dating from those years (such as slide 
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projectors, CRT televisions and landline phones) are obsolete today. In the field of 
communications the emergence of personal computers, cell phones and the 
Internet enabled the development of applications that allow instant communication 
between individuals and groups anywhere in the world resulting in what is known 
as Social Networks (e-mail, Facebook, Twitter, LinkedIn, etc.) displacing traditional 
media such as writing mail, landline, telegram, etc. 

However, the use and development of these technologies requires knowledge, 
experience and abilities that some sectors of the population did not assimilated 
because of their generational lag or geographic isolation. One of those sectors is 
the population of older adults. 

Data from the National Population Council (CONAPO, for its acronym in 
Spanish) indicate that in 2014 live in Mexico 11.7 million people over 60 years, 
which represents almost 10% of the total population. These figures indicate that 
the number of older adults has doubled in less than a quarter of a century since in 
1990 was five million, according to data from INEGI figure is expected to double in 
15 years. 

In our country, the states with the largest number of user of social networks for 
the Federal District, State of Mexico and Jalisco; 9 out of 10 Internet users have an 
account in social networks and of these 90% have a Facebook account 
(IIifebelt.com, 2015). According to UNESCO data just over 2 million people over 51 
years in Mexico are users of Facebook (Merca2.0 Magazine, 2014). 

However, a large number of older adults has not been able to integrate the use 
of social networks like Facebook, although there is evidence of need and 
motivation from them, which would facilitate their communication with relatives by 
effects of migration they found in other latitudes. 

One of these science that helps solve these problems is ergonomics, which in 
one of their specialties, is focused on studying the human-computer relations and 
meet the needs of as many people as possible including the special user groups 
such as older adults to consider their particular needs. 

In this sense and in the field of ergonomic studies human-computer interface, 
this study will try to propose a new website design for Facebook that allows older 
adults an easy, convenient, efficient and satisfactory access, and so can expand 
their possibilities of social communication. 

 
 

2. OBJECTIVES 

 
Propose a website design for Facebook suited to the capabilities and limitations of 
older adults.  
 

3. METHODOLOGY 

 
A literature review was conducted to know the studies conducted to date and 

to draw theoretical concepts, methods and techniques to know in detail the 
problems of the elderly in the use of human-computer interfaces and particularly in 
the use of Facebook. From this review questionnaires and scales to gain 
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knowledge about the problems of older adults in their interaction with Facebook be 
designed. 

A study of the level of usability of the Facebook page in young subjects will be 
made and compared with the resulting greater usability in adult subjects. It will be 
conducted an assessment where young users and older adults participate directly 
performing specific tasks on the Facebook page as they observe and record the 
behavior in order to identify design flaws that cause errors and difficulties in the 
interaction of users Facebook page. The variables to consider will be the time to 
complete task, the task completion rate, the number of errors and the type of 
errors. 

There are different methods of assessing accessibility and usability in existing 
literature. The World Wide Web Content Consortium (W3C) is in charge of 
promoting recommendations to address problems of accessibility to the needs of 
people with disabilities and older adults, particularly for the latter group of users 
has created the Web Accessibility Initiative: Ageing and Harmonization (WAI-AGE) 
which has the mission to promote the updating of the accessibility 
recommendations tailored to the needs of the elderly. Another initiative by 
Commission Web Content Accessibility Guidelines 2.0 (WCAG 2.0) containing a 
series of general principles, guidelines and compliance levels for accessible 
design. From these principles, standards and compliance levels and ergonomic 
concepts for web design principles will be reviewed. 

In order to verify whether the Facebook page meets the guidelines and 
compliance levels of WCAG 2.0 an assessment of the Facebook page will be 
made by automatic verification tool (eg.: Hera, TAW, WAVE, etc.) that locates and 
specifies the type of defects. 

Another important aspect to consider is the User Experience Design (UX 
Design) to get to know users to design a Facebook page that meets your needs 
and fits your abilities, expectations and motivations. 

From all this information will design a new Facebook page and will be tested 
with older adults, feeding back design to optimum performance. 
 

4. RESULTS 

 
We are now at the stage of review of the literature found the following:  

It is known that as age advances decreased motor, cognitive and perceptual 
abilities  (Kroemer et al., 2001; Matthews et al., 2000) this is more relevant when 
using technology is made. When it comes to using the computer and internet 
cognitive abilities or “fluid abilities” are particularly important (Czaja and Lee, 2007; 
Garfein et al., 1988), including the ability of short-term memory, speed information 
processing, spatial skills and abstract reasoning (Hanson, 2009). Considering the 
above, the “fluid abilities” are important for adapting to new situations, including the 
adoption and use of new technologies resulting in an impairment in older people. 

In addition, skills such as spatial thinking or memory are crucial to build mental 
models of correct interface (Brunsman-Johnson et al., 2015). These mental models 
are essential to use an interface as a website (Pak et al., 2006). As cognitive 
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abilities decline with age, they seem to have influence on the performance of older 
people when they make use of technology. 

In one study the result shows that women are more familiar with the term 
“online social networks” and are the most frequent users compared with male. Age, 
gender and education appear to be the most important factors that have a direct or 
indirect impact on the use of online social networks (Vošner, Bobek, Kokol, & 
Krečič, 2016). 

Another study indicates that adoption of Internet and digital can be an 
important channel to increase life satisfaction among the elderly and the weakest 
social groups: people of low economic strata and those suffering from health 
problems that interfere with day to day operation (Lissitsa & Chachashvili-Bolotin, 
2016).  

Further study contributes to the current understanding of the acceptance of the 
technology in tree main ways. The study examined the technology used by an 
understudied population: the elderly and the way this population is beginning to 
embrace Internet technologies in higher percentages. This study sought to 
understand more about what predicts the use of social networks among older 
Internet users (Braun, 2013). 

Another study links the four dimensions of the constraints faced by the elderly 
while dealing with computer-based technologies: intrapersonal, interpersonal, 
structural and functional limitations. These results indicated that older users could 
face several obstacles at different stages of age (Lee, Chen, & Hewitt, 2011). 

A study in the College of Communications in Pennsylvania, USA. yielded 
results that older adults have four main motivations for using Facebook: social 
bonding, build social bridges, curiosity and respond to requests from family 
members (Jung & Sundar, 2016).  

At the Department of Computer Science in Ensenada, Mexico developed a 
system able to adapt and move the capital of Social Networking Sites like 
Facebook in a domestic environment to support offline interactions of older adults 
with their family whose results show besides strengthening social relationships and 
social integration it is beneficial to the psychological well-being and mental health 
(Cornejo, Tori, & Favela, 2013). 

In the UK other research reveals that in the rest house seniors adopt Internet 
technologies if they have access at any time to the Internet, if the connection is fast 
and reliable, if they have capable devices, support from family and apparent 
privacy (Choudrie & Vyas, 2014). In this same study cited Schaefer (2008) who 
says that “social online networks are considered relevant to society as they are an 
enabling digital technology form of daily tasks that allows groups such as older 
adults remain independent for long time”. 

A study in Norway shows in their results that older adults rarely participate in 
online communities and share visual content but embrace some aspects of the 
new media. In the same study in Belgium shows that older adults are highly 
motivated to contribute to creating their own content if the right conditions are met 
and it is important for them to be able to use the new technology if they find it easy 
even recognized their concern about its use (Karahasanović et al., 2009).  
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In contrast to a study in Serbia found that young and adults users and their 
behaviors show social anxiety problems, poor social adaptability and interests as 
seeking sexual partners (Bodroža & Jovanović, 2016) while in adults over its main 
motivation is to strengthen family ties being more in touch with their children and 
grandchildren. 

Another study in Budapest, Hungary crated a questionnaire on the 
Multidimensional Facebook Intensity Scale whose results suggest that this 
questionnaire is able to distinguish reliably between different aspects of the 
intensity of use of Facebook: persistence, boredom, over use and auto expression 
in users 18 to 62 years (Orosz, Tóth-Király, & Bőthe, 2015). 

In Turkey the relationship between welfare and the problematic use of 
Facebook in young university with an average age of 20.86 years is investigated. 
They were studied life satisfaction, subjective vitality, flourishing and subjective 
happiness that were negative significant predictors of problematic use of 
Facebook. The importance and limitations of the study are discussed and mention 
that you cannot generalize the results (Satici & Uysal, 2015). 
 

5. DISCUSSION/CONCLUSIONS 

 
The revised literature mentions that the percentage of older adults participating in 
any online social networking and other activities of the media are growing; so it is 
believed that the results of studies could be generalized for the rest of the 
population. According to studies the impact on the lives of older adults can be deep 
to help they connected, current and more satisfied as indicated by other studies. 
However, other results indicate that older adults are slow to adapt to the use of 
Internet so it is necessary to put more attention on how to support this group of 
people. 
 
 

6. REFERENCES 

 
Bodroža, B., & Jovanović, T. (2016). Validation of the new scale for measuring 

behaviors of Facebook users: Psycho-Social Aspects of Facebook Use 
(PSAFU). Computers in Human Behavior, 54, 425–435. 
http://doi.org/10.1016/j.chb.2015.07.032 

Braun, M. T. (2013). Obstacles to social networking website use among older 
adults. Computers in Human Behavior, 29(3), 673–680. 
http://doi.org/10.1016/j.chb.2012.12.004 

Choudrie, J., & Vyas, A. (2014). Silver surfers adopting and using Facebook? A 
quantitative study of Hertfordshire, UK applied to organizational and social 
change. Technological Forecasting and Social Change, 89, 293–305. 
http://doi.org/10.1016/j.techfore.2014.08.007 

Cornejo, R., Tori, M. Ten, & Favela, J. (2013). Enriching in-person encounters 
through social media: A study on family connectedness for the elderly. 
International Journal of Human Computer Studies, 71(9), 889–899. 
http://doi.org/10.1016/j.ijhcs.2013.04.001 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 76 

 

Jung, E. H., & Sundar, S. S. (2016). Senior citizens on Facebook: How do they 
interact and why? Computers in Human Behavior, 61, 27–35. 
http://doi.org/10.1016/j.chb.2016.02.080 

Karahasanović, A., Brandtzæg, P. B., Heim, J., Lüders, M., Vermeir, L., Pierson, J., 
… Jans, G. (2009). Co-creation and user-generated content-elderly people’s 
user requirements. Computers in Human Behavior, 25(3), 655–678. 
http://doi.org/10.1016/j.chb.2008.08.012 

Lee, B., Chen, Y., & Hewitt, L. (2011). Age differences in constraints encountered 
by seniors in their use of computers and the internet. Computers in Human 
Behavior, 27(3), 1231–1237. http://doi.org/10.1016/j.chb.2011.01.003 

Lissitsa, S., & Chachashvili-Bolotin, S. (2016). Life satisfaction in the internet age – 
Changes in the past decade. Computers in Human Behavior, 54, 197–206. 
http://doi.org/10.1016/j.chb.2015.08.001 

Orosz, G., Tóth-Király, I., & Bőthe, B. (2015). Four facets of Facebook intensity — 
The development of the Multidimensional Facebook Intensity Scale. 
Personality and Individual Differences. 
http://doi.org/10.1016/j.paid.2015.11.038 

Satici, S. A., & Uysal, R. (2015). Well-being and problematic Facebook use. 
Computers in Human Behavior, 49, 185–190. 
http://doi.org/10.1016/j.chb.2015.03.005 

Vošner, H. B., Bobek, S., Kokol, P., & Krečič, M. J. (2016). Attitudes of active older 
Internet users towards online social networking. Computers in Human 
Behavior, 55, 230–241. http://doi.org/10.1016/j.chb.2015.09.014 

 

 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 77 

 

PREVENTIVE ERGONOMICS APPLIED TO CHOOSE BAMBOO 
MACHINERY IN  MEXICAN WORKSHOPS. 

 

Ma. Fernanda Gutiérrez Torres 
 

  Carrera de Diseño Industrial 
Facultad de Estudios Superiores Aragón 

Universidad Nacional Autónoma de México 
Av. Rancho Seco s/n, Impulsora Avícola.  

57130 Nezahualcóyotl, México. 
México. 

Email: gutierrez.mafernanda@gmail.com 
 
 

Resumen: La investigación que se presenta se desarrolla en la Carrera de Diseño 
Industrial de FES Aragón de la Universidad Nacional Autónoma de México.  Se 
enfoca a la incipiente industria del bambú en México que utiliza maquinaria 
importada de China e India, principalmente. En consecuencia se ha iniciado con 
enfoque preventivo el estudio ergonómico de algunas máquinas ubicadas en 
talleres del estado de Puebla y Veracruz, las que se han adquirido con criterios 
únicamente económicos considerando la productividad y eficiencia, descuidando 
la seguridad y bienestar de los trabajadores.  

El objetivo principal de este estudio es identificar los riesgos físicos, químicos 
y posturales a los que están expuestos los trabajadores que utilizan la maquinaria 
para procesar el bambú y proponer lineamientos básicos para elegir la 
herramienta y el equipo adecuados considerando las capacidades y limitaciones 
de los trabajadores. 

Al vincular la Ergonomía con el Diseño Industrial, es factible obtener 
resultados preliminares para proponer los fundamentos y generar un manual que 
se difunda entre los interesados en la industrialización del bambú. 
 
Palabras clave: Ergonomía preventiva, diseño industrial, bambú, industria. 
 
Abstract: This paper presents the development of the research that is held at 
Industrial Design School at FES Aragón / UNAM (National Autonomous University 
of Mexico).   

It is focused on the emerging bamboo industry in Mexico that uses machinery 
mainly imported from China and India. Therefore preventive approach has begun 
with ergonomic study of some machines in workshops of Puebla and Veracruz, 
where some business owners have started buying motivated only by economic 
criteria considering productivity and efficiency, ignoring the basic principles of 
safety and welfare of workers. 
The main objective of this study is to identify physical, chemical and postural risks 
to which workers are exposed using bamboo-processing machinery and propose 
basic guidelines for choosing bamboo tools and equipment considering workers’ 
capabilities and limitations. 
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By relating ergonomics and industrial design, it is possible to obtain preliminary 
results in order to recommend the basics of ergonomics and write a handbook that 
can be spread among people interested in the development of bamboo industry. 
 
Keywords: Preventive Ergonomics, Industrial Design, Bamboo, Industry. 
 
Relevance to Ergonomics: 

1. Male population data considered in the Ergonomic research. 
2. Special topics such as ergonomic guidelines for the design of workstations 

related to bamboo processing machines. 
This article is important because there is no information available on this the 

subject.  

 
1. INTRODUCTION 

 
Since the 80s of the last century, the interest on bamboo harvesting and uses 
arose in Cuetzalan and Hueytamalco in Puebla; Huatusco and the municipality of 
Teocelo where the village of Monte Blanco stands in the state of Veracruz; all 
these places are situated in the Sierra Madre Oriental. In these locations coffee 
grew up and for different reasons including low prices, communities moved to 
bamboo harvesting and started promoting its wide range of uses in building, 
industry and handcrafts. 
 

 
 

Figure 1.  Where bamboo grows 
 
 

 Analyzing bamboo production chain at the industrial design school two 
projects were developed, a solar dryer and bamboo preservation equipment 
regarding primary transformation.  In the secondary transformation stage, three 
workbenches were developed for crosscutting, drilling, frames and bodies 
assembly, planned for the handcrafts area. 
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 In different sectors attention has been given in bamboo as raw material for 
building houses, “palapas”, restaurants, etc.  It is also intended to implement the 
bamboo industry in Mexico and some business owners have started buying some 
machines manufactured in China and India ignoring the basic principles of 
productivity, efficiency, safety and welfare of workers. 
 

 
 

Figure 2.  Bamboo Production Chain 

 
 
 

2.  OBJECTIVES 
 

Identify the intrinsic risks in the use of bamboo machinery considering workers 
abilities and limitations, based on ergonomics and industrial design. 
 Gather information to summarize problems related to physical, chemical and 
postural risks. 
 Generate a final report so that basic guidelines for choosing bamboo tools 
and equipment could be recommended. 
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Figure 3. Working with the automatic splitting machine. Hueytamalco, Pue. 
 
 

 
 

Figure 4. Working with the preservation equipment.  Huatusco, Ver. 
 
 
 

 
3. METHODS 

 
First Stage. 

 Documentary and field research in order to get acquainted with bamboo 
processing machinery. 

 Ergonomic analysis of bamboo processing machines installed in three 
workshops located in the states of Puebla an Veracruz, based in: 

o Direct Observation 
o Images and videos 
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 Conclusions of this stage. 
 
Second Stage. 

 Ergonomic analysis based in videos and bamboo machine sales brochures. 

 Identification of problems related to posture, repetitive movements and larger 
risks. 

 Select bamboo transformation processes based in design criteria. 

 Review of literature on the subject. 

 Conclusions of this stage. 
 

 
4. RESULTS 

 
In the first stage it is important to gather information to summarize documents on 
problems related to posture, repetitive movements and other risks (physical: hear 
loss, effects of vibration; and chemical as allergies, for example). 
 At the end of the research, with all the information gathered a final report 
or/and a handbook could be produced so that basic guidelines for choosing 
bamboo tools and equipment could be recommended. 
 Even though, we are at the beginning of this project we have had the 
opportunity of meeting people interested in what we are studying.  Last year in 
October we attended the 3rd International Symposium of Bamboo and Guadua in 
Bogotá, Colombia.  Also, we joined the organizing committee of the 3rd Mexican 
Bamboo Congress and met important people related to the world of bamboo.  In 
both occasions we delivered lectures related to ergonomics applied in the field of 
bamboo.  
 

5. CONCLUSIONS 
 

With Ergonomics and Design in mind, first results will be achieved so as to propose 
basic guidelines that would help assessment and selection of bamboo machinery. 
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RESUMEN: El uso del color en los contextos arquitectónicos es algo que se ha 
estudiado a lo largo de los años y que es un tema de importancia en la ciencia de 
la ergonomía cognitiva dentro de la “soft ergonomics” término introducido por 
McDonagh en el año 2000. 

Se ha encontrado en diversos estudios como el uso de los diferentes 
colores y sus temperaturas pueden afectar en diversos aspectos de las personas, 
tanto en lo físico como en lo emocional e inclusive en el desempeño de sus 
actividades cotidianas. 

Esta revisión bibliográfica tiene como objetivo demostrar la importancia del 
color en la ergonomía por medio de 32 artículos referentes a diversos tópicos que 
respectan a los efectos que producen los colores en las personas, estudios 
experimentales, de encuestas descriptivas, encuestas comparativas y revisión de 
casos servirán para conocer como el uso del color puede beneficiar o afectar un 
contexto arquitectónico. 

Dentro de los efectos que suelen causar los colores en las personas 
destacan las emociones positivas o negativas, alteraciones del ritmo cardiaco, 
mayor o menor número de errores en el desempeño de trabajo para demostrar el 
rendimiento y la productividad así como en el estado de ánimo de los trabajadores, 
también se ha demostrado que los estudios del color pueden variar de una cultura 
a otra o inclusive entre hombres y mujeres. 

En la ergonomía es vital el conocer los efectos que estos producen en las 
personas, ya que como la “soft ergonomics” lo indica, las necesidades 
emocionales así como los aspectos cualitativos intangibles que afectan la relación 
de las personas con un entorno o producto son igual de importantes que los 
aspectos de la “hard ergonomics”. 
 
Palabras clave: Color, contextos arquitectónicos, ergonomía cognitiva y diseño 
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ABSTRACT: The use of color in architectural contexts is something that has been 
studied over the years and it is an important issue in the science of cognitive 
ergonomics into the "soft ergonomics" term introduced by McDonagh in 2000. 
It has been found in several studies as the use of different colors and temperatures 
can affect various aspects of people, both physically and emotionally and even in 
the performance of their daily activities. 

This literature review aims to demonstrate the importance of color in 
ergonomics through 32 articles on various topics about the effects of colors on 
people, experimental studies, descriptive surveys, comparative surveys and case 
review will serve to learn how the use of color can benefit or affect an architectural 
context. 

Among the effects that often cause the colors in people emphasize the 
positive or negative emotions, heart rhythm disturbances, more or fewer errors in 
the performance of work to demonstrate the performance and productivity as well 
as the mood workers, has also been shown that color studies may vary from one 
culture to another or even between men and women. 

Ergonomics is vital to know the effects these have on people, because as 
the "soft ergonomics" implies, the emotional needs as well as intangible qualitative 
aspects that affect the relationship of people with an environment or product 
names are equal of important aspects of "hard ergonomics". 
 
Keywords: color, architectural contexts, cognitive ergonomics and design 
 
Relevance to Ergonomics: An appropriate color can contribute to improving 
learning for example in academic classrooms and improve the performance of 
industry workers or offices, influences mood, positive emotions and perceptions 
about the environment. 

Knowing more about the effects of color is important in cognitive ergonomics 
as it serves as a reference for designers and other design professionals or 
construction to create an enabling environment for the various tasks of daily life, 
whether in work or personal environments, its publication is of importance because 
it is an issue that is thought to have little relevance or little studied, but are equally 
important cognitive factors in people with physical factors. 

 
1. INTRODUCTION 

 
1.1 Cognitive ergonomics and "soft" 

 
Cognitive ergonomics focuses on mental processes, such as perception, memory, 
reasoning and motor response, affect interactions between human beings and 
other elements of a system. Relevant topics include mental workload, decision 
making, specialized performance, human machine interaction, human error, work 
stress and performance and how it can relate to the way humans work in systems, 
according to (IEA, 2000-2003 ).  

Within cognitive ergonomics in 2000, McDonagh defines a new topic "soft 
ergonomics" which includes the emotional needs and other intangible qualitative 
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aspects that affect the user's relationship with a product or in our case can be used 
for a context . For example emotional ties, familiarity aspirations, desire, 
sentimentality, aesthetics, personal taste, touch, smell, and personality. 

They are just as important as the "hard ergonomics" concerning how a product 
or environment works, what it does, its construction and materials, which is 
tangible. 

Emotional ergonomics or "soft ergonomics" is a relatively new field of 
ergonomics, and many companies such as Sony, Philips and Apple, are aware of 
the importance of applying methods to meet the perceived needs of the consumer; 
this in order to achieve an emotional bond between the product or design and 
users (McDonagh, 2000). 

1.2 Color 

Humans receive 80% of environmental information. The color belongs to the 
environment and is therefore a means of communication and information 
absolutely necessary for the interpretation and understanding of the natural or 
artificial environment. The perception of color in the atmosphere always brings 
effects of association, whether synesthetic, symbolic or emotional (Manhke, 1996). 
Thus, the color has effects on the psychological level, evokes emotions, feelings 
and other aspects. 
 

2. OBJECTIVES 

Analyze the effects of color on behavior of humans in architectural contexts from 
the perspective of cognitive ergonomics based on "soft ergonomics". 

3. METHODOLOGY 

The search was conducted in databases that compile design, ergonomics and 
medical literature using the keywords "color", "ergonomics", "emotions", 
"perception", "soft ergonomics", “color effects”. Titles and abstracts of articles 
identified as potentially useful documents were read, the articles were read in full. 

The articles presented belong to publications of international scientific journals, 
in the fields of architecture, ergonomics, design, medicine and science department 
of color. The publications range from 1990 to 2015. Search through academic 
search engines and internet consultation was carried out. 

A classification of these studies was divided in 4 topics or main aspects: 
 
 
 
 
 
 
 
 

 
 

 Emotional                   

 Physiological                 

 

 Mood 

 Performance 

 

 Theoretical review 
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4. RESULTS 
 

Based on the literature in this paper 32 color investigations dating from 1990 to 
2014, grouped in the table below are summarized.  
 

Table 1. Revised Articles 

 

Autor   

 

Context 

Evaluation 

E
m

o
ti

o
n

a
l 

P
h

y
s

io
lo

g
ic

a
l 

M
o

o
d

 

P
e

rf
o

rm
a

n
c
e
 

T
h

e
o

re
ti

c
a

l 

re
v

ie
w

 

1. Ou et al. (2004) 

Laboratories 
 

X     

2. Ou et al. (2004) X     

3. Ou et al. (2004) 
X     

4. Ou et al. (2012) 
X     

5. Manav (2007) 
X     

6. Alexandrino et al. 

(2014) X X X  X 

7. Jalil et al. (2013) 
X     

8. Aoki et al. (2011) 
X X  X  

9. Jin et al. (2005) 
X X    

10. Hirschmüller et al. 

(2008) X     

11. Küller et al. (2009) 

 
Office / Workspace 

 X X X  

12. Kwallek et al. 

(2007) X   X  

13. Kwallek et al. 

(1997) X  X X  
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14. Kwallek et al. 

(1996)   X X  

15. Kwallek & Lewis 

(1990)   X X  

16. Ainsworth et al. 

(1993)   X X  

17. Stone & 

English(1998) X  X X  

18. Kaya & Epps (2004) 
X     

19. Bakker et al. (2013) 
   X  

20. Chebat & Morrin 

(2007) 
commercial space 

 

X  X   

21. Yildirim et al. 

(2012) X     

22. Yildirim et al. 

(2011) 

Livingroom / Home / 
Virtua 

  X   

23. Tsunetsugu et al. 

(2005) X X    

24. Reddy et al. (2012) 
X X X  X 

25. Jalil et al. (2011) 

All kind 

X X X X X 

26. Dzulkifli &  

Mustafar (2013)    X X 

27. Elliot & Maier 

(2014) X X  X X 

28. Read & Upington 

(2009) 
School 

X     

29. Read (2003) 
   X  
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4.1 Emotion in the context 

Based on the literature review, it is possible to find that 72% of the studies focus on 
the topic of the emotional state of the subject. 

In assessing the emotional state the following tools to assess the mood is 
mainly used, (POMS) profile of mood state, (MAACL) Multiple Affect Adjective 
Check List and (PANAS) Positive and Negative Affect Schedule. 

Further it is observed that of the 32 articles, 23 of them focused on the 
emotional aspects in different contexts; laboratories, offices and work spaces, 
commercial spaces, at home, schools and hospitals, being more studied color 
within laboratories, with color studies isolated by means of color patches with 31%, 
second offices with 28% in experimental studies , third schools and homes with 
color studies mainly in children and college with 9.4% and in fourth place with 6.3% 
commercial spaces and hospitals. 

4.2 Physiological assessment 

9 studios referring to the study of color within physiological aspects, consistent with 
Jin et al found. (2015) which states that most of the research being conducted are 
based more on the study of color from psychological rather than physiological 
assessments. In this review we managed to find a similar event where the 
physiological approach in color research is limited, Jalil et al. (2011) suggest that 
this may be due to accessibility in the process of experimentation and the search 
for variables. 

To measure the physiological to the color stimulus responses, various methods 
were used to signal changes body galvanic skin response (GSR) was used for the 
evaluation of brain electrical activity in the brain (EEG) is used to view brain wave, 
neuroimaging with optical topography (OT) to see the hemodynamic responses 
and (RCBF) to measure the activity of the central nervous system. 

Tsunetsugu et al. (2005) indicated that the brain and body changes in bodily 
responses, showed that after showing a stimulus in the environment increases the 
heart rate. In brain research detected that there is an increase in blood flow in the 
left frontal area and this indicates that the subject has been affected by the 
stimulus, Jin et al. (2005) found that the activity decreases in the nervous system, 

30. Maier et al. (2009) 
X   X  

31. Dalke et al. (2005) 

Hospital 
 

 X X  X 

32. Barrick, Taylor & 

Correa (2002) X  X   

Total 23 9 13 14 6 

% of the 32 articles 72 28 41 44 19 
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blood pressure, heart rate and respiratory rate and therefore a stimulus can affect 
the body and mind.  
 
4.3 Evaluation of performance 

44% of the studies measured job performance with color as a stimulus, the context 
in which it was largely taken into account the color as a variable affecting work 
performance was in workspaces or office and schools. 

Studies are associated in learning performance, fewer errors in performing the 
tasks and the time when the work is done. 

 

4.4 Color Theory in ergonomic perspective 

Previous studies show some inconsistencies in the study of color, Kwallek and 
Lewis (1990) found that the red used in an office space, was the least errors 
committed participants, although they believed find as color more distractor, 
whereas the white color, which for many is considered the best color for office 
space, was the least distracting, however in the experiment subjects were 
committing most errors. 

It also found that in the study of colors, they change their meaning or effect 
depending on culture, gender and age (Ou et al 2004;.. 2012, Manav, 2007, Jalil et 
al 2011, Maffei et al . 2014 Kwallek and Lewis, 1990). 

Among the negative effects it was found that the red produces low attention in 
work of high demand and decreased attention on the tasks (Maier et al. 2009, 
Stone & Inglés, 1998), gray and beige colors (Dalke et al. 2005) minimize attention 
and concentration, the blue has an effect of drowsiness as tested by Kuller (2009) 
using an electroencephalogram (EEG).  

Therefore, color is an important element of the focal information that will 
determine human behavior to their environment. 

From this review, it was found that too many research focuses primarily on 
some colors like red, blue, white and green. Research should take into account a 
wider range of color selection for the broader perspective of color effects. 

 
. 

5. CONCLUSION 

From the review of articles, most previous studies used the color red as the warm, 
followed by blue for cold color within a context. Therefore, the effects of red and 
blue color are supplied in abundance compared with other colors.  

Jin et al. (2005) found that color has a positive effect if the brightness level is 
adjusted to individual preference, this should be further investigated. 

In addition to the physiological response it should be studied with color as a 
stimulus because most of the studies are psychological aspect as well as having a 
greater focus in other contexts that are not only those of workspaces as you can 
observed in the review are the most abundant. 
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An appropriate color can contribute to a long lapse of concentration on 
learning, improving performance and the influence of positive emotions and 
perception of their environment. 

Learn about color effects for future reference serves designers, other 
professionals and institutions specializing in the design, in order to create enabling 
environment for humans. 
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Resumen: El presente proyecto es una propuesta desarrollada para el Instituto 
Tecnológico de Mexicali con el fin de participar en la activación física y evitar las 
posturas incorrectas que promueven de manera indirecta algunas áreas de 
descanso existentes. Para lo anterior se desarrollan estudios de la problemática 
general y de las alternativas que pueden mejorar distintos aspectos 
contraproducentes para el trabajo educativo y la salud.  

Es pertinente resaltar el alto grado de sedentarismo y obesidad en la 
población estudiantil. Se desarrollaron análisis ergonómicos de las posturas de los 
estudiantes durante sus consultas de internet. 

Mediciones antropométricas, encuestas y entrevistas a los estudiantes 
involucrados se aplicaron en el estudio para validar los resultados obtenidos de 
conformancia. 

La estación móvil propuesta se validó conforme a los estándares establecidos 
para su diseño biomecánico y finalmente proponer un diseño ergonómico de una 
estación móvil de consulta o de estudio que permite un uso confortable. 
 
Palabras clave. Análisis Ergonómico, Sedentarismo, Biomecánica 
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Abstract: This project is a proposal developed for Instituto Tecnológico de 
Mexicali in order to participate in physical activities and avoid incorrect postures 
that promote indirectly some existing rest areas. For the above studies of general 
problems and alternatives that can improve various aspects counterproductive for 
educational work and health are developed. 
It is pertinent to note the high degree of physical inactivity and obesity among the 
student population. Ergonomic analysis of the positions of the students during their 
internet consultations. 

Anthropometric measurements, surveys and interviews with students involved 
in the study applied to validate the results of conformance. 

The mobile station proposal validated according to the standards established 
for their biomechanical design and finally the ergonomic design of a mobile station 
consultative or advisory allows comfortable use. 
 
Keywords: Ergonomic analysis, Sedentary, Biomechanics 
 

 
1. INTRODUCTION 

 
Work chairs and seating. No one posture is suitable all of the time or for all people. 
Regular changes in sitting postures are necessary to reduce the effects of straining 
the same muscle groups and fatigue. Tasks should be organized so that people 
can take breaks periodically. If people are seated for most of the working day, they 
need well-designed seating including adjustments and padding. No chair will seat 
people comfortably for more than about an hour at a time. Even the best designs 
become uncomfortable over time. Work seating should be adjustable at least in 
seat height and backrest angle. Adequate lumbar support at the base of the spine 
is important for comfort and back care. Where computers are used some 
adjustability in keyboard height and in screen height, position and angle are 
important. Desk and chair height should allow users to sit with their feet flat on the 
floor and their thighs horizontal with minimum pressure on the back of the thighs. 
Where a chair is too high due to a need to adjust the work height, a footrest should 
be use. 

An ergonomic office chair is a tool that, when used properly, can help one 
maximize back support and maintain good posture while sitting. However, simply 
owning an ergonomic office chair is not enough it is also necessary to adjust the 
office chair to the proportions of the individual's body to improve comfort and 
reduce aggravation to the spine. 

The first step in setting up an office chair is to establish the desired height of 
the individual’s desk or workstation. This decision is determined primarily by the 
type of work to be done and by the height of the person using the office chair. The 
height of the desk or workstation itself can vary greatly and will require different 
positioning of the office chair, or a different type of ergonomic chair altogether. 

Once the workstation has been situated, then the user can adjust the office 
chair according to his or her physical proportions. According to fig.1 these are the 
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most important guidelines distilled into a quick checklist to help make sure that the 
office chair and work area are as comfortable as possible and will cause the least 
amount of stress to the spine: 

 
Fig. 1 Guidelines for Office Chair Setup 

 

 
1. Elbow measure 

First begin by sitting comfortably as close as possible to your desk so that 
your upper arms are parallel to your spine. Rest your hands on your work 
surface (e.g. desktop, computer keyboard). If your elbows are not at a 90-
degree angle, adjust your office chair height either up or down. 

2. Thigh measure 
Check that you can easily slide your fingers under your thigh at the leading 
edge of the office chair. If it is too tight, you need to prop your feet up with 
an adjustable footrest. If you are unusually tall and there is more than a 
finger width between your thigh and the chair, you need to raise the desk or 
work surface so that you can raise the height of your office chair. 

3. Calf measure 
With your bottom pushed against the chair back, try to pass your clenched 
fist between the back of your calf and the front of your office chair. If you 
can’t do that easily, then the office chair is too deep. You will need to adjust 
the backrest forward, insert a low back support (such as a lumbar support 
cushion, a pillow or rolled up towel), or get a new office chair. 

4. Low back support 
Your bottom should be pressed against the back of your chair, and there 
should be a cushion that causes your lower back to arch slightly so that you 
don’t slump forward or slouch down in the chair as you tire over time. This 
low back support in the office chair is essential to minimize the load (strain) 
on your back. Never slump or slouch forward in the office chair, as that 
places extra stress on the structures in the low back, and in particular, on 
the lumbar discs. 

5. Resting eye level 
6. Close your eyes while sitting comfortably with your head facing forward. 

Slowly open your eyes. Your gaze should be aimed at the center of your 
computer screen. If your computer screen is higher or lower than your gaze, 
you need to either raise or lower it to reduce strain on the upper spine. 

7. Armrest 
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Adjust the armrest of the office chair so that it just slightly lifts your arms at the 
shoulders. Use of an armrest on your office chair is important to take some of the 
strain off your upper spine and shoulders, and it should make you less likely to 
slouch forward in your chair. (John J. Triano, DC, PhD, 2010) 
      The proposal for an ergonomic mobile work station it’s changing the desk 
offered by wewatt in order to be adjustable in tilt and also that can be adjust up or 
down to the proportions of the individual's body. As for the sitting area also to make 
it adjustable up or down and forward or backward this way will improve comfort and 
reduce aggravation to the spine. 

Steven Blair, an exercise scientist, has been researching the health benefits of 
physical activity for more than 25 years, first at the Cooper Institute in Dallas and 
currently at the University of South Carolina’s Arnold School of Public Health. He is 
a former president of the American College of Sports Medicine, quote “I and others 
believe it’s because we have essentially engineered energy expenditure out of our 
daily life at work, at home and in recreational activities. It’s something we’ve never 
seen fit to measure, so we don’t have data to support the notion that energy 
expenditure in daily life has been driven way down. 

The proposal for this project is a mobile work stations for hallways at the ITM 
that allow students to pedal while they consult the web, study or chat, instead of 
been sitting on uncomfortable seats or floor fig. 2 and 3. 

 
 

                             
 
Fig. 2 Hallway at ITMexicali                                                 Fig. 3 Students studying in 
hallways. 

 
 

Research has linked sitting for long periods of time with a number of health 
concerns, including obesity and metabolic syndrome a cluster of conditions that 

http://health.nytimes.com/health/guides/specialtopic/physical-activity/overview.html?inline=nyt-classifier
http://topics.nytimes.com/top/reference/timestopics/organizations/u/university_of_south_carolina/index.html?inline=nyt-org
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includes increased blood pressure, high blood sugar, excess body fat around the 
waist and abnormal cholesterol levels. Too much sitting also seems to increase the 
risk of death from cardiovascular disease and cancer. 

One study compared adults who spent less than two hours a day in front of the 
TV or other screen-based entertainment with those who logged more than four 
hours a day of recreational screen time. Those with greater screen time had: 

 A nearly 50 percent increased risk of death from any cause 
 About a 125 percent increased risk of events associated with cardiovascular 

disease, such as chest pain (angina) or heart attack  (James A. Levine, M.D., 
Ph.D., 2015) 

 
 

2. OBJETIVES 
 

Redesign a mobile station to obtain a seat and desk with an ergonomic design for 
hallways. 

 
 
 

         
 

Figure 4.WeWatt Co. Design 
 

3. METHODOLOGY 

 
3.1. Observation and analysis of design. 
As a first step we analyze the design offered by WeWatt Company (Figure 4); 
which aims to redesign the desktop and seat. Proposing to be adjustable in height 
and tilt table. As for the seat position, also to be adjustable according to the 
anthropomorphic measures. 
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      Apply a survey to allow us to gather information regarding the need of an 
ergonomic mobile station and if this would be useful for students in the ITM while 
waiting for next class or free time. 
 

 
 
 

                                       
 
 

Figure 5 Proposal for adjustable desk                     Figure 6.Proposal for an   
                                                                                     anthropometric chair. 
 
 
3.2. Proposal. 
 
Recommend a prototype that allows a self-adjusting table and seat, according to 
the anthropomorphic analysis performed. The table should be adjustable in height 
and tilt (Figure 5), as for the seat propose an ergonomic seat with reclining 
backrest and sitting rapid adjustment in height and depth. (Figure 6)  (Health & 
Fitness, 2016) 
 
 

4. RESULTS 
 

Through a survey apply to students from Instituto Tecnológico de Mexicali the need 
to install mobile work stations on hallways and libraries was identified. 

Anthropomorphic measurements were made to students according to given 
mobile station, which result was not ergonomic according with table 1. 
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Fig. 7 Do you think it is important to have a mobile station on campus? 

 
According to fig.7 from the students surveyed 81.8% think it is a good idea to 

install these mobile work stations. 
 
 
 

 
Fig. 8 Would you use the mobile work station? 

 
The 76.8% of students surveyed think on use a mobile work station, while the 

19.9% think they may use it. 
 
 
 

 
Fig. 9 For how long you use the mobile station? 

 
The 59% of surveyed students think they would have available 15 minutes 

between classes to use the workstation suggested, but the 23.2% could use it 
more then 30 minutes when they have free time. 
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Fig. 10 What type of electronic device you would like to connect the mobile work 

station? 
 

The cell phones are the devices that students would connect more with a 68% 
of acceptance, and laptops would follow with 23% of the surveyed answers 
according to fig.10. 
 

Table 1.Percentile 
 

 
Code 5 Percentile Average 95 Percentile 

1 920 60.65 82.701923 117 

2 805 159.55 171.86923 183 

3 328 143.55 159.93462 174 

4 23 129.1 143.14038 155.45 

5 309 97 109.75192 123.845 

6 949 91.11 101.00192 116.89 

7 398 71.1 85.536538 110 

8 973 36.43 82.211538 93.95 

9 265 60 71.211538 78.45 

10 797 75.55 149.48077 187.9 

11 798 77 87.075 99.45 

12 80 66.85 81.776923 95.025 

13 752 57.85 75.846154 89.9 

14 122 36.3 55.784615 59.585 

15 223 28.825 45.532692 91.35 

16 457 29.55 40.286538 56 

17 639 32.75 42.029412 50 

18 230 50.1 105.63654 134.15 

19 931 58.35 96.525 116.35 

20 178 57.55 102.75192 124.95 

21 595 18.55 30.382692 37.05 

22 441 18.275 21.7 27 

23 420 14.365 18.969231 25 

24 656 8 14.131154 15.45 

25 411 3 9.9134615 12 

26 402 3 6.9230769 12 
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27 758 78 87.909615 98.495 

28 330 64.3 76.371154 87 

29 25 56 61.896154 69.68 

30 312 3.55 31.382692 48.2 

31 856 10 23.451923 77.75 

32 914 113.435 129.01019 143.45 

33 912 109.4 150.11154 150.35 

34 2FGM 102 128.22692 142.035 

35 4FGM 41.55 49.036538 63.25 

36 200 32.1 43.451923 50.45 

37 194 51.1 58.851923 74.15 

38 678 29 47.636538 75.25 

39 529 34.55 53.219231 73 

40 381 35 45.015385 61 

41 507 37.415 45.598077 54 

42 459 30.55 44.025 58 

43 859 25 40.021154 56.9 

44 775 21.425 37.086538 129.9 

45 777 8.55 10.861538 14.225 

46 776 3.61 8.6038462 14 
 

 
The table 1 shows the anthropomorphic measures taken to two groups of 

students from industrial engineering who participated in the study this table shows 
that the mobile work station offered by wewatt it doesn’t have an ergonomic 
design, it was feasible to identify all critical dimensions to begin a proposal for a 
different design. 

 

 
 

5. CONCLUSIONS 

 
 
Students surveyed at the ITM show great interest in the mobile work station, but 
they discovered after taken the anthropomorphic measures that the station shown 
is not ergonomic, so in order to promote a healthy posture got to redesign an 
adjustable desk and seat as the proposal. 

 

 
6. REFERENCES 

 

Health & Fitness. (03 de 31 de 2016). NordicTrack. Obtained from 
https://www.nordictrack.es/bicicletas-estaticas/recumbent-series/bicicleta-

nordictrack-r-65.html 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 103 

 

James A. Levine, M.D., Ph.D. (04 de 09 de 2015). Mayo Clinic. Obtained from 
http://www.mayoclinic.org/healthy-lifestyle/adult-health/expert-
answers/sitting/faq-20058005 

John J. Triano, DC, PhD. (02 de 12 de 2010). Spine-health. Obtained from 
http://www.spine-health.com/wellness/ergonomics/office-chair-how-reduce-
back-pain 

Marilynn Larkin. (08 de 01 de 2008). New York Times. Obtained from 
http://www.nytimes.com/ref/health/healthguide/esn-exercise-qa.html 

wewatt. (2016). Obtenido de http://wewatt.be/design-develop-build-bike-furniture/ 

 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 104 

 

THEORETICAL REVIEW OF THE APPLICATION OF ERGONOMICS 
IN THE WORK OF THE PHYSIOTHERAPIST IN THE 

REHABILITATION THERAPY FOR CHILDREN WITH DISABILITIES 
 

Jonatan Bayardo Díaz1, Elvia Luz González Muñoz1 
 

 1Maestría en Ergonomía   
Universidad de Guadalajara 

Centro Universitario de Arte, Arquitectura y Diseño 
Extremo Norte de la Calzada Independencia 5075, Huentitán El Bajo 

Guadalajara, Jalisco. 41300 
jbayardod@gmail.com 

 
 

Resumen: En la concepción del diseño del SRM (Sistema de Rehabilitación 
Motriz), una interfaz de apoyo para fisioterapeutas en las terapias de rehabilitación 
que realizan con niños con discapacidad motriz y que actualmente se encuentra 
pendiente para entrar en su etapa de producción, se encontró que se analizaron y 
resolvieron correctamente los requerimientos respecto a la función de la 
rehabilitación específica y el contacto directo con el niño con discapacidad, pero 
existe una falta de evaluación ergonómica de las condiciones de trabajo en las que 
se verá envuelto el fisioterapeuta al usar el sistema. Para esto, es necesario, 
realizar dicha evaluación para determinar los riesgos ergonómicos que podrían 
derivarse en problemas músculo-esqueléticos en el fisioterapeuta. 

El objetivo de esta revisión es describir los estudios existentes sobre la 
aplicación de la ergonomía en el trabajo del fisioterapeuta en terapias de 
rehabilitación motriz en niños con discapacidad. 

La búsqueda de artículos se realizó en revistas científicas de los campos de la 
medicina, ergonomía aplicada, rehabilitación física, ingeniería médica, 
neurofisiología, fisioterapia y salud, se clasificaron los artículos por temas 
específicos y tipos de estudio para discriminar aquellos que no tuvieran relación 
directa con el trabajo del fisioterapeuta. Finalmente, se hizo la revisión completa 
de 34 artículos seleccionados de los temas de mayor interés para el estudio. 

Para fines del proyecto que se está desarrollando, no se encontró suficiente 
literatura que aborde el tema de la terapia de rehabilitación motriz específica de 
vestibulación ni de los riesgos ergonómicos que podría ocasionar al fisioterapeuta 
al llevarla a cabo con niños con discapacidad. 
 
Palabras clave: Ergonomía del diseño, rehabilitación, inhabilitación, vestibular. 
 
 
Abstract: In the conception of the design of the MRS (Motor Rehabilitation 
System) an interface support for physiotherapists in the rehabilitation therapies that 
are performed with children with motor disabilities that is currently pending to enter 
its stage of production, we found that they were analyzed and resolved correctly 
the requirements with respect to the role of specific rehabilitation and direct contact 
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with the child with disability, but there is a lack of ergonomic assessment of 
working conditions in which the physiotherapist will be involved when using the 
system. For this, it is necessary to conduct such an evaluation to determine 
ergonomic risks which could result in musculoskeletal problems for the 
physiotherapist. 

The objective of this review is to describe the existing studies on the 
application of ergonomics in the work of the physiotherapist in therapies of motor 
rehabilitation in children with disabilities. 

The search for articles was made in scientific journals from the fields of 
medicine, applied ergonomics, physical rehabilitation, medical engineering, 
neurophysiology, physiotherapy and health, and they were classified by specific 
topics and types of study for discriminate those who did not have a direct 
relationship with the work of the physiotherapist. Finally, the complete review was 
made of 34 selected articles from the subjects of higher interest to the study. 

For purposes of the project that is being developed, it was not found enough 
literature that deals the issue of specific vestibular motor rehabilitation therapy or 
ergonomic risks which may cause in the physiotherapist to carry out with children 
with disabilities. 

 
Keywords: Design ergonomics, rehabilitation, disability, vestibular. 
 
Relevance to Ergonomics: Provide information that supports the ergonomic 
assessment of the physiotherapist work in vestibular motor rehabilitation therapy in 
children with disabilities and the theoretical basis of ergonomics for the design of 
medical products, especially support systems for rehabilitation. 

 
1. INTRODUCTION 

 
It was performed the development of a new product that is pending to enter its 

stage of production, a support system for physiotherapists in the rehabilitation 
therapies that perform with children with motor disabilities: MRS (Motor 
Rehabilitation System). 

The MRS serves as an interface between the physiotherapist and the patient. 
Proposes a mechanical way of supporting physiotherapist in vestibular movements 
that the body of the child with disabilities can learn, create, design and evolve, with 
natural and autonomous ways, in their physiological and neurological processes of 
movement. The main concept is that, by working with this system, the child recover 
and rehabilitate its ability to move and walk, trying to avoid replacing it with other 
solutions, for example, surgically. 

Its function is based on three main needs: the specific therapeutic function of 
rehabilitation through vestibular movements, the ergonomic factor that prevents 
possible discomfort and musculoskeletal symptoms in the physiotherapist, and 
psychological factor that favors a pleasant therapy for the child.  

In the development of the design of the MRS it was found that the function 
requirements were resolved correctly in specific rehabilitation and direct contact 
with the child with disabilities, but there is a lack of ergonomic assessment of 
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working conditions in which the physiotherapist will be involved when using the 
system. It is necessary, therefore, to carry out this assessment together with an in-
depth analysis of ergonomic risks which could arise in musculoskeletal problems 
for the physiotherapist. 

As part of this study, it was made the theoretical review of scientific 
publications that have a relationship with the application of ergonomics in the work 
of the physiotherapist for motor rehabilitation therapy, from different areas of 
interest and research settings. 
 
 

2. METHODOLOGY 
 
The articles search was done systematically by topics of interest through academic 
web search engines, specialized and general consultation, and databases of 
articles published via the internet. The publications were found, mostly, in journals 
of international level in the fields of medicine, applied ergonomics, physical 
rehabilitation, medical engineering, neurophysiology, physiotherapy and health. 

To make a reliable search, it was evaluated the authorship and the lodging of 
the publication, noting that both the author and institution as the site where it was 
found, support the credibility and authenticity of the information. 

The content of the publications was assessed using criteria of accuracy for the 
precision and reliability of information; criteria of objectivity, to have a study 
impartially and absent of ideological bias in the information; coverage criteria, that 
is the level of detail and integrity in scope and depth to match the public to which it 
is focused; validity criteria, to determine the temporary validity of information, its 
timeliness and updating; and finally, criteria of relevance for assessing the 
pertinence of the information for the interest and convenience of the project. 

Once the search was complete, was assessed the purpose of what is 
proposed in articles for discriminate those who did not have a direct relationship 
with the reason for the study, in this case, with the work of the physiotherapist. It 
has been analyzed the value that was necessary to give information, selecting 
those publications which included "pure" information, i.e., that their claim is merely 
to report objectively and to spread or promote the work, ideas, or interests of a 
specific topic. 

 In this way, it proceeded to classify the articles for specific topics and types of 
study to synthesize them in the following topics: Anthropometry, biomechanics, 
musculoskeletal disorders, rehabilitation, physiotherapy, disability and medical 
product design. 

Finally, it was made the complete revision of articles selected by the close 
reading of each one of them, rescuing the most important concepts for the project 
in question. 

The articles reviewed belong to publications ranging from the years 2000 to 
2014, with the exception of two articles that were published in 1990 and 1994. 
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3. RESULTS 
 

The review consisted of a total of 34 scientific articles, of which 3 (Kejonen, 
Kauranen & Vanharanta, 2003; Dwivedi, Shetty & Narendra, 2009 & Hobson & 
Molenbroek, 1990) deal with the subject of anthropometry from the perspective of 
design for disability, the relationship that exists with the postural balance and its 
application in the adequacy of medical devices. Hobson and Molenbroek (1990) 
explain in his study how enhanced technical solutions and the development of 
technology that will be emerging in the design of tools and systems, can remove 
some of the barriers that currently impede the economic and social performance of 
persons with disabilities and thus lead to a march toward greater independence, 
self-determination and integration in their day-to-day work. It is important, 
therefore, to have not only information on dimensions of body segments but also 
on the ranges of proprioception, balance and postural balance, which usually are 
affected in people with cerebral palsy and disability.  

Five articles (Carpes, Reinehr & Bolli, 2007; Mazzoleni, Toth, Munih, Micera & 
Guglielmelli, 2009; Ortolan et al., 2010; Reyes, Clapés, Ramírez, Revilla & 
Escalera, 2013 & Ribeiro & Ramos, 2013;) deal with the topic of biomechanics, its 
application in rehabilitation, the forces used in therapies and dynamic and static 
analysis of postures in physiotherapy. Complementing the importance of 
improvements in the anthropometric analysis, it was found that biomechanics 
applied to rehabilitation also allows the development of systems, equipment and 
functional artificial supports, effectively contributing to improve the quality of life of 
the physically impaired patients. Biomechanical concepts are constantly used in 
several areas, for example in engineering rehabilitation and bioengineering, where 
he developed new techniques for the rehabilitation of patients with motor problems 
of neurological or musculoskeletal nature, as lesions of the spine, paraplegia, 
quadriplegia, and trauma injuries (Ortolan et al., 2010). 

Other 15 articles cover the subject of musculoskeletal disorders from the point 
of view of the practice of physiotherapy in patients with disability, the repetitive 
strain injury in therapies and problems related to the work of the physiotherapist. 
As already it was mentioned above, the balance and the equilibrium in the postures 
play an important role. The relationship between them about orthopedic and 
rheumatologic disorders are complex. If we discard complicated diseases by 
neurological deterioration, many studies confirm the idea of a repercussion of 
these pathologies in the balance. This is particularly clear in disorders of the joints 
of the lower limbs, where the notion of stability is closely linked to the joint 
proprioception (Missauri, Portero, Bendaya, Haktie y Thoumie, 2008). 

In addition to these studies, also six of the articles (Clark, Röijezon, & 
Treleaven, 2014; MacKay, Davis, Mahomed & Badley, 2009; Marques, Lacerda, 
Seabra, Silva & Ariel, 2010a; Marques, Lacerda, Seabra, Silva & Ariel, 2010b; 
Oliveira et al., 2013 & Silva, Scardocelli, Amate & Frère, 2010) talk about motor 
rehabilitation and have their focus in the design of systems and devices designed 
for rehabilitation, proprioception in musculoskeletal rehabilitation and, again, the 
relationship between balance and disability. Alemán, Perez & Sanchez (2003) 
present the vestibular rehabilitation as one of the most important therapeutic 
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modalities in patients with physical instability. It is based on the physiological 
phenomenon of compensation balance and tries to mimic its processes, taking into 
consideration each one of the systems involved in the maintenance of the balance: 
vestibular, visual and proprioceptive. Deficiencies or misuse of each one of them 
can be corrected by performing exercises specially designed for a short period of 
time. 

Three other articles deal with this approach of physiotherapy from the role of 
the physiotherapist in motor rehabilitation, ergonomic risks in therapies and the 
most common musculoskeletal problems that can arise in the physiotherapists. 
Adegoke, Akodu & Oyeyemi (2008) in his study in Nigeria, ensure that the practice 
of physiotherapy and his character increasingly more fragmented and specialized, 
creates musculoskeletal problems to persons professionally engaged in this, and 
that the question of injury within this profession is widespread since the form of 
physiotherapists’ work is intimately linked to the musculoskeletal health. There are 
many factors that contribute to injuries and the implications are of concern; but the 
susceptibility of physiotherapists (particularly young people) to the musculoskeletal 
injury is greater since it is exposed to the risks of the profession and it also has 
consequences for the patient care (Glover, 2002). 

Finally, 2 articles (Zätterström, Fridén, Lindstrand & Moritz, 1994 & Murray & 
Carroll, 2001) that deal with the topic of disability, encompass all of these concepts 
from a more general perspective: the main motor, sensory, and cognitive effects 
that presents the person with a disability, for example, the disability in lower 
extremities and its effects on important movements such as flexion of the legs and 
pelvis swing. 

 
 

4. CONCLUSIONS 
 

The literature reviewed presents important information from different 
perspectives of motor rehabilitation and the influence that is, physically, for 
physiotherapists to providing a therapy. According to these studies, 
physiotherapists are constantly exposed to the effects of the therapies that they 
performed, it means, the impact of repetitive movements, constant efforts and 
postures taken, for example in balance and equilibrium therapies, may mean some 
ergonomic risks and present potential musculoskeletal disorders. Also having 
direct contact with the use and operation of product design for rehabilitation may 
lead to the physiotherapist to suffer injury if they are not well adequate to the 
specific therapy or cannot be controlled effectively by himself. 

However, for the purpose of the project that is being developed, it was not 
found enough literature that deals the issue of specific vestibular motor 
rehabilitation therapy or ergonomic risks which may cause in the physiotherapist to 
carry out with children with disabilities or with the use of a support system. 

Not finding enough information, that is required for the design and 
development of products for the rehabilitation, assumes a deeper search and 
requires the development of new literature, by means of ergonomic studies, which 
provide reference material for future projects. 
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Resumen: En este artículo se describen las actividades desarrolladas por el 
Capitulo Universitario (CAPUNI) de la Universidad Autónoma de Baja California  
campus Tijuana en lo relacionado con el proyecto de factores psicosociales con 
enfoque hacia las condiciones ambientales de un trabajador en operación. Es así 
como hacemos constar que el rendimiento del capital humano se ha medido, 
desde siempre, en cifras. Aunque ciertamente forma parte del engranaje 
empresarial, muchas veces se deja de lado la naturaleza de este tipo de capital. 
Se ve como un bien, no como seres humanos. La realización de esta práctica es 
con el fin de poder saber en promedio cuantos productos puede armar un operario 
en un intervalo de tiempo determinado en condiciones normales de iluminación, y 
siendo el armado del producto su única tarea, para poder comparar los resultados 
con prácticas futuras en las cuales las condiciones de iluminación cambiaran y 
también se agregaran otras tareas que se tendrán que realizar al mismo tiempo 
que se ensambla el producto, generando de esta manera un mayor estrés en el 
trabajador. Este artículo fue realizado principalmente porque esta temática  está 
muy descuidada en nuestro país y más en el nivel educativo. La enseñanza de la 
ergonomía en México se enfrenta a un sinnúmero de problemas, de entre los 
cuales hay que destacar la falta de profesores de ergonomía. “La competencia en 
la nueva globalización de los mercados requiere mayor eficiencia y productividad 
en condiciones de salud laboral con el fin de alcanzar la calidad demandada para 
la subsistencia en los mercados mundiales. Estos propósitos son imposibles sin la 
participación de la ergonomía” (Norberto Enrique Camargo Cea, 2013) 
. 
Palabras claves: Factor, psicosocial, ergonomía, iluminación. 
 
Abstract: This article describes the activities carried out by the Capitulo 
Universitario (CAPUNI) of the Autonomous University of Baja California campus 
Tijuana in matters related to the Project of factors psicosociales with approach 
towards the environmental conditions of a worker in operation. Human capital 
performance has been measured, since always, in numbers. Although it certainly is 
part of the gear business, many times the nature of this type of capital is set aside. 
It looks like a good, not as human beings. The accomplishment of this practice is in 
order to be able to know in average all the products an operative can arm in an 
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interval of time determined in normal conditions of lighting, and being armed with 
the product his only task, to be able to compare the results with future practices in 
which the conditions of lighting were changing and also they were adding other 
tasks that will have to be realized at the same time as the product is assembled, 
generating hereby a major stress in the worker. This article was realized principally 
because this subject matter is very neglected in our country and more in the 
educational level. The education of the ergonomics in Mexico faces a sinnúmero of 
problems, of between which it is necessary to emphasize the teachers' lack of 
ergonomics. " The competition in the new globalization of the markets needs major 
efficiency and productivity in conditions of labor health in order to reach the quality 
demanded for the subsistence in the world markets. These intentions are 
impossible without the participation of the ergonomics " (Norberto Enrique 
Camargo Cea, 2013).  
 
Keywords: Psychosocial factors, Lighting, Ergonomics, Operative. 
 
Relevance to Ergonomics: That is why ergonomics education should be 
comprehensive, somehow that is a reflection of the complexity of the human being, 
which has multiple aspects addressed for study, but not disintegrates in parts. For 
this reason, the ergonomics should be considered as a methodological tool for the 
approach to the study of the user. 
 

1. INTRODUCTION 
The project of this article was developed at the Faculty of Chemical Sciences and 
Engineering in the 6G building at the 104 area. Where this ergonomic study 
focuses on the knowledge of prevention and detection of risks ,generally, rather 
than on whether the safety and health of workers in their work area as many 
companies are not made aware of the importance this entails in the industry. 
These systems should be a little more sensitized since there must be a mutual 
benefit, which allows both parts win, without neglecting the responsibilities 
incumbent on each. A very difficult goal to achieve is that workers could see 
physical and mental exhaustion as a game and these conditions lead you to not 
only accept responsibilities, but also, to find them in order to obtain better results. 
We believe that this article is a sample of the interest you could have for students 
to acquire the skills that the sector are requesting. The research carried out 
focuses on the effects that new forms of work have on health and in how lighting 
affects in workplaces, the importance of the lighting goes beyond; It is create, 
transform, directing and apply light correctly (Norberto Enrique Camargo Cea, 
2013) . Lighting systems can significantly alter the perception of space and more 
that this is an essential element of our ability to understand the environment, since 
most of the information that we receive through the senses get it through the view 
(Enel, 2014), indeed is considered 50% of the sensory information that man 
receives is visual and this helps stimulate our state of mind: warm or cold, dynamic 
or relaxing, happy or severe environments. 
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2. OBJECTIVES 

 
This paper focuses on psychosocial risk factors and work stress, because this 
issue is very neglected in our country and in education. The realization of this 
practice in order to be able to know on average how many products can build 
an operator in a given interval in time normal lighting conditions , and product 
assembly being their only task, to compare the results with future practices 
where the lighting conditions change and other tasks that have to be performed 
while the product, thereby generating greater stress on the worker is 
assembled shall also be attached . 
 

3. PROBLEMATIC 

 
It is easy to raise our problem because if we analyze, Inadequate lighting in the 
workplace can affect your job and your health? Where this question has an 
answer as verdarera. Workers refer disagreements with the lighting conditions 
in which they carry out the activity, lighting anywhere is critical, is a home, an 
office or other place, not only for the economic aspect when talking of a 
comfortable working environment, but because of its direct influence on the 
visual health of people. From this it arises regarding the need to determine the 
physical conditions of lighting in the jobs of the employees. Clearly, the issue of 
poor lighting considerably increases the likelihood that people make mistakes 
when they are at their workplace increasing the likelihood of accidents. In 
addition, poor lighting can cause the appearance of eyestrain, "with relevant 
damages that this represents for the health of people: eye problems such as 
dryness, itching or burning; headache, fatigue, irritability, moodiness, among 
other problems "(Chavarría, 2003). At present deficiencies in lighting in the 
workplace employees should make every effort to see, as long this situation 
can cause some visual disorders like myopia, tearing, decreased visual acuity, 
headaches, etc., inconvenience forced to go to a doctor, affecting the normal 
performance of employees (Bestratén and Nogareda, 2007). Therefore it is 
necessary to understand that when talking about the lighting in the company or 
workplace involves treating a problem for health and safety of workers who 
work there. The predominant symptoms in the population are associated with 
the lighting conditions in which they develop their work, information that is 
important to consider to implement programs and strategies to improve the 
working conditions of employees by the area of occupational health (Jhon Jairo 
Beltran Molina, Claudia Merchan Elizabeth Arevalo, 2013) 

 
 

4. – METHODOLOGY 
 

The working method consisted on the following steps in chronological order: (1) 
instruct from the place you are going Perform the operator (2) After the start of 
practical , inspect the operator with Focus on Efficiency and Quality (3) When the 
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Time of the End , collect the data (4) Ask the operator paragraph able to determine 
S. Psychosocial Risks Associated. 
 

 
 

Figure 1.1 instruct from the place you are going Perform the operator. 
 
 
 
 

 
 

Figure 1.2 After the start of practice , inspect the operator with a focus on efficiency 
and quality. 
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Figure 1.3 Monitoring work Enabling Physical Space hosting teams 

 
 
 
 

 
 

Figure 1.4 When the Time of the End , collect the data. 
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Figure 1.5 Ask the operator paragraph able to determine S. Psychosocial Risks 
Associated 

 

5. RESULTS 
 

It is as well as students of the Autonomous University of Baja California in Tijuana, 
Mexico carried out a study with students from the Industrial Engineering degree on 
psychosocial factors, where each one focused on a factor to treat using the 
station's design of the work which has a panel of lights in different shades and 
based on which causes greater fatigue was that applied to each of the participants 
, where it is simulated in real state that performs an operator, seeking in this way 
face the problems of the national reality and thus be in cooperation with the 
companies. 
 

6. CONCLUSIONS 
Today, the lighting is an art, it is understood as a way to create pleasant 
atmospheres and as a means to provide comfort. It is important to attend the new 
emerging risks of these fields, which is without doubt a real challenge for 
occupational health, should prevent properly illnesses or accidents that can be 
generated in and by the work. It wouldn't surprise that you unknown full 
ergonomics to study many other dimensions of the human being. As a result, the 
design process do not have more than technical data for the preparation of their 
proposals. Definitely, as mentioned, ergonomics is a discipline essentially 
theoretical but rather experimental, and which based their progress on the 
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investigations; that means that use with simulators, just for example, represents 
one of their primary tools for its implementation. 
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Resumen: En México el diseño de mobiliario escolar ha sido escasamente 
estudiado y actualizado a pesar de los cambios antropométricos y pedagógicos de 
la población y educación respectivamente. Es importante su actualización para 
prevenir síntomas muscoloesqueléticos en los alumnos y asegurar una buena 
interacción entre el alumno, el mobiliario escolar y las actividades que realiza en el 
salón de clases. Se concluye que en la mayoría de los artículos revisados sólo se 
toma en cuenta la interacción física del alumno con el mobiliario y no la actividad 
que realiza dentro del aula. Son muy pocos los artículos que se preocupan por el 
ambiente escolar y por lograr flexibilidad en el aula de clases en dicha interacción 
física y pedagógica. Por tales motivos, el objetivo de este estudio es hacer una 
revisión y análisis de las últimas investigaciones que se han realizado en relación 
al mobiliario escolar. A partir de este estudio se obtendrá una guía con los 
principales factores a considerar para el proceso de diseño del mobiliario escolar 
actual. 
 
Keywords: Mobiliario escolar, Ajuste antropométrico, diseño ergonómico 

 
Abstract: In Mexico the design of school furniture has been poorly studied and 
updated despite the anthropometric and pedagogical changes in population and 
education respectively. It is important update to prevent musculoskeletal symptoms 
in students and ensure good interaction between student, school furniture and the 
activities in the classroom. It is concluded that in most of the articles reviewed only 
takes into account the physical interaction of the student with the furniture and not 
the activity performed in the classroom. Very few articles are concerned with the 
school environment and to achieve flexibility in the classroom in such physical and 
educational interaction. For these reasons, the objective of this study is to review 
and analyze the latest research that has been made in relation to school furniture. 
From this study a guide will be obtained with the main factors to consider in the 
design process of the current school furniture.  
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Keywords: School furniture, anthropometric adjustments, ergonomic design. 
 
Contribution to ergonomics: Help establish different methods and trends in the 
design of school furniture through a review of the literature. 
 
 

1. INTRODUCTION  

In recent decades in Mexico, since the program of CAPFCE (from spanish Comité 
Administrador del Programa Federal de Construcción de Escuelas) developed the 
infrastructure for high schools, it has not been paid enough attention to studying 
the issue of school furniture and therefore, its design has been poorly studied and 
updated despite the anthropometric and pedagogical changes undergone, in 
recent years, by the population and education respectively. 

Taking into account the RE (form spanish Reforma Educativa), which came 
into force in 2013, with which it aims to improve the quality of education, states that 
one of its main objectives is to improve the facilities. Accordingly, was published on 
the website of the DOF (from spanish Diario Oficial de la Federación) the general 
guidelines for the operation, application of resources, monitoring, accountability 
and transparency of PED 2015 (from spanish Programa Escuelas Dignas 2015), 
which mentions that: 

 
Educational infrastructure requires updating and maintenance, as well as 
the incorporation of elements derived from the technological advances that 
facilitate and promote the pedagogical task, so it is not enough to have the 
necessary physical infrastructure, this must be updated and adapted for 
effect of dignifying the tasks of teachers and particularly the development of 
students in spaces that having the best conditions as mark the components 
of PED. (DOF, 2015, par. 1) 
 

As mentioned in the previous paragraph, it is not enough that schools have the 
necessary infrastructure, is also needed updating. To carry this out it is necessary 
take into account the anthropometric factors, which include overweight and obesity 
of the Mexican population. 

According to figures from the last CEMABE 2013 (from spanish Censo de 
Escuelas, Maestros y Alumnos de Educación Básica y Especial), there are 25 
million of students from elementary school in México and, according to the latest 
ENSANUT 2012 (from spanish: Encuesta Nacional de Salud y Nutrición), 
schoolchildren (both sexes) from 5 to 11 years, showed a combined national 
prevalence of overweight and obesity of 34,4 %. Likewise, 35 % of adolescents 
between 12 and 19 years are overweight or obese, that is, one of every five 
adolescents are overweight and one out of ten obesity. 

Another important anthropometric factor is the growth of the students, 
because, when it comes from a population with constant changes, there is a wide 
variation in dimensions within the same age range. Quintana et al. (2004) state 
that: 
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Indeed, from 3 to 13 years old, a child grows at a rate of about 6 cm/year on 
average (Garcia and Page, 1992). Within this growth must take into account 
that children begin to grow by the lower limbs, and is at the beginning of 
puberty where an increase in the length of the trunk occurs. (Viel and 
Michele, 2001). 

 
Also found that the musculoskeletal factors play an important role in furniture 

design. It was emphasized that students spend most of their day at school in a 
sitting posture, " posture in which a considerable part of the body weight is 
transferred to a work surface between 60% and 80% of the school day" (Canté, 
Kent, Vasquez & Lara, 2010). Several studies have shown that exposure to long 
hours of physical inactivity in poor posture leads to children and adolescents to 
musculoskeletal problems (Balagué, Troussier and Salmine, 1999; Murphy, Buckle 
and Stubbset, 2004).  

As for pedagogy, it is important to take into account the activities performed in 
the classroom because to have furniture designed both to support the educational 
objectives and to meet the people who will use it, it must provide efficiency, 
comfort, safety and satisfaction to their activities the main users (students) and 
secondary users (teachers) to support their teaching methods because "the 
furniture plays an important role in allowing a learning environment to be flexible" 
(HEFCE 2006). 

It is because of the lack of consideration of all these factors that the present 
work aims to make a review and analysis of the literature about the latest studies 
carried out on this subject, and with this, make a guide with the most important 
features that should be considered when designing the furniture, and help update 
the information used by specialists in charge of design. 

 
 

2. OBJECTIVES 

The aim of this paper is to review and analyze the latest research that has been 
done in relation to the school furniture in the last 20 years. From this, and the 
incorporation of concepts and ergonomic principles, a guide of the main factors to 
take into account for the design process of modern furniture will be obtained. 

 
 

3.  METHODOLOGY 
 
 

3.1. Selection and classification 

Two kinds of literature were selected: texts with anthropometric approach and 
pedagogical approach. For their study, the work has been divided according to the 
purposes for which they were made, these are: obtaining measurements for 
furniture, comparison of furniture with student’s anthropometry, musculoskeletal, 
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experimental musculoskeletal and learning ergonomics. 
From this scheme is it analyzes and compares the methodology and the 

results obtained in each of the articles to detect similar results between them and 
the new discoveries that brings each. By getting the results of each work, these are 
classified according to the subject of the contributions. With all this, a matrix 
containing the most important factors to take into account for the design was 
performed. 

For better representation, articles were numbered according to their 
classification containing the original article title and year of publication (Table 1). 
This preliminary list will serve for the second table which are organized according 
to the contributions of each item (Table 2). 

The result was an array where the results of each item are classified according 

to four main themes identified: recommendations for the furniture design, mismatch 

in furniture, pros of adjustable furniture and positive effects in the interaction of the 

students. 

 

3. RESULTS 

Studies related to the anthropometric topic, specifically for a student population of 
6 to 18 years, is that a high percentage of students are using unsuitable furniture 
for their anthropometric characteristics causing them physical discomfort (Table 2). 

In articles with pedagogical approach, it was found that having a more dynamic 
and flexible environment, motivation of students grew. This was reflected in 
increased participation in class, student-teacher interaction and interactions 
between students. 
 
 

Table 1. List of articles. 
 

No. Publication name 
Publication 

year 

1 Ergonomic Designfor Senior High School Furniture in Taiwan 2000 

2 Revision of the design of a standard for the dimensions of school furniture 2003 

3 
Definition of sizes for the design of school furniture for Bogotá schools based on 
anthropometric criteria 

2007 

4 
Ananalysis of biomechanical and anthropometric parameters on classroom furniture 
design. 

2008 

5 
Analysis of the most relevant anthropometric dimensions for school furniture selection 
based on a study with students from one Chilean región. 

2012 

6 Classroom furniture dimensions and anthropometric measures in primary school. 2003 

7 
Classroom furniture and antropometric caracteristics of Iranian highschool students: 
Proposed dimensions based on anthropometric data. 

2011 
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8 
Applying different equations to evaluate the level of mismatch between students and 
school furniture. 

2014 

9 Ergonomic design of classroom furniture for university students of Bangladesh. 2014 

10 
Match Between Classroom Dimensions and Student’s Anthropometry: Re-Equipment 
According to European Educational Furniture Standard. 

2014 

11 
Anthropometric Evaluation of the Design of the Classroom Desk for the Fourth and Fifth 
Grades of Benghazi Primary Schools 

2015 

12 
The effects of ergonomically designed school furniture on pupils attitudes, symptoms 
and behaviour. 

1994 

13 
The effect of Seated Positioning Quality on Typical 6- and 7-Year-Old Children’s Object 
Manipulation Skills. 

2004 

14 
Comparing the effects of two school workstations on spine positions and mobility, and 
opinions on the workstations – A 2-year controlled intervention. 

2009 

15 Ergonomically adjustable school furniture for male students. 2013 

16 
Mismatch of Classroom Furniture and Student Body Dimensions. Empirical Findings 
and Health Implications. 

1999 

17 Classroom posture and self-reported back and neck pain in school children. 2004 

18 Examination of pre-school educational environments in respect of some variables. 2009 

19 
Use of swivel desks and aisle space to promote interaction in mid-sized college 
classrooms. 

2011 

20 
Promoting active learning in technology-Infused TILE classrooms at the university of 
Iowa. 

2012 

21 
The impact of classroom design on pupils' learning: Final results of a holistic, multi-level 
analysis. 

2015 

 

Of the 21 revised texts can be explained by the following results: 

81% of the reviewed articles focus only on anthropometric issues. Only 19% of 
them focuses on educational issues. Became apparent that the most recent 
studies (5 years old) conducted in developed countries, beyond the analysis of 
physical issues, these also incorporate pedagogical factors of development of 
education in the classroom, preventing the fact that the school furniture is support 
for dynamic developed within the classroom. 

 
 
 

5. CONCLUSIONS 
 

In performing this review article, it is clear that the problems studied, are of 
anthropometric and postural type. There have been many works with different 
methods to address these issues where the main concern of ergonomists is 
looking for the perfect fit between furniture and students. 

Only takes into account the physical interaction of the student with the furniture 
and not taken into account the activity performed in the classroom. Of the articles 
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reviewed are few who care about the school environment, to achieve flexibility in 
the classroom to encourage interaction between students and teachers. According 
to the design guide for effective learning spaces “A learning space should be able 
to motivate learners and promote learning as an activity, support collaborative as 
well as formal practice, provide a personalized and inclusive environment, and be 
flexible in the face of changing needs”. (HEFCE, 2006). 

It is important that the design specialists have the appropriate information tools 
to ensure that the furniture meets the needs of users, since they are the creators of 
the final product with which the user comes into contact. 

Below, is the guide of factors for the design of school furniture formed of the 
contributions of all items. 
 
As for the design of school furniture: 

1. Is recommended that the school furniture have various sizes, this to cover 
different grade levels and variability in anthropometry of students. 

2. In addition to different sizes of furniture, it is also suggested to be 
adjustable, this is to be sure to cover the different ranges of variability and 
achieve a better fit between the furniture and students. 

3. Should pay particular attention in both the chair and desk height, since it 
was the mismatch with more presence in articles 

 
As for the selection of the furniture: 

1. One of the most important actions to achieve a good fit between the 
furniture and the students is the selection. It did not matter much the design 
phase if in the end it is not distributed properly. We recommend taking the 
following considerations: 

 The selection of furniture for each student must be based on the 
popliteal height, which, according to the literature, is the most 
important measure to achieve a good fit. 

 It is not advisable to base the selection of the furniture according to 
the ages. It has been observed that there is much variability among 
the same age range. 
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Table 2. Classification of articles according to the main themes 

 
 

 
 
As for furniture-student interaction: 

1. Furniture with ergonomic design can be well received in the classroom, students 
who used it sat more comfortably, correctly and had less physical discomfort. 

2. Children who were placed in ergonomically designed furniture performed tasks 
significantly better than children who were tested in the standard furniture. 
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3. Subjective opinions showed that students were more comfortable using the 
new sets of furniture. 

 

As for the location of furniture in the classroom: 
1. In general, teachers and students reported that the arrangement of the 

furniture in the classroom offers more opportunities to interact with other 
students and contributes with his willingness to ask questions or participate 
in class discussions. 

2. By improving the movement of the master through the classroom, had 
positive effects on student participation. 
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Resumen: En el área occidental se va al baño de una forma que puede decirse 
incorrecta o anti-natural, esto porque al momento de sentarse en una posición de 
noventa grados a evacuar la materia fecal, el recto queda doblado en cierta forma, 
lo cual hace que la persona ejerza una mayor fuerza para lograr evacuar, lo que 
ocasiona que se dejen residuos en el intestino.Es por eso que en el presente 
estudio, se centra en proponer una herramienta especial para que las personas de 
diferentes alturas puedan defecar en una correcta posición aproximándose a 
treinta y cinco grados, lo que trae consigo el poder evacuar toda la materia fecal 
así como evitar diferentes enfermedades como cáncer de colon. Hemorroides, 
estreñimiento, entre otros.  
 
Palabras claves: Ergonomía, posición en cuclillas, herramienta de pie. 
 
Abstract: The western area goes to the bathroom in a wrong or unnatural way. 
This because when a person sit in a ninety degrees position to evacuate, the 
rectum is bent in a way that makes the person need for a greater force for 
evacuation, which causes waste left in the intestine. That’s why this study focuses 
on proposing a special tool for people of different heights to defecate in a correct 
position approaching thirty-five degrees, which brings the benefit of evacuating all 
fecal matter and avoid various diseases such as colon cancer, hemorrhoids, 
constipation, among others. 
 
Key words: Ergonomics, Squat, Foot tool.  
 
Relevance to Ergonomics: gives a great contribution in order to prevent risks 
related using furniture and appropriate tools to prevent gastrointestinal problems. 

 
1. INTRODUCTION. 

 
Hand tools are devices that assist the work, and characterized by amplifying or 
reducing some of the functions owned by the hand, increasing the functionality 
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thereof; either by increasing the strength, accuracy, surface, generating more 
torsional power, impact and increased resistance to temperature and so on. 

In this study a hand tool is developed, which it’s main goal is helping the 
human to defecate properly; making an emphasis in the American continent 
because Asians already have the culture of defecating to 35 °. 
 
1.1 JUSTIFICATION 
 
The purpose of this study is of vital importance for humans, since bowel movement 
is a daily necessity that must done. The result of various studies is that it’s not 
being done in the right way, and causes serious health problems inadvertently. 
That’s why it is convenient to carry out and make the people know about this 
investigation. 

Because with the use of this prototype when defecating, a variety of health 
benefits are obtained, preventing a simple stomachache, to a serious illness such 
as colon cancer. This study would be a great importance for society, because it is a 
tool that all people of all ages could use. The results would be reflected with 
satisfaction since the begging and over time.  

 
1.2. GENERAL PURPOSE. 
 
Develop a prototype to help the human to defecate in a correct, comfortable and 
natural position being. 
 

1.2.1. SPECIFIC OBJECTIVES 
 

 Facilitate the evacuation of stool so it will Avoid diseases by wrong postures 
while defecating such as colon cancer, constipation, hemorrhoids, 
appendicitis, etc. 

 Reduce obesity. 
 

1.3. DELIMITATION. 
 

This study is aimed to all people in general, regardless of age and sex. 
 

1.4. THEORETICAL FRAME 
 

Squatting is the best excretion position. 
 
When sitting on the toilet, the lower end of the descending colon is doubled, which 
requires considerable muscular effort to move the bowels. The intensity of this 
effort can pop or obstruct the tiny capillaries that feed the anal sphincter, resulting 
in subsequent bleeding. When crouching, the colon is naturally aligned with the 
rectum and anus that opens completely and effortlessly. This way the evacuation 
occurs naturally, unstressed. Daniel Reid (2014). 
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Are you going properly to the bathroom? Meet the sitting posture. 
 
The Stanford University revealed in a study that the best position to go to the 
bathroom is squatting. This position relaxes muscles and creates the perfect angle 
to facilitate the evacuation. According to Dr. Henry L. Bockus in his 
Gastroenterology book explains: "Squatting position is ideal to defecate, with bent 
muscle on the abdomen. Thus decreases the ability of the abdominal cavity and 
increases intra-abdominal pressure, which favors the expulsion ". 

In this regard, the French doctor Frederic Saldmann, in his book The best 
medicine is you explains: "Think of a garden hose filled with water half bent: it’s 
hard for the water to run. It is exactly what happens when sitting. When the person 
crouches down, the angle opens, the crease disappears and the water can be 
drained easily. " 

 
1.5 METHODOLOGY. 
 
1.5.1 Work Design 
 
The few existing tools, use a fixed and stable design, on 
which they handle the same height, which favors only 
part of the population as are people with an average 
anthropometry. Below is a tool that served as a reference 
for the development of what we call “Art Studio”. The 
ergonomic tool to defecate Squatty Potty is an example 
of an alternative of a fixed design (Figure 1). 
 
 
1.5.2 Prototype Formulation or tool 
 
To begin with the design of the prototype various factors were taken into account 
such as the Mexican anthropometry and height of children, youth and adults. So 
we opted for the design of a dynamic tool that varies in height, which would provide 
greater user comfort and fit the needs of it , as it can be adjusted to the desired 
size by a piston which is in the inside of the prototype . 
 

2. RESULTS 
 

With the design of this prototype and tool has achieved progress and innovation in 
the way the stool is evacuated, benefiting users, reducing illness and difficulties 
when going to the bathroom, ( figure 2,3,4 ,5). 
 
 
 
 
 
 

Figure 1 Squatty 

Potty. 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

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

 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 

 
 

 
3. CONCLUSIONS 

 
Hand tools represent a small investment making huge ergonomic benefits in a 
quickly and concisely way, defecating is a necessity of daily life of people, which is 
important to be done in a proper manner, to the body dispose necessary and 
function properly, which is why we must make people aware of how to defecate 
naturally to counteract diseases and health problems. 
 

4. BIBLIOGRAPHY 
 

El tao de la salud, el sexo y la larga vida (en papel),  Daniel Reid Urano (2014), 
Uranus pubñishing, 512 pages. 

Gastroenterology, Henry L. Bockus (1985), Saunders editorial, 4730 pages.  
El mejor medicamento eres tú, Frédéric Saldmann (2014), Aguilar editorial, 336 

pages. 
 

Figure 2 and 3. 

Figure 4. Frontal view.  Figure 5. lateral view. 
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Resumen: La quema de combustibles sólidos como: la leña, los residuos 
agrícolas y forestales, entre otros, a partir de fogones tradicionales o abiertos, en 
hogares rurales,  se considera una  de las fuentes de mayor contaminación 
intramuros a nivel mundial. La combustión de biomasa tiene como fin cubrir 

necesidades básicas familiares cocinar, hervir agua y proveer calor, sin 
embargo, la ejecución de estas actividades produce impactos negativos a la salud  
debido al monóxido, bióxido y partículas pequeñas que se generan. Así como 
afecta la economía familiar como consecuencia del gasto para la compra de leña. 
Además contribuye a la deforestación. Para solucionar estos problemas, se han 
instaurado programas de instalación de estufas con chimenea, denominadas 
“ecológicas” o “mejoradas”. Sin embargo, el impacto ha sido limitado debido a la 
resistencia al cambio por parte de los usuarios. Esto ha sido, consecuencia de la 
poca consideración de las necesidades de contexto y de uso, que no han podido 
ser reflejadas en las características técnico-funcionales de una estufa ecológica. 
Por lo tanto, el objetivo del estudio es proponer un prototipo de evaluación de 
usabilidad y de actividad del usuario de estufas ecológicas en San Luis Potosí, de 
modo que esto contribuya a una mejora en el diseño para promover su adopción. 
Para ello, se propone una herramienta con interface intuitiva, con el fin de poder 
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ser aplicada por distintos sectores e implementadores de estufas ecológicas. Los 
aspectos que evaluará serán los relacionados a: 1. La estufa ecológica: aspectos 
técnico-funcionales, 2. Actividad de calentado y 3. Funcionamiento de la estufa. A 
partir de esto se realizó una prueba piloto de esta herramienta con cuatro modelos 
de estufas ecológicas, que representan las diferentes tipologías existentes 
actualmente. Esto permitió la priorización de categorías y la determinación y 
puntuación de las variables de análisis de dichas categorías. La siguiente etapa 
consistirá en la comprobación de la validez y confiabilidad del método. Las 
características técnicas de los modelos de estufas actuales, han presentado poco 
o nulo cumplimiento de los requisitos: de uso, del contexto y  de la cultura de las 
usuarias. Por lo tanto, el realizar un análisis de las actividades de las usuarias 
durante las acciones de calentado, de las características técnicas de la estufa 
ecológica y del contexto, permitirá dar un mayor entendimiento de los elementos 
aptos para mejorarse o para la selección del modelo más adecuado para cada 
situación. 
 
Palabras clave: Usabilidad; estufas ecológicas, evaluación  
 
Abstract: The use of solid biofuels like: firewood, forest and farm residues, among 
others, in open fires in rural homes, it’s the main source of house pollution 
worldwide. The biomass combustion for basic needs –cook, boil water and heat 
source- has negative impacts in health, because of monoxide and small particles 
generated. Also, affects familiar economy due spend of purchasing firewood. And 
finally contributes deforestation. As a solution for these problems, government and 
non-government institutions have settled chimney-stoves installation programs, 
known as “ecological stoves” or “improved stoves”. Nevertheless, the impact of this 
technology has been limited due to the resistance to change by the owners of the 
ecological stoves. The main consequence is the poor consideration of the use and 
context necessities, which have never been reflected in the technic and functional 
characteristics of the ecological stoves. The objective of this project, is to propose 
a prototype tool to evaluate the use and user activity of improved stoves in San 
Luis Potosí; this will contribute to enhance the design of the ecological stoves and 
their adoption. The instrument will have an intuitive interface, aimed to be applied 
by every implementer of improved stoves. The valuation aspects will be related 
with: 1. Technical and functional requirements, 2. Heating activities and 3. Stove 
operation:  Starting from this, a pilot test was done with four stove models that 
represented the different typologies at present. This allowed prioritizing categories 
and to define and score the variables of each group. The next phase will consist in 
the tool validity and reliability. The technical characteristics of the actual ecological 
stoves, have represented few or null accomplishment of the consumer necessities 
of: use, context and cultural aspects, that’s why the estimation of the user´s 
activities during the heating work and the technical and functional characteristics of 
the ecological stoves, will permit a better understanding of the elements needed to 
be improved or the selection of a more adequate model for every condition. 
 
Keywords: Usability; Ecological stoves, Evaluation  
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Relevance to Ergonomics: The ergonomics main domain is to understand the 
relationship between user and constructed environment. Also, it attempts to 
optimize the way objects fulfill the users needs. The extent that an object makes 
the task in an effective, efficient and satisfactory way is called usability. To gather 
the usability indicators, there are a variety of methods with several approaches. 
Nonetheless, there is no tools that enables the evaluation between the relationship 
among users and improved stoves; therefore, proposing an evaluation method to 
this particular object, will allow making the task analysis easier and more 
descriptive and standard. These aspects bring ergonomics to new sectors that 
influence the improved stoves design, and finally will benefit users. 

  
1. INTRODUCTION 

 
The use of solid biofuels, such has firewood, agricultural and forestry residues, 
among other, in traditional open fires in homes is considering one of the major 
sources of indoor pollution worldwide. Biomass combustion has the propose fulfill 
basic needs for the daily life of families –cooking, boiling water, provide heat- 
nonetheless, this use have negatives impacts in the users health, due monoxide, 
carbon dioxide and small particles generated (Smith, 1993; Pandey et al, 1989 in 
Westhoff and Germann, 1995). Besides, the use of open fires affects the family 
economy, because the resources expend in the firewood purchase. Also, has been 
found that contributes to deforestation (Westhoff and Germann, 1995). 
      For 2006, the World Health Organization reported near 33 thousands millions 
people that use open fires. In Mexico, it was estimated that 22.5 million peoples 
were open fire users in 2010; this represented the 20% of the population, and was 
found that the 16.8% of the population were exclusive user of biofuels (Masera et 
al., 2007; Díaz et al., 2011) this mean that this people use exclusive biomass as 
fuel for cooking and heating activities. 
       San Luis Potosí is one of the states that have more locations with residential 
use of firewood (Díaz, et al., 2011). It has 144,018 housings; it means 22.6% of all 
inhabited housing (SEDESORE SLP, 2012). To decrease the negative effects, it 
has been realized improved stoves-or ecological stoves- implementation programs 
worldwide. 
       The program’s success is defined by the number of ecological stoves put into 
service and the percentage of open fires that use biofuels, taken away from the 
housing (Riojas et al., 2014). In México, specifically San Luis Potosí, these 
programs had a limited impact, due to the change resistance by the users. This as 
consequence of the programs approach: stoves design, at only technical aspects, 
without considering the user necessities (Rentería Guzmán, 2011). However, to do 
a correct study of the users’ necessities it is essential to utilize a method to 
evaluate them, to bring that, this study starts from the methods of ergonomics to 
propose a tool that permits to evaluate the usability on ecological stoves with the 
purpose to improve its design and adoption. 
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2. OBJECTIVE 

 
To propose a usability and activity evaluation tool for ecological stove user in San 
Luis Potosí State. 
 

3. METODOLOGY 

 
3.1 Delimitation 

 
The study is limited in the Zona Huasteca in the state of San Luis Potosí where are 
the biggest concentration of open fire users and therefore a wide range of 
ecological stoves implemented. This tool is addressed to be used by every actor or 
sector involved in implementing stoves, that is why it must have an intuitive 
interface. 
       The tool aims to analyze the use and activity of improved stove users. These 
activities get prioritized in accordance the degree in which the improved stove 
replaces the open fire, this degree will be the frequency of the activity execution.  

 
 
3.1 Strategy 
 
The Project is divided into 3 phases: 

1) In the first place, a literature reviews about the conception of: ergonomics 
and usability was made. Then a revision of bibliography about activity studies 
related with improved stoves and principal problems allied with technical and 
functional characteristics of the ecological stoves. This allowed identifying: all 
activity moments of heating at rural houses, the more important functional 
problems during the use of the stoves and the technical problems related to 
maintenance and durability.  

2)  Once identified: activity moments and functional and technical necessities, 
the first pilot test was made at GIRA, A.C. facilities in January of 2016. For this test 
a cognitive walkthrough was made, where the scenario consists of a woman 
between 25 to 55 years, user of open fire and living in a rural zone, making heating 
activities for the daily life. For this test 4 different models of improved stoves were 
chosen. This permitted to adapt and change the tool. Also, this was the first test of 
the tool interface. 

3) Finally, the evaluation phase. Consists of test the tool by different actors and 
organizations in different contexts, with the purpose of objectify the variables and 
to standardize the instrument. 
 

4. RESULTS 

 
The first approach of the tool resulted in categories related with: necessities during 
heat activities and ignite activity, as well as frequency and lapse of time for 
cleaning and maintenance. The classifications are not settled; they can be 
changed depending on context needs. Every category is analyzed separately, with 
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the components of security and efficiency.  The security is related with improved 
stove elements and characteristics which interact with the user, as: heating 
emission from de stove body, the heating surface (dimensions, deformities, 
warming irradiation and workspace height) and the steadiness of the stove; as well 
with external objects used on each activity: cookware. 
       Efficiency is aimed to stove functionality. It is determined from the space 
heating needed to do the heating activities. Cleaning is linked with the activities 
that are done every day to assure a good performance, those are: cleaning stove 
plates, clear the wood ashes and wash the stove body. Maintenance is related with 
the elements, which need to be disassembled sometimes. Durability of the 
components will be defined with great score for the elements with higher useful 
time and with facility to get its replacement parts.  

In table 1-the first aproach- are 12 different heating activities, this activities are 
the most common for users in a Mexican rural context, each activity was proposed 
to be evaluated in technical – functional qualities, such efficiency –stove capability 
to heat to desired temperature and space enough to perform the activity-, security 
– stove temperature in the user’s body near areas and heat issued of the body 
stove-, modification - quality to maintain the original design without user 
intervention- and maintenance – activities having to perform before the activity-. 
Also, a bottom line can be fill with special equipment to perform the activity, such 
as pans, pots, o anything that the examiner consider. 
 

Table 1. First approach of the evaluation tool prototype for heating activities. 
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       The pilot was made with four improved stoves models, representing different 
types currently existing. Such evaluation took place with technical builders, 
manufacturers and researchers. This first approaching allowed the prioritization of 
categories such as: turning on, cleaning, maintenance and general durability; these 
elements are a category for their own, rather than be a criterion for heating 
activities. Besides, the analysis variables were determined for each category. For a 
simplified tool, was chosen limit the criterions to efficiency and security. 
       The test results for the four improved stoves models showed a clearly 
difference in the activities performance and usability. For instance, the in situ 
constructed model the durability was found to be the highest score, while the 
premade models oscillated between low and high scores; even they vary in the 
scores of the components of the model.  
     After the first approach, a few adjust where made. The table 2 shown the 
reduction of the 12 heating categories to 9, but increase in the general 
performance activities to 5, for a total of 14 general categories. The items to 
evaluate each heating category now are efficiency an security.  
 
 

Table 2. Second approach of evaluation tool applied to four improved stove 
models. 
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5. DISCUSSION 

 
To develop the tool it was necessary to make it intuitive, so that it could be use by 
every person involved in improved stoves implementation, who did not need a 
previous experience applying the instrument. At first the tool was made like as a 
cognitive walkthrough, but it is going to be propose as a check-in list, to make 
easier and faster the valuation by any implementer or somebody who use it . 
       The tool was proposed to evaluate the technical and functional aspects, 
because these are susceptible to be redesigned.  For: light up, cleaning and 
maintenance activities, the variables are frequency and time needed to execute 
each one. These can’t be skipped because they are essential for good functioning 
of the ecological stove. All categories are proposed to be changeable according to 
requirements of the context. 

The next step will be the evaluation phase, where the different sectors involve 
in the implementation programs –researchers, manufacturers, technicians, 
designers- use and validate the tool. The ideal scenario will be the translation of a 
cognitive walkthrough into a check list, to make the task analysis easier and to 
bring ergonomics to new sectors that influence the improved stoves design, and 
finally will benefit users. 
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Resumen: Se analizó un Taller de máquinas herramientas, para obtener mejoras 
ergonómicas y productivas, que se pueden aplicar a empresas metalmecánicas 
Los diagnósticos permitieron identificar áreas de oportunidad a través de 
verificación de riesgos ergonómicos aplicando Sue Rogers y RULA en estaciones 
de máquinas. 

Se determinaron los parámetros de diseño óptimo, a través de mediciones 
antropométricas, así como iluminación y ruido conforme a normas mexicanas. 

Se obtuvieron mejores posturas ergonómicas y disminuyeron perdidas 
productivas, aplicando además herramientas Lean y Sistema MOST.  

Se diseñó estación ergonómica intermedia, para suministro de 
herramientas, conforme a condiciones de trabajo y percentiles obtenidos. 

 
Palabras clave: Matriz de Riesgo, RULA, Sue Rodgers, MOST, Herramientas 
Lean  
 
Abstract: We analyzed a workshop of machine tools, to obtain productive, and 
ergonomic enhancements that you can apply to metalworking companies. 

Diagnostics helped identify areas of opportunity through verification of 
ergonomic risks applying Sue Rogers and RULA in stations of machines. 

Parameters optimum design through anthropometric measurements, as well 
as lighting and noise according to Mexican regulations were determined 

Best ergonomic positions were obtained and decreased lost production, 
applying Lean and MOST system tools. 
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Designed ergonomic intermediate station, for the supply of tools, according 
to working conditions and obtained percentiles 
Keywords: risk matrix, RULA, Sue Rodgers, MOST, Lean Tools 
 
Contribution to Ergonomics: To design a workstation, we can simulate the 
results using the MOST system because we can validate times to evaluate 
changes in a workstation. Should be used together, appropriate ergonomic 
analysis tools, risk matrix in combination with Lean tools for decision making 

1. INTRODUCTION 

 
Workshop of machine tools of Autonomous University of Baja California was 
analyzed, for ergonomic and productivity improvements, which can be applied to 
metalworking companies, was analyzed for providing tools. 

The diagnosis helped identify areas of opportunity through verification of 
ergonomic risks by applying Sue Rogers and RULA stations machines. 

Parameters of optimal design were determined through anthropometric 
measurements as well as lighting and sound according to Mexican standards. 

Better ergonomic positions were obtained and decreased production losses 
also applying lean tools and MOST system. 

Intermediate ergonomic station is designed to supply tools , according to 
working conditions and percentiles obtained. 

The ergonomic improvements of this work is valued 
 

2. OBJECTIVE 
 
Evaluate and Design intermediate stations work, lathes and milling machines, 
through verification of ergonomic hazards and manufacturing systems in a machine 
shop tools, with national and international recommendations 
 

3. METHODOLOGY 
 
The ergonomic study focuses on the machining process. risk matrix, analysis of 
ergonomic risks , anthropometry, lighting measurements in operating conditions 
and noise measurement and the application of Sue Rogers, RULA , MOST System 
Tools and Lean method was applied. 
 
 
3.1 Risk matrix, surveys and interviews 
 
Table 1. Risk Matrix Machine Tool Laboratory 
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The risk matrix of Table 1 is a reference tool workspace to determine any 
change in user comfort. (Garcia , 2008) 
 
Table 2. Results of survey. 
 
Descripción de Evaluación  Resultado Observación 

1. Iluminación Muy buena Mejorar en  nocturna 

2. Ruido  Aceptable  

3. Temperatura Regular  

4.Ventilacion Buena  

5. Condición física interviene en trabajo 10% Calor y humedad 

6.Condicion de Equipo y Herramienta Aceptable Caja de herramientas  

7. Altura de mesa Bueno  

8. Distancia de componentes a ensamblar Bueno  

9. Consideran regular puesto de trabajo 90%  

10.Molestias atribuibles a condiciones de trabajo 0% Solo 16 días 

 
The results are shown in Table 2 , are a survey of students from 19 to 23 

years in 10 different groups , 3% on average have 2 hours of overtime at the end of 
the semester for errors in pieces. 
 
3.2. Lighting and Noise measurements 
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C1 

 
Figure 1. Workshop Distribution   Figure 2. Lux meter y Sound meter 
 

Table 3 shows measurements at noon, with light meter on each of the 
workstations.  
 
Tabla 3. Lighting measurements 
 
Maquina Nivel de Iluminación de trabajo en el equipo 

Medida 1 2 3 4 5 6 7 8 9 

Torno 480 474 372 370 366 370 470 480 510 

Fresa 300 320 340       

Esmeril 512 520 311       

Requiere 300 300 300 300 300 300 300 300 300 

 
Lighting levels shown in Table 4 are set by the American Society of 

Engineering Lighting (IESNA) in 1995. 
 

Table 4. Levels of indoor lighting 
 

Intervalo de 
iluminación 
(fc) 

Tipo de actividad 
 

Iluminación de Área 
de 
referencia 

Categoria D 
 
20-30–50 
 

Realización de tareas visuales de alto contraste o gran 
tamaño, como lectura de, inspección normal, ensamble 
grueso. 

Sobre la tarea 

Categoria G 
 
200-300-500 

Realización de tareas visuales de bajo contraste y tamaño 
muy pequeño durante un periodo prolongado, como 
ensamble fino, inspección muy difícil, trabajo manual o 
con máquinas muy fino y ensamble extrafino. 

sobre la tarea 
mediante una 
combinación de luz y 
suplementaria local. 

 
As shown in Table 5 noise levels pose no risk to work in any of the stations 

of the machining center as they are below the provisions of the Occupational 
Safety and Health Administration ( Niebel , 2009) 
 

Table 5. Noise levels measurements 
 
Maquina Nivel de Ruido de trabajo en el equipo 

Medida 1 2 3 4 5 6 7 8 9 
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Torno 70 69 76.6 77 78 73.9 75 73 76 

Fresa 76 77 75       

Esmeril 80 76 77       

Protegido          

 
 
3.3 Anthropometric Measurement and analysis Ergonomic Sue Rodgers / RULA 
 

Table 6 shows the results used in lathes and milling machines, the 
ergonomic analysis method Sue Rodgers , shown scores of l , 3 and 4 are low 
levels 
 

Table 6. Ergonomic Analysis Method Sue Rodgers 

 Preparación en Torno Preparación en fresa 
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Cuello 2 1 1 3 2 1 1 3 

Hombro 2 1 1 3 3 1 1 4 

Espalda 2 1 1 3 2 1 1 3 

Brazo y Codo 3 1 1 4 3 1 1 4 

Muñeca, mano, dedo 3 1 1 4 3 1 1 4 

Piernas y tobillos 1 1 1 1 1 1 1 1 

 
 

Table 7 shows the results used in lathes and milling machines, the 
ergonomic analysis RULA , scores shown from , 4 to 7 are of a level 4 , requires 
urgent changes in the job or task. 

Design proposal based on the preparation of lathes and milling machine, 
working with tool ( Riesolab , 2015 ) is required 
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Table 7. Ergonomic Analysis Method with RULA 
 

RULA Puntuación global grupo Prepara 

 

Torno Fresa 

A. Antebrazo y Muñeca 7 5 

B. Cuello, Tronco y Piernas 6 6 

C. Postura y Posición 7 7 

D. Postura y Posición 6 6 

Final 7 7 

NIVEL 4. 4 

Nivel 4 Requiere cambios urgentes en el puesto o tarea 

 
 

Table 8. Students anthropometry machine tools 2011-2016 
 

Descripción de Medición(Cm) Percentil Mujer Percentil Hombre 

  

5 50 95 5 50 95 

1. Estatura 144.1 157.1 170.0 166.0 177.7 189.4 

2. Altura de la vista al suelo 134.5 147.3 160.1 154.5 166.6 178.7 

3. Altura hombro al suelo 118.9 130.6 142.4 135.8 148.1 160.3 

4.Altura codo al suelo (brazo colgando) 87.7 98.8 109.8 105.1 113.1 121.1 

5.Altura cadera al suelo 82.3 91.8 101.2 91.7 102.0 112.3 

6.Altura Rodilla al suelo 38.7 45.1 51.4 48.0 52.4 56.8 

7.Altura dedos de la mano al suelo (brazo 
hacia arriba mano abierta) 179.9 205.5 231.1 206.5 226.8 247.1 

8.Altura codo al suelo (brazo extendido 
hacia arriba) 135.4 157.7 179.9 167.7 182.6 197.5 

9. Extensión brazo doblado, antebrazo 
pegado a cuerpo 31.9 35.9 39.9 36.1 44.3 52.5 

11.Extension hacia el frente (tomado 
desde espalda) 42.2 65.2 88.2 68.9 80.6 92.4 

12.Extensión ambos brazos 141.9 161.2 180.5 167.0 181.3 195.5 

13.Ancho hombro a hombro 32.9 37.1 41.4 41.4 47.6 53.7 

14.Ancho codo a codo 39.1 41.2 43.2 43.3 50.2 57.1 

18.Calzado 24.3 25.9 27.5 27.7 29.9 32.1 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 145 

 

 
3.4. Application of order, SMED and MOST 
 
A template tool for the reduction or elimination of delays and transportation and 
create order in a workbench with tools and convenient measures according to the 
percentiles shown in anthropometry was implemented. 

Figure 3 shows a template grouped by function tools, arranged in sequence 
of use , which allows to display the tools and equipment used in the specific 
(Hiroyuki, 1999) (Socconini, 2007) 

 
 
 
 
 
 
 
 
 

Figure 3. Template tools with table and chest of drawers 
 

Figure 3 shows: the worktable with wheels for handling, compliance with 
measures for operator comfort, without unnecessary movements. Applying SMED 
improvements outer configuration is obtained including refining, storage and 
transport of parts and tools (Shingo) (Hiroyuki, 1999). 

Classification of internal and external for quick setup activities.  The default 
decision and return of the tool through the MOST system, considering that the 
toolbox is available with a template that identifies the position of the tool and 
reduce the time search time calculation was performed thereof, this calculation was 
carried out only with a tool, because the handling of other tools is carried out by the 
same procedure, in Table 9 the results in seconds are shown . (Zandin, 2003) 
 

Table 9. Results predetermined time simulation using MOST system. 
 

Actividad Tiempo en seg.

Tomar herramienta de la caja de herramienta A 1 B 0 G 1 A 0 B 0 P 0 A 0 0.72

Regresa la herramienta a la caja, la 

accomoda en el shadowboard de la caja
A 0 B 0 G 0 A 1 B 0 P 1 A 0 0.72

Secuencia MOST
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4.RESULTS 

 
Table 10  Sue Rodger Method with improvements 
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Neck 3 1 66% 3 3 0% 

Shoulders 3 1 66% 4 4 0% 

Back 3 1 66% 3 3 0% 

Arm and elbow 4 4 0% 4 4 0% 

Wrist, hand and fingers 4 4 0% 4 4 0% 

Legas and anckle 1 1 0% 1 1 0% 

 
 

Table 11. RULA method with improvements 
 

 
Preparar Torno 

Preparar 
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A. Forearm  and Wrist 7 3 57% 5 4 20% 

B. Neck, trunk and legs 6 4 33% 6 6 0% 

C. Posture y Position 7 3 57% 7 6 14% 

D. Posture y Position 6 4 33% 6 6 0% 

Final 7 3 57% 7 7 0% 

Level 4 2 50% 4 4 0% 
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1. At night, lighting levels were below permitted in machine shop tools, auxiliary 
lamps were placed 

2. Noise levels are acceptable represent no risk to nearby stations machining 
center, 

3. Workstations bad to take up work tools, so adjustable intermediate station 
design Table 9 and Table 10 show improvements 

4. The need for changes ergonomic workstations with high rates, could not be 
modified strawberries 

 

5. CONCLUSIONS 
 

1. Intermediate stations were designed ergonomic lathes and milling machines to 
improve working postures, applying ergonomics, MOST, order and SMED 

2. Was simulated before making decisions, which are model before its physical 
construction, for validation MOST in order to apply improvements inside the 
task and reduce operation time 

3. Establishing improved forecasts through other modeling tools enable better 
decision together with optimization of production, MOST and Ergonomics 

4. The projects have been launched in firms with full satisfaction of its operators 
5. The results were not only ergonomic but had a direct impact on production 

optimization 
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Resumen: El desarrollo tecnológico ha permitido la evolución de muchos 
productos para satisfacer las variadas necesidades de los usuarios, sin embargo, 
hay ocasiones en que los usuarios tienen dificultades usando estos productos 
debido a la complejidad en la operación de los mismos.  Es así que la Interacción 
Humano-Computadora entra en acción resaltando la importancia de la usabilidad.  
Sin embargo, hay autores que resaltan la relevancia de no dejar de lado la 
funcionalidad suave, la que incluye las necesidades emocionales así como otras 
necesidades intangibles, y que son aspectos cualitativos que afectan la relación 
del usuario con el producto.  La presente revisión de literatura tiene como objetivo 
identificar los estudios realizados al respecto y la manera en que abordan el 
problema. 
 
Palabras clave: Emociones, medición de emociones, emociones en uso de 
productos. 
 
Abstract:  Technological development has allowed the evolution of many products 
to meet the diverse needs of users, however, there are times when users have 
difficulty using these products due to the complexity in the operation thereof.  Thus, 
the Human-Computer Interaction comes in highlighting the importance of usability.  
However, some authors emphasize the relevancy of not neglecting the soft 
functionality, this one includes the emotional needs as well as other intangible 
needs, which are qualitative aspects that affect the user’s relationship with the 
product.  This literature review aims to identify the studies performed and how they 
approach the problem. 
 
Keywords: Emotions, measuring emotions, emotions using products. 
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Relevance to Ergonomics:  As the subject matter of Ergonomics is the Human-
Object-Environment system and its objectives, and thus optimize human well-
being, by means of safety, comfort, efficiency and satisfaction, therefore if product 
designers start to worry about creating a positive emotion while using products 
mixing usability and visual aesthetics, this implies that the design process would be 
participatory, so it would be more user-centered. 
 
 

1. INTRODUCTION 
 
During the first quarter of the twentieth century, mass production of objects and 
facilities design lacked aesthetic considerations (Tractinsky, Katz & Ikar, 2000).  
The industrial designers Loewy and Dreyfuss are accredited by Petrosky (1993 
cited by Tractinsky et al., 2000) as the responsible ones for the introduction of 
aesthetic considerations to the mass production, as well as the development of 
industrial design as an explicit marketing tool.  Gradually aesthetic considerations 
gained ground, but as designers focused on these considerations, they left aside 
usability, so the Human-Computer Interaction (HCI) entered the field in order to 
highlight the relevance of usability over aesthetics. 
 In the 1980s, objects designers accepted usability, but it was in the 1990s 
when it was recognized as an important feature of the quality of systems and 
products (Kurosu & Hashizume, 2014).  Technological development has enabled 
the development of many products to meet the varied needs of users, however, 
there are times when users have difficulty using these products due to the 
complexity in the operation thereof (Seo, Lee, Chung & Park, 2014).  Nielsen & 
Levy (1994) simply set the aim of usability engineering, which is to improve 
interactive systems and user interfaces.  But the most accurate version is that 
usability is a general concept that cannot be measured, but is related to several 
usability parameters that can be measured (Nielsen, 1993 cited by Nielsen & Levy, 
1994).  Usability parameters that can be measured have two very broad 
categories:  subjective user preferences dimensions, that assess how much the 
user likes the system; and objective performance dimensions, assess how capable 
the user is at using the system (Nielsen & Levy, 1994).  And although a positive 
correlation between both dimensions is expected (people prefer to do their job well 
and use computers to help them, rather than use those ones that will hinder their 
job), there are cases in which users don’t prefer the system that seems to be 
according to the objective dimensions of performance (Nielsen & Levy, 1994).  
Because of this Human Factors and Ergonomics has insisted that usability can be 
achieved as the result of a continuous process of user-centered design (Bevan, 
1995).  Thus McDonagh, Bruseberg & Haslam (2002), argue that the functional 
adaptation is key to the success of a product on the market as well as its suitability 
for use. 
 And although it is noteworthy that the three objectives of usability are 
effectiveness, efficiency and satisfaction, some authors emphasize the importance 
of not neglecting a type of functionality, which can be called as soft functionality 
(McDonagh-Philp & Lebbon, 2000 cited by McDonagh et al., 2002).  This one 
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includes the emotional needs and other intangible needs, qualitative aspects that 
affect the user’s relationship with the product (McDonagh et al., 2002). 
 With this in mind, some authors classify the aesthetic design as part of an 
effective interaction design (Alben, 1993 cited by Tractinsky et al., 2000).  In a way, 
both usability concept as aesthetic concept represent two orthogonal dimensions of 
the HCI, since aesthetics usually refers to the subjective and emotional aspect of 
the experience of usage system, while usability commonly relates with the nearly 
objective appearance and locates efficiency as the main criterion (Tractinsky et al., 
2000). 
 Thus in 1998 arises a new concept coined by Norman, the user experience, 
since for him “the terms human interface and usability were too narrow” (Merholz & 
Norman, 2007 cited by Kurosu & Hashizume, 2014).  It is noteworthy that the term 
has been well received in the HCI community, as researchers and practitioners are 
aware of the limitations offered by the traditional theoretical frame of usability. 
 Within the field of HCI, especially in the context of research on User 
Experience (UX), the aesthetics of user interfaces has become a topic of interest.  
A recent review of empirical studies on UX has shown that aesthetics is one of the 
most frequently searched dimensions in this field (Tuch, Roth, Hornbæk, Opwis & 
Bargas-Avila, 2012). 
 In addition Dormann (2001) states that there are market studies that 
demonstrate the critical role of emotions when purchasing a product.  Satisfaction 
and pleasure that is obtained during use of products, has gained ground as a key 
to achieve a competitive advantage (Karlsson, 2007).  Negative emotions 
encourage individuals to reject the object cause of the excitement, while positive 
emotions encourage individuals to accept de object (Frijda, Kuipers, & Schure, 
1989 cited by Desmet, 2012).  Therefore the aim of this article is to identify the 
studies performed and how they assess the elicited emotions. 
 
 

2. LITERATURE REVIEW 
 
Of the different types of study spotted to know the elicited emotions while using 
products, we found that they can be grouped into: psychological and physiological.  
Also, it was found that the methodological approach was descriptive study or 
experimental study.  The majority of studies were conducted as experiments. 
 
 
2.1. Descriptive study 
 
In these studies, there is only one population, which is to be described in terms of a 
set of variables; around it there aren’t central hypothesis, or perhaps there are a 
set of hypotheses, but they refer to the systematic search for associations between 
certain variables within the population. 
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2.2. Experimental study 
 
In this type of study one or a few variables of the studied phenomenon, are 
modified at the researcher will.  In general the modified variables are the ones 
considered as causal (in a causal-effect relationship). 
 
 

3. INCLUSION CRITERIA LITERATURE 
 
The majority of searches were conducted in literature databases on Ergonomics 
and computer or computer systems.  The keywords used were “emotions”, 
“measurement of emotions” and “emotions in use of products”.  From the yielded 
results, titles and abstracts of articles identified as relevant were read.  Among 
them were selected to be read in its entirety, those as potentially useful. 
 
 

4. RESULTS 
 
Next a summary of the revised articles, which are shown as previously described 
methodological approach, is presented. 
 
 
4.1. Descriptive study 
 
Yoon, Pohlmeyer & Desmet (2014), explored the importance of understanding the 
nuances of emotions in product development, particularly designers’ Positive 
Emotional Granularity (PEG).  They recruited 25 design professionals, to which is 
applied a semi-structured interview, consisting of three phases:  1) Sensitization to 
stimulate general awareness of nuances between emotions;  2) Interview where 
they had to present three product examples with which they had experienced the 
emotions of pride, confidence and fascination, respectively; and  3) Discussion, 
where they were asked to give ideas on how and when high PEG could support the 
development process of their tasks and potential benefits in other areas.  The 
results revealed seven major opportunities, in which the beneficial effects of PEG 
in relation to specific activities and roles during product development can be 
expected, namely:  a) Getting in-depth understanding of user emotions;  b) 
Determining emotional impact of a product;  c) Dealing with organizational support;  
d) Keeping continuity of emotional impact in communications;  e) Facilitating 
design creativity;  f) Strengthening emotional coherency; and  g) Managing 
emotions within a product development team. 
 Cho, Jung, Myung, Lee & Jordan (2014), conducted their study with the aim 
of creating both systematic and flexible tools for emotional UX design and to show 
how these tools can be applied to mobile interfaces.  To do this they applied three 
empirical studies (user diaries, user trials and focus groups), plus a workshop and 
a subsequent series of work-sessions carried out on 32 subjects (16 users of 
Android smartphones, 8 users iOS smartphones –Apple iPhone–, and 8 users of 
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other smartphones such as Blackberry and Nokia).  Based on these tests and 
experts’ knowledge they were able to develop 30 emotional solutions, 14 general 
solutions, and 23 UX solutions.  To reach such solutions, the obtained emotions 
were classified reaching a final list of 24 negative emotions and 30 positive 
emotions.  Emotional solutions consist of elicit certain positive emotions in order to 
help improve the user experience.  The general solutions are high-level design 
principles to elicit emotional solutions and are based on linking positive and 
negative emotions produced with the product qualities and product performance.  
Finally the UX solutions represent design guidelines that incorporate principles 
behind a general solution, which were developed based on general solutions. 
 In another study presented by Jakobs, Trevisan & Schmitt (2014), they used 
the Kano method to investigate user satisfaction and to what extent gender had a 
role in the game.  To do this they recruited 27 advanced design students, to which 
the method was applied in two steps:  a pre-study consisting of focus groups, at 
this stage the students represented the professional guild of product designers; 
and a main study in which a Kano questionnaire was applied, the students 
represented, unlike the previous phase the end user. The results indicated that to 
produce user satisfaction, the same product requirements are more or less 
relevant to both sexes.  However, there are slight differences in the perception and 
evaluation of product requirements, while women give great importance to hedonic 
features such as attractive, men tend to be indifferent to product requirements. 
 Ahmadpour, Robert & Lindgaard (2014) research comfort in real time and 
the emotional response of 17 passengers during a flight using the Experience 
Sampling Method (ESM), which requested the participants from time to time, to 
report a detailed description of his/her mental state through a questionnaire.  Of the 
total participants, 10 took long flights (> 4hrs), mainly from North America to 
Europe or Asia, and 7 took short flights (< 4hrs) only in Canada.  The results 
showed that comfort remains constant in real time during flight, suggesting that the 
first impression of the passengers’ cabin could determine potentially the overall 
comfort.  The results of the emotional evaluation highlighted two groups of 
emotions as significant in the passenger’s overall comfort on long flights, which 
were (e.g. joy/feeling good) and emotions based on expectations (e.g. 
frustration/disappointment), raised by passengers’ assessment to different aspects 
of the cabin, depending on your concerns to have a sense of security, peace and 
relaxation, and satisfaction.  Improving passenger comfort must involve improving 
his experience with these features, however compliance concerns by offering a 
greater degree of joy and reducing frustration. 
 
4.2. Experimental study 
 
The experiment presented by Tractinsky, Katz & Ikar (2000), explores the 
relationship between aesthetics and usability perceived by users on an ATM.  They 
used an application on the computer as a substitute and recruited 132 third year 
students of Industrial Engineering, whose academic program didn’t include product 
design or aesthetic components design.  They decided to use a 2 x 2 between 
groups factorial design, the first factor interface aesthetics had three levels low, 
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medium and high.  In contrast the other factor usability, they included only low and 
high levels.  They presented 9 layouts, of which three had high aesthetic, three low 
aesthetic and the remaining were in the middle.  All designs contained the same 
objects, but differed in the way they were showed on screen.  Also, the authors 
asked the participants to perform 11 tasks.  The factor usability was manipulated 
introducing difficulties on the interaction in the design with low usability.  They 
divided the experiment into three stages, in the first one, participants were asked to 
rate the designs according to one of the following dimensions:  1) aesthetics;  2) 
ease of use; and  3) amount of information displayed on the screen.  In the second 
stage presented a design with a certain kind of aesthetic condition, and the 
participants were asked to perform several tasks.  For the last stage, participants 
rated the system with which they worked.  This study corroborates the results of 
previous studies, in which a strong correlation between the aesthetics of the 
interface and usability of the entire system perceived by the user is found.  It was 
also shown that users are able to distinguish between various properties of the 
system. 
 Mahlke & Thüring (2007), developed a model of Components of User 
Experience (CUE) and made an experiment to test the central assumption of this 
model, which implies that the user experience can be described in terms of the 
interaction between different components (the perception of instrumental and non-
instrumental qualities, emotional user reactions, and overall system judgments).  
Participants recruited for the study were 48 subjects, which evaluated portable 
digital audio players simulated on a computer.  Two versions of the interface were 
made to produce a different impact on the perception of the instrumental qualities.  
With regard to the system features that should influence the perception of non-
instrumental qualities, visual aesthetics was manipulated by creating two different 
body designs for simulation.  They used the SUMI questionnaire (for its acronym 
Subjective Usability Measurement Inventory) to assess the instrumental qualities.  
To collect data on the emotional reactions of users, they used the Self-Assessment 
Manikin (SAM) as well as instruments that measured electrodermal activity, heart 
rate and electromyographic responses.  Their results showed that compared with 
the low usability system, high usability system led participants to obtain the highest 
percentage of correct answers to the tasks presented with the shortest solutions.  
The analysis of subjective usability and corresponding aesthetics data showed that 
variations entailed the predicted differences in perceptions of users quality.  With 
respect to perceived instrumental qualitites, significant differences were found on 
SUMI questionnaire test scores for usability factor.  As for the perception on non-
instrumental qualities, there were significant differences between the two 
treatments of aesthetic factor.  The analysis of subjective emotions data revealed a 
significant effect for controlling usability and aesthetic factors in valence and 
arousal dimensions.  For both factors the “low” treatment led to less positive 
valence and a higher arousal, compared to the “high” treatment. 
 Seo, Lee, Chung & Park (2014) study, examined the relationship between 
perceived usability/aesthetics and emotional valence/arousal/engagement 
experimenting with 15 existing websites, whose contents were different from each 
other (cars, books, movies, clothing, estate, science, etc.).  45 enrolled students, 
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pointed out their emotions in terms of valence and arousal, prior to interaction with 
websites, soon they browse the first site without limitations for 5 minutes.  After the 
timeout, they had to fill out an evaluation form with 33 items, consisting of two 
parts:  the first one contained 8 statements of perceived usability and 11 
statements for perceived aesthetics; the second part contained pairs of adjectives 
antonyms, and included 5 pairs to evaluate the valence, 5 to assess the 
excitement, and finally 4 pairs to assess the emotional engagement.  The process 
was repeated until each participant completed the assessment for each of the 15 
websites, with a break of 2 minutes between each.  Participants were not asked to 
perform specific tasks, to avoid some perceptual and judgmental biases caused by 
the same tasks on websites with different context of use.  The results showed that 
both the perceived usability and perceived aesthetics, were positively correlated 
with emotional valence and negatively with emotional engagement.  No specific 
relationship between perceived usability/aesthetics and emotional arousal was 
found.  Perceived aesthetic has a potentially greater impact on valence than the 
perceived usability.  Unlike the valence, emotional engagement might be more 
influenced by the perceived usability than the perceived aesthetics. 
 Abegaz, Dillon & Gilbert (2015) sought to determine whether the presence 
of a low level of visual stimuli in the form of colors (background and figure) and 
shapes (round, angular and mixed), could induce certain emotions to people 
exposed to these stimuli.  They designed a study in which they explored three 
conditions of emotional design elements:  a) foreground color as text property, with 
blue, black and red to induce high, medium, and low levels of positive affect, 
respectively;  b) shape as polygonal property, they illustrated round, mixed and 
angular shapes to also cause high, medium, and low levels of positive affect, 
respectively; and  c) color/shape combination as background color and polygonal 
property, in which the combinations used to cause high, medium, and low levels of 
positive affect were blue/round, gray/mixed, and red/angular, respectively.  They 
applied a SAM evaluation presenting the emotional design combinations previously 
exposed to 13 subjects through a computer screen, toggling the screen on which 
the participants were asked to rate their emotional state at the time, and blank 
screens to neutralize the previous emotions produced by presented stimuli, the 
process was repeated nine times for all combinations, and was used a Likert 5-
point scale to assess their emotional mood (1=strongly negative, 2=negative, 
3=neutral, 4=positive, and 5=strongly positive).  Their findings revealed that the 
presence of color blue tends to induce positive emotions, color black neutral 
emotions, and color red fewer positive emotions.  Regarding shapes, the results 
show that the use of them with sharp corners causes less positive emotions, and 
shapes with rounded corners induce more positive emotions.  Also, in the case of 
color/shape combinations, the results suggested that the blue/round combination 
induced a more positive emotion on participants, opposed to the red/angular 
combination that caused a less positive emotion.  Gray/mixed combination induced 
a more neutral emotion. 
 
 
 



Ergonomía Ocupacional.  Investigaciones y Soluciones. Vol 9 2016 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 155 

 

5. CONCLUSIONS 
 
Through this review of literature, it can be observed than both descriptive and 
experimental studies, prefer the questionnaire as an assessment instrument.  Two 
descriptive studies obtained data through focus groups.  On the side of the 
experimental studies, only two used the same questionnaire (SAM), and all others 
used a different one, arguing that each adapted to the needs of their study.  Also, 
there were studies using instruments meant to measure the physiological 
responses as a support.  Regarding the manipulation of variables, one can observe 
that two experiments also used a factorial design. 
 As for the findings reported, it is observed that by joining usability attributes 
with pleasing visual aesthetics attributes on the designs and/or interfaces, the 
emotions obtained are superior to those that have only one or another of them.  It 
is concluded that more research is needed in this regard, but the results shown 
encourage concluding also, that if product designers start to worry about creating a 
positive emotion during use of the product, combining both usability and visual 
aesthetics attributes, this implies that the design process would be more 
participatory, so it would be more user-centered. 
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Resumen: La población envejece y existe la necesidad de ser independientes 
para obtener un mejor bienestar que permita ser activos en la sociedad. La calidad 
de vida depende de factores sociales, cognitivos, físicos y económicos, sin 
embargo la capacidad de las personas mayores de ser independientes no debería 
depender de la pérdida de las funciones físicas y cognitivas, sino de la 
adaptabilidad de las características de los productos a las capacidades del  
usuario. La preocupación sobre este fenómeno aumenta debido a las falta de 
productos y servicios ergonómicos que consideren a la población de adultos 
mayores. Se considera la ergonomía como herramienta para generar estrategias 
que mejoren el bienestar y calidad de vida. 

 
Palabras clave: Ergonomía, adultos mayores, actividades instrumentales de la 
vida diaria. 

 

Aportación a la Ergonomía: Con la presente revisión de literatura se puede 

visualizar un panorama del uso de la Ergonomía para proponer estrategias, 

métodos y soluciones a los problemas que la población de adultos mayores 

enfrenta. El envejecimiento poblacional demanda mayores esfuerzos en el 

desarrollo de investigación en Ergonomía para cubrir las necesidades de los 

adultos mayores y así ayudar a mejorar su calidad de vida. 

 
Abstract: The population is aging and there is a need to be independent for better 
well-being that allows to be active within the society. The quality of life depends on 
social, cognitive, physical and economic factors, but the ability of older people to 
be independent should not depend on the loss of physical and cognitive functions, 
but in the adaptability of the characteristics of products to the user´s capabilities. 
The concern about this phenomenon increases due the lack of ergonomic products 
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and services including the aged population. Ergonomics is considered as a tool to 
generate strategies that enhance the independence of people and consequently 
the well-being and quality of life. 

 

Keywords: Ergonomics, older people, instrumental activities of daily living. 

 

Contribution to Ergonomics: With this literature review it can be shown an 

overview of the use of Ergonomics to propose strategies, methods, and solutions 

to problems that the older population faces. The aging population demands greater 

efforts in the development of ergonomic research to meet the needs of older adults 

and improve their quality of life. 

 

 
1. INTRODUCTION 

 
Aging is a biological condition consequence from the passage of time and affects 
all people. According to the United Nations, (2013) the demographic trend called 
ageing population is identified as the process of rapid increase in the number of 
people aged 60 and more within the total population. The number of older persons 
was 841 million in 2013, it is expected to increase 3 times by the year 2050, when 
it is expected to exceed the two billion mark. 

This demographic trend is considered one of the great challenges, since global 
ageing will increase economic and social demands on all countries (WHO, 2002). 
Aceves-González, (2014) mention that great improvements have been made in 
supporting the ageing population, especially in developed countries. One of the 
solutions mentioned by the World Health Organization (WHO, 2007) is to increase 
active ageing process for optimizing opportunities for health, social participation 
and security in order to enhance quality of life as people age.  

As the aging process advances increases the loss of physical, sensory and 
cognitive capabilities, thus preventing or hindering the use of products and services 
by older people. According to the World Health Organization (WHO, 2007) ‘in both 
developed and developing countries, people think that their city was not designed 
for older people’ and they also report that the provision of commercial and public 
services presents problems in meeting older people’s needs.   

Independence is a factor of the quality of life and well-being, improving the role 
of a person in their home and allowing to be an active citizen. An older adult should 
be able to perform basic activities of daily living (BADL) to be considered as an 
independent individual, however a successful independence requires the ability to 
successfully perform instrumental activities of daily living (IADL) (Lawton & Brody, 
1969). Katz, Downs, Cash, & Grotz, (1970) named six BADL, and based on 
previous studies Lawton & Brody, (1969) identified eight IADL shown in Table 1 
and Table 2 respectively. 
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Table 1. Basic activities of daily living 
 

Bathing 

Dressing 

Toileting 

Transferring 

Continence 

Feeding 

 
 

Table 2. Instrumental activities of daily living 

Using the telephone 

Shopping 

Preparing food 

Housekeeping 

Doing laundry 

Using transportation 

Handling medications 

Handling finances 

 
Perform IADL demand to interact with products and services that often lacks of 

ergonomic design that considers the needs, capabilities and limitations of the older 
users, which results in a decreased sense of well-being and quality of life of the 
person. Persad, Langdon, & Clarkson, (2007) define user capability and product 
demand as concepts to provide a framework for analyzing user-product 
compatibility (Figure 1) and it works as a useful starting point for the analytical 
assessment by focusing on ways to relate the product or service demand to user 
capabilities. 

 
2. OBJECTIVE 

 
The aim of this work is to identify the contributions of ergonomics research to 
improve the welfare of the quality of life of older adults through a literature review. 
 

 
3. METHODOLOGY 

 
The literature review was conducted within the journals Applied Ergonomics and 
Ergonomics, a parameter of publication date of 10 years from 2005 was used. 
Ergonomics and Aging were taken as references for guiding the review. The 
keywords used in the search criteria were the instrumental activities of daily living, 
as shown in Table 2. The process of literature review initiated by selecting items 
using keywords and abstract, abstract analysis and finally the reading of the full 
papers that contributed to the knowledge of the research topic were chosen. 
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Figure 1. Relationship between user sensory, cognitive and physical capabilities 
and the demands made on the user by the product (Persad et al. 2007). 

 
 

 
4. RESULTS 

 
From the literature review, 16 scientific articles were identified based on 
Ergonomics criteria for designing or evaluating products and services including 
older people as users. Papers were classified according to the IADLs focus. This 
section presents a brief description of those papers and one illustration (Figure 2) 
where papers are shown according IADLs and the user capabilities implied in each 
study.  
 Kawahara & Narikawa, (2014) explains that in a society with a latent 
increase on the older population, people with reduced physical and sensory 
functions would be a majority, and efforts must be made to prepare the urban 
environment, housing, and household equipment and appliances to these people 
can live safely and comfortably. To provide solutions is needed the development of 
creative and innovative designs that can be adapted to the needs of older people 
by making investigation and analysis from the Ergonomics point of view, 
contemplating the motor, sensory and cognitive limitations of the elderly 
population. 
 Waller, Bradley, Hosking, & Clarkson, (2013) describe the Engineering 
Design Centers (EDCs) of the University of Cambridge as an example to solve 
design problems through Ergonomics and Inclusive Design. Their approach 
describes Inclusive Design as the understanding of the diversity of users to 
improve decisions in the development process of products and services in order to 
satisfy the needs of more people. Successful cases show that products that are 
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more inclusive can reach a wider market, improve customer satisfaction and lead 
to successful business.  

 

 
 

Figure 2. Diagram of literature review results 
 
Tenneti, Johnson, Goldenberg, Parker, & Huppert, (2012) developed a set of 

criteria and suggestions for the design of a national survey to assess the capacities 
of individuals in order to identify measures to facilitate the prediction of use skills. A 
pilot test with a sample of 100 people aged form 50 to 80 years old was performed. 
It was evaluated the use of various household products that required physical and 
psychological abilities. The resulting database is a set of tools and information for 
designers to use within Inclusive Design. 
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Langdon, Johnson, Huppert, & Clarkson, (2013) used the Tenneti, et al. study 
and determines that in order to know the capabilities and needs of people is 
necessary to include individual activities at home, at work and in most 
environments of interaction, if possible. The authors point out that the results could 
create predictive ergonomic models. They mention that the evaluation of ADLs 
could cover a high range of activities, however, only it is applicable for determining 
capabilities and limitations of older people. A key outcome for a future research will 
be the specification and organization of capabilities in psychological, social and 
economic contexts for inclusive design. 

Older adults have more limitations for IADL than younger people, the design of 
the spaces require reaches of the upper extremities, the study of Doriot, Nathalie & 
Wang, (2006)  determined that the most difficult movements to performance in 
older adults are neck and trunk so these should be minimized in the organization of 
living and work spaces for older people.  

Over the years, the visual acuity decreases, Smither & Kennedy (2010) 
developed a tool to measure more precisely the dynamic visual acuity (DVA). On 
their study, they showed that aging and automobile accidents are related to DVA 
scores. The loss effects of visual acuity in older adults could generate insecurity 
when they are in strange environments, this study suggest a model of the effects of 
age on visual, cognitive skills and components associated with driving that can be 
used for further research in the design of support devices for people with this 
condition. 

The use of public transport is an IADL that promotes development of physical, 
mental and social state of the elderly. It is necessary for most older adults who are 
active outside their home, Aceves-González, May, & Cook, (2015) shows the 
difference on the use of public transport between young and older adults. Older 
ones being more affected by the lack of consideration in the design. The public 
transport service is aggravated by social and urban dynamics of the city. Since the 
extent of the problem, the need of developing public transport services based on 
the inclusive service design approach that considers the needs of all users of 
public transport is mentioned. 

Ng, Siu, & Chan, (2012 conducted an experiment to improve the identification 
of utility icons using the stereotype production method. User´s factors and the 
characteristics of the references shown during the experiment are considered 
important for the development of symbols. As conclusion they determined that this 
could help in optimizing the stereotype production method of designing symbols 
between users and design professionals. 

Eating is considered as a BADL, however a person who spends a lot of time 
alone should be able to prepare food (IADL) which can be a challenge for an older 
adult because of the limitations that could experience. Hensler, Herren, & Marks 
(2015) revealed in their research the possibility of produce easy-to-open food 
packages for people with hand disorders, which can benefits the majority of the 
population and generate greater consumer satisfaction.  

Seals & Duffy, (2005) describe in their research that people aged 65 years and 
older are estimated to consume 30% of all prescription drugs and to purchase 40% 
of all over-the-counter medications. Often older people have to appeal to another 
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person to fulfill its medical indications. The study analyzes the performance of older 
people´s caregivers in the task of administrating medications, which can be used 
as reference for the development of a drug assistant management system for older 
people to improve the individual independence. 

The information and communication technology can help to increase 
independence and quality of life of older or disabled people living in their own 
homes. Monk et al., (2006) proposes a risk management framework to help select 
and evaluate applications that meet the needs and desires of individuals and 
improve their independence. 

The study performed by Chan, Wong, Lee, & Chi, (2009)  used a modified 
automatic teller machine (ATM) to prove the participatory design method for 
satisfying the needs of older people. The experiment shows favorable results, 
however the system functions were reduced consequently it was concluded the 
need of more investigation to include a wide range of users. 

Barrett, (2005) determines support and information needs of older and disabled 
people in the UK. She found that the increasing of age is significantly associated 
with increased dissatisfaction with receiving practical help in various tasks. Older 
people have difficulty in obtaining help from services as age increases. Older 
people need information on appropriate sources of support, practical help and 
counseling services in a language they can understand. According to this study the 
performance of the IADL, home maintenance and financial activities are 
considered by older adults as vital for a sense of well- being and satisfaction. The 
growing aging population means that the demand for information and assistance 
providers will increase in the near future. 

Technology can improve the accessibility of information and the cognitive 
support. The principles of warning interactivity, the dynamic modification and 
personalization are applications of technology that should improve the 
effectiveness of future technological warning systems. Technology-based warning 
systems provide to the user better access to safety information and cognitive 
support for each of the components of the warning process. One goal of cognitive 
support is the prioritization of the interactive capabilities of technology and the 
ability to customize alerts information through changes in content that can improve 
user safety through higher quality decisions related to risk using technology 
(Wogalter & Mayhorn, 2005). 

The mobile phone is the most common digital product with great technological 
scope and functions, however digital products are relatively new and designed for 
younger consumers. Research of digital products has shown that interface mode 
has effects on the effectiveness and efficiency of use. Another criterion intervening 
is the space between buttons from digital product: more separated buttons can 
enhance operationalization of the task (Chang-Franw Lee & & Tsai, 2007). 

British Telecom used the inclusive design method to design phones and 
improve customer usability of older adults. The research of Chamberlain, Esquivel, 
Miller, & Patmore, (2015) recorded from the design process used by BT the 
following considerations to incorporate inclusive service in a business: 1) support 
from the management service, 2) company support to its own staff, 3) make small 
changes that include most of the population, 4) focus on identifying potential 
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market, 5) training to the product design department, and 6) provide practical 
support in the design process. 

 
 

5. CONCLUSIONS 

 
 The overview of this literature review shows that ergonomic research are 
used as a tool to provide solutions that improve the well-being and quality of life of 
older adults. The rapid increase of aging population demands greater ergonomics 
research to meet the needs, capabilities and limitations of older people. 
Finally it is important to mention that the papers analyzed in this study were 
conducted mostly in developed countries. Only one article was developed in 
Mexico, therefore this represents an opportunity for ergonomics research in the 
contexts of developing countries, and particularly in Mexico. 
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Resumen : La descripción del comportamiento de la fuerza manual a lo largo de la 
jornada de trabajo puede ser estudiada mediante análisis de regresión. Factores 
como la edad, estatura y ancho de la mano, son determinantes en el ámbito 
laboral y en el ejercicio físico de los trabajadores. Mediante un análisis de 
regresión por segmentos, se puede hacer una representación mediante un modelo 
de dichos esfuerzos manuales considerando los factores antes expuestos. 
 
Palabras claves : Regresión por segmentos; Esfuerzo manual; Análisis de 
regresión. 

 
Abstract : The description of the behavior of the manual force throughout the 
working day can be studied by regression analysis. Factors such as age, height 
and width of the hand, are determining factors in the workplace and in the exercise 
of workers. By stepwise regression analysis, can be made a representation by a 
model of such manual effort considering the factors set forth above. 
 
Keywords:  Stepwise regression methods; Manual exertion; Regression analysis. 
 

1.- INTRODUCTION 
 
Performing manual labor efforts during practice it can be analyzed with regression 
methods. These studies are useful when you need to evaluate several regressors 
involved in practice and it is computationally difficult to assess. Three methods 
have been developed to evaluate a small amount of regression models, adding or 
deleting one by one regressors. 

In order to evaluate various regression models, we proceed to apply the 
stepwise regression methods using three segments: forward selection, backward 
elimination and stepwise regression. When analyzing the regressors age, time, 
height and width of the hand by these methods, we obtain as a result a model that 
reliably represents the expected behavior of manual efforts. 

 
 
 


