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Prefacio 
 
 

 

Este año esperamos grandes noticias de la Secretaria del Trabajo y Prevision 
Social, específicamente, estamos convencidos que esteaño se publicara en el 

Diario Oficial de la Federación ña Norma Oficial Mexicana 036-2, referente a 
trabajo repetitivo, con lo cual daremos un paso mas en la protección de los 

trabajadores que crean la riqueza de este país. 
 

Mientras eso sucede, les presentamos rl volumen 18 de nuestra serie 
“Ergonomia Ocupacional, Investigaciones y Soluciones” que, como todos los 

años, nos hemos esforzado en presentar los mejor de los investigadores 

nacionales y algunos extranjeros. 
 

Aquí podemos encontrar documentos de antropometría, ergonomía cognitiva, 
ergonomía participativa, MicroErgonomia, MacroErgonomia, entre otros 

trabajos, 
 

Esperamos sinceramente que lo disfruten tanto como lo hemos disfrutado 
nosotros en la elaboración de este libro. No es un trabajo sencillo pero 

afortunadamente tenemos amigos que forman el cuerpo académico que nos 
acompañan cada año en esta labor. Muchas gracias a los autores, cuerpo 

académicos y todos los colaboradores que hace posible la edición de este libro. 
 

Enrique de la Vega Bustillos 
Marzo de 2025 
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Resumen: La antropometría es la disciplina encargada de la recopilación y 
medición sistemática de las características físicas del cuerpo humano, 
principalmente el peso, el tamaño y la forma del cuerpo. Esta disciplina, como 
herramienta de la Ergonomía, permite adaptar el entorno a las personas mediante 
el diseño o rediseño de estaciones de trabajo, teniendo en cuenta las cartas 
antropométricas. En el 2023, la empresa bajo estudio de la industria de la sal 
registró que el 38% de las enfermedades profesionales presentes en los empleados 
del área operativa están relacionadas con trastornos musculoesqueléticos (TME). A 
raíz de la incidencia de las enfermedades profesionales, se llevó a cabo una 
evaluación de riesgos ergonómicos identificando la presencia de éstos en los 
diferentes procesos, como posturas inadecuadas, manipulación de cargas y 
repetitividad de tareas, lo que ha provocado problemas de salud en la espalda, 
hombros y manos. Los TME se deben a los diseños disergonómicos presentes en 
los procesos productivos y a la carencia de datos antropométricos de los 
trabajadores para el diseño y rediseño de puestos de trabajo, así como a la escasez 
y vigencia de datos antropométricos de la región. Se planteó como objetivo diseñar 
cartas antropométricas de los trabajadores del área operativa de la empresa 
salinera para obtener una base de datos precisa que apoye a la empresa en el 
diseño o rediseño de herramientas, equipos y estaciones de trabajo. La metodología 
propuesta consta de 5 pasos: 1) Definir las dimensiones a medir, 2) informar a los 
trabajadores, 3) realizar la medición de los trabajadores, 4) analizar los datos y 5) 
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diseñar las cartas antropométricas. Como resultado, se establecieron 51 medidas 
antropométricas, se midió a 63 trabajadores y se elaboró una carta antropométrica 
del personal del área operativa que incluye el 5%, 50% y 95% percentil. Se logró el 
objetivo planteado de la investigación, ya que se obtuvo la carta antropométrica de 
los trabajadores del área operativa. La carta antropométrica no sólo contribuye a la 
mejora de las condiciones de trabajo dentro de la empresa, sino que sienta las 
bases para futuras investigaciones en el campo de la ergonomía, beneficiando a los 
usuarios interesados en diseñar espacios de trabajo más inclusivos, seguros y 
eficientes. Además, estos datos contribuyen a la caracterización de la población 
laboral del sur de Sonora. 
 
Palabras clave: Antropometría, Diseño, Carta antropométrica, Percentiles. 
 
Relevancia para la ergonomía: Esta investigación contribuye con datos de una 
región en particular del país para el campo de diseño ergonómico de equipos, 
maquinaria, herramientas y estaciones de trabajo. Los resultados pueden utilizarse 
para desarrollar mejores estándares ergonómicos, además de mejorar la 
comodidad, bienestar y eficiencia laboral. 
 
Abstract: Anthropometry is the discipline in charge of systematically collecting and 
measuring the human body's physical characteristics, mainly the body's weight, size, 
and shape. As a tool of Ergonomics, this discipline allows to adapt the environment 
to people through the design or redesign of workstations, considering the 
anthropometric charts. In 2023, the company under study in the salt industry 
recorded that 38% of occupational diseases present in employees in the operational 
area are related to musculoskeletal disorders (MSDs). As a result of the incidence 
of occupational diseases, an ergonomic risk assessment was carried out, identifying 
ergonomic risks in the different processes, such as inadequate postures, load 
handling, and task repetitiveness, which have caused health problems in the back, 
shoulders, and hands. MSDs are due to the dysergonomic designs present in the 
production processes, the lack of workers' anthropometric data for the design and 
redesign of workstations, and the scarcity and validity of anthropometric data in the 
region. The objective was to design anthropometric charts of the workers in the 
operational area of the salt company to obtain an accurate database to support the 
company in the design or redesign of tools, equipment, and workstations. The 
proposed methodology consists of 5 steps: 1) define the dimensions to be measured, 
2) inform the workers, 3) perform the measurement of the workers, 4) analyze the 
data, and 5) design the anthropometric charts. As a result, 51 anthropometric 
measurements were established, 63 workers were measured, and an 
anthropometric chart of the personnel in the operational area was prepared, 
including the 5%, 50%, and 95% percentile. The objective of the research was 
achieved since the anthropometric chart of the workers in the operative area was 
obtained. The anthropometric chart not only contributes to the improvement of 
working conditions within the company but also lays the groundwork for future 
research in the field of ergonomics, benefiting users interested in designing more 
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inclusive, safe, and efficient workspaces. In addition, these data contribute to the 
characterization of the working population in southern Sonora. 
 
Keywords. Anthropometry, Design, Anthropometric chart, Percentiles. 
 
Relevance to Ergonomics: This research contributes data from a particular country 
region to the ergonomic design of equipment, machinery, tools, and workstations. 
The results can be used to develop better ergonomic standards and improve 
comfort, well-being, and work efficiency. 
 

  
1. INTRODUCTION 

 
Anthropometry (derived from the Greek Anthropos: human and, Metron: measure) 
refers to the systematic measurement of the physical characteristics of the human 
body, primarily body weight, body size, and shape (Tur & Bibiloni, 2019). This 

discipline serves as a tool for Ergonomics in order to adapt the environment to 
people (Mondelo et al., 1999) In addition, it allows the creation of an adequate work 
environment through the design or redesign of tools, furniture, equipment, and 
workstations under the consideration of anthropometric charts since these provide 
information on the dimensions of a given population and are widely used by 
designers. So far, in Sonora, there are only two previous studies related to the 
industrial sector: one was conducted in 2002 in the maquila of Cd. Obregón 
(Mungarro, 2002) and another in 2010, focused on workers in the automotive sector 
in Hermosillo (De la Vega, 2010; López Acosta et al., 2019). Both studies are at least 
15 years old, so their validity is questionable since the periodic updating of 
anthropometric charts is crucial to reflect changes in body dimensions; some authors 
recommend doing it every 5 to 10 years in populations with significant variations 
(Kim et al., 2018) and every 15 to 20 years in more stable populations (Karlberg et 
al., 1999); however, there is no time standard that guarantees the validity in the use 
of these data in the design of workstations. In addition, if the data are specific to a 
group of workers within an organization, the validity will depend on the stability of 
the workforce. 

On the other hand, in 2023, the company under study in the salt industry 
recorded that 38% of occupational diseases present in employees in the operational 
area are related to musculoskeletal disorders (MSDs). In addition, it carried out an 
ergonomic risk assessment identifying the presence of these in the different 
processes, such as inadequate postures, load handling, and repetitiveness of tasks, 
so that workers have experienced health problems in the back, shoulders, and 
hands, among other areas. Considering these considerations, the need to design 
and/or redesign ergonomic approach tools, equipment, and workstations was 
determined. However, this organization lacks anthropometric charts of workers in 
the operational area that allow for the physical dimensions of their workers to be 
characterized, and the scarcity of anthropometric data in the region is taken into 
account. The validity of the same reinforces the need for this research to have an 
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anthropometric chart of this particular population to design and/or redesign 
workstations to eliminate or reduce the incidence of this type of disease. 

 
 

2. OBJETIVE 
 
Design anthropometric charts of the workers in the operational area of the salt 
company to obtain an accurate database to support the company in the design or 
redesign of tools, equipment, and workstations. 
 

 
3.  METHODOLOGY 

 
3.1 Subjects of study 
 
In this study, 63 employees were considered from the operating area of the salt 
company; it was all male. Of these, 28 are between 31 and 40 years old, 16 are 
between 41 and 50, nine are between 21 and 30, seven are between 51 and 60, and 
only three are between 15 and 20 years old. His place of birth: 96.8% (61) of the 
employees were born in Sonora. Meanwhile, 3.2% (2) of the personnel were born in 
Baja California Sur and Michoacán. As for the place of birth of the father and mother, 
84.1% belong to the states of Sonora and Sinaloa. 
 
3.2 Instruments, Software, and measuring equipment 
 
3.2.1. Measuring equipment  
 
The following measuring equipment was used to measure the body measurements 
of the workers: 
 
a) Digital scale. Capacity 180 Kg. For weighing of 

workers 
 

 

b) Cajón antropométrico, para tomar las medidas 
del sujeto en posición sentado. 
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c) Antropómetro, se utilizó para la toma de 
medidas del pie, como el largo y el ancho. 

 
 

 

d) Stadiometer, used to 
measure heights in 
standing and sitting 
positions.       

e) Anthropometric tape, used to measure the 

circumferences of the head, neck, chest, waist, 

hip, and ear-to-ear distance. 

      

f) Graduated cone, used to measure the grip of 

the subject's hand. 

 

g) Vernier-type anthropometer is used to measure 
the lengths of the subject's body, including 
shoulder width, chest length, and hip width. 

 

h) Digital tape measure was used to measure leg 

lengths, instep height of the foot, and arm 

length.                  

Figure 1.  Measuring equipment used 

 
3.2.2. Instrument 
 

The format proposed by De la Vega B. and Pedro López H. was used to 
record the dimensions. Figure 2 shows the format used 
 
 
3.2.3. Software 
 

• The Excel package for Windows was used to capture the data collected, in 

which the subject's personal information was entered, such as name, area in 

which he/she works in the company, age range, place of birth (state), as well 

as that of his/her parents, and the dimensions of each of the 51 

anthropometric measurements. 
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• Minitab 2021 statistical software was used to analyze the data, and graphs 

were made to verify the outliers (box and whisker) and the frequency 

(histogram). In addition, the mean, variance, standard deviation, kurtosis, 

skewness, and percentiles were obtained for the different anthropometric 

dimensions. 

 

 

Figure 2. Anthropometric chart format. 
Source: Enrique De la Vega B. y Pedro López H. 
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3.3 Method 
 
A five-step method is proposed: 

 
Figure 3. Method proposed 

 
3.3.1. Step 1: Define the dimensions to be measured  
 
In step I, the anthropometric dimensions to be measured were defined based on 
similar studies, considering the dimensions of the anthropometric chart proposed by 
Enrique de la Vega and Pedro López. These measurements cover various areas of 
the body, such as heights, circumferences, widths, and specific lengths, and aim to 
obtain detailed data. 
 
3.3.2. Step 2: Inform workers about the requirements for taking measurements  
 
In step II, workers were informed about the objective of the project, its benefits, and 
the requirements for taking the dimensions through a dissemination campaign. In 
addition, the measurement schedule should be established in this step, where the 
workers' participation is scheduled to reduce the impact of the absence of personnel 
in the production process. 
 
3.3.3. Step 3: Perform measurements of anthropometric dimensions  
 
In step III, the anthropometric dimensions were taken using a guide to describe the 
different dimensions suggested by López Acosta et al. (2019), as well as the 
measuring equipment and the recording form (anthropometric measurement table) 
to capture the selected body dimensions. Two postures were prepared for the 
measurement: 1) standing and 2) with the subject sitting. 
 

• Standing: where the subject remains standing, facing forward (maintaining 

the Frankfurt plane position), with ankles together, toes apart, and arms 

hanging at their sides, which is known as the anthropometric attention 

position.  



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 18 2025 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO, A.C.                                                                    PÁGINA          8                                                                                                                

 

• Subject sitting: where the subject remains seated, facing forward (maintaining 

the Frankfurt plane position), with arms hanging relaxed at their sides and 

with their feet resting so that the flexed knees are at a 90° angle. 

 
3.3.4. Step 4: Analyze data from anthropometric measurements  
 
In step IV, the measurement data were analyzed, where they were cleaned, and 
once possible errors were ruled out, the normality for each dimension was verified.  
 
3.3.5. Step 5: Design anthropometric charts  
 
In step V, the anthropometric chart was designed, which includes the body 
dimensions, the mean, median, variance, and percentiles (5, 50, and 95). The 
following equation (1) and the Z-values (see Table 1) were used to calculate the 
percentiles.  

𝑷𝒕𝒊𝒍𝒆 = 𝑿̅ ± 𝒁 ∗ 𝑺     (1) 

Where: 

Ptile = Value of the desired percentile. 

𝑿̅ = Mean or average of the anthropometric dimension. 

Z = Constant that depends on the selected percentile, obtained from the Z table. 

S = Standard deviation. 

Table 1. Standardized values (Z) 

Percentile Z-Value 

5 1.654 

50 0 

95 1.646 

 

 
4. RESULTS 

 
The main results of this research are listed below: 
 
4.1 Step 1: Define the dimensions to be measured 
 
Based on similar studies conducted in other countries and on the recommendations 
of the Society of Ergonomists of Mexico A.C. (SEMAC), it was agreed to record a 
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total of 50 body dimensions using the anthropometric chart format (see Figure 2), to 
which the arm length (32) was integrated, resulting in a total of 51 measurements. 

These body measurements cover different body parts, including heights, 
circumferences, widths, and specific lengths, to collect detailed data to improve the 
design of tools, furniture, and working conditions in the salt company. The list of 
dimensions and their coding is presented below. 

 
 

Table 2. Anthropometric measurements 

Anthropometric Measure 

1. Body weight (920)  27. Hand length (420) 

2. Height (805) 28. Palm length (656) 

3. Height at eye (328) 29. Palm width (411) 

4. Height at shoulder (23) 30. Grip diameter (inside) (402) 

5. Height at elbow (309) 31. Seat to head height (758) 

6. Height at waist (949) 32. Seat to eye height (330) 

7. Height at buttock (398) 33. Seat to shoulder height (25) 

8. Wrist height (973) 34. Seat to elbow height at 90° (312) 

9. Height to the middle finger in normal position (265) 35. Thigh height (856) 

10. Width of the arms extended laterally (797) 
36. Height from seat to middle finger with 

arms extended upwards (914) 

11. Width of elbows with hands at the center of the 

chest (798) 

37. Height from center of fist with arms 

extended upward (912) 

12. Arm length to wall (80) 
38. Height of head to the floor in a sitting 

position (2fgm) 

13. Distance from the wall to the center of the fist (752) 39. Height from floor to seat (4fgm) 

14. Shoulder width (122) 40. Back of knee to wall length (200) 

15. Chest width (223) 41. Length of knee to wall (194) 

16. Hip width (457) 
42. Height of the floor to the back of the knee 

(678) 

17. Neck circumference (639) 43. Floor to knee height (529) 

18. Chest circumference (230) 44. Length from elbow to middle finger (381) 

19. Waist circumference (931) 
45. Back width with arms extended out in 

front (507) 

20. Hip Circumference (178) 46. Seated hip width (459) 

21. Head circumference (230) 47. Thigh width with knees together (859) 

22. Distance from ear to ear above head (144) 48. Foot length (775) 

23. Face width at sideburns (165) 49. Foot width (777) 

24. Head width (427) 50. Instep height (776) 

25. Height of the chin to the top of the head (595) 51. Arm length (32) 

26. Head length (441)  

 
 
The origin of this coding and its description are based on the measurements 

used by the National Aeronautics and Space Administration (NASA) (Churchill et al., 
1978). 
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4.2 Step 2: inform workers about the requirements for taking measurements  
 
To inform the workers about the purpose of the study and the requirements for taking 
the anthropometric measurements, induction sessions were organized, where the 
information necessary to participate in the measurements was explained to the 
workers. Evidence of the induction session is shown in Figure 4 below. 
 

 
Figure 4. Induction presentation. 

In addition, they were given a brochure with the most relevant information and 
the requirements to participate in the study. At this stage, any doubts of the operators 
were resolved to ensure their informed participation, and the tentative date for their 
measurement was established. 
 
4.3 Step 3: Perform measurements of anthropometric dimensions 

First, a space or place was set up that allowed some privacy and comfort for the 
worker, as well as facilitating the measurement for the evaluators to continue with 
the measurement of each anthropometric measurement and the recording of the 
dimensions in the format of the 63 workers in the operational area. The following 
Figure 5 shows some evidence of the operators' measurement. 
 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 18 2025 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO, A.C.                                                                    PÁGINA          11                                                                                                                

 

         

 
Figure 5. Evidence of the measurement of the operators in the operational area 

For each operator, each dimension was recorded, as shown in Figure 6: 
 
 
4.4 Step 4: analyze data from anthropometric measurements 
 
Before the analysis, a database was prepared with all the records of the 63 workers; 
the data were cleaned to detect any capture errors, extreme values by means of 
whisker box plots, inadequate behavior, missing data, and unexpected variability.  

With the help of the box-whisker plot, outliers in some measurements were 
eliminated to ensure the study's validity and accuracy. Frequency histograms were 
also made to visualize the data's behavior, where the data's concentration, possible 
anomalies, and dispersion could be observed; these graphs were applied to the 51 
measures analyzed. The box plot of the worker's weight measurement (920) is 
shown below: 

In addition, a data analysis was carried out, where the normality of the 51 
measurements was verified using Minitab software. The test performed was the 
Kolmogorov-Smirnov test, considering a confidence level of 95%. Figure 9 shows 
the goodness of fit test for the worker's weight. 
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Figure 6. Recording of anthropometric dimensions 

 

 
Figure 7. Box-whisker plot of workers' weight (920). 
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Figure 8. Histogram of worker's weight (920) 

 

 
Figure 9. Goodness-of-fit test for the weight of workers (920).  

 
The above tests resulted in the identification of the type of distribution; Table 

3 shows the type of distribution for the 51 anthropometric measures considered in 
the study. 

 
Table 3. Type of distribution for each anthropometric dimension. 

Dimensions 
Types of 

distributions 
Dimensions 

Types of 
distributions 

Dimensions 
Types of 

distributions 

920 Normal 230 Lognormal 856 Normal 

805 Normal 931 Weibull 914 Normal 

328 Normal 178 Normal 912 Normal 

23 Normal 430 Normal 2fgm Normal 

309 Normal 144 Normal 4fgm Normal 

949 Normal 165 Normal 200 Normal 
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398 Normal 427 Normal 194 Normal 

973 Normal 595 Normal 678 Normal 

265 Normal 441 Normal 529 Normal 

797 Normal 420 Normal 381 Normal 

798 Normal 656 Normal 507 Normal 

80 Normal 411 Normal 459 Normal 

752 Normal 402 Normal 859 Normal 

122 Normal 758 Normal 775 Normal 

223 Lognormal 330 Normal 777 Normal 

457 Normal 25 Normal 776 Normal 

639 Normal 312 Normal 32 Normal 

 
Only three measurements that did not have a normal distribution were identified, 

for which the percentile was determined using the median as the measure of central 
tendency. 

The database of anthropometric dimensions is available upon request by e-mail 
to the corresponding author's email address. 
 
4.5 Step 5: Design anthropometric charts 
 
Once the normality of the data was verified, with the statistics corresponding to the 
study, such as mean, variance, and percentiles, we proceeded to prepare the 
anthropometric charts for each dimension. More data can be found in the charts, in 
addition to the percentiles, the standard deviation, kurtosis, skewness, summation, 
minimum, maximum, and total of the measured individuals. 

Below is one of the 51 anthropometric charts made, corresponding to the 
worker's weight (920). 

Table 4. Anthropometric chart of workers' weight 

ANTHROPOMETRIC CHART 

WORKER'S WEIGHT 

Code: #920 

Lbs. Indicator Kg.     

186.00 Mean 84.37      

434.20 Variance 196.95      

30.93 Std. Dev. 14.03   Lbs. Percentile Kg. 

123.02 Minimum  55.8   24.13 5% 61.28 

264.55 Maximum 120   33.22 50% 84.37 
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Skewness= 0.35   42.30 95% 107.45  

Kurtosis= -0.31      

Sum = 5315.10      

Number of subjects= 63      

 
In addition to the individual anthropometric charts, a concentrated chart was 

prepared with the data of all the participants in the operative area. This chart, which 
includes the total measurements, mean, median, standard deviation, variance, and 
percentiles of the 5th, 50th, and 95th percentile, is a crucial tool for understanding 
the anthropometric characteristics of the operative area. For normally distributed 
dimensions, the mean was used as a measure of central tendency to calculate the 
percentiles, and for dimensions without normal distribution, the median was used. 
The concentrated anthropometric chart of the operative area is shown below in the 
Table 5. 

 
 

5. CONCLUSIONS 

It is important to point out that the objective of the research was achieved since the 
anthropometric chart of the workers in the operative area of the company under 
study in the salt industry was obtained. The anthropometric chart will allow the 
ergonomic design or redesign of tools, equipment, and workstations in the 
organization, improving the designs' adaptability to the personnel's physical 
limitations and thus reducing the discomfort and diseases related to MSDs afflicting 
this organization. This work not only contributes to the improvement of working 
conditions within the company but also lays the groundwork for future research in 
the field of ergonomics, benefiting users interested in designing more inclusive, safe, 
and efficient workspaces.  

On the other hand, these data contribute to the characterization of the population 
of southern Sonora, specifically the municipality of Cajeme. Therefore, they interest 
researchers, teachers, students, and other professionals who wish to delve deeper 
into anthropometric analysis. 
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Table 5. Anthropometric chart of the operative area 

No. Body dimension Mean Median 
Std. 
Dev. 

Variance 
Percentiles 

5% 50% 95% 

1 Body weight (920)  84.37 82.80 14.03 196.95 61.28 84.37 107.45 

2 Height (805) 170.21 170.00 5.44 29.64 161.26 170.21 179.17 

3 Height at eye (328) 159.84 160.20 5.58 31.16 150.66 159.84 169.02 

4 Height at shoulder (23) 141.08 141.50 5.38 28.95 132.23 141.08 149.93 

5 Height at elbow (309) 107.54 107.60 3.99 15.92 100.97 107.54 114.10 

6 Height at waist (949) 107.10 107.40 4.53 20.51 99.65 107.10 114.55 

7 Height at buttock (398) 75.63 75.70 3.57 12.72 69.76 75.63 81.50 

8 Wrist height (973) 82.76 82.50 3.18 10.12 77.53 82.76 87.99 

9 
Height to the middle finger in 
normal position (265) 

65.22 65.00 2.81 7.92 60.60 65.22 69.85 

10 
Width of the arms extended 
laterally (797) 

175.57 174.60 7.36 54.16 163.46 175.57 187.68 

11 
Width of elbows with hands 
at the center of the chest 
(798) 

89.09 89.20 3.86 14.90 82.74 89.09 95.44 

12 Arm length to wall (80) 85.21 84.50 3.77 14.20 79.01 85.21 91.41 

13 
Distance from the wall to the 
center of the fist (752) 

73.25 72.50 3.13 9.79 68.11 73.25 78.40 

14 Shoulder width (122) 43.88 44.00 2.36 5.57 40.00 43.88 47.77 

15 Chest width (223) 33.95 33.30 3.17 10.06 28.08 33.30 38.52 

16 Hip width (457) 35.57 35.40 2.31 5.36 31.76 35.57 39.38 

17 Neck circumference (639) 40.54 40.00 3.03 9.19 35.56 40.54 45.53 

18 Chest circumference (230) 102.14 101.20 9.08 82.46 86.26 101.20 116.14 

19 Waist circumference (931) 96.75 92.60 13.08 171.06 71.08 92.60 114.12 

20 Hip Circumference (178) 103.69 103.50 7.73 59.69 90.98 103.69 116.40 

21 Head circumference (230) 56.88 56.70 1.74 3.04 54.01 56.88 59.75 

22 
Distance from ear to ear 
above head (144) 

36.36 36.40 1.38 1.89 34.10 36.36 38.63 

23 
Face width at sideburns 
(165) 

15.19 15.20 0.71 0.50 14.03 15.19 16.36 

24 Head width (427) 16.05 16.00 0.69 0.48 14.92 16.05 17.19 

25 
Height of the chin to the top 
of the head (595) 

21.82 21.80 1.04 1.08 20.11 21.82 23.53 

26 Head length (441) 19.07 19.00 0.83 0.68 17.70 19.07 20.43 

27 Hand length (420) 18.44 18.40 0.85 0.73 17.04 18.44 19.84 

28 Palm length (656) 10.58 10.50 0.33 0.57 9.64 10.58 11.52 

29 Palm width (411) 8.51 8.50 0.36 0.13 7.92 8.51 9.10 

30 Grip diameter (inside) (402) 46.75 47.00 3.32 11.03 41.28 46.75 52.21 

31 Seat to head height (758) 90.08 90.00 3.07 9.44 85.03 90.08 95.14 

32 Seat to eye height (330) 80.38 80.40 3.48 12.12 74.65 80.37 86.10 

33 Seat to shoulder height (25) 60.59 60.70 2.95 8.73 55.73 60.59 65.45 

34 
Seat to elbow height at 90° 
(312) 

26.43 26.70 2.95 8.70 21.57 26.43 31.28 

35 Thigh height (856) 15.33 15.00 1.48 2.20 12.89 15.33 17.77 
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36 
Height from seat to middle 
finger with arms extended 
upwards (914) 

133.94 134.30 5.72 32.72 124.53 133.94 143.35 

37 
Height from center of fist with 
arms extended upward (912) 

122.45 122.30 5.66 32.01 113.14 122.45 131.76 

38 
Height of head to the floor in 
a sitting position (2fgm) 

131.05 131.10 3.30 10.91 125.62 131.05 136.48 

39 
Height from floor to seat 
(4fgm) 

40.70 40.70 0.00 0.00 40.70 40.70 40.70 

40 
Back of knee to wall length 
(200) 

50.78 50.50 2.89 8.33 46.03 50.78 55.53 

41 Length of knee to wall (194) 60.52 60.30 2.83 8.00 55.86 60.52 65.17 

42 
Height of the floor to the back 
of the knee (678) 

43.12 43.00 1.90 3.62 39.98 43.12 46.25 

43 Floor to knee height (529) 52.78 52.70 2.17 4.71 49.21 52.78 56.36 

44 
Length from elbow to middle 
finger (381) 

46.96 47.10 1.97 3.87 43.72 46.96 50.19 

45 
Back width with arms 
extended out in front (507) 

44.39 44.10 2.79 7.81 39.79 44.39 48.98 

46 Seated hip width (459) 40.53 40.50 3.32 11.04 35.07 40.53 46.00 

47 
Thigh width with knees 
together (859) 

36.25 35.90 3.06 9.37 31.21 36.25 41.29 

48 Foot length (775) 26.01 26.10 0.95 0.90 24.44 26.00 27.57 

49 Foot width (777) 9.97 10.00 0.55 0.30 9.06 9.97 10.87 

50 Instep height (776) 7.13 7.10 0.45 0.20 6.39 7.13 7.86 

51 Arm length (32) 67.18 67.40 3.33 11.08 61.70 67.18 72.65 
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RESUMEN: El desarrollo de este trabajo es la primera parte de un macro estudio 
en la zona Industrial de Caborca, Sonora, México, con la finalidad de conocer la 
existencia de posibles oportunidades de aplicación en el campo de ergonomía, en 
el caso específico en trabajadores de la industria textil. Como primer paso sería 
generar una base de datos antropométricos confiable en los puestos de trabajo de 
esta industria, buscando con ello dar inicio con una serie de investigaciones en esta 
área productiva de nuestro Estado de Sonora y en la Región de Caborca, Sonora. 

La industria textil es una parte importante de la economía de todos los países, 
según la publicación del sitio Morder Intelligence en el Informe de la Industria Textil: 
Análisis global, tamaño del mercado y Pronósticos (2025-2030), estima que a nivel 
mundial el mercado textil será de 774.33 mil millones de dólares en el año 2025 y 
que alcanzará los 920.55 mil millones de dólares para el año 2030, también 
menciona que según la Organización Internacional de Trabajo el sector textil fue 
altamente afectado durante la primera mitad del año 2020 por la pandemia de 
COVID-19 teniendo una reducción del 70% en las exportaciones de los principales 
compradores de la Unión Europea, Estados Unidos y Japón. Sin embargo, hace 
saber que este mercado está en crecimiento constante y en recuperación. 

El número de personas registradas que participan en este sector productivo 
según la Cámara Nacional de la Industria Textil (CANAINTEX) en el mes de 
noviembre de 2024 se registraron cerca de 1.2 millones de empleos en la Industria 
Textil en nuestro país. 

Buscando oportunidades de apoyo para las personas que están inmersas en 
el sector de la industria textil, se dio inicio con el registro de algunas dimensiones 
antropométricas de los trabajadores de esta industria en Caborca, Sonora. Se 
pretende generar base de datos antropométricas importantes que sirvan para 
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dimensionar herramientas y estaciones de trabajo que se adapten a las verdaderas 
necesidades de los trabajadores en la elaboración de los productos de esa empresa.  
Al considerar las medidas antropométricas, se permite adecuar el entorno laboral y 
las herramientas a las características y alcance físico de los trabajadores, evitando 
así, que el trabajador se vea en la necesidad de adaptarse a las condiciones de la 
estación o área de trabajo y pueda realizar su trabajo de manera eficiente y segura. 
 
Palabras clave: Antropometría, ergonomía, puesto de trabajo, industria textil. 
 
Aportaciones a la Ergonomía: Generar una base de datos antropométrica que 
contenga las dimensiones de la población que participa en la industria textil en 
Caborca, Sonora, México y que pueda ser un aporte para el resto del Estado y el 
País. 
 
Abstrac: The work developed here is the first part of a macro study in the Industrial 
zone of Caborca, Sonora, Mexico, with the purpose of knowing the possible existing 
opportunities of the application of the ergonomics field, in the specific case of 
workers in the textile industry. The first step would be to generate a reliable 
anthropometric database in the workplaces of this industry, thus seeking to start a 
series of investigations in this productive area of our State of Sonora and in the 
Region of Caborca, Sonora. 

The textile industry is an important part of the economy of all countries, 
according to the publication of the site Morder Intelligence in the Textile Industry 
Report: Global Analysis, Market Size and Forecasts (2025-2030), estimates that 
worldwide the textile market will be of 774.33 billion dollars in the year 2025 and will 
reach 920. 55 billion dollars by the year 2030, it also mentions that according to the 
International Labor Organization the textile sector was highly affected during the first 
half of the year 2020 by the COVID-19 pandemic having a 70% reduction in exports 
from the main buyers of the European Union, United States and Japan. However, it 
makes known that this market is steadily growing and recovering. 

The number of registered people involved in this productive sector according 
to the National Chamber of the Textile Industry (CANAINTEX) in the month of 
November 2024 there were about 1.2 million jobs in the Textile Industry in our 
country. 

Looking for support opportunities for people who are immersed in the textile 
industry sector, we started with the registration of some anthropometric dimensions 
of workers in this industry in Caborca, Sonora. The aim is to generate important 
anthropometric data bases that serve to dimension tools and workstations that adapt 
to the real needs of the workers in the elaboration of the products of this company.  

By considering the anthropometric measurements, it is possible to adapt the 
work environment and tools to the characteristics and physical reach of the workers, 
thus avoiding the need for the worker to adapt to the conditions of the workstation or 
work area and to be able to perform his work efficiently and safely. 
 
Key words: anthropometry, ergonomics, workstation, textile industry. 
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Contributions to Ergonomics: To generate an anthropometric database 
containing the dimensions of the population that participates in the textile industry in 
Caborca, Sonora, Mexico and that can be a contribution for the rest of the State and 
Country. 
 
 

1. INTRODUCTION 

The textile industry is an important part of the economy in the region of Caborca, 
Sonora, Mexico, since it has a good positioning of the products that are produced 
here for the national and international market. In addition, the production and export 
of the products that are produced in this branch causes a considerable economic 
spill and generation of jobs for the region throughout the year. 

According to INEGI 2019, the Textile and Apparel Industry generated a Gross 
Domestic Product (GDP) value of 133,028 million current pesos during January-
September 2019, contributing 40.3% to the Textile Industry and 59.7% to the Apparel 
Industry. 

According to Zavala- Villagómez, Aguilasocho-Montoya & Galeana-Figueroa, 
(2021) workplaces should be a combination between the necessary work spaces 
and the equipment used, where the workers' capabilities and work demands should 
be precisely identified, seeking an ergonomic balance in both. It also refers to the 
importance of identifying not only physical but also ergonomic and psychosocial risk 
factors. 

With the recording of anthropometric measurements, the aim is to avoid the 
suffering of musculoskeletal disorders due to non-ergonomic postures adopted 
during the necessary work in each workstation of the industry under study; in 
addition, the measurement of anthropometric data of the users will allow identifying 
the importance of their capabilities and physical scope when performing their work.  

According to the study recorded by Ortiz Porras et. al (2022), the overexertion 
performed by textile sector workers in the development of their work causes multiple 
musculoskeletal disorders in some parts of the body such as the back, neck, 
shoulders, upper and lower extremities, as well as joints. 
According to Miranda Rodríguez, B. X., & Sáenz Julcamoro, L. A. (2020) seeking to 
evaluate the possibilities for improvement of a workstation in the textile industry, 
developed a model of a workstation using observational ergonomic techniques such 
as REBA, RULA and NIOSH, as well as engineering tools such as the Material 
Handling System, Study of Methods among others, contributing with their study a 
reduction of 44.42% of Musculoskeletal Disorders.  

Intriago Mejía, A. C. (2021) mentions the importance of identifying ergonomic 
risks in the industry, with this it is possible to train and inform workers about the 
control and preventive behaviors that help them to take actions that can benefit their 
health. 

This is why the study conducted here is important, since it may be possible 
that there is a need to adjust anthropometric measurements of the users of tools and 
equipment in the product assembly process, which can significantly affect work 
efficiency. 
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2. OBJETIVE 

To develop a research with the necessary ergonomic elements in the field of 
anthropometry, seeking to build a database of workers in the textile industry in the 
Industrial Park of Caborca, Sonora, Mexico. 
 

3. DELIMITATION 

The study has certain limitations, since only the textile companies of H. Caborca, 
Sonora, Mexico will be considered. 
 

4. METHODOLOGY 

4.1 Introduction. 

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

4.2 Description of the method. 

The data recorded were collected in a cross-sectional observational manner from a 
convenience sample of 100 workers in the textile industry of Caborca, Sonora, 
Mexico. 
 

4.3 Materials. 

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

• Two anthropometers model 01140, 01290 and 01291 Lafayette brand. 

• Two Clarita model anthropometric kits. 

• One Seca stadiometer. 

• One Seca analog scale. 

• Two Stanley Powerlock flexometers. 

• Two flexible tape measures. 

• A computer for recording information. 
The methodology for taking the measurements was as follows: 
 

For the collection of the study data and the recording of information, the 
precautions and freedoms of the company were adjusted to the workers' rest time. 
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The recording of information in the formats was carried out by two teams 
composed of two people each, while one took the measurements, the other wrote 
down the data on the anthropometric chart. 

During the data collection, the workers were passing by once they had 
finished their food intake and their half-day break see figure 1.  

. 

  

          

Figure 1. Recording of anthropometric measurements by the two teams 
 

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

Table 1.   Measurements recorded in the study. 

Code   Size name 

N920 Weight 
N805 Height 
N328 Height at standing eye 

N23 Height at shoulder standing 

N309 Height at elbow standing 

N949 Height at waist standing 

N398 Height at buttock standing 

N973 Height at wrist stationary 

N265 Height at middle finger standing 

N797 Width of outstretched arms 

N798 Width of elbows to center of chest 

N80 Arm length to wall 

N122 Width of shoulders standing 

N223 Standing chest width 
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N457 Standing hip width 

N144 Distance from ear to ear above the head 

N427 Head width 

N441 Length of head 

N420 Length of hand 

N656 Length of palm of hand 

N411 Width of palm of hand 

N402 Grip diameter(inside) 

N529 Height from ground to knee 

N381 Length elbow to middle finger 

 
 

5. ANALYSIS OF RESULTS 
 
The results obtained in the investigation of the anthropometric measurements of the 
textile industry workers in Caborca, Sonora, were statistically processed showing the 
calculations of the 5th, 50th, and 95% percentiles, as well as the maximum and 
minimum of the measurements. Table 2 shows the results described above for the 
anthropometric dimensions corresponding to the data for men and Table 3 for 
women. The calculation of weight is recorded in kilograms and the rest of the 
measurements shown in Table 2 and 3 are in centimeters. 
 

Table 2.  Results obtained from the 66 men registered in the study of female textile 
workers in Caborca, Sonora, Mexico. 

 

  Percentiles   

Code Size name 5% 50% 95% Mínimo  Máximo  

N920 Weight 55 82 122 52 128 

N805 Height 165 176 185 164 193 

N328 Height at standing eye 157 167 174 153 180 

N23 Height at shoulder 
standing 

128 149 162 53 167 

N309 Height at elbow 
standing 

104 116 124 103 152 

N949 Height at waist standing 93 101 125 91 128 

N398 Height at buttock 
standing 

74 88 103 70 112 

N973 Height at wrist 
stationary 

80 88 95 78 97 

N265 Height at middle finger 
standing 

63 70 75 61 80 

N797 Width of outstretched 
arms 

82 93 102 79 103 
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N798 Width of elbows to 
center of chest 

42 49 54 34 85 

N80 Arm length to wall 73 80 87 71 90 

N122 Width of shoulders 
standing 

45 49 54 41 55 

N223 Standing chest width 24 34 40 19 42 

N457 Standing hip width 31 36 41 29 41 

N144 Distance from ear to 
ear above the head 

17 19 20 15 21 

N427 Head width 14 16 17 13 18 

N441 Length of head 20 22 24 19 25 

N420 Length of hand 17 18 19 16 20 

N656 Length of palm of hand 9 10 11 9 11 

N411 Width of palm of hand 8 8 9 7 9 

N402 Grip diameter(inside) 3 4 6 3 6 

N529 Height from ground to 
knee 

45 49 57 39 58 

N381 Length elbow to middle 
finger 

45 48 51 44 56 

 

 

Table 3.  Results obtained from the 34 women registered in the study of textile 
industry workers in Caborca, Sonora, Mexico. 

 

    Percentiles      

       

Code  Size name 5% 50% 95% Mínimo  Máximo  

N920 Weight 52 62 87 52 100 

N805 Height 153 164 169 150 169 

N328 Height at standing eye 145 154 157 144 160 

N23 Height at shoulder 
standing 

129 137 142 128 144 

N309 Height at elbow standing 99 105 109 96 110 

N949 Height at waist standing 92 96 111 89 115 

N398 Height at buttock 
standing 

65 91 97 55 98 

N973 Height at wrist stationary 77 80 87 76 87 

N265 Height at middle finger 
standing 

59 65 72 58 74 

N797 Width of outstretched 
arms 

78 82 102 77 150 
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N798 Width of elbows to 
center of chest 

41 44 58 41 82 

N80 Arm length to wall 66 75 80 62 81 

N122 Width of shoulders 
standing 

40 44 48 39 54 

N223 Standing chest width 29 32 37 27 40 

N457 Standing hip width 31 36 41 30 45 

N144 Distance from ear to ear 
above the head 

15 17 19 14 19 

N427 Head width 13 15 16 12 16 

N441 Length of head 17 20 22 17 23 

N420 Length of hand 16 17 21 14 29 

N656 Length of palm of hand 8 9 10 8 10 

N411 Width of palm of hand 7 8 9 6 9 

N402 Grip diameter(inside) 4 5 6 3 7 

N529 Height from ground to 
knee 

44 50 55 41 55 

N381 Length elbow to middle 
finger 

42 43 47 40 50 

 
Of the 100 workers randomly and voluntarily participating in the sample, 66% 

were men and 34% were women see Figure 2. 
 

 

 

Figure 2. Gender of the 100 registered workers in the textile industry in Caborca, 
Sonora, Mexico 
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The place of origin of the participants was also considered in the registry, 
where 100% of the records belong to the Caborca region. 
 
 

6. CONCLUSIONS. 

Undoubtedly, recording anthropometric data and the information gathered in this 
initial study will allow us to have a certainty in the creation of profiles with 
anthropometric features functional with the population of users in each of the 
workstations. 

In order to have a greater certainty of data and a greater number of 
dimensions, it is advisable to do the study again with the participation of more 
workers from the different areas and a greater number of measurements, with the 
purpose of reducing the possibilities of error in the design proposals of the 
workstations and the tools used, thus seeking to reduce the possibilities of 
musculoskeletal disorders, errors in production and by conclusion an increase in the 
productivity of the company and greater employee satisfaction when developing their 
own activities in the textile industry. 
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Resumen. El presente trabajo se llevó acabo en las instalaciones de la Universidad 
de la Sierra en Moctezuma, Sonora, donde se trabajó en un proyecto que fue 
diseñar cartas antropométricas para la población activa de la zona serrana esto se 
realizó con el objetivo de mejorar y adaptar los entornos laborales para todos los 
trabajadores, se tomaron medidas a 236 personas desde la altura, el peso, la altura 
al hombro, hasta el ancho y alto del pie, se profundizo en las 50 medidas más 
importantes del cuerpo humano, se obtuvieron tres cartas antropométricas una para 
la población activa mixta, otra para hombres y una de mujeres. La muestra se obtuvo 
por medio de la ecuación de Murray y Larry. Se utilizaron instrumentos de medición 
como un antropómetro, bascula, cinta métrica. Se trabajo en este diseño de cartas 
ya que sabemos la problemática que existe en las empresas por falta de ergonomía 
ya que hay un sin fin de enfermedades ergonómicas desde el síndrome del túnel 
carpiano, tendinitis, codo de tenista, hasta estrés laboral, al obtener las cartas 
antropométricas se puede rediseñar las estaciones de trabajo en base a estas 
medidas ya que son de la población que está laborando, tomando en cuenta la 
normativa vigente. 
 
Palabras claves: Cartas antropométricas, diseño, enfermedades ergonómicas  
 
Relevancia para la ergonomía: Este proyecto proporciona cartas antropométricas 
específicas para la población activa de la región serrana, permitiendo el rediseño de 
estaciones de trabajo y herramientas adaptadas a las dimensiones corporales 
reales de los trabajadores. Al integrar datos antropométricos actualizados, se 
mejora la seguridad, la comodidad y la eficiencia en los entornos laborales. 
 
Abstract. The present study was conducted at the facilities of the Universidad de la 
Sierra in Moctezuma, Sonora, where a project was carried out to design 
anthropometric charts for the working population of the mountainous region. The 
objective was to improve and adapt work environments for all workers. 
Measurements were taken from 236 individuals, including height, weight, shoulder 
height, as well as foot width and height. A total of 50 key body measurements were 
analyzed in depth. Two anthropometric charts were created: one working population,  

mailto:clopez@unisierra.edu.mx
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for men, and one for women. The sample was obtained using the Murray and Larry 
equation. Measuring instruments such as an anthropometer, scale, and measuring 
tape were used. The development of these charts was undertaken due to the well-
known issues in workplaces caused by a lack of ergonomics, which lead to various 
ergonomic disorders, including carpal tunnel syndrome, tendinitis, tennis elbow, and 
work-related stress. By obtaining these anthropometric charts, workstations can be 
redesigned based on the actual measurements of the working population, 
considering current regulations. 
 
Keywords: Anthropometric charts, design, ergonomic disorders 
 
Relevance to Ergonomics: Design of anthropometric charts based on 50 
measurements to improve the work environment. 
 
 

1. INTRODUCTION 

The design of workstations and tools in work environments must consider the body 
dimensions of workers to optimize ergonomics and reduce the risk of injury. This 
research focuses on the creation of anthropometric charts based on the active 
population of the mountain region of the State of Sonora, with the purpose of 
improving the adaptability of work spaces to the physical characteristics of 
employees. To this end, 50 anthropometric measurements were collected from 236 
people, allowing the preparation of reference tables for the ergonomic redesign of 
tools and workstations. Collecting this data is crucial to ensure that workstations are 
suitable for employees' body diversity and optimize their performance and well-
being. 
 
 

2. OBJECTIVES 

Prepare anthropometric charts of the working population of the mountain region to 
optimize the design of workstations and tools, to improve ergonomics, reduce the 
risk of injuries and increase efficiency in work environments. 
 
 

3. DELIMITATIONS 
 
This study is limited to the working population of the mountain region of the State of 
Sonora, using data from 236 people, mainly students from the Universidad de la 
Sierra. 50 anthropometric measurements were taken with specific tools such as 
anthropometer, tape measure, scale and chair. Its application focuses on improving 
workstations and tools in companies in the region. Furthermore, the study was 
carried out in a single data collection period, without long-term follow-up, and its 
results are applicable only to this geographical area. 
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2 

2 

4. JUSTIFICATION 

This project is based on the need to have updated and specific anthropometric data 
on the working population of the mountain region of the State of Sonora. Currently, 
many work environments do not consider workers' body dimensions in the design of 
their workstations and tools, leading to discomfort, decreased efficiency, and 
increased risk of injury. The creation of anthropometric charts will allow these spaces 
to be optimized, improving ergonomics and safety at work. Furthermore, this 
information will benefit both companies and employees, promoting a more 
accessible work environment adapted to the real needs of users. 

A study carried out in 2023 in university administrative workers identified a 
relationship between ergonomic risk factors and the appearance of musculoskeletal 
disorders. The results suggest that inadequate postures and poorly designed 
workstations contribute significantly to the prevalence of these disorders among 
administrative staff. 

In 2024, the IMSS (Mexican Social Security Institute), estimated that 5.16% 
of work-related illnesses are related to musculoskeletal damage, which causes 
illness and pain. 

 
5. METHODOLOGY 

 
5.1 Murray and Larry equation 
The Murray and Larry (2005) equation was used to determine the appropriate 
sample size, using a confidence Interval of 95% and a margin error of 5%, from a 
population of 608 students.  
 

 
       Figure 1. Equation for sample 

With these data, the population sample was obtained. 

n=
(1.96)  (0.5)(0.5)(608)

(0.5) (608−1)+(1.96)  (0.5)(0.5)
 235.65 

                                                                                                      (1) 
The sample result was 235.65 rounded to 236 samples to ensure the confidence 
level.  
 

5.2 Measuring instruments 
 
To carry out this project, the following measuring instruments were used: A scale, 
an anthropometer, vernier, 200 cm tape measure, circumference meter. 
 

5.3 Conducting the experiment 
 
Before starting the Measurement procedure, a sample number is calculated in order 
to obtain the data that had to be recorded, obtaining a sample of 236 measurements, 
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these 236 people from men and women with an age range of 18 to 23 years were 
taken from the different educational programs of the Universidad de la Sierra, these 
students are inhabitants of the different municipalities of the mountain region of the 
State of Sonora, since they can be part of the working population of our region and 
the state. 

Firstly, it was decided to work in three stations, in which these measurements 
were taken, in the first station the data of the first 16 measurements related to weight 
and height measurements were taken; in the second station, 17 more measurements 
were collected, which are the circumferences of the body; then, at the third station, 
the 17 missing measurements were taken, which were taken while sitting in an 
ergonomic chair, obtaining a total of 50 anthropometric measurements from weight 
and height to foot width and height. Most of these were measured on the right side, 
also taking into account a range of 3 to 5 millimeters due to the thickness of the 
clothing when they were measured on the body, in the foot measurements if they 
were taken without shoes and without socks, as well as weight and height, the 
dominant hand was the right, last but not least an ergonomic chair was used to take 
measurements with the body sitting well. 

 

 
 

Figure 2. Taking measurements 
 
 

6. RESULTS 
 
The 236 cards were obtained for each person, three anthropometric cards were 
made, one for men, one for women and one mixed. From each of the 50 
measurements, the standard deviation, maximum, minimum, mean, and the 
corresponding percentiles 0.5, 0.50, and 0.95 were taken. 

The main reason that led to carrying out this project is the need to have 
accurate and updated data on the body dimensions of the population adapted to 
regional characteristics.  Anthropometric charts are fundamental tools in the design 
of products, spaces and services. However, in many regions, the available data is 
outdated or does not reflect the specific characteristics of the local population. This 
generates unergonomic designs, discomfort and even health risks. The aim is to 
provide precise information that allows improving the well-being and safety of 
people. 
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The main beneficiary is the working people who depend on anthropometric 
information for the design of ergonomic and safe products and spaces indirectly. The 
entire population also benefits, since the objective is to improve the quality of life 
through more comfortable, safe and adapted products to the real dimensions of the 
users. 

Table 1. Anthropometric Charts of the Active Population of Men 

 

(920) Weight x̄: 79.72       
Min: 48.00       
Max: 144.80       
σ :20.14 
Pk 0.50: 75.50 
Pk 0.95 :120.21 
Pk 0.05:  55.49  

(265) Height to the 
third (middle) finger 

x̄: 64.44       
Max: 87.70     
Min: 53.50   
σ: 4.71 
Pk 0.50: 64.00  
Pk 0.95: 71.00 
Pk 0.05:  58.00 

 (805) Stature x̄:  172.12 
Min:  157.20 
Max:  191.00 
σ: 6.70 
Pk 0.50: 172.20  
Pk 0.95: 183.40 
Pk 0.05:  160.26 

 

(797) Lateral width of 
the arms 

x̄:  165.85       
Max: 193.00    
Min:  64.00   
σ: 27.82 
Pk 0.50: 174.00 
Pk 0.95:185.58 
Pk 0.05:  81.40 

 (328) Eye height x̄: 160.95 
Max: 181.00  
Min:  147.20  
σ: 6.79 
Pk 0.50: 161.00  
Pk 0.95: 171.53 
Pk 0.05:  149.63 

 (798) Width of 
elbows 

x̄:     90.44       
Max: 101.00   
Min: 77.00 
σ: 4.70 
Pk 0.50: 90.50  
Pk 0.95: 97.80 
Pk 0.05:  83.00 

 (23) Shoulder 
height 

x̄:  142.50     
Max: 158.00     
Min: 109.00 
σ: 7.30 
Pk 0.50: 144.15  
Pk 0.95: 154.01 
Pk 0.05:  132.70 

 

(80) Length of the 
arm relative to the 

wall 

x̄: 87.12       
Max: 101.00     
Min: 73.00 
σ: 5.50 
Pk 0.50: 87.00  
Pk 0.95: 96.70 
Pk 0.05: 78.48   

 (309) Elbow 
height 

x̄: 108.51          
Max: 144.50   
Min: 85.00 
σ: 8.18 
Pk 0.50: 108.40 
Pk 0.95: 119.92 
Pk 0.05:  98.84 

 

(122) Shoulder 
width 

x̄: 45.84    
Max: 56.00    
Min: 39.50   
σ: 3.09 
Pk 0.50: 45.65 
Pk 0.95: 51.55 
Pk 0.05:  40.76 

 (949) Hip 
height  

x̄:  95.45         
Max: 125.70    
Min: 83.00   
σ: 7.70 
Pk 0.50: 95.10 
Pk 0.95: 108.73 
Pk 0.05:  83.85 

 

(223) Chest width x̄: 31.77        
Max:  42.00    
Min:  22.30   
σ: 3.94 
Pk 0.50: 31.50 
Pk 0.95: 38.93 
Pk 0.05:  26.35 

  (398) Buttock 
height 

x̄:  75.67      
Max: 86.10 
Min:  62.00     
σ: 4.88 
Pk 0.50: 75.60 
Pk 0.95: 84.50 
Pk 0.05:  68.46 

 

 
(457) Hip width 

x̄:  35.36    
Max: 45.70     
Min: 28.80     
σ: 3.39 
Pk 0.50: 34.90 
Pk 0.95: 42.30 
Pk 0.05:  30.90 

 (973) Wrist 
height 

x̄:  82.20     
Max: 90.00    
Min: 64.50    
σ: 4.60 
Pk 0.50: 82.00 
Pk 0.95: 89.15 
Pk 0.05:  74.28  

(639) Neck 
circumference 

x̄:   37.08 
Max: 47.00   
Min: 30.00 
σ: 3.43 
Pk 0.50: 37.00  
Pk 0.95: 44.00 
Pk 0.05:  32.00 

 

(230) Chest 
circumference 

x̄:  95.73        
Max: 134.50     
Min:    77.00 
σ: 11.87 
Pk 0.50: 95.50  
Pk 0.95: 120.00 
Pk 0.05:  79.70 

 

(752) Distance from 
wall to center of grip 

x̄:  76.71        
Max:  93.50    
Min: 64.50    
σ: 5.13 
Pk 0.50: 76.00 
Pk 0.95: 87.00 
Pk 0.05:  69.25 

 

(931) Waist 
circumference 

x̄:  88.87   
Max: 129.00     
Min:  67.00 
σ: 14.26 
Pk 0.50: 87.00 
Pk 0.95: 114.60 
Pk 0.05:  70.00 

 

(758) Seat to head 
height 

 

x̄: 89.19     
Max: 101.00     
Min:  78.60   
σ: 4.01 
Pk 0.50: 89.00  
Pk 0.95: 95.24 
Pk 0.05:  82.89 
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(178) Hip 
circumference 

x̄:  102.93       
Max: 133.00     
Min:  80.10 
σ: 10.15 
Pk 0.50: 100.00  
Pk 0.95: 123.00 
Pk 0.05:  90.00  

(330) Seat to eye 
height 

x̄: 78.84         
Max: 88.00     
Min:  68.70     
σ: 4.04 
Pk 0.50: 78.65 
Pk 0.95: 85.30 
Pk 0.05:  72.11 

 

(430) Head 
circumference 

x̄: 55.62        
Max: 62.00     
Min:  35.00     
σ: 3.46 
Pk 0.50: 56.00 
Pk 0.95: 60.00 
Pk 0.05:  52.00 

 

(25) Seat to shoulder 
height 

x̄:   62.00        
Max:  72.60  
Min:   52.70    
σ: 3.58 
Pk 0.50: 62.10  
Pk 0.95: 68.68 
Pk 0.05:  55.84 

 

(144) Ear width 
 

x̄:   36.51    
Max: 54.00    
Min: 31.50    
σ: 2.34 
Pk 0.50: 36.50  
Pk 0.95: 39.00 
Pk 0.05:  33.00  

(312) Elbow height at 
90°, sitting 

x̄: 25.18        
Max: 35.00     
Min:  16.50     
σ: 3.12 
Pk 0.50: 25.00  
Pk 0.95: 30.92 
Pk 0.05:  19.91 

 

 

(165) Face Width x̄:  14.69     
Max: 19.30  
Min: 12.90    
σ: 0.98 
Pk 0.50: 14.60  
Pk 0.95: 16.23 
Pk 0.05:  13.30 

 

(856) Thigh-high, 
sitting 

x̄:  15.52         
Max: 21.60    
Min:  11.40     
σ: 2.43 
Pk 0.50: 15.10  
Pk 0.95: 20.46 
Pk 0.05:  11.97 

 

(427) Head 
width  

 
  

x̄:15.87             
Max: 24.50     
Min:  13.50     
σ: 1.10 
Pk 0.50: 15.90 
Pk 0.95: 17.00 
Pk 0.05: 14.44  

(914) Seat 
height to middle 
finger with arms 

up  
 

x̄:  133.18        
Max: 152.00 
Min: 119.00 
σ: 6.49 
Pk 0.50: 133.30  
Pk 0.95: 145.34 
Pk 0.05:  122.70 

 

(595) Height 
from chin to 
top of head  

 

x̄:24.89       
Max: 35.50     
Min:   15.50    
σ: 2.05 
Pk 0.50: 25.00 
Pk 0.95: 27.00 
Pk 0.05:  21.76  

(912) Height of the center of 

the fist with the arms up 

x̄:     121.23 
Max:  143.00    
Min:  109.50 
σ: 5.93 
Pk 0.50: 121.05  
Pk 0.95: 131.08 
Pk 0.05: 111.85  

 

(441) Head 
length 

x̄:  18.98     
Max: 24.50     
Min: 10.70   
σ: 1.36 
Pk 0.50: 19.10 
Pk 0.95: 20.59 
Pk 0.05:  17.14 

 
 

(2FGM) Height from 

head to floor, sitting 

x̄:130.73           
Max: 140.70    
Min: 118.30 
σ: 5.20 
Pk 0.50: 130.85  
Pk 0.95: 138.15 
Pk 0.05:  122.33 

 

(4FGM) Floor to 
seat height 

x̄:  41.41 
Max:  48.20   
Min: 31.50 
σ: 3.15 
Pk 0.50: 41.50  
Pk 0.95: 46.37 
Pk 0.05:  36.90  

(381) Length from 
elbow to middle 

finger 

x̄:   46.53     
Max:  52.90   
Min:    36.80   
σ: 2.77 
Pk 0.50: 46.60  
Pk 0.95: 50.59 
Pk 0.05:  42.20 

 
 

(200) Length 

of the back 

of the knee, 

at 

chair back 

x̄:    49.90   
Max:  61.10   
Min:   34.20    
σ: 4.49 
Pk 0.50: 50.35  
Pk 0.95: 56.68 
Pk 0.05:  41.63  

(507) Width of the 
back with arms 

extended in front 

x̄:     44.00    
Max:  51.60   
Min:   31.00   
σ: 3.69 
Pk 0.50: 43.60  
Pk 0.95: 50.47 
Pk 0.05:  38.04 

 

(194) Length from 
knee to back of 
chair 

x̄:  63.07 
Max:  73.20   
Min:   45.50   
σ: 4.73 
Pk 0.50: 63.70  
Pk 0.95: 70.13 
Pk 0.05:  54.66  

(459) Hip width, 
sitting  

x̄:   37.11      
Max: 48.80     
Min:  26.30     
σ: 4.47 
Pk 0.50: 36.80  
Pk 0.95: 45.87 
Pk 0.05:  30.41 

 

(420) Hand 
length 

x̄:  18.53       
Max: 20.80    
Min:  15.50     
σ: 0.59 
Pk 0.50: 18.50  
Pk 0.95: 20.10 
Pk 0.05:  17.07  

(859) Width of 
thighs with knees 

together 

x̄: 33.45       
Max:  44.40    
Min:   24.20    
σ: 3.94 
Pk 0.50: 33.40  
Pk 0.95: 40.44 
Pk 0.05:  27.85 
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(656) Palm length x̄: 10.52      
Max: 14.50    
Min:   8.00 
σ: 0.84 
Pk 0.50: 10.50 
Pk 0.95: 11.62 
Pk 0.05:  9.10 

 

(775) Foot length  x̄:    25.33 
Max:  28.50  
Min:  21.60  
σ: 1.38 
Pk 0.50: 25.50  
Pk 0.95: 27.50 
Pk 0.05:  22.94 

 

(411) Palm 
width 

x̄:  8.32 
Max: 10.00    
Min:  5.50 
σ: 0.64 
Pk 0.50: 8.40  
Pk 0.95: 9.30 
Pk 0.05:  7.40 

 

(777) Foot width x̄:    8.80 
Max:  11.20   
Min:   5.40   
σ: 1.07 
Pk 0.50: 9.00  
Pk 0.95: 10.33 
Pk 0.05:  7.00 

 

(402) Inside Grip 
Diameter 

x̄:  46.24        
Max:  57.00    
Min:   36.00 
σ: 3.82 
Pk 0.50: 46.00  
Pk 0.95: 52.00 
Pk 0.05:  40.00 

 

(776) Instep height x̄:   6.45          
Max:  9.50    
Min:    3.40  
σ: 1.35 
Pk 0.50:6.40  
Pk 0.95: 9.00 
Pk 0.05:  4.34 

 

(678) Height from 
floor to back of 

knee 

x̄:  43.42         
Max:  55.40    
Min:   32.00    
σ: 4.08 
Pk 0.50: 43.35 
Pk 0.95: 49.41 
Pk 0.05:  37.21 

 

(529) Floor to knee 
height 

x̄:   52.81       
Max:  64.00    
Min:   40.30    
σ: 3.26 
Pk 0.50: 52.70  
Pk 0.95: 58.60 
Pk 0.05:  48.50 

 
Table 2. Anthropometric Charts of the Active Population of Woman 

 (920) Weight x̄: 68.46             
Min: 44.30       
Max: 109.50       
σ :14.80 
Pk 0.50: 64.70 
Pk 0.95 :99.34 
Pk 0.05:  47.99 

 (265) Height to the 
third (middle) finger 

x̄: 61.32          
Max: 83.60    
Min: 54.80    
σ: 4.07 
Pk 0.50: 61.00  
Pk 0.95: 68.04 
Pk 0.05:  56.05 

 (805) Stature x̄:  161.04 
Min:  146.30 
Max:  175.00 
σ: 6.30 
Pk 0.50: 161.815  
Pk 0.95: 172.44 
Pk 0.05:  150.82  

(797) Lateral width of 
the arms 

x̄:  161.38        
Max: 178.00     
Min:  145.00   
σ: 7.50 
Pk 0.50: 161.00  
Pk 0.95:175.18 
Pk 0.05:  150.00 

 (328) Eye height x̄: 149.68 
Max: 163.30  
Min:  134.00   
σ: 6.28 
Pk 0.50: 149.55  
Pk 0.95: 161.61 
Pk 0.05:  139.15 

 (798) Width of 
elbows 

x̄:     82.08        
Max: 91.00    
Min: 71.00     
σ: 4.41 
Pk 0.50: 82.00  
Pk 0.95: 89.00 
Pk 0.05:  74.50 

 (23) Shoulder 
height 

x̄:  133.91      
Max: 146.40     
Min: 120.00 
σ: 5.50 
Pk 0.50: 133.30  
Pk 0.95: 144.34 
Pk 0.05:  123.71 

 

(80) Length of the 
arm relative to the 

wall 

x̄: 80.22            
Max: 92.00     
Min: 62.50   
σ: 5.29 
Pk 0.50: 80.00  
Pk 0.95: 89.35 
Pk 0.05: 71.00   

 (309) Elbow 
height 

x̄: 101.68           
Max: 111.50   
Min: 89.10 
σ: 4.43 
Pk 0.50: 101.00 
Pk 0.95: 110.08 
Pk 0.05:  95.30 

 

(122) Shoulder 
width 

x̄: 41.17       
Max: 49.80     
Min: 30.00   
σ: 3.38 
Pk 0.50: 40.55  
Pk 0.95: 47.84 
Pk 0.05:  36.22 

 (949) Hip 
height  

x̄:  92.91       
Max: 115.00    
Min: 76.50      
σ: 8.71 
Pk 0.50: 92.50 
Pk 0.95: 108.58 
Pk 0.05:  78.88 

 

(223) Chest width x̄: 28.76         
Max:  37.70   
Min:  22.00    
σ: 3.09 
Pk 0.50: 28.45 
Pk 0.95: 34.90 
Pk 0.05:  24.50 

  (398) Buttock 
height 

x̄:  71.64      
Max: 84.30 
Min:  61.10     
σ: 4.38 
Pk 0.50: 71.50 
Pk 0.95: 79.54 
Pk 0.05:  63.28 

 

 
(457) Hip width 

x̄:  36.19    
Max: 47.00     
Min: 24.50    
σ: 3.62 
Pk 0.50: 36.00  
Pk 0.95: 43.00 
Pk 0.05:  31.18 

 (973) Wrist 
height 

x̄:  78.22 
Max: 104.00     
Min: 61.00   
σ: 5.13 
Pk 0.50: 78.25 
Pk 0.95: 86.00  

(639) Neck 
circumference 

x̄:   32.62        
Max: 42.00    
Min: 26.50    
σ: 3.28 
Pk 0.50: 33.00  
Pk 0.95: 39.00 
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Pk 0.05:  71.95 Pk 0.05:  28.00 

 

(230) Chest 
circumference 

x̄:  95.52 
Max: 124.00     
Min:  76.00   
σ: 10.35 
Pk 0.50: 94.00  
Pk 0.95: 120.00 
Pk 0.05:  81.55 

 

(752) Distance from 
wall to center of grip 

x̄:  71.20    
Max:  83.00    
Min:  61.00     
σ: 4.35 
Pk 0.50: 71.00 
Pk 0.95: 78.10 
Pk 0.05:  64.50 

 

(931) Waist 
circumference 

x̄:  80.52      
Max: 115.00     
Min:  60.00   
σ: 12.27 
Pk 0.50: 78.00 
Pk 0.95: 106.45 
Pk 0.05:  64.00 

 

(758) Seat to head 
height 

 

x̄: 85.29    
Max: 94.30     
Min:  79.00     
σ: 2.92 
Pk 0.50: 85.00  
Pk 0.95: 91.08 
Pk 0.05:  80.66 

 

 
(178) Hip 
circumference 

x̄:  101.79       
Max: 131.00     
Min:  85.00   
σ: 10.71 
Pk 0.50: 99.50  
Pk 0.95: 124.35 
Pk 0.05:  86.28 

 

(330) Seat to eye 
height 

x̄: 74.98        
Max: 84.00     
Min:  69.50     
σ: 3.00 
Pk 0.50: 74.80 
Pk 0.95: 80.05 
Pk 0.05:  69.91 

 

(430) Head 
circumference 

x̄: 53.74     
Max: 60.00     
Min:  34.00     
σ: 3.56 
Pk 0.50: 54.00 
Pk 0.95: 58.00 
Pk 0.05:  51.13 

 

(25) Seat to shoulder 
height 

x̄:   58.68    
Max:  72.60    
Min:   51.00    
σ: 3.08 
Pk 0.50: 58.25  
Pk 0.95: 63.75 
Pk 0.05:  53.80 

 

(144) Ear width 
 

x̄:   34.56 
Max: 40.00     
Min: 34.00     
σ: 2.03 
Pk 0.50: 35.00  
Pk 0.95: 38.00 
Pk 0.05:  31.28  

(312) Elbow height at 
90°, sitting 

x̄: 25.22         
Max: 31.60     
Min:  18.60     
σ: 2.31 
Pk 0.50: 25.10  
Pk 0.95: 29.14 
Pk 0.05:  21.78 

 

 

(165) Face Width x̄:  13.52        
Max: 15.50   
Min: 11.50     
σ: 0.76 
Pk 0.50: 13.50  
Pk 0.95: 15.00 
Pk 0.05:  12.30 

 

(856) Thigh-high, 
sitting 

x̄:  14.92 
Max: 21.00     
Min:  10.00     
σ: 2.15 
Pk 0.50: 15.00  
Pk 0.95: 18.73 
Pk 0.05:  11.53 

 

(427) Head 
width  

 
  

x̄:15.45             
Max: 22.50   
Min:  14.00     
σ: 0.94 
Pk 0.50: 15.40 
Pk 0.95: 16.50 
Pk 0.05: 14.40  

(914) Seat 
height to middle 
finger with arms 

up  
 

x̄:  123.25          
Max: 136.50 
Min: 107.60 
σ: 5.51 
Pk 0.50: 123.40  
Pk 0.95: 133.40 
Pk 0.05:  114.68 

 

(595) Height 
from chin to 
top of head  

 

x̄:23.55      
Max: 27.50     
Min:   21.40    
σ: 1.08 
Pk 0.50: 23.50 
Pk 0.95: 25.45 
Pk 0.05:  21.96 

 

(912) Height of the center of 

the fist with the arms up 

x̄:     112.06     
Max:  125.00    
Min:  198.00 
σ: 5.51 
Pk 0.50: 112.40  
Pk 0.95: 123.53 
Pk 0.05: 102.34  

 

(441) Head 
length 

x̄:  18.26         
Max: 20.50     
Min: 14.40    
σ: 0.87 
Pk 0.50: 18.35  
Pk 0.95: 19.64 
Pk 0.05:  17.00 

 
 

(2FGM) Height from 

head to floor, sitting 

x̄:124.94         
Max: 138.00    
Min: 113.50 
σ: 5.12 
Pk 0.50: 125.00  
Pk 0.95: 135.58 
Pk 0.05:  116.86 

 

(4FGM) Floor to 
seat height 

x̄:  39.59    
Max:  46.50    
Min: 35.40  
σ: 2.88 
Pk 0.50: 38.05 
Pk 0.95: 45.25 
Pk 0.05:  36.45  

(381) Length from 
elbow to middle 

finger 

x̄:   42.28         
Max:  47.80   
Min:    32.00   
σ: 2.84 
Pk 0.50: 42.50  
Pk 0.95: 46.55 
Pk 0.05:  38.00 
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(200) Length 

of the back 

of the knee, 

at 

chair back 

x̄:    46.76      
Max:  57.00   
Min:   37.60    
σ: 3.75 
Pk 0.50: 46.80  
Pk 0.95: 53.93 
Pk 0.05:  40.15  

(507) Width of the 
back with arms 

extended in front 

x̄:     39.43     
Max:  49.50   
Min:   30.20    
σ: 3.37 
Pk 0.50: 39.10  
Pk 0.95: 45.39 
Pk 0.05:  33.63 

 

(194) Length from 
knee to back of 
chair 

x̄:  57.59        
Max:  69.00   
Min:   48.00    
σ: 4.25 
Pk 0.50: 57.15  
Pk 0.95: 64.53 
Pk 0.05:  50.46  

(459) Hip width, 
sitting  

x̄:   38.37      
Max: 53.20     
Min:  29.50     
σ: 4.29 
Pk 0.50: 37.80  
Pk 0.95: 46.84 
Pk 0.05:  31.67 

 

(420) Hand 
length 

x̄:  16.95  
Max: 19.20    
Min:  14.60     
σ: 1.00 
Pk 0.50: 17.00  
Pk 0.95: 18.85 
Pk 0.05:  15.50  

(859) Width of 
thighs with knees 

together 

x̄: 35.01         
Max:  52.70    
Min:   20.20    
σ: 4.93 
Pk 0.50: 34.70  
Pk 0.95: 43.35 
Pk 0.05:  28.20 

 

(656) Palm length x̄: 9.67         
Max: 11.50     
Min:   7.60 
σ: 0.72 
Pk 0.50: 9.60 
Pk 0.95: 10.95 
Pk 0.05:  8.50 

 

(775) Foot length  x̄:    22.78     
Max:  26.00   
Min:  19.00  
σ: 1.27 
Pk 0.50: 22.70  
Pk 0.95: 24.94 
Pk 0.05:  21.90 

 

(411) Palm 
width 

x̄:  7.43          
Max:  8.70    
Min:  6.10 
σ: 0.46 
Pk 0.50: 7.40  
Pk 0.95: 8.39 
Pk 0.05:  6.70 

 

(777) Foot width x̄:    7.85 
Max:  10.90   
Min:   5.80  
σ: 1.10 
Pk 0.50: 7.85  
Pk 0.95: 9.75 
Pk 0.05:  6.21 

 

(402) Inside Grip 
Diameter 

x̄:  43.40    
Max:  52.00    
Min:   33.00    
σ: 4.39 
Pk 0.50: 43.00  
Pk 0.95: 51.55 
Pk 0.05:  36.00 

 

(776) Instep height x̄:   5.80       
Max:  9.20   
Min:    3.50  
σ: 1.23 
Pk 0.50:5.70 
Pk 0.95: 7.84 
Pk 0.05:  3.90 

 

(678) Height from 
floor to back of 

knee 

x̄:  40.52           
Max:  48.00    
Min:   32.00    
σ: 3.44 
Pk 0.50: 40.10 
Pk 0.95: 46.58 
Pk 0.05:  34.78 

 

(529) Floor to knee 
height 

x̄:   50.20    
Max:  84.00   
Min:   40.00    
σ: 4.83 
Pk 0.50: 49.85  
Pk 0.95: 57.07 
Pk 0.05:  44.60 

 
Table 3. Anthropometric Charts of the Active Population of Mixed 

 (920) Weight  x̄: 75.23 
Min: 43.00 
Max: 144.80 
σ : 18.97 
 Pk 0.50: 71.00 
Pk 0.95 : 115.86 
Pk 0.05:  52.39  

(265) Height to 
the third (middle) 

finger 

x̄: 63.17           
Max: 87.70     
Min: 53.50     
σ: 4.71 
Pk 0.50: 62.80  
Pk 0.95: 69.85 
Pk 0.05:  57.00 

 (805) Stature  x̄:  167.89 
Min:  146.30 
Max:  191.00 
σ: 8.47 
Pk 0.50: 168.00  
Pk 0.95: 182.00 
Pk 0.05:  153.50  

(797) Lateral 
width of the arms 

x̄:  168.34 
Max: 193.00     
Min:  131.50     
σ: 10.37 
Pk 0.50: 168.00  
Pk 0.95:184.50 
Pk 0.05:  151.00 

 (328) Eye height  x̄: 156.27     
Max: 181.00  
Min:  134.00  
σ: 8.61 
Pk 0.50: 155.75  
Pk 0.95: 170.50 
Pk 0.05:  142.26 

 (798) Width of 
elbows 

x̄:     86.78   
Max: 99.00     
Min: 71.00     
σ: 6.17 
Pk 0.50: 87.00 
Pk 0.95: 97.00 
Pk 0.05:  76.00 

 (23) Shoulder 
height 

 x̄:  139.57  
Max: 158.00     
Min: 109.00   
σ: 8.13 
Pk 0.50: 138.65  
Pk 0.95: 153.10 
Pk 0.05:  126.72 

 

(80) Length of the 
arm relative to the 

wall 

x̄: 84.22            
Max: 99.00     
Min: 62.50    
σ: 6.24 
Pk 0.50: 84.00  
Pk 0.95: 94.92 
Pk 0.05: 74.00   



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 18 2025 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO, A.C.                                                                    PÁGINA          38                                                                                                                

 

 (309) Elbow 
height 

 x̄: 105.61      
Max: 144.00   
Min: 85.00   
σ: 7.62 
Pk 0.50: 104.50 
Pk 0.95: 116.10 
Pk 0.05:  96.50 

 

(122) Shoulder 
width 

x̄: 43.57        
Max: 56.00     
Min: 30.00    
σ: 3.99 
Pk 0.50: 43.55  
Pk 0.95: 50.07 
Pk 0.05:  37.68 

 (949) Hip 
height  

 x̄:  94.31          
Max: 125.75     
Min: 76.50   
σ: 8.25 
Pk 0.50: 94.00  
Pk 0.95: 107.92 
Pk 0.05:  82.00 

 

(223) Chest 
width 

x̄: 30.40          
Max:  42.00    
Min:  22.00     
σ: 3.88 
Pk 0.50: 29.70  
Pk 0.95: 37.38 
Pk 0.05:  25.10 

  (398) Buttock 
height 

 x̄:  73.97          
Max: 86.10 
Min:  61.10     
σ: 5.07 
Pk 0.50: 73.80  
Pk 0.95: 83.29 
Pk 0.05:  65.50 

 

 
(457) Hip width 

x̄:  35.74           
Max: 47.00     
Min: 24.50      
σ: 3.52 
Pk 0.50: 35.20 
Pk 0.95: 42.62 
Pk 0.05:  30.92 

 (973) Wrist 
height 

 x̄:  80.46          
Max: 104.00     
Min: 61.00 
σ: 5.22 
Pk 0.50: 80.00 
Pk 0.95: 88.50 
Pk 0.05:  72.60  

(639) Neck 
circumference 

x̄:   35.07        
Max: 47.00    
Min: 26.50     
σ: 4.02 
Pk 0.50: 35.00  
Pk 0.95: 42.00 
Pk 0.05:  29.00 

 

(230) Chest 
circumference 

 x̄:  95.97         
Max: 134.50     
Min:  74.00   
σ: 11.22 
Pk 0.50: 94.50  
Pk 0.95: 120.00 
Pk 0.05:  80.60 

 

(752) Distance 
from wall to 

center of grip 

x̄:  74.35        
Max:  93.50    
Min:  61.00    
σ: 5.52 
Pk 0.50: 74.50 
Pk 0.95: 85.00 
Pk 0.05:  65.50 

 

(931) Waist 
circumference 

 x̄:  85.09       
Max: 129.00     
Min:  60.00   
σ: 14.01 
Pk 0.50: 81.00 
Pk 0.95: 112.00 
Pk 0.05:  67.00 

 

(758) Seat to 
head height 

 

x̄: 87.55       
Max: 101.00     
Min:  78.60    
σ: 4.07 
Pk 0.50: 87.50  
Pk 0.95: 94.80 
Pk 0.05:  81.85 

 

 
(178) Hip 
circumference 

 x̄:  102.12      
Max: 133.00     
Min:  80.10   
σ: 10.39 
Pk 0.50: 100.00  
Pk 0.95: 123.00 
Pk 0.05:  88.00  

(330) Seat to eye 
height 

x̄: 77.25            
Max: 88.00     
Min:  68.70     
σ: 4.11 
Pk 0.50: 76.95 
Pk 0.95: 84.65 
Pk 0.05:  70.81 

 

(430) Head 
circumference 

 x̄: 54.80       
Max: 62.00     
Min:  34.00     
σ: 3.62 
Pk 0.50: 55.00  
Pk 0.95: 59.00 
Pk 0.05:  51.00 

 

(25) Seat to 
shoulder height 

x̄:   60.50         
Max:  72.60 
Min:   50.70    
σ: 3.75 
Pk 0.50: 60.30  
Pk 0.95: 67.33 
Pk 0.05:  55.08 

 

(144) Ear width 
 

 x̄:   35.63        
Max: 54.00     
Min: 26.00     
σ: 2.41 
Pk 0.50: 36.00  
Pk 0.95: 39.00 
Pk 0.05:  32.00  

(312) Elbow 
height at 90°, 

sitting 

x̄: 25.20           
Max: 35.00     
Min:  16.50    
σ: 2.78 
Pk 0.50: 25.00  
Pk 0.95: 29.54 
Pk 0.05:  20.60 

 

 

(165) Face 
Width 

 x̄:  14.16         
Max: 19.30     
Min: 11.50      
σ: 1.06 
Pk 0.50: 14.00  
Pk 0.95: 16.00 
Pk 0.05:  12.50 

 

(856) Thigh-high, 
sitting 

x̄:  15.25           
Max: 21.60     
Min:  10.00     
σ: 2.33 
Pk 0.50: 15.10  
Pk 0.95: 19.92 
Pk 0.05:  11.82 

 

(427) Head 
width  

 
  

 x̄:15.68           
Max: 24.50     
Min:  13.50     
σ: 1.05 
Pk 0.50: 15.60 
Pk 0.95: 16.98 
Pk 0.05: 14.40  

(914) Seat 
height to 

middle finger 
with arms up  

x̄:  129.01     
Max: 152.00 
Min: 107.60  
σ: 7.82 
Pk 0.50: 128.85  
Pk 0.95: 142.58 
Pk 0.05:  116.54 

 

(595) Height 
from chin to 
top of head  

 

 x̄:24.28             
Max: 35.50     
Min:  15.50    
σ: 1.80 
Pk 0.50: 24.30 
Pk 0.95: 26.70 
Pk 0.05:  22.00  

(912) Height of the 

center of the fist with the 

arms up 

x̄:     117.30        
Max:  143.00    
Min:  98.00  
σ: 7.32 
Pk 0.50: 117.00  
Pk 0.95: 129.67 
Pk 0.05: 104.39  
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(441) Head 
length 

 x̄:  18.66          
Max: 24.50     
Min: 10.70      
σ: 1.22 
Pk 0.5: 18.60  
Pk 0.95: 20.20 
Pk 0.05:  17.02 

 
 

(2FGM) Height 

from head to 

floor, sitting 

x̄:128.21        
Max: 140.70     
Min: 113.50  
σ: 5.90 
Pk 0.50: 128.00  
Pk 0.95: 137.88 
Pk 0.05:  119.00 

 

(4FGM) Floor 
to seat height 

 x̄:  40.65     
Max:  48.20   
Min: 31.50      
σ: 3.16 
Pk 0.50: 40.50  
Pk 0.95: 46.01 
Pk 0.05:  36.80  

(381) Length 
from elbow to 
middle finger 

x̄:   45.08        
Max:  52.90   
Min:    32.00   
σ: 3.44 
Pk 0.50: 51.30  
Pk 0.95: 57.45 
Pk 0.05:  45.40 

 

 

(200) 

Length of 

the back of 

the knee, 

at 

chair back 

 x̄:    48.56       
Max: 61.50    
Min:   34.20    
σ: 4.46 
Pk 0.50: 48.75  
Pk 0.95: 56.05 
Pk 0.05:  41.23  

(507) Width of 
the back with 

arms extended in 
front 

x̄:     42.14     
Max:  51.60    
Min:   30.20    
σ: 4.21 
Pk 0.50: 42.00  
Pk 0.95: 49.60 
Pk 0.05:  35.00 

 

(194) Length 
from knee to back 
of chair 

 x̄:  60.23          
Max:  73.20    
Min:   45.50    
σ: 5.25 
Pk 0.50: 60.05  
Pk 0.95: 68.81 
Pk 0.05:  51.33  

(459) Hip 
width, sitting  

x̄:   37.68         
Max: 53.20     
Min:  26.30     
σ: 4.43 
Pk 0.50: 37.40 
Pk 0.95: 46.50 
Pk 0.05:  31.02 

 

(420) Hand 
length 

 x̄:  17.82         
Max: 20.80     
Min:  14.60     
σ: 1.25 
Pk 0.50: 18.00  
Pk 0.95: 19.78 
Pk 0.05:  15.70  

(859) Width of 
thighs with knees 

together 

x̄: 34.15      
Max:  52.70    
Min:   20.20    
σ: 4.47 
Pk 0.50: 34.05  
Pk 0.95: 42.40 
Pk 0.05:  28.03 

 

(656) Palm 
length 

 x̄: 10.14            
Max: 14.50     
Min:   7.60 
σ: 0.89 
Pk 0.50: 10.20  
Pk 0.95: 11.50 
Pk 0.05:  8.52 

 

(775) Foot 
length  

x̄:    24.20      
Max:  30.50    
Min:  19.00 
σ: 1.88 
Pk 0.50: 24.00  
Pk 0.95: 27.16 
Pk 0.05:  21.24 

 

(411) Palm 
width 

 x̄:  7.92          
Max:  10.00    
Min:  5.50    
σ: 0.72 
Pk 0.50: 7.90  
Pk 0.95: 9.10 
Pk 0.05:  6.90 

 

(777) Foot width x̄:    8.37       
Max:  11.20   
Min:   5.40 
σ: 1.18 
Pk 0.50: 8.50  
Pk 0.95: 10.10 
Pk 0.05:  6.40 

 

(402) Inside Grip 
Diameter 

 x̄:  44.97           
Max:  57.00    
Min:   33.00    
σ: 4.31 
Pk 0.50: 45.00  
Pk 0.95: 52.00 
Pk 0.05:  38.00 

 

(776) Instep 
height 

x̄:   6.16          
Max:  9.50    
Min:   3.40   
σ: 1.33 
Pk 0.5:6.00  
Pk 0.95: 8.50 
Pk 0.05:  4.02 

 

(678) Height 
from floor to back 

of knee 

 x̄:  42.20         
Max:  55.40    
Min:   32.00    
σ: 4.08 
Pk 0.50: 42.40  
Pk 0.95: 48.50 
Pk 0.05:  35.70 

 

(529) Floor to 
knee height 

x̄:   51.44       
Max:  84.00   
Min:   40.00    
σ: 4.35 
Pk 0.50: 51.30 
Pk 0.95: 57.45 
Pk 0.05:  45.40 

 
 
 

7. CONCLUSIONS 
 
This project focused on the creation of anthropometric charts for the working 
population of the mountain region, in order to improve the design of workstations 
and tools. By collecting 50 measurements from 236 people, precise data was 
obtained that allowed ergonomics to be optimized, reducing the risk of injury and 
increasing work efficiency. The results of this study will contribute to a work 
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environment more appropriate to local physical characteristics, promoting the safety 
and well-being of employees, and offering benefits to both companies and workers. 
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Resumen: Los ritmos binaurales se presentan como una técnica de estimulación 
cerebral basada en sonidos de baja frecuencia generados al escuchar tonos 
ligeramente diferentes en cada oído a través de auriculares estéreo. Estos ritmos 
promueven estados de concentración, creatividad y relajación. Se proponen como 
herramientas útiles en contextos como el trabajo, la gestión del estrés. Estudios 
previos sugieren su impacto en la fatiga, la ansiedad y el dolor, lo que refuerza su 
relevancia en la neuroergonomía (Opartpunyasarn, 2022). 

Este artículo tiene como objetivo realizar una revisión de la literatura sobre 
los ritmos binaurales, evaluando su capacidad para mejorar el enfoque mental, 
reducir la fatiga, aliviar el estrés y explorar sus efectos en la salud mental, física y 
cognitiva, destacando aplicaciones en ámbitos laborales.  

Esta revisión bibliográfica se centra en el estudio de los pulsos binaurales y 
su impacto en la productividad durante actividades de ensamble manual.  
Se analizaron investigaciones que estudian específicamente los efectos de los 
pulsos binaurales sobre variables como la concentración, la reducción de estrés, y 
la mejora del rendimiento en tareas repetitivas o de precisión.  

Se incluyeron artículos científicos revisados por pares, estudios 
experimentales, y revisiones, aunque el análisis no está limitado a una región 
específica, se dio prioridad a estudios realizados en contextos industriales 
relevantes para países de América y Europa, donde estas tecnologías tienen 
aplicaciones prácticas. 

Se seleccionaron publicaciones en inglés y español para abarcar un 
panorama más amplio de la literatura disponible. Las investigaciones revisadas se 
centran en sujetos adultos que realizan actividades de ensamble manual. La 
metodología se lleva a cabo mediante la búsqueda de información a través de bases 
de datos.  

A modo de conclusión se analiza que estos hallazgos subrayan el potencial 
de los ritmos binaurales como herramienta de apoyo para la mejora del bienestar 
mental, físico y cognitivo, aunque es necesario continuar investigando para 
comprender plenamente sus efectos. Este enfoque reafirma la utilidad de los ritmos 
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binaurales como estrategias innovadoras para apoyar la ergonomía cognitiva y 
fisiológica en diversos contextos.  
 
Palabras clave: Ritmos Binaurales, Estimulación Cerebral, Auriculares Estéreo, 
Ergonomía Cognitiva. 
 
Relevancia para la ergonomía: Dentro de las aportaciones a la ergonomía se 
encuentra la optimización del rendimiento cognitivo, ya que los ritmos binaurales 
pueden emplearse para mejorar la concentración y reducir la fatiga en contextos 
laborales de alta demanda cognitiva. Además, la reducción de la carga mental, ya 
que, las aplicaciones en neuroergonomía facilitan el manejo del estrés, el tiempo de 
reacción y la vigilancia, apoyando la relación máquina-humano. Asimismo, diseño 
de entornos de trabajo dentro de la integración de estímulos auditivos rítmicos para 
optimizar el bienestar físico y mental en el trabajo. Finalmente, en la investigación 
aplicada con el uso de herramientas para evaluar cambios fisiológicos y su relación 
con ritmos binaurales. Abstract: Binaural beats are introduced as a brain stimulation 
technique based on low frequency sounds generated by listening to slightly different 
tones in each ear through stereo headphones. These rhythms promote states of 
concentration, creativity, and relaxation. They are proposed as useful tools in 
contexts such as work, stress management. Previous studies suggest their impact 
on fatigue, anxiety and pain, reinforcing their relevance in neuroergonomics 
(Opartpunyasarn, 2022).  

This article aims to conduct a literature review on binaural beats, assessing 
their ability to improve mental focus, reduce fatigue, relieve stress and explore their 
effects on mental, physical and cognitive health, highlighting applications in 
occupational settings.  

This literature review focuses on the study of binaural beats and their impact 
on productivity during manual assembly activities.  

Research specifically studying the effects of binaural pulses on variables such 
as concentration, stress reduction, and improved performance in repetitive or 
precision tasks was analyzed.  

Peer-reviewed scientific articles, experimental studies, and reviews were 
included, although the analysis is not limited to a specific region, priority was given 
to studies conducted in industrial contexts relevant to countries in the Americas and 
Europe, where these technologies have been used in the past. 

English and Spanish publications were selected to cover a broader panorama 
of the available literature. The research reviewed focuses on adult subjects who 
perform manual assembly activities and the methodology is carried out by searching 
for information through databases.  

By way of conclusion, it is discussed that these findings highlight the potential 
of binaural beats as a supportive tool for the improvement of mental, physical and 
cognitive well-being, although further research is needed to fully understand their 
effects. This approach reaffirms the utility of binaural beats as innovative strategies 
to support cognitive and physiological ergonomics in diverse contexts.   
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Key Words: Binaural Beats, Brain Stimulation, Stereo Headphones, Cognitive 
Ergonomics. 
 
Relevance to Ergonomics: Among the contributions to ergonomics is the 
optimization of cognitive performance, as binaural beats can be used to improve 
concentration and reduce fatigue in cognitively demanding work contexts. In 
addition, the reduction of mental workload, since neuroergonomics applications 
facilitate stress management, reaction time and vigilance, supporting the machine-
human relationship. Also, design of work environments within the integration of 
rhythmic auditory stimuli to optimize physical and mental well-being at work. Finally, 
in applied research with the use of tools to evaluate physiological changes and their 
relationship with binaural rhythms.  
 
 

1. INTRODUCTION  
 
Human beings are surrounded by sounds in our daily activities, those sounds that 
our ears hear are called acoustic stimuli that affect us in our emotions, moods and 
feelings consciously and unconsciously, one of the most common acoustic stimuli is 
music. Currently binaural beats are being used to relax, improve sleep and aid 
meditation. Binaural beats are produced when a different frequency tone is heard in 
each ear. In our brain the alpha waves are activated more when listening to binaural 
beats. Alpha waves are linked to the state of relaxation. It has been found that 10 
Hz alpha binaural beats increased interhemispheric coherence at alpha frequencies 
(Omeroglu & Li, 2022). 

Studies have shown that binaural theta rhythms increased depression and 
negative mood subscale scores (Wahbeh, et al., 2007). Theta binaural beats showed 
that people had more fear-induced mood states (Pluck & Lopez-Eagle, 2019). 
However, other studies claim that binaural theta rhythms increase meditative states 
(Jirakittayakorn & Wongsawat, 2017). Beta waves are related to attention, 
wakefulness and concentration.  However, less research has been conducted on the 
effect of beta binaural beats with respect to mood states (Omeroglu & Li, 2022). 

Research was conducted to see the effects of binaural pulses on anxiety and 
stress. Military service members after deployment were played music with masked 
binaural pulses and without binaural pulses, showing less stress when listening to 
music with binaural pulses (Gantt et al., 2017).  

Another study showed that binaural gamma beats showed improved visual 
attention, as well as increased concentration on both local and global tasks (Colzato 
et al., 2017). 

Labor productivity has been the subject of much research, since it is directly 
associated with individual and collective performance in the workplace. Several 
factors influence the increase or decrease of productivity, among which 
environmental stimuli and psychological conditions stand out. In this context, 
binaural waves have gained relevance in the field of psychology and neuroscience 
due to their ability to induce effects in the brain that affect cognitive processes such 
as attention, concentration and stress (Hirsh, 2019; Lee et al., 2021). 
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1.1.  Binaural waves  
Binaural waves are an auditory phenomenon that occurs when two tones of slightly 
different frequencies are presented separately in each ear, generating a perception 
of an additional tone. This phenomenon has been the subject of study for its potential 
benefits in improving cognition, well-being and, particularly, work productivity.  

In the central nervous system (CNS), neurons communicate through a 
synchronization of electrochemical signals, triggering ionic currents that flow 
between synaptic contacts (Schaul, 1998). This intricate process gives life to 
rhythmic voltage fluctuations that course through the various regions of the brain, 
known as neuronal oscillations or brain waves (Buzaki, 2006). On the other hand, 
electroencephalogram (EEG) emerges as an essential tool to unravel brain electrical 
activity. This record shows five types of waves, where the beta waves derive two 
that are lower and upper beta waves (Table 1), which takes into account certain 
characteristics, such as; the frequency, measured in Hertz (Hz), indicates the speed 
with which the wave repeats in a second, while the amplitude expressed in 
microvolts (µV), reflects the difference between the maximum and minimum voltage 
(Talamillo, 2011). 

 
Table 1: Brainwave Types and Characteristics (Sciotto & Niripil, 2018). 

 

Delta 
Waves 

They are slow waves of 
a frequency between 
0.5 and 4 cycles 
(discharges) per 
second (cps or Hertz). 
They are present during 
the deep sleep state 
and are dominant in the 
brain of infants. Delta 
waves with a high and 
rhythmic amplitude are 
commonly found in 
adults with mental 
disorders or brain 
lesions.. 

 

Theta 
Waves 

With a frequency of 4Hz 
to 7 Hz, they are 
produced during states 
of deep meditation, 
autogenic training, 
yoga; as well as during 
the intellectual effort 
associated with 
academic learning. The 
characteristics of this 
state are: plastic 
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memory, greater 
learning capacity, 
fantasy, imagination 
and creative 
inspiration. 

Alpha 
Waves 

They have a frequency 
of 7 Hz to 12 Hz and are 
associated with states 
of relaxation. They are 
recorded especially 
moments before falling 
asleep. Their 
characteristic effects 
are: pleasant 
relaxation, calm and 
carefree thoughts, 
optimism and a feeling 
of integration of body 
and mind. Alpha 
desynchronization is a 
normal phenomenon 
observed when an 
individual opens his 
eyes and encounters 
an image or text that 
catches his attention. 

 

Beta 
Waves 

They originate an 
electromagnetic field 
with a frequency 
between 13 and 39 Hz. 
They are registered 
when the person is 
awake in full mental 
activity and logical 
thinking. 

 

Low Beta 
Waves  
 

They are considered to 
be the waves of high 
brain activity. Their 
frequency ranges 
between 12 and 16 Hz. 
Whenever you focus, 
analyze, calculate or 
think about your 
external environment, 
beta waves are at work. 
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High 
Beta 
waves  

They are associated 
with fears, anxiety, 
excessive thoughts, 
rapid thinking, 
obsessive-compulsive 
disorder (OCD), 
addictions and states of 
extreme mental 
performance. 

 

Gamma 
Waves 

These are high 
frequency brain waves 
(40 Hz or more). They 
are associated with the 
waves generated when 
solving problems, 
whether logical or 
mathematical, in both 
children and adults. It is 
said that they can help 
learning and mental 
clarity. Gamma rhythms 
can be found in any part 
of the brain. Their 
presence favors the 
processing of 
declarative information 
through the brain 
pathways. 

 

 
 

Barrera Román (2017) mentions in his study “The human brain is undoubtedly 
one of the most complex systems in the known universe and the interest in 
understanding its functioning dates back to antiquity”. 

 
 

2. OBJECTIVES  
 
General Objective: To gather and evaluate the existing scientific evidence on their 
impact on the cognitive and emotional performance of employees in order to 
understand the functioning of binaural waves and evaluate how they can be used 
to optimize work productivity. 
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3. METODOLOGY 
 
3.1. Research Design 
 
The type of research conducted is a narrative literature review, since it is a 
compilation of analysis of existing studies, where the objective is to compare, 
analyze and synthesize results of previous research on the effects of binaural beats. 

 
3.2. Materials And Methods 
 
This chapter follows a literature review methodology, which involves the collection 
and analysis of academic articles, empirical studies, and other relevant resources 
published in scientific journals, academic conferences, and specialized books. An 
exhaustive search was conducted in databases such as PubMed, Google Scholar, 
using keywords such as “binaural beats”, “stereo headphones” and “cognitive 
ergonomics”. The studies selected were those that explicitly addressed the effects 
of binaural waves on cognition, performance, and stress. In addition, studies of 
different methodological approaches were considered, including randomized 
controlled trials, field studies, and laboratory experiments.  

 
 

4. RESULTS 
 
Among the results is that, in Europe, Lundager, Kirk, and Staiano (2019) conducted 
a study involving four groups: two mindfulness practice groups (one novice and one 
expert), a binaural beats group, and a control group. The results showed that 
mindfulness experts and participants exposed to binaural beats had lower levels of 
mental fatigue compared to the other groups. Also, a study by Al-Shargie et al. 
(2022) investigated the effectiveness of binaural beats in work settings, revealing 
that 16 Hz binaural pulses improved vigilance, reduced stress, and decreased alpha 
amylase levels by 44%. They also reduced reaction time by 20% and increased 
target detection accuracy by 25% (p < 0.001). Binaural sounds are recognized to 
positively influence mood, concentration, and creativity (Kirk, 2019; Fessel, 2018). 
This phenomenon is related to brainwave entrainment (Gruzelier, 1996), where the 
brain synchronizes its oscillations with sound stimuli of nearby frequencies 
presented to each ear. Finally, varied physiological effects have been identified: 
while some studies report improvements in microcirculation and cardiovascular 
function after exposure to binaural beats, others show inconclusive or even adverse 
results (Krasnoff & Chevalier, 2023). Neuroergonomics also offers applications in 
the human-machine relationship, the reduction of mental workload, and the 
assessment of cognitive performance in work environments (Pires & Matheus, 
2021). 
 
4.1 Definition and Functioning of Binaural Waves 
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Binaural waves are an acoustic phenomenon that occurs when two tones with 
slightly different frequencies (usually less than 30 Hz) are presented through 
headphones, one in each ear. The brain perceives a “wave” corresponding to the 
difference in frequencies between the two tones presented. For example, if a 300 
Hz tone is played in one ear and a 310 Hz tone in the other ear, the brain will perceive 
a frequency of 10 Hz (Oster, 1973). 

The principle behind binaural waves lies in the synchronization of brain waves 
with the frequency of the auditory stimulus. These frequencies are related to different 
brain states, such as relaxation, concentration, sleep or meditation. The most 
common frequencies used in productivity studies are alpha (8-12 Hz) and beta (13-
30 Hz), which are associated with mental calmness and concentration, respectively 
(Smith et al., 2020). 

 
4.2 Cognitive Effects of Binaural Waves 
 
Several studies have investigated how binaural waves can affect brain activity and 
cognition. Research suggests that stimulation with alpha-frequency binaural wave 
stimulation can improve concentration, focus, and relaxation, while beta frequencies 
are related to increased mental activity, alertness, and problem solving (Bishop et 
al., 2018; Lee et al., 2021). 

According to a review of studies, binaural waves can help reduce stress and 
anxiety, which in turn can increase the ability to concentrate and improve 
performance in work tasks that require continuous attention or intensive intellectual 
work (Hirsh, 2019). 

 
4.3 Implications on Labor Productivity 
 
One area of recent interest has been the influence of binaural waves on work 
productivity. A study by Smith et al. (2020) showed that exposure to beta-frequency 
binaural waves increased performance on tasks requiring high concentration and 
problem solving, such as writing and data analysis. Participants who listened to 
binaural waves during their workday showed greater efficiency in task performance 
compared to those who did not use these waves. 

However, not all studies have shown positive results. Some studies, such as 
Turner (2018), suggest that binaural waves may not have a significant impact on 
productivity in distracting or noisy work environments. In addition, some employees 
experienced adverse effects, such as headaches or mental fatigue when listening to 
binaural waves for extended periods. 

 
4.4 Ergonomic Implications 
 
Integrating the use of binaural waves into the design of the work environment has 
the potential to improve cognitive ergonomics. The use of binaural waves can enable 
employees to maintain an optimal mental state for demanding tasks, reducing fatigue 
and improving job satisfaction. However, ergonomics should not only consider the 
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effects of binaural waves, but also side effects such as headphone discomfort or 
auditory fatigue from prolonged use (Sanchez et al., 2019). 
 
4.4.1 Effects on physiology: 
 
- Improved microcirculation: The results of the Menlascan, which measures 
microcirculation, were less conclusive. Some participants experienced improvements in 
microcirculation after listening to BBs, while others showed no significant change or even 
experienced a decrease (Krasnoff & Chevalier, 2023). 
- Variable cardiovascular effects: The effects of BB on the cardiovascular system were 
also variable. Some participants experienced an increase in cardiovascular score, 
suggesting improved cardiovascular function, while others showed no change or 
experienced a decrease (Krasnoff & Chevalier, 2023). 
 
 

5 DISCUSSION 
 
Binaural waves have significant potential to improve work productivity by influencing 
employees' cognitive abilities, such as concentration, focus, and problem solving. 
However, the effects of binaural waves are variable and depend on the context and 
individual conditions of workers. The implementation of binaural waves in work 
environments should be carefully evaluated to ensure that the benefits outweigh the 
possible negative effects. 

The use of binaural waves in combination with other ergonomic methods, such as 
environmental noise management and workspace design optimization, could be a 
promising strategy to improve work productivity. However, more controlled, longitudinal 
studies are needed to draw definitive conclusions about its long-term impact. 
 
5.1 Contributions to Ergonomics 

5.2  

Binaural waves can be considered as an ergonomic tool to improve psychological 
well-being and cognitive productivity at work. By integrating binaural waves into the 
design of the work environment, especially in tasks that require a high level of 
concentration, it is possible to foster a more efficient and pleasant working 
atmosphere. In addition, the design of comfortable headphones adapted for long-
term use can optimize the benefits of this tool. Future research should explore the 
practical applications of binaural waves in various work contexts and their integration 
with other ergonomic practices. 
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Resumen: Las escuelas resultan un lugar propicio para generar estrés y fatiga 
mental tanto en los alumnos como en el personal que labora, un gran número de 
estudiantes estudian, trabajan y atienden a su familia. Una tarea titánica para estas 
personas que buscan cumplir su meta de ser profesionistas. La carga mental 
describe la carga psicológica que los alumnos consumen en sus actividades diarias, 
esto les puede causar fatiga, estrés o alguna enfermedad física. Las ingenierías 
generalmente manejan temas de programación los cuales pueden resultar bastante 
estresante sobre todo para los principiantes en esta área. En el presente documento 
se busca determinar si existe una mayor carga mental en el desarrollo de 
instrucciones en dos de los lenguajes que principalmente se usan en la actualidad 
como lo son C++ y Python. El primero usado tradicionalmente para el aprendizaje 
de programación mientras que el segundo, aunque no es un lenguaje nuevo, 
recientemente ha ido adquiriendo popularidad en la comunidad estudiantil debido a 
su sencillez de aprendizaje y sus múltiples aplicaciones en diversas áreas de la 
ingeniería. El estudio se desarrolló en alumnos de ingeniería de la Universidad Paso 
del Norte, con conocimientos básicos de ambos lenguajes de programación, una 
vez seleccionados los alumnos se les propuso resolver un problema matemático el 
cual tenían que hacer en uno de los dos lenguajes, se asignaron 15 alumnos para 
el lenguaje Python y 15 alumnos en el lenguaje C++, una vez terminada la actividad 
se aplicó el cuestionario subjetivo NASA TLX, el cual se compone de seis 
dimensiones que los participantes evalúan en una escala de 0 a 100, estas escalas 
son demanda mental, demanda física, demanda temporal, rendimiento, esfuerzo y 
frustración, las cuales arrojan como resultado final una calificación de carga mental. 
Después de haber obtenido la calificación para cada grupo de alumnos, se procedió 
a analizarlos en un software estadístico. Los resultados obtenidos no permiten 
demostrar que haya diferencia entre la carga cognitiva para el uso de ambos 
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lenguajes, lo cual sugiere que el nivel de estrés no depende significativamente de 
uno de ellos, sino de otros factores como la experiencia en programación y la 
resolución de problemas de matemáticas.  
 
Palabras Clave: NASA-TLX, Python, C++, Carga mental. 
 
Relevancia para la Ergonomía: La aportación de este trabajo de investigación 
impacta directamente en la determinación de carga mental en alumnos de 
ingeniería, aportando a la ergonomía información sobre cómo abordar la fatiga 
desde una perspectiva académica. 
 
Abstract: Schools can be a breeding ground for stress and mental fatigue for both 
students and staff. Many students juggle studying, working, and taking care of their 
families—a Herculean task for those trying to achieve their goal of becoming 
professionals. The mental load refers to the psychological pressure students face in 
their daily activities, which can lead to fatigue, stress, or physical illness. Engineering 
courses often involve programming topics, which can be quite stressful, especially 
for beginners in this field. This document aims to determine if there is a greater 
mental load when developing instructions in two of the most commonly used 
programming languages today: C++ and Python. The former has traditionally been 
used for learning programming, while the latter, though not a new language, has 
recently gained popularity among students due to its ease of learning and its multiple 
applications in various engineering fields. The study was conducted with engineering 
students at the Universidad Paso del Norte, who had basic knowledge of both 
programming languages. Once the students were selected, they were asked to solve 
a math problem in one of the two languages. Fifteen students were assigned to 
Python and 15 to C++. After completing the activity, the subjective NASA TLX 
questionnaire was administered, which consists of six dimensions evaluated by the 
participants on a scale from 0 to 100. These scales assess mental demand, physical 
demand, temporal demand, performance, effort, and frustration, ultimately producing 
a mental load score. After obtaining the scores for each group of students, they were 
analyzed using statistical software. The results obtained do not show a difference in 
cognitive load when using either programming language, which suggests that the 
stress level doesn’t significantly depend on one or the other, but rather on other 
factors like programming experience and solving math problems.  
 
Keywords: NASA-TLX, Python, C++, mental workload. 
 
Relevance to ergonomics: This research contributes directly to understanding 
mental load in engineering students, providing ergonomic insights on how to tackle 
fatigue from an academic perspective. 
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1.INTRODUCTION 
 
The term Mental load is used to describe the psychological or emotional burden 
associated with the mental or emotional tasks that a person carries out in their daily 
life (Rubio, 2007). This burden can occur in various contexts, such as work, formal 
study, family responsibilities, personal relationships, and other aspects of daily life. 
In the workplace, mental load arises from the development of activities and 
responsibilities inherent to the job, which can cause stress, fatigue, and adversely 
affect work performance. Furthermore, it can lead to a higher number of workplace 
accidents due to the diminished attention of the worker because of the 
aforementioned consequences (Rolo, 2009). 

This concept, although not new, is becoming a focal point for those concerned 
with working conditions and human performance. The definition of mental workload 
emerged as a component of the concept of workload, which includes consideration 
of the physical and mental costs involved in the worker's performance (Cárdenas, 
2015). However, the history of this concept has followed specific paths that cross 
many different disciplinary boundaries. In fact, from the very beginning, the concept 
of mental load was formed under the influence of a set of theories backed by the 
development of mathematical models developed after World War II, which originally 
aimed to describe behavior (Díaz, 2010). 

Today, it is a challenge for the field of ergonomics, which, seeking 
effectiveness, safety, and workplace well-being, aims to prevent the aforementioned 
consequences for the worker. Finding tools and utilizing existing technology to 
establish limits within which the employee can perform their work without being 
overwhelmed by their mental activity and maintain the same level of performance 
throughout their shift (Vargas, 2020). It is worth noting that the inclusion of 
technology in productive activities demands a greater amount of cognitive resource 
consumption; the complexity of jobs has increased as computing has become more 
prevalent, and the amount of data available for analysis complicates tasks, resulting 
in people being at risk of experiencing both physical and mental fatigue (Ferrer & 
Dalmau, 2004). 

Mental load does not only appear in productive activities; people who perform 
certain services also end up being diminished during their workday. In the school 
environment, whose main objective is to convey concepts, encourage critical 
thinking, and prepare students for their integration into the labor market. Based on 
this background, it can be said that both teachers and students require a substantial 
amount of cognitive skills, even greater than physical ones (González, 2021). The 
mental requirements that a student faces in acquiring new concepts and skills can 
generate stress, anxiety, and fatigue, significantly diminishing their well-being and 
affecting their health (Peralta, 2022). 

Remaining in the school context, for most students, areas involving 
mathematics or requiring reasoning, working memory, attention and concentration, 
numerical thinking, and abstract thinking are more challenging. According to 
(Andrade, 2012), mental load arises from the interaction between the characteristics 
of a task and the characteristics of the individual. Different tasks may be more 
complex or simpler, depending on the number of necessary steps or the precision 
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they require. At the same time, It can be said that there are students with different 
skills that make it easier for them to perform tasks where they need to use their 
logical-mathematical thinking.   

Programming is an area that involves developing algorithms and transforming 
them into instructions that the computer can execute; it may involve the use of 
logical-mathematical thinking (Aguilar, 2019). As mentioned, it greatly depends on 
the individual and their prior experience with the task; even so, developing programs 
can be exhausting for students. While it is true that there are interpreted languages 
like Python, which have the main benefit of ease in building code, compared to other 
traditional languages like C++ that are considered less flexible in their syntax 
(Challenger, 2014). It is unknown if there is a difference in the use of cognitive skills 
between the implementation of one language or another. 

 
 

2. THEORETICAL FRAMEWORK 
 
Ergonomics plays a fundamental role in today's industry, aiming to optimize 
workplace design to improve efficiency and worker health. Commonly, when we talk 
about health, only the quantification of work accidents is considered, but it should go 
beyond that; there are injuries that are not immediately identified, but rather a 
gradual wear occurs that worsens the situation. This study should consider the 
working conditions and the lifestyle that the worker presents throughout their 
workday (Luna, 2014). In industrial settings, ergonomics focuses on adjusting 
environments, tools, and work processes to minimize injuries, fatigue, and stress, 
while increasing productivity (Torres & Rodríguez, 2021). Proper management of 
ergonomics in a company improves task performance as it allows employees to work 
in a comfortable environment that adapts to their work. This not only provides 
personal benefits but also directly impacts the quality of production and the 
competitiveness of companies (Castillo, 2018). 

Mental load, also known as cognitive load, refers to the level of mental effort 
or cognitive demand that a task or activity imposes on a person (Aranguren, 2014). 
This concept has evolved over time, from its origins in cognitive psychology and 
ergonomics to its applications in various fields, such as occupational psychology, 
engineering, and occupational health. Historically, mental workload dates back to 
the 1950s, when cognitive psychologists began studying how individuals limited 
cognitive abilities affected their ability to complete tasks. It was educational 
psychologist John Sweller who introduced the concept of cognitive load in the 1980s. 

Cognitive load is considered one of the most impactful psychosocial risk 
factors associated with the characteristics of the activity performed, and being 
exposed to mental load conditions at work can lead to significant health problems in 
workers (Ormaza, 2018). High mental load can lead to a series of negative 
consequences that severely affect the physical and mental health of some 
individuals (Ossa, 2023). Among these are fatigue and stress, which generate a 
sensation of chronic tiredness, a decrease in the performance of cognitive skills, and 
some individuals may experience physical health issues ranging from colitis to facial 
paralysis, as well as distancing from those around them due to irritability and lack of 
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patience (Rivera, 2022). As previously stated, companies generally focus on 
preventing workplace accidents but overlook these ailments affecting their 
employees. 

There are different ways to measure workload, including: performance 
measures, physiological measures, and subjective measures. Each has advantages 
and disadvantages due to its nature. Subjective methods allow us to measure 
workers' perceptions of the mental load involved in performing tasks (Ceballos, 
2014). Among the questionnaires that subjectively measure mental load is the NASA 
TLX, which stands for Task Load Index, designed to determine the cognitive load 
that the evaluated individuals can perceive when performing a work or personal 
activity. It covers six dimensions, including: mental demands, physical demands, 
temporal demands, performance, effort expended, and level of frustration. For each 
dimension, a value between 0 and 100 is assigned, understanding that the closer it 
is to 100, the higher the level of mental load for the dimension being evaluated. It is 
generally implemented in research facilities, cognitive load assessment systems, 
and some critical mission scenarios such as aviation, medicine, and engineering, 
allowing for a detailed understanding of the mental workload of individuals 
performing a specific activity (Díaz, 2010). 

A programming language is a set of symbols and rules that allow the 
programmer to write instructions that the computer can execute. Although there are 
3 types of programming languages: machine language is the only language that 
computers have, its communication is based on a set of 0s and 1s, also called binary 
language, which is a system that only uses two digits and is utilized by most 
electronic devices. Meanwhile, low-level language uses symbols that are easier for 
humans to read than binary, handling specific addresses of memory hardware. 
Finally, high-level language is the language closest to humans, generally describing 
instructions using words that we can understand, mostly in English. It is the most 
commonly used by software developers, with main examples being C++, C#, Java, 
Python (González, 2018).  

Among the traditional programming languages, C++ is used based on several 
branches ranging from desktop application development, use of libraries, operating 
systems, and even video game creation. In the 80s, it was notable for its flexibility 
and efficiency in building computer systems. Traditionally used for teaching 
programming due to its multipurpose nature, it is also because it can often be simpler 
to learn another language if one was first learned in this. It is a compiled language 
that for its implementation must first have correct syntax, as well as a transformation 
process into an executable object for the machine. While it is true that nowadays 
there are other programming languages that have gained ground, C++ remains 
relevant for software developers. Below in fig. 1, shown an example of printing a 
message in C++. 
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Figure 1. Example of C++ 

 

Another language worth analyzing is Python, a quite popular language these 
days just like C++. It belongs to the type of high-level languages, the difference lies 
in being an interpreted language, which as it is executed, the computer, as its name 
implies, translates the instructions to machine language according to what it 
understands. This language stands out for its simplicity in writing, often confusing 
people with being a kind of pseudocode. Currently, it is widely used in the 
development of web applications, desktop applications, data science, artificial 
intelligence, among other applications. It is open and there are multiple libraries that 
allow software developers to have a broad scope to work with (Logroño, 2022). In 
terms of teaching, it is considered a language that benefits beginners in the 
programming world due to what was previously mentioned about its simplicity in 
writing, as well as having multiple communities of people who share a liking for this 
language (García, 2017). Below in fig. 2, an example of printing a message in Python 
is observed. 

 

 
Figure 2. Example of Python. 

 
 

3. METHOD 
 
The present study employs a comparative quasi-experimental design. Thirty 
students from the 4th semester selected from the mechatronics and networks 
programs at the Universidad Tecnológica Paso del Norte, located in Ciudad Juárez, 
Chihuahua, were chosen. 

For all participants, the Newton Raphson method was explained, which allows 
finding the root of an equation based on approximations, generally used for its 
simplicity in numerical analysis. Below, the iterative equation used for this method is 
observed (1). It is worth noting that both groups were given the same time limit to 
complete their exercise. 

 

   (1) 
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In the experiment, 15 students developed the solution to an exercise of the 
method described in C++ while another 15 students did so use Python. Then, the 
level of mental load was measured using the NASA TLX subjective questionnaire. 
Below in fig. 3, shown an activity diagram (HTA) that describes the process of this 
trial. A hypothesis test is also proposed in order to determine if there is a significant 
difference in the mental load consumed in one language or the other. Where M1 
corresponds to C++ and M2 to Python. This is the hypothesis of the test: H0: M1=M2; 
H1:M1 ≠ M2 
 

 
 

 
Figure 3. Diagram HTA of the test 

 
Below is the implemented syntax to solve the proposed example using the 

Newton Raphson method. It was executed in an online compiler; the way each 
student designed their solution may vary. The image shows 18 lines of code for this 
problem and its solution, shown fig. 4. 
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Figure 4. Solution in C++ code 

 
While in Python 12 lines were used to carry out the process of obtaining the 

root using the Newton Raphson method. Below in fig. 5, shown the coding of the 
program and its execution. 

 

 
Figure 5. Solution of the problem in C++ code 

 
Once the activity was completed, the perceived workload level for each 

student in the experiment was measured using the subjective NASA TLX method, 
which was described in detail in later sections of this document. Then, using 
statistical software, it was determined whether there is a difference between the 
workload levels associated with the use of each programming language. 
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4. RESULTS 
 
This section presents the results obtained from the NASA TLX questionnaire. After 
the experiment, the results were captured in an Excel workbook; below, the 
information is shown in a graph concerning the 15 individuals who completed their 
program in C++. The average for all participants for this language is 895.733333. 
 
 

 
Figure 6. Results for C++ 

 
While the 15 students who carried out their activity using the programming 

language Python achieved similar results in terms of mental load, below is a graph 
with the information obtained. In addition, the average of the people who 
programmed in Python was 906.733333, see fig. 7. 

 

 
Figure 7. Results for Python 

 
The NASA TLX Questionnaire consists of six dimensions that allow you to 

determine an individual's mental load, including mental, physical, temporal, 
performance, effort, and frustration. The following illustration summarizes the 
average results obtained for each dimension. It can be observed in the aspects of 
mental fatigue and frustration that the C++ language presents a higher average 
among the students. In the next figure, the averages for the 6 areas of study can be 
observed. To the C++ language, an average of 208.66 was obtained in the mental 
aspect, 26.8 in the physical aspect, 121.66 in the temporal aspect, 165.66 in 
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performance, 150.6 in effort, and 229 in frustration. To the Python language, an 
average of 193.333 was obtained in mental, 4 in physical, 177.46 in temporal, 228.73 
in performance, 165.2 in effort, and 151.33 in frustration, see fig. 8. 

 
 

 
Figure 8. Averages of the test dimensions 

 
The data were entered into the statistical software Minitab, after which the 

Anderson-Darling normality test was applied. The results will be shown next, where 
the sample data for the use of C++ are represented by a circle, while those for Python 
are shown with a square. For C++, it is observed that the P value is 0.925, while for 
Python it was 0.943, indicating that they are normally distributed, see fig. 9. 

 

 
Figure 9. Normality Test 

 
Then, the previously stated hypothesis test was executed in the Minitab 

software where we assume that both means are equal as the null hypothesis, the 
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results of this test are presented below in the following illustration. Where we can 
observe that the p-value is greater than 0.05, so we can say that there is no statistical 
evidence to reject the null hypothesis, see fig. 10. 

 

 
Figure 10. Statistical Test in Minitab. 

 
 

5. CONCLUSIONS 
 
The experiment consisted of developing a mathematical algorithm, specifically the 
Newton Raphson method, in both c++ and python. These languages were chosen 
because the former has traditionally been used as a foundation to teach 
programming to students, while the latter has gained great popularity recently, to the 
extent that schools are starting to opt for it as the first programming language that 
students learn. According to García Monsálvez (2017), Python, being a flexible and 
simple language for writing instructions, is increasingly being implemented as an 
introductory language for beginner programmers due to its ease of use. 

For the experiment, the algorithm for obtaining roots was explained to them, 
and then they were given a time limit to convert this method into a program that 
provided the answer for the proposed exercise. While it is true that on average, 
python resulted in a slightly higher amount of mental load than C++, when 
conducting the means test in the statistical software, no significant difference was 
found between the means of both according to the statistical analysis performed. 
Therefore, we can affirm that there is no significant variation in the mental load of 
completing the exercise in either of the two languages. It is noteworthy that the mere 
act of implementing a mathematical algorithm already generates some mental load 
in the students, although during the development of the experiment it was observed 
that the individuals who programmed in python mostly finished their program before 
the time limit; the act of programming entails the implementation of cognitive skills. 
Likewise, there are other variables that may have affected the results, such as the 
fact that some students have greater expertise in programming. 

It is recommended to carry out activities that do not themselves represent a 
greater consumption of mental load, such as mathematics. There are other popular 
languages today with different characteristics that benefit the construction of 
instructions, which could be analyzed with a larger number of students. 
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Resumen En la presente investigación se analizan las estrategias para 
mejorar el aprendizaje de las niñas y niños con discapacidad sensorial e 
intelectual, recopilando todas aquellas estrategias que ya han sido 
investigadas, así como también proponer una estrategia para que los niños 
con discapacidad sensorial e intelectual aprendan de una manera más 
amigable. Con la finalidad de brindar a los docentes una perspectiva más 
amplia en estrategias de aprendizaje de niños con discapacidad sensorial e 
intelectual, ya que en México en el año 2013 la SEP dispuso que se  
integraran distintos programas que atendían a una población diversa como 
niños indígenas, migrantes, con discapacidad, con capacidades y aptitudes 
sobresalientes, entre otros, este nuevo programa fue llamado, Programa 
Nacional para la Inclusión y la Equidad Educativa (PNIEE). El principal 
objetivo de esta investigación es hacer llegar a estas estrategias de la 
educación especial en México, lenguaje incluyente, los instrumentos para el 
diagnóstico de la discapacidad sensorial e intelectual y por consiguiente la 
descripción de estas estrategias, y la importancia de la capacitación a 
docentes para atender este grupo vulnerable de la población. 
 
Palabras clave: Inclusión, Equidad, Aprendizaje.  

Relevancia para la ergonomía: Es importante para la Ergonomía porque incide 
directamente en el desarrollo de herramientas físicas y abstractas que apoyen las 
condiciones de vida y aprendizaje con base en la de usabilidad en el contexto 
señalado y mencionado de tal forma que apoye las condiciones de vida y 
aprendizaje desde la perspectiva de la Ergonomía Cognitiva. 
 
Abstract: This research analyzes the strategies to improve the learning of children 
with sensory and intellectual disabilities, compiling all those strategies that have 
already been investigated, as well as proposing a strategy for children with sensory 
and intellectual disabilities to learn in a more friendly way. In order to provide 
teachers with a broader perspective on learning strategies for children with sensory 
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and intellectual disabilities, since in Mexico in 2013 the SEP ordered the integration 
of different programs that served a diverse population such as indigenous children, 
migrants, children with disabilities, children with outstanding abilities and aptitudes, 
among others, this new program was called the National Program for Inclusion and 
Educational Equity (PNIEE). The main objective of this research is to bring these 
special education strategies in Mexico, inclusive language, the instruments for the 
diagnosis of sensory and intellectual disabilities and therefore the description of 
these strategies, and the importance of training teachers to serve this vulnerable 
group of the population. 
 
Keywords. Inclusion, Equity, Learning. 
 
Relevance to Ergonomics: It is important for Ergonomics because it directly affects 
the development of physical and abstract tools that support living and learning 
conditions based on usability in the context indicated and mentioned in such a way 
that it supports living and learning conditions from the perspective of Cognitive 
Ergonomics. 
 

1. INTRODUCTION 
 
We are currently living in times of change regarding the concept of disability. Today, 
society advocates for diversity, integration and inclusion of all citizens. In this 
context, new frameworks of understanding are required, as well as new attitudes 
towards disability based on respect for differences and equal opportunities. 

The main challenge faced is to be able to provide people with disabilities with 
equal conditions of education, recreation and, in general, personal development. 
Every individual has the right to a better Quality of Life and to meet their needs and 
goals regardless of whether or not they have a disability. 

To achieve a level of Quality of Life, personal efforts are decisive, but the 
environment in which each person develops is also relevant, especially those with 
disabilities. Therefore, it is necessary to level and equalize the context, not only 
physical; also that of personal relationships regarding discriminatory attitudes, since 
no one is exempt from suffering damage and acquiring disabilities. This age range 
is considered, according to Attention Deficit Hyperactivity Disorder (ADHD) which 
are Instruments or tests to evaluate Intellectual Capacity (IQ), since these tests 
generally cannot be done until they are between 4 and 6 years old according to the 
Wechsler, McCarthy scales and the Raven progressive matrices test for intellectual 
disability. 

Regarding sensory disability, which includes visual, additive and deafblindness, 
there are scales and tests for the detection of these disabilities, unlike intellectual 
disability, sensory disability can be detected according to the scale or test from 0 to 
5 years. 

In addition, this age range is considered since from a young age it is easier to 
implement these learning strategies according to their disability, since in Mexico 
according to the 2023 Census, the INEGI counted 20 million 838 thousand 108 
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people in the disability category, a figure that represents 16.5% of the population of 
Mexico. (INEGI, 2024). 

 
Table 1.1 Population with limitations or disabilities, by type of limitation, with 
percentages. Prepared by the authors based on INEGI data. Source: INEGI 

LIMITATIONS OR DISABILITIES CANTIDAD % 

Limitation in walking 8, 096, 386 38.8% 

In seeing 12, 727, 653 61.0% 

In hearing 5,104,664 24.4% 

In speaking or communicating 2,234,303 10.7% 

In caring for oneself 2,430,290 11.6% 

In remembering or concentrating 4,956,420 23.7% 

Mental condition 1,590,583 7.6% 

Total 20,838,108 100% 

 
According to the results of the National Survey of Demographic Dynamics 

(ENADID) 2023, 38.5 million girls, boys and adolescents aged 0 to 17 reside in 
Mexico, representing 30.8% of the total population. Of this total population group, 

19.6 million are men and 18.9 million are women. By age group, 9.2 million 
are four years old or younger; 10.8 million are between five and nine years old, 11.5 
million are between 10 and 14 years old, and seven million are adolescents between 
15 and 17 years old. 

In this regard, data from ENADID 2023 show lower school attendance in the 
population with disabilities. Namely, 75.3% of girls, boys and adolescents aged 5 to 
17 with disabilities attend school, compared to 88.4% of the population without 
disabilities in the same age range. By age group, the gaps are mainly intensified in 
the 10 to 14 age group, with a difference of 14.7 percentage points. 

The population aged 15 to 17 with disabilities has a higher risk of dropping 
out of school compared to those who do not have this trait, not only due to their 
condition, but also to various social, economic and even geographic factors, which 
is why they demand greater attention from the National Education System (INEGI, 
2024). 

In addition to this information, this age range is also considered since the data 
presented indicate that the population aged 15 to 17 years old is more likely to drop 
out of school, which is when they are in the secondary to high school level of 
education and the age range selected for this research is at the primary level where 
it is considered an important factor when implementing these strategies and there 
may be less dropout or school delay. 

The importance of studying this particular topic lies in the lack of knowledge 
of these strategies in basic education schools by teachers, since in Mexico in 2016 
the Program for Inclusion and Educational Equity was created, where 177,100 
students with disabilities have benefited according to data from the National Council 
for the Development and Inclusion of People with Disabilities, where teachers 
received students with different disabilities without receiving a specific course to 
serve all the girls and boys who are in this situation, it is for this reason to publicize 
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and propose learning strategies that benefit girls and boys with specifically 
intellectual and sensory disabilities focused on improving learning. 

According to Shalock, the quality of life can be considered in well-being: 
emotional, material, personal, physical and social inclusion. There are different types 
of disability; mental, intellectual, visual, auditory and physical; in the case of our 
study, inclusion is considered for three types of disability: visual, auditory and 
physical. (Romero, 2018). 
 
 

2. OBJECTIVES 
 
For the United Nations (UN), disability is a general term that covers impairments, 
activity limitations, and participation restrictions. Impairments are problems affecting 
a body structure or function; activity limitations are difficulties in performing actions 
or tasks, and participation restrictions are problems in participating in life situations. 
(Sabeth, 2022)The International Classification of Functioning, Disability, and Health 
(ICF) has as its main objective to provide a unified and standardized language and 
a conceptual framework for the description of health and “health-related” states. The 
ICF belongs to the “family” of international classifications developed by the World 
Health Organization (WHO), which can be applied to various aspects of 
health.According to the World Health Organization (WHO), through the International 
Classification of Functioning, Disability, and Health (ICF), disability is a generic term 
that includes deficits, activity limitations, and participation restrictions. It indicates the 
negative aspects of the interaction between an individual (with a “health condition”) 
and his or her contextual factors (environmental and personal factors). (ONCE, 
2022). 

Environmental Factors have an effect on all components of functioning and 
disability and are organized from the individual’s immediate environment to the 
general environment. Personal Factors are a component of contextual factors but 
are not classified in the ICF due to the great social and cultural variability associated 
with them.These factors interact with the person with a health condition and 
determine the level and extent of that person’s functioning. Environmental factors 
are extrinsic to the person (e.g. societal attitudes, architectural features, the legal 
system) and are included within the Environmental Factors classification.  

Both the educational environment and the inclusive labor market for the 
disabled population represent a complex but possible challenge, and its objective is 
to contribute to the strengthening and improvement of the strategies that are carried 
out in the process of integration of people with physical disabilities (limitation of 
strength, mobility or bodily stability), so that they can perform educational and 
productive activities efficiently, avoiding labor risks and the progression of 
preexisting deficiencies or the appearance of new ones.( Palomba, 2022).  

The use of aids and technical means is related to: body position, the 
manipulation of objects and controls, the scope and the architectural transformation 
to eliminate physical barriers that impede their performance and mobility. (Romero, 
2018). 
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Regarding the enjoyment of the right to education of people with disabilities, 
the CNDH official emphasized two essential concepts: accept and include, that is, 
provide the student with disabilities with all the pedagogical and didactic tools so that 
he or she acquires significant learning with the same learning opportunities as 
students without disabilities. 

Based on the above, it is necessary to include another concept: Universal 
Design, which is a strategy for planning and designing products and environments 
aimed at achieving an inclusive society that ensures full equality and participation 
for all people.  

Universal Design is the design of products and environments so that they can 
be used by all people, to the greatest extent possible, without the need for adaptation 
or specialized design. 
Priority points to be modified according to the Universal Design Principles: 
➢ The use of elevators in all buildings. 
➢ Signage and use of ramps in auditoriums and hallways. 
➢ Benches for left-handed people. 
➢ Accessible bathrooms with handrails. 
➢ Motorized chairs with lever control, for people with temporary or permanent 

disabilities. 
➢ Signage appropriate to the conditions of the environment or the sensory 

capabilities of the user. 
➢ Design of laboratory facilities that allow free access and movement within them 

with wheelchairs or any other accessory for people with disabilities. 
➢ Stairs with protection at the bottom, since it is risky for a distracted or blind 

person who can hit themselves. 
In the facilities, it is also necessary to make adjustments, such as: painting the 

edges of doors and windows with bright colors, placing ergonomic handrails on the 
stairs, placing mats attached to the floor without edges with protuberances to signal 
that there is an electric glass door below, the bathrooms must be enlarged since 
their size is very narrow and the person with their guide dog would not fit, with respect 
to lighting, excessive contrasts between the buildings and the exterior must be 
avoided. 

Psycho pedagogical counseling to stimulate their capacities without emphasizing 
their altered functions, favoring the integral development of learning. In the case of 
disability in the sensory function, the tiflotechnical room will be implemented 
designed to support students who have a visual disability. In hearing disabilities, the 
Mexican Sign Language (LSM) interpretation service will be provided by interpreters. 
(Vázquez, 2021) 

Cognitive Ergonomics studies mental processes such as perception, memory, 
reasoning, and physical response in interactions between people and the 
components of a system. 

Its objective is to identify the perception process (identification, perception, 
establishment of patterns, among others), its thought or cognitive process (memory, 
analysis, recognition) and the response generated by them. It deals with studying 
the context in which the personnel operates in order to identify whether the 
responses and results obtained are a consequence of an interface between the 
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environment and the individual, whether it is generated by conscious decisions or 
human errors and, most importantly, whether they were generated by the way in 
which information is processed in the mind of each individual. (STPS, 2023) 

It highlights in a relevant way the mental workload in decision making, expert 
functioning, human-computer interaction, human reliability, stress, training and 
training, to the extent that these factors can be related to the design of the human-
system interaction. Numerous models have been developed to explain how people 
process information. Many of these models consist of black boxes representing the 
various stages of processing. The generic model consists of four major stages or 
components; perception, decision, and response selection, response execution, 
memory, and attentional resources distributed across the different stages. The 
decision-making component, combined with working memory and long-term 
memory, can be considered the central processing unit, while the sensory store is a 
transitive memory, located at the input stage (Romero,  2018.) 

 
 

3. METHODOLOGY  

 

The Institution has open areas with many level changes and depressions where it is 
necessary to place signaling strips that a visually impaired person can detect with 
their feet (pododactiles) complementing with guide strips, to signal the path that a 
blind person can follow to reach their destination. 

For people with low vision, optical aids have not been considered in any of 
the areas, which would be ideal for students to have access to teaching, but mainly 
in the library when consulting information, supporting them with hand magnifiers, 
support magnifiers, monoculars, binoculars, screen magnifying software and light 
filters. It is also necessary to include brochures and magazines with large print, as 
well as readjust the size of the tables and the color of the chair. (UTSC, 2015) 

There are currently different concepts and myths about the concept of 
disability, which originated throughout the history of humanity, many of them 
erroneous and based on prejudices and erroneous opinions. Therefore, it is 
important to identify the barriers to the full participation of people with disabilities, 
which is essential to ensure their full integration into society.  

In Mexico, according to data from the National Institute of Statistics and 
Geography (INEGI) 2024, 6.4% of the country's population (7.65 million people) 
reported having at least one disability. (INEGI, 2024) 

This is also related to the lower educational level of this population group. 
Although the older the age, the more acute the educational difference, there is a high 
number of people with disabilities of school age who are not doing so, which is 
important to take actions for inclusion. The Institution has open areas with many level 
changes and depressions where it is necessary to place signaling strips that a 
visually impaired person can detect with their feet (pododactiles) complementing with 
guide strips, to signal the path that a blind person can follow to reach their 
destination. For people with low vision, optical aids have not been considered in any 
of the areas, which would be ideal for students to have access to teaching, but mainly 
in the library when consulting information, supporting them with hand magnifiers, 
support magnifiers, monoculars, binoculars, screen magnifying software and light 
filters. It is also necessary to include brochures and magazines with large print, as 
well as readjust the size of the tables and the color of the chair. (Palomba, 2022) 
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There are currently different concepts and myths about the concept of 
disability, which originated throughout the history of humanity, many of them 
erroneous and based on prejudices and erroneous opinions. Therefore, it is 
important to identify the barriers to the full participation of people with disabilities, 
which is essential to ensure their full integration into society. 

In Mexico, according to data from the National Institute of Statistics and 
Geography (INEGI) 2014, 6.4% of the country's population (7.65 million people) 
reported having at least one disability. This is also related to the lower educational 
level of this population group. Although the older the age, the more acute the 
educational difference, there is a high number of people with disabilities of school 
age who are not doing so, which is important to take actions for inclusion. 
The main objective of this section is to review inclusive language for people with 
disabilities, since they deserve to be treated with respect and this respect must begin 
with the way we express ourselves or the terms we use when referring to people. 
The importance of stopping using words in our vocabulary that can be discriminatory 
or compassionate is very important, since many of these words have become insults 
and so that we can understand the advances that special education has had in 
Mexico and how all these terms have evolved. (ANUIES, 2022) 

The following table shows some terms that are incorrect and that can indicate 
inappropriate vocabulary to refer to people with disabilities and on the left side the 
correct way to express oneself is shown. 
 
 
Table 2 Vocabulary with incorrect terms and correct expressions to refer to people 

with disabilities. Prepared from data from the course People with Disabilities: 
Transforming Barriers into Opportunities by the CNDH. (Romero Salcedo, A., 

2018) 
SAY: INSTEAD OF: 

People with disabilities Disabled, handicapped, sick, incapacitated, 
different people, people with different abilities, 

people who suffer or have a disability. 

He/she is a wheelchair user. He/she is confined to a wheelchair, 

She is a person with a physical-motor 
disability. 

bedridden, crippled, handicapped, invalid 

She is a person with a physical-motor 
disability. 

She is lame, crippled 

Person with autism The deaf, deaf-mute 

Person with intellectual disability The autistic 

Person with Down syndrome Mentally retarded, retarded, dumb, 

Person with visual disability/blind person sickly. 

Person with low vision Down child, mongoloid, 

Person with psychosocial disability little mongoloid. 

Children, women, youth with disabilities, 
indigenous people with disabilities, 

population with disabilities 

The blind, blind child 
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4. RESULTS 
 
The survey was conducted through a form on Google Classroom due to the 
pandemic. 25 basic education teachers were invited to complete this survey, of 
which only 20 teachers answered the survey. 

Learning strategies for children with sensory and intellectual disabilities: 
1. “Do exercises on tiptoe, make movements through music. Sensory, establish a 
routine for example of daily activities.” 
2. “Through various visual tactile learning mechanisms.” 
3. “Skills, video and musical activities.” 
4. “Ordering sequences, selecting elements by categories, linking words with 
images, recognizing emotions, games with visual stimuli.” 
5. “Motor disability.” 
6. “Comprehension and reasoning test to measure the performance of the mental 
mechanism.” 
7. “I notify the parents and have them go to a specialist.” 
8. “An interview is conducted with the parents and they are induced to go to an 
institution or a specialist to make the relevant diagnosis.” 
9. “I would refer him to a specialist.” 
10. “Get help and show the instances that can support him.” 
11. “Perform tests that refer to this situation, to inform and support from 
specialists.” 
12. “Inform the parents of what was observed and request referral for evaluation.” 
13. “Make adjustments to the plan using video and audio.” 
14. “Refer him to a specialist.” 
 
 

5. DISCUSSION/CONCLUSIONS 
 
The implementation of PESI requires specialized work according to the particular 
needs of each institution. It must begin in parallel with the acquisition and 
development of teaching aids, changing attitudes due to the lack of information of 
some teachers and administrative staff about the problems of people with disabilities 
and their invisibility among their peers. The proposal of a learning strategy for girls 
and boys with sensory and intellectual disabilities, which was carried out taking into 
account the previous description of the strategies for girls and boys with sensory and 
intellectual disabilities and the needs of each NNA depending on the degree of 
disability that is had, for the realization of this strategy we must take into account 
that to achieve this learning focused on natural sciences it has to be contemplated 
to relate the scientific concepts defined or explained by means of examples that girls 
and boys with disabilities have around them and for it to become significant to 
reinforce with exercises or a series of questions on the specific topic ending with the 
experimental part, the importance of reaching this strategy is to take into account all 
the procedures mentioned above in this research that range from the early diagnosis 
of sensory and intellectual disability, the modification of the curriculum and even the 
selection of strategy so that education is completely inclusive and not only channel 
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them with an expert, since as teachers we can make these modifications so that this 
learning in natural sciences can be acquired in girls and boys with sensory and 
intellectual disabilities. On the other hand, the adaptation part for accessibility for A 
student with a disability requires great sensitivity based on Universal Design, which, 
being a new concept, requires an Ergonomic culture; which we must gradually 
incorporate, breaking paradigms to achieve a more equitable coexistence. 
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Resumen: En este estudio se realizó un análisis de los puestos de trabajo en una 

empresa productora de fibras de acero inoxidable, con el propósito de identificar 
factores de riesgo ergonómicos que pudieran afectar la salud de los operarios. Se 
identificaron 14 tareas que conforman los puestos de trabajo, mediante los métodos 
de investigación ergonómica observación y entrevista; se determinaron once   tareas 
críticas (1,4,5,6,7,8,9,10,11,13 y 14) y tres como tareas despreciables (2,3 y 12). 
Para evaluar el nivel de riesgo de las tareas críticas, se aplicó el método de 
evaluación ergonómica RULA (Rapid Upper Limb Assessment). Los resultados de 
los análisis indicaron que la tarea 4 obtuvo un nivel de 2 (se pueden requerir 
cambios); la tarea 11 obtuvo nivel 3 (se requieren cambios); las tareas 1, 5, 6, 7, 8, 
9, 19, 13 obtuvieron un nivel 4, lo que implica la necesidad de realizar cambios 
inmediatos en las tareas. La aplicación de este método permitió identificar las tareas 
que requieren cambios inmediatos para evitar que se presente algún tipo de lesión 
en el operario, debido al inadecuado diseño que presentan actualmente los puestos 
de trabajo.  
 
Palabras clave: Puesto de trabajo, fibras de acero, lesiones musculoesqueléticas, 
factores de riesgo ergonómico, método RULA.  
 
Relevancia para la ergonomía: La relevancia de este estudio para la ergonomía 

radica en la identificación y evaluación de factores de riesgo ergonómicos en un 
proceso de manufactura, lo que permite determinar la rapidez con la cual se deben 
realizar mejoras en el diseño de los puestos de trabajo con la finalidad de reducir 
lesiones de tipo musculo esquelético a los operarios, para no afectar su salud y no 
causar ausencia o abandono de trabajo. 
     Con estudios de este tipo, se comprueba la importancia de la Ergonomía en 
diversos procesos de la industria manufacturera. 
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ABSTRACT: In this study, an analysis of the job positions in a stainless steel fiber 
manufacturing company was conducted to identify ergonomic risk factors that could 
affect workers' health. A total of 14 tasks that make up the job positions were 
identified through ergonomic evaluation methods, including observation and 
interviews. Eleven tasks (1,4,5,6,7,8,9,10,11,13, and 14) were classified as critical, 
while three (2,3, and 12) were deemed negligible. To assess the risk level of the 
critical tasks, the Rapid Upper Limb Assessment (RULA) ergonomic evaluation 
method was applied. The analysis results indicated that Task 4 received a risk level 
of 2 (changes may be required); Task 11 received a level of 3 (changes are required); 
and Tasks 1, 5, 6, 7, 8, 9, 10, and 13 received a level of 4, implying the immediate 
need for modifications. The application of this method allowed for the identification 
of tasks that require immediate changes to prevent potential injuries to workers due 
to the inadequate design of the current job positions. 

Keywords: Job position, steel fibers, musculoskeletal injuries, ergonomic risk 

factors, RULA method. 

Relevance to Ergonomics: The relevance of this study to ergonomics lies in 
identifying and evaluating ergonomic risk factors in a manufacturing process, which 
helps determine the urgency of implementing improvements in job design. These 
improvements aim to reduce musculoskeletal injuries among workers, thus 
protecting their health and preventing absenteeism or job abandonment. Studies like 
this demonstrate the importance of ergonomics in various manufacturing industry 
processes. 
 
 

1. INTRODUCTION 

 

Mexico faces a variety of occupational hazards in the manufacturing industry, 
ranging from falls to industrial accidents in production plants. These risks can lead 
to musculoskeletal injuries, chronic fatigue, and other disorders that affect workers' 
health, highlighting the importance of ergonomics in the workplace. 

Ergonomics, as a discipline, seeks to adapt working conditions to human 
capabilities and limitations, reducing risk factors and improving employee safety and 
well-being (Dul & Weerdmeester, 2008). 

Failure to comply with safety regulations, lack of monitoring, and insufficient 
staff training are factors that contribute to workplace accidents and occupational 
diseases. In this context, ergonomics plays a key role by providing strategies to 
design safer and more efficient work environments, minimizing workers’ physical and 
mental strain, and preventing injuries caused by improper postures, repetitive 
movements, or excessive effort (Marras & Karwowski, 2006). 

In Mexico, the Secretariat of Labor and Social Welfare (STPS) and the 
Mexican Institute of Social Security (IMSS) are the government entities responsible 
for workers' health and safety. Additionally, there are mandatory regulations that 
employers must comply with, such as the Federal Labor Law and the General Health 
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Law. The Official Mexican Standard NOM-019-STPS-2011 establishes guidelines 
for workplace safety and health (STPS, 2011). 

These regulations aim to ensure that companies implement appropriate 
measures for occupational risk prevention and ergonomic improvements in 
workplaces. 

 

1.1 Background of the Problem 
Since 2019, a company located in Mexico City has been engaged in the 
manufacturing and commercialization of stainless steel fibers at both national and 
international levels. The final product is presented in the form of spirals, as shown in 
Figure 1. 
 
 
 
 
 

 
 
 
 

Figure 1. Final presentation of stainless steel fibers. 
Courtesy of the company. 

 
 
 The manufacturing of stainless steel fibers is a process that involves several 
stages. It begins with the raw material (stainless steel wire), which is transferred to 
the production stage. Here, the wire is fed into a machine that performs the drawing 
process (reducing the wire's thickness). The drawn wire is then passed to another 
machine, where it is woven to produce a semi-finished fiber in a spiral shape. 
 The semi-finished fiber then moves to the conditioning stage, where a 
worker applies pressure with their hands on the fiber to achieve the final shape. The 
fibers undergo a quality inspection to ensure they meet the required standards, 
verifying properties such as strength, uniformity, and integrity. 
 Once the fibers pass the quality inspection, they are properly packaged and 
prepared for shipping and distribution (packaging stage). Figure 2 illustrates the 
manufacturing stages, from raw material intake to the packaging of the finished 
fibers. 
 The job positions (production, conditioning, and packaging) were analyzed 
to determine the tasks involved. The importance of analyzing these tasks separately 
lies in identifying those that pose a high risk to workers. The tasks were classified 
into two types: negligible tasks and critical tasks. 
 A negligible task is one that does not endanger workers' health. In contrast, 
a critical task is an activity that could potentially cause injury to the worker. 
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Figure 2. Example of the stainless steel fiber manufacturing process. 
Courtesy of the company. 

 
 
1.2 General Objective 
 
To analyze job positions to determine possible ergonomic risk factors that could 
affect workers' health through ergonomic research methods and the RULA 
ergonomic evaluation method. 
Since productivity is essential for the company, the results of this study were used 
to identify areas of opportunity that contribute to the comprehensive improvement of 
job positions. 
 
 

2. MATERIALS AND METHODS 
 
The following materials and work methods were used to carry out this study. 
2.1 Materials 

a. A camera and video recorder were used to document the tasks involved in 
the job positions. 

b. A design software was used to draw the working angles adopted by workers 
during task execution. The resulting images were utilized in applying the 
RULA ergonomic evaluation method. 

c. The mannequins used in the RULA method application were modeled using 
MakeHuman and Blender software. 

d. The tables containing the information for the RULA methodology were 
redesigned. 

 
2.2 Methods 
 
Two stages were applied in the development of the RULA methodology. 
 2.2.1 Identification of Critical and Negligible Tasks. Critical and negligible 
tasks that make up the job position were determined using ergonomic research 
methods, such as observation and interviews (Tamayo, 2014). 
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 2.2.2 Application of the RULA Ergonomic Evaluation Method. The RULA 
ergonomic evaluation method was applied to the identified critical tasks. 
 
2.2.3 RULA Ergonomic Evaluation Method 

 
The primary objective of the RULA ergonomic evaluation method is to identify 
improper postures that may cause musculoskeletal disorders due to repetitive 
movements, prolonged exertion, or forced postures (McAtamney & Corlett, 1993). 
This methodology focuses on evaluating the upper limbs during a work shift. This 
method has been widely used to assess various processes in job positions within 
different manufacturing companies (Guevara-Galindo, O., Aguilar-Castro, E., & 
Romero, I. A., 2024); (Cota, Y., Flores, X., & Urías, S. M., 2021); (Saavedra Ángeles, 
D. R., & Urriburu Broncano, J. L., 2020); (Cermeño, 2019); (Mejía, R. S., Arévalo, F. 
J., Guerrero, A., Chávez, G. E., 2019), obtaining results that indicate the presence 
of ergonomic risk factors in job positions. The RULA method divides the human body 
into two groups: Group A, which analyzes the upper limbs, including the arms, 
forearms, and wrists. And the group B, which evaluates the neck, trunk, and legs 
(Asencio, S., Bastante, M. J., & Diego, J. A., 2012). Figure 2 illustrates the body 
parts analyzed in Groups A and B. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Body parts analyzed, divided into Group A and Group B according to the 

RULA method. 
 
 

Using the tables associated with the method, a score is assigned to each body 
area based on the working angle it generates and the group to which it belongs. 
Subsequently, a score is determined depending on the type of activity. Additional 
values are assigned for loads or forces involved in the workers’ tasks. Global score 
are then assigned to each group, leading to the final score, which determines the 
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level of action that should be implemented in the job position. Figure 3 represents 
the methodology used to obtain the level of action. 
 
 
 
 
 
 
 
 
 
 

Figure 3. Methodology for obtaining the level of action. 
 
 
 
 
 

Figure 3 methodology used to obtain the level of action. 
Source: https://www.ergonautas.upv.es/metodos/rula/rula-ayuda.php. 

 
 
Table 1 presents the final score values obtained through the RULA method for the 
analyzed task and its corresponding level of action. 

 
Table 1. Leve lof actions to the final score obtained.                                                    

Source: https://www.ergonautas.upv.es/metodos/rula/rula-ayuda.php 
 
 
 
 
 

3. RESULTS 
 
 
3.1 Task Description. The tasks performed by the operator at each job position are 

described to determine critical and negligible tasks. 
 
3.1.1 Production 
 
Task 1: Transporting reels from the warehouse to the workstation 
The process begins when the operator arrives at their workstation and must go to 
the warehouse to retrieve the raw material (the wire). The operator walks 
approximately 5 meters to reach the warehouse. Each reel weighs between 5 to 16 
kg, and the package contains two reels, which the operator carries as best as they 
can before placing them on the wire drawing machine to begin operations. This task 
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is considered critical because the operator adopts poor postures while carrying the 
reels. Figure 4 illustrates the activity performed by the operators. 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4. Worker carrying a reel. 
Courtesy of the company. 

 
Task 2: Filling buckets with water for the reels 
The next activity in this area involves placing the reels in water. Each worker has 
four buckets for soaking the wire reels. They empty the dirty water, refill the buckets 
with clean water, and place them back in their workstation. This task is considered 
negligible as it does not pose a risk to the operator. The movement is not repetitive, 
and the weight is not excessive enough to cause harm. Figure 5 illustrates the 
activity performed by each operator. 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 5. Operator carrying buckets of water. 
Courtesy of the company. 

 
Task 3: Inserting wire into the machine 

With the reels placed in their respective water buckets, the operator begins inserting 
the wire into the machine to start the operation. This task is considered negligible as 
it does not pose any significant physical risk to the operator. The only potential 
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hazard is the risk of cuts from handling the wire. Figure 6 illustrates the operator 
performing this activity. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 6. Worker inserting wire into the machine. 
Courtesy of the company. 

 
 
Task 4: Placing a container in the machine 

Once the operator starts the machine, they proceed to place a container to collect 
the fibers being produced. This task is considered critical due to the poor posture 
the worker adopts while performing the activity, which could lead to injuries. 
Additionally, it is a repetitive movement throughout the work shift, increasing the risk 
of musculoskeletal disorders. Figure 7 illustrates the operator performing this task. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 7. Worker lifting a container to store fibers. 
Courtesy of the company. 

 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 18 2025 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO, A.C.                                                                    PÁGINA           82                                                                                                               

Task 5: Transporting the container with fibers to the release area 
Each time a container is filled with fibers, the operators must carry it to the 
designated area where a quality control worker performs the release process. This 
task is considered critical because each container weighs approximately 7 to 9 kg, 
and workers adopt poor postures while lifting them. Since this task is repetitive 
throughout the work shift, it increases the risk of injuries. Figure 8 illustrates this 
activity. 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 8. Operator carrying a container with fibers. 
Courtesy of the company. 

 
3.1.2 Conditioning 
 
Task 6: Carrying a container from storage to the workstation 

The conditioning staff must retrieve fiber-filled containers from the storage area and 
transport them to their workstations. This task is considered critical because each 
container weighs 7 to 9 kg, and the movement is repeated throughout the work shift, 
increasing the risk of musculoskeletal injuries. Figure 9 illustrates this activity. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 9. Worker carrying a container of fibers to the workstation. 
Courtesy of the company. 
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Task 7: Placing the container on the work table 
The conditioning staff places the fiber container at their workstation, positioning it 
under the worktable while placing one container on top to begin shaping the semi-
finished fibers. This activity is considered critical due to poor handling of the 
containers, which weigh between 7 and 9 kg. Figure 10 illustrates the task. 
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Figure 10. Worker placing a container of fibers at their workstation. 
Courtesy of the company. 

 
Task 8: Manually conditioning the fiber 
The conditioning staff manually shapes the stainless steel fibers by applying circular 
motions and pressing down on them. 
This task is considered critical as it involves repetitive movements, with workers 
processing between 300 to 600 pieces per hour, which increases the risk of 
musculoskeletal injuries. Figure 11 illustrates this activity. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 11. Worker pressing the semi-finished fiber to obtain the final shape. 
Courtesy of the company. 
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Task 9: Placing the conditioned fiber container in the release area 
After shaping the stainless steel fiber, it is placed into another container so that the 
conditioning staff can move it to the quality control release area, where it is inspected 
to ensure it meets the required standards. This task is considered critical since each 
container can weigh between 9 and 12 kg, potentially causing injuries to the workers. 
Figure 12 illustrates the activity. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 12. Worker placing a container for quality inspection. 
Courtesy of the company. 

 
 
3.1.3. Packaging 
 
Task 10: Transporting the conditioned fiber from storage to the workstation 
The packaging staff must retrieve the conditioned fiber from the storage area and 
bring it to their workstation. 
This task is considered critical because the containers weigh between 9 and 12 kg, 
posing a risk of injury. Figure 13 illustrates the activity. 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 13. Worker carrying a container to their workstation. 
Courtesy of the company. 
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Task 11: Placing the container on the work table 
The packaging staff places the containers under their workstation and then places 
one container on the table to begin the packaging process. This task is considered 
critical because the containers have a significant weight, which could potentially 
cause health issues. Figure 14 illustrates the activity. 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Worker packaging the fiber. 
Courtesy of the company. 

 
 

Task 12: Placing the  necessary materials in the work area 

The packaging staff retrieves supplies from the storage area, such as individual 
boxes, protective paper, and final stacking boxes. These materials are then placed 
at their workstation, and the stainless steel fibers are packaged. This activity is 
classified as negligible, as the weight of the empty boxes is approximately 1 kg, 
posing no significant risk to workers’ health. Figure 15 illustrates the activity. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 15. Worker placing their supplies. 
Courtesy of the company. 

 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 18 2025 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO, A.C.                                                                    PÁGINA           86                                                                                                               

Task 13. Place the finished box at the release site.  
Each time the packing personnel finish preparing a box with the requested 
requirements, they take it to the quality control release site. This task is considered 
critical because each box weighs between 7 and 8.5 kg and could cause injury. 
Figure 16 illustrates the activity. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 16. Operator transferring the box to quality control. Courtesy of the 
company. 

 
Task 14. Load the truck when necessary. 

Every time the order is complete, the packing personnel carry the boxes one by one 
to a truck for transfer. This task is considered critical because the personnel climb 
on the racks without any protection and perform bad postures, mishandling the 
loads, which could cause damage to their health. Figure 17 shows the activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Operator storing finished product box. Courtesy of the company. 
 

The results obtained from the analysis show that tasks 2, 3 and 12 are determined 
as negligible, tasks 1, 4, 5, 6, 7, 8, 9, 10, 11, 13 and 14 are determined as critical, 
Table 2 concentrates the results.     
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Table 2. Results of the analysis with the negligible and critical tasks. 
TASK DESCRIPTION RESULT 

1 Loading spools from storagee 
to the workstation 

Critical 

2 Loading buckets of wáter for 
the spools 

Negligible 

3 Inserting thread into the 
machinery 

Negligible 

4 Placing a container in its 
machine 

Critical 

5 Placing te fiber-filled container 
in the release area 

Critical 

6 Loading the container from 
storage to the workstation 

Critical 

7 Placing the container on the 
Workstation table 

Critical 

8 Conditioning the fiber by hand Critical 

9 Placing the conditioner fiber 
container in the reléase area 

Critical 

10 Loading the conditioner 
container from storage to the 

Workstation  
Critical 

11 Placing the container on the 
workstation table 

Critical 

12 Placing the corresponding 
supplies in the workstation 

Negligible  

13 Placing the finished box in the 
reléase área  

Critical 

14 Loading the truck when 
necessary 

Critical 

 
3.2 Application of the RULA ergonomic evaluation method to critical tasks. 
 
Task 1. Loading of reels from the warehouse to the work place. 
Figure 18 shows the images of the operator with the angles generated in his various 
working postures during the execution of the task. 

Figure 19 shows the methodology indicated in Figure 3. Task 1 obtains a final 
score of 7. According to the information in Table 1, the corresponding action level is 
4, which means that an urgent change in the task is required to avoid a possible 
injury affecting the operator's health. 
 Applying the development of the method to all critical tasks, the results are 
shown in Table 3. 
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Figure 18. Operator angles used in the ergonomic analysis of task 1. 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 19. Results of the Rula method for task 1. 
 

 
 
 
 
 
 
 
 

Table 3. Results of the critical tasks indicating the level of performance obtained. 
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Task Overall 
Score 

Sction level 

Task 1: Loading spools from 
storage to the workstation 

7 Level 4: Urgent changes 
are required in the task 

Task 4: Placing a container in its 
machine 

4 Level 2: Changes may be 
requiered in the task, it is 
advisable to conduct a 
deeper study 

Task 5: Placing the fiber-filled 
container in the reléase area  

7 Level 4: Urgent changes 
are required in the task 

Task 6: Loading the container from 
storage to the workstation 

7 Level 4: Urgent changes 
are required in the task 

Task 7 Placing the container on the 
Workstation table  

7 Level 4: Urgent changes 
are required in the task 

Task 8: Conditioning the fiber by 
hand 

7 Level 4: Urgent changes 
are required in the task 

Task 9: Placing the container fiber 
container in the release area 

7 Level 4: Urgent changes 
are required in the task 

Task 10: Loading the conditioner 
container from storage to the 
workstation 

7 Level 4: Urgent changes 
are required in the task 

Task 11: Placing the container on 
the Workstation table 

6 Level 3: Task redesign is 
required 

Task 13: Placing the finished box 
in the release area  

7 Level 4: Urgent changes 
are required in the task 

Task 14: Loading the truck when 
necessary 

7 Level 4: Urgent changes 
are required in the task 

 
 The results obtained show that task 4 obtained level 2, which means that 
changes may be required, although it is not urgent. Task 11 obtained level 6, 
meaning that there must be a change so that in the future there are no injuries to the 
operators. Tasks 1, 5, 6, 7, 8, 9, 19, 13 and 14 require urgent changes so as not to 
cause injuries that could affect the health of the operators in the short term.  
During the study it was determined that the operators require a high level of physical 
effort, the movements are repetitive with excessive loads and the postures are 
uncomfortable. The workers suffered injuries or musculoskeletal discomfort during 
their activities, causing absence or abandonment of work.   
 

 
4. CONCLUSIONS 

 
In order to determine ergonomic risk factors in the operators of the stainless steel 
fiber manufacturing company, the corresponding research was carried out using an 
ergonomic evaluation methodology. The application of the RULA ergonomic 
evaluation method was appropriate because its implementation provided the 
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necessary information to evaluate the tasks performed by the workers and to 
determine risk factors.  

The use of design software was useful to obtain the angles generated by the 
operator in different postures during his activity and with which the method was 
applied; in addition, the computer program allows all the required changes to be 
made practically immediately, optimizing the work time. 

The ergonomic research methods, observation and interview, were useful to 
identify postures, movements, among others; to record the elements that make up 
the work station, (machines, tables, benches, chairs, etc.) and to record the 
comments of the operators regarding the development of their activity. 

The applications of ergonomic evaluation methods are not common in 
companies, mainly in small and medium-sized ones, due to lack of knowledge on 
this subject or because they remain skeptical about the results that ergonomic 
improvements could bring to the workplace and to productivity, or because they 
consider that investing in the redesign of workplaces is costly. 
 
4.1 Recommendations. 
 
It is recommended to proceed with the redesign of the workstations; it is necessary 
to adopt adequate measures to monitor and control the activities, including the 
provision of the necessary personal protective equipment, such as anti-cut gloves, 
ear protectors, belts, and skates; in addition to acquiring equipment such as 
conveyor belts to help move the products, and the design and manufacture of 
auxiliary elements; finally, to carry out general maintenance of the equipment.  
 The benefits that the company can obtain with the recommended changes 
is a lower payment of the risk premium before the IMSS, because the medical 
incapacities of the operators would be reduced or eliminated; it would contribute to 
reduce or avoid injuries that put at risk the health of the operators and finally the 
absence or abandonment of the work would be reduced or eliminated. 
 This research focused only on postures, but it is suggested to conduct 
studies on lighting and noise, because it is important to consider the entire work 
environment.  
 It is also recommended to invest in a comprehensive wellness program for 
all employees, creating a safer and more satisfying environment for them. The 
comprehensive approach will contribute to the sustainable growth of the company 
and strengthen its long-term competitiveness. 
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Resumen: La finalidad de este proyecto fue el desarrollo e implementación de una 

base de datos dentro del departamento de documentación del sistema de gestión de 
calidad. Esto fue para reducir los tiempos de búsqueda e interpretación y uso de 
información y así incrementar la satisfacción del usuario en relación a su 
comportamiento informativo. Este comportamiento incluye la búsqueda, la 
localización y el uso (incluyendo interpretación) de la información que el usuario le 
dará a ésta. Estas actividades, no consideradas como tal, son llevadas a cabo por 
distintos departamentos de la empresa, ya que dentro de sus actividades rutinarias, 
requieren información de otro u otros departamentos para llevarlas a cabo y la 
mayoría de las veces, la búsqueda se hace de forma individual dentro del sistema. 
Por ello, se diseño e implementó una base de datos que incluía la mayoría de 
documentos e información que comunmente se usa. Con ello se logró la disminución 
de los tiempos de búsqueda e interpretación y uso de la información, así como el 
incremento en el uso de la base de datos. Los18 participantes de dicho estudio 
convergían de seis departamentos señalando un incremento de su satisfación de 
23.34 % y reduciendo los tiempos empleados en la interpretación y uso de la 
información. Esto, a su vez, permitió confirmar las ventajas operacionales del uso de 
tecnologías para apoyar las diversas actividades de los usuarios impactando 
directamente en el comportamiento informativo, escasamente estudiado y mejorado 
en contextos naturales. 
 

Palabras clave: Comportamiento informativo, sistema de calidad, base de datos, 
herramientas abstractas 
 
Relevancia para la ergonomía: El presente proyecto sirvió para mejorar el 
comportamiento informativo dentro de un contexto laboral. Esto ayudó a 
incrementar la productividad en el área de calidad, principalmente en las actividades 
de búsqueda e interpretación de la información. Esto fue a través de la comprensión 
de las actividades desarrolladas por los usuarios y su toma de conciencia y el 
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impacto dentro de sus actividades rutinarias de trabajo. De ahí que este proyecto 
permitió comprender y evaluar la utilización del enfoque de la Ergonomía Cognitiva 
en contextos que han sido parcialmente empleados en ello, encontrando ventajas 
en su uso donde el ser humano es el principal factor considerando alineando las 
herramientas tecnológicas para facilitar las actividades laborales a desarrollar en los 
contextos participantes.   
 
Abstract: The purpose of this project was the development and implementation of 

a database within the documentation department of the quality management system. 
This was to reduce the search and interpretation times and use of information and 
thus increase user satisfaction in relation to their information behavior. This behavior 
includes the search, location and use (including interpretation) of the information that 
the user will give to it. These activities, not considered as such, are carried out by 
different departments in the company, since within their routine activities, they 
require information from another or other departments to carry them out and most of 
the time, the search is done individually within the system. Therefore, a database 
was designed and implemented that included most of the documents and information 
that are commonly used. With this, the reduction of search and interpretation times 
and use of information was achieved, as well as the increase in the use of the 
database. The 18 participants in the study from six departments reported an increase 
in their satisfaction of 23.34% and a reduction in the time spent interpreting and using 
information. This, in turn, confirmed the operational advantages of using 
technologies to support the various activities of users, directly impacting the 
information behavior, which has been little studied and improved in natural contexts.  
 
Keywords. Information behavior, quality system, database, abstract tools  

 
Relevance to Ergonomics: This project served to improve information behavior 

within a work context. This helped to increase productivity in the quality area, mainly 
in the activities of searching and interpreting information. This was done through the 
understanding of the activities developed by users and their awareness and impact 
within their routine work activities. Hence, this project allowed to understand and 
evaluate the use of the Cognitive Ergonomics approach in contexts that have been 
partially used on it, finding advantages in its use where the human being is the main 
factor, considering aligning the technological tools to facilitate the work activities to 
be developed in the participating contexts. 

 
  

1. INTRODUCTION 
 
Information behavior is little known as a behavior despite being part of the human 
being. In Mexico, there are various investigations regarding this behavior, but these 
are focused on studies that involve students and information in their respective 
school contexts, as well as the management of libraries, information in books, 
research, etc. In the state of Baja California, there are studies focused on farmers 
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and mainly on winemakers, since in a part of the state the wine industry 
predominates. 

However, in Tijuana, this behavior is not given importance in manufacturing 
companies. In these, having the necessary information at hand, it is relevant to carry 
out one or more processes or activities and it is suggested to do. In the same way, 
having the information available with easy access helps to reduce the time that a 
worker spends looking for information in different sections of the company's server; 
in addition, the knowledge of processes, that are within their reach, is improved. 

Likewise, it is important to point out that information search processes must 
be simple and quick to manipulate, so that later, the activities, required to find it, are 
done in the best way, hoping to be efficient. Because, when the complete process is 
pointed out in information behavior, in particular, it could go beyond just searching 
for information, but also how mentioned information is going to be used. That is, 
because it is useless to find something in a shorter time, if the data found is not 
correct or does not meet the necessary characteristics for the user, who requires it. 
Hence, the present project performs the analysis of information behavior in the quality 
area of a company located in Tijuana. The mentioned area is the documentation 
department of the quality management system, where activities such as the 
satisfaction survey in the search and use of information were carried out; in addition, 
the measurement of the time required to carry out the activities in the mentioned 
area. 

The first part will describe the history of the participating company, the 
problems encountered, the objective of the project and its justification. The second 
part will present the theoretical foundation, displaying topics related to the information 
behavior, and databases. Later, the third part exhibits the methodology used during 
the study to address the problems encountered. The fourth part shows the results 
obtained after the development of the project, displaying the initial and subsequent 
situations after the implementation of the activities aimed to improve the information 
behavior, focusing on the search and interpretation of information for later use. The 
next part shows the conclusions obtained through the achievement of the commented 
objective. In this part, it is relevant to point out the impact on the routine operation of 
the improvement in information behavior. Finally, the last part lists the areas of 
opportunity discovered during the project and after the implementation of the 
improvement within the context under study. That is, some improvements to be 
developed in the future of the context are presented, in addition, to the personal and 
professional experiences acquired during the project. 

Therefore, the objective of this study is to improve information behavior by 
implementing a database within the quality management system in order to reduce 
the time for searching and interpreting information. This project addresses activities 
that lead to a reduction in the time for searching and interpreting information for later 
use. The activities can generate documents that are required in the decision-making 
process and, by containing errors, there is the possibility of increasing the time for 
using information and thus making errors in commented processes. Therefore, it is 
relevant to point out that the information search process is a procedure that involves 
various resources and the fact of not having access to information through media 
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would lead to decision-making processes where additional resources would be 
required to obtain the required information and thus subsequently make decisions. 

Therefore, it is relevant to consider the users of mentioned information and take 
their perceptions and suggestions regarding the best means or instruments to have 
information available for decision-making processes, particularly in the area of quality. 
This involves addressing the social perspective of the user and making available to 
them various tools aimed at user satisfaction when accessing the required 
information, while simultaneously seeking to obtain the information required to make 
decisions in accordance with the needs of their responsibilities. This would also 
perhaps involve involving other participants such as suppliers and internal users or 
members of other areas or departments within and outside of the company. 
 
 

2. BACKGROUND 

 
In this section, information behavior, databases, and seek and interpret information 
are presented.  
 
2.1 Information Behavior 

With a focus on information science, Wilson (2000) states that information behavior 
is “the totality of human behavior in relation to information sources and channels, 
including active and passive searching, as well as the use of information” (p. 49). In 
relation to this, there are three behaviors: searching, finding and using information. 
Information seeking behavior involves the intentional search for information as a 
consequence of the need to satisfy a certain objective that involves information 
(Wilson, 2000). Behavior to find information is a “micro-level” of behavior used by 
the user when interacting with an information system and includes both physical 
actions (for example, use of the mouse, number of clicks, opening links) and 
intellectual actions (use of Boolean operators or application of criteria to select 
content) (Wilson, 2000). Finally, information use behavior consists of the set of 
physical and mental acts involved in internalizing the information found and 
incorporating it into prior knowledge. This behavior includes underlining techniques, 
marginal notes, extraction of main ideas and critical analysis of the content, among 
others (Wilson, 2000). 

Along these lines, Calva González (1998) points out that when people require 
information, they exhibit a behavior that shows commented need that must be 
satisfied. That is, this need must be covered regarding the phenomenon, fact or 
object of interest. Hence, information behavior can be understood as the behavior 
that shows the information needs of subjects, which are exhibited from the lack of 
information and knowledge of something of interest, and those needs to be satisfied 
in reference to a situation, fact or phenomenon. Hence, Vázquez Velázquez (2006) 
indicates that information behavior is focused on those behaviors exhibited by 
individuals in different contexts in which they need to seek to manage, disseminate 
and use information. Also, Case (2006) points out that information behavior involves 
behaviors that include the search for information and involuntary or passive 
behaviors and those deliberate ones that are not considered the active avoidance 
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of information. As part of the contexts that encompass such behavior or human 
information activity, it is unavoidable to underline the preponderance and rapid 
development of information and communication technologies and these have 
affected in all their extension the informational 'knowledge' and 'doings' of 
individuals. 

 
2.2 Database 

Databases are a set of related and non-redundant information; that is, there should 
not be repeated or duplicated information in different tables. This information is 
organized, systematized, and must be directed towards a specific purpose of a 
community (Nielsen, 1993). Likewise, it must meet the objectives of independence 
(ability to make modifications to the physical, or logical model without altering any 
application and data structure), integrity (consistency of the data, and in turn the 
values they possess, which must be valid according to the functional dependencies 
between the tables), and data security for the multiple users, who use it. This is 
because, any type of data used in a database is important so that it does not suffer 
changes by users, who are not properly accredited to carry out this activity. 

Databases function as a kind of library in which the data is organized in cards 
and structured in a way in each field or place for this purpose. This structure is 
created to facilitate the process of searching for and using information in processes 
or activities of interest. That is, databases are organized work systems that allow 
information to be catalogued and classified, using tables that the system can use to 
quickly locate any information stored in them at a given time. Databases become 
common and powerful computer tools that exist today to organize information files 
in one place so as not to depend on various sources. 

 
 

3. METHODOLOGY 

 
For the development of the project, the used methodology consisted of the 
following primary activities, which are: 
 

1. Sampling for the survey that was conducted with users. Prior to the preparation 
of the survey, an intentional sampling was determined, which consists of 
selecting individuals in a fast and optimal way without the need to perform any 
type of mathematical operation. This was done by choosing the appropriate users 
for the survey, selecting those who use the quality management system in their 
activities. 18 users who work in six departments are those who access the 
information mentioned above and are those who will form part of the sample 
available for this study. The respondents were: 4 users from Process 
Engineering; 2, from Document Control Engineering; 2, from Production; 2, from 
Purchasing; 7, from Quality Control and 1, from Human Resources. 

2. Preparation of questions for the survey. The objectives were established and the 
questions were made based on: access to information from the quality 
management system; frequency of use of the system for use in decision making; 
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search motivations; the satisfaction of information search tools, and which media 
are used to search for information. 

3. Application of the survey to users. The survey was applied to users and to 
achieve the objective, it was necessary to carry out a pilot test to verify the 
reliability of the survey and its potential results. 

4. Time recording. This is the technique used to determine the time used to carry 
out a certain task with an arrangement according to a pre-established 
performance standard. This task is normally carried out with a stopwatch and 
according to: the execution of an operation, activity or task; the complaints from 
workers or their representatives about the times of operations; the delays that 
affect other operations; the establishment of standard times in an incentive 
system, and/or low performance or downtime of work teams. To do this, the 
operation to be measured is prepared; the measurement plan is executed; the 
aspects such as the work pace and assessment techniques are assessed; the 
delays, fatigue and tolerances are considered, and the standard error, frequency 
of elements, interferences and the calculation of standard time are considered. 

5. Development of a database. The database was developed in an Excel file 
because it is a commonly used tool in the company and easily accessible to 
users. Here, commonly used files and documents were added, using the 
concept of usability intrinsic to this. Each document or file listed represented a 
link that provided easy access to it. It is relevant to mention that this file is 
continuously updated according to the information needs of each department 
involved. 

6. Second application of the survey to users. This survey is intended to evaluate 
potential changes in the information behavior of users. This activity was carried 
out after the changes were made, including the development and 
implementation of the database. 

7. Second time recording. The time recording was carried out to measure the time 
needed to carry out the operations of interest. This was done under the same 
considerations mentioned in the time recording phase. This activity was carried 
out after the changes were made, including the development and 
implementation of the database. 

 
It is important to note that this project was carried out considering the human 

being as the main actor, and for this reason, each of the participants was informed 
of the ethical and confidentiality process, that was going to be carried out during the 
project. The activities carried out during the field work were in common agreement 
between the person, who collected the data in the context and the participants. This 
involved explaining how the information would be collected, handled, administered 
and used in the research. In addition, it was noted and agreed that, to ensure 
confidentiality in the process, the surveys and interviews would not contain the name 
of the participant and would be coded and added to an electronic database to be 
managed quickly and easily, making three copies to increase security in its 
management. 
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4. RESULTS 
 
The results obtained were mainly in two aspects mentioned above: satisfaction in 
the use of the databases and the time required to interpret and use the information 
in the database within the activities carried out by the aforementioned users. 
 

a. Survey after the database. 

According to the data obtained during the development of the project and once the 
database containing the information of interest to the area or department was 
developed and implemented, it can be noted that user satisfaction increased by 
23.34%. This was mainly due to making the required information available at the time 
it was requested. This allowed users to manipulate the database according to their 
information needs, also indicating freedom in the use of the information and for the 
purposes they deemed appropriate. The results obtained are presented in Figure 1. 

                         

 

Figure 1. User satisfaction 

 

b. Time collection after the database 

The information search times at the beginning of the project were 10 minutes on 
average time, and after the measures implemented were reduced to 4.6 minutes on 
average time. This showed a notable reduction in time that impacted user 
satisfaction. Also, in reference to the interpretation of the information, initially 5 
minutes were used and after the implementation of the activities and tools, the time 
was reduced to 2.6 minutes. Consequently, this allowed users to increase the 
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activities carried out during their time at work and increased user satisfaction in the 
use of it. The results are presented in figure 2. 

 

 Figure 2. Time improvement 

 
 

5. CONCLUSIONS 

 
The results obtained allowed to conclude that user satisfaction in the process of 
using and searching for information increased by 23.34%, reaching 81.11%. This 
can be interpreted as a positive impact on information behavior by understanding 
the importance of it within the context under study. Likewise, the time spent 
searching for information was reduced by 54%, since initially it required 10 minutes 
on average and after the implementation of technological tools, now it required 4.6 
minutes. This implied full knowledge of the functioning of the mentioned tools. 
Regarding the time required for the interpretation and use of information, it was 
reduced by 48%, initially using 5 minutes on average and later, 2.6 minutes on 
average. This was primarily to make sense of the information obtained in the 
implemented technological tools.  

Based on the above, it was understood that the use of technological tools 
can have impacts on unknown behaviors, such as information behavior, and that 
the literature found has shown how behaviors can be visualized for the benefit of 
users and their environments or contexts. This is the case of information behavior, 
which is partially studied in contexts such as the one discussed in this project. 
Although, it is recognized as an innate behavior of the human being, it has been 
partially investigated in environments considered natural, or where the variables 
converge naturally in such a way that it represents a challenge to study and improve 
it for the benefit of those, who exhibit it and their environments. 
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This also allows to visualize the potential areas of opportunity that exist in 
natural contexts or in routine tasks. This includes the development of abstract and 
physical tools that support it for its benefit. In addition, it is relevant to discover with 
focused attention the elements or behaviors included in the informational behavior. 
That is, there are opportunities to study the sub-behaviors or main elements of the 
behavior indicated here. 
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Resumen: El presente estudio se llevó a cabo en el taller de carpintería "De León" 
con el objetivo de mejorar la gestión de inventarios mediante la implementación de 
un tablero digital. La investigación se centró en el análisis de estaciones de trabajo 
para optimizar la organización y reducir errores operativos en el control de 
materiales e insumos. Para ello, se realizaron recorridos en la empresa, observando 
las condiciones de trabajo y evaluando los métodos de recolección de datos en los 
procesos de inventario. Desde un enfoque de ergonomía cognitiva, el tablero digital 
fue diseñado para facilitar la identificación de operaciones, mejorar la eficiencia en 
la planificación de tareas y reducir la fatiga laboral. Su estructura visual, basada en 
codificación por colores, permite a los operarios acceder rápidamente a la 
información, minimizando tiempos de búsqueda y errores en la gestión de insumos. 
 
Palabras clave: Diseño de tablero, Análisis de estaciones, Gestión de inventarios, 
Ergonomía cognitiva 
 
Relevancia para la ergonomía: El análisis de estaciones de trabajo en ergonomía 

es crucial para mejorar la eficiencia, la seguridad y el bienestar de los trabajadores 
en una carpintería. Al integrar un diseño de tablero digital, se optimiza la gestión de 
operaciones de inventarios, lo que permite un flujo de trabajo más ágil y una 
reducción de errores. Además, minimiza la sobrecarga de información, facilitando 
que los operarios mantengan el stock bajo control y tomen mejores decisiones sin 
distracciones ni confusión. 
 
Abstract: This study was carried out in the "De León" carpentry workshop with the 
aim of improving inventory management through the implementation of a digital 
board. The research focused on the analysis of workstations to optimize the 
organization and reduce operational errors in the control of materials and supplies. 
To do this, tours were carried out in the company, observing the working conditions 
and evaluating the methods of data collection in the inventory processes. From a 
cognitive ergonomics approach, the digital dashboard was designed to facilitate the 
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identification of operations, improve efficiency in task planning and reduce work 
fatigue. Its visual structure, based on color coding, allows operators to quickly access 
information, minimizing search times and errors in the management of supplies.  
 
Keywords. Board Design, Station Analysis, Inventory Management, Cognitive 
Ergonomics.  
 
Relevance to Ergonomics: Workstation analysis in ergonomics is crucial to 

improving efficiency, safety, and worker well-being in a woodshop. By integrating a 
digital dashboard design, inventory operations management is streamlined, allowing 
for a more streamlined workflow and reduced errors. 
 
 

1. INTRODUCTION 
 
This paper addresses the implementation of a digital dashboard in the carpentry 
workshop “De León” as a strategy to optimize inventory management, improve work 
organization and reduce operational errors. Inventory management refers to the 
process of monitoring and controlling a company's inventory, ranging from the 
acquisition of raw materials to the distribution of finished products. This process is 
essential to ensure that the right products are available at the right place at the right 
time, optimizing operational efficiency and reducing costs (Toledo, Diaz and 
Hernández, 2023). Woodworking, being a sector that depends on an efficient flow of 
materials and tools, requires innovative solutions that allow better resource 
management. In an environment where the organization and availability of inputs are 
essential to maintain productivity, the digital dashboard emerges as an effective and 
accessible solution, after performing an analysis of workstations to improve the 
management of inventory operations.  

Cognitive ergonomics is the discipline that studies human mental processes, 
such as perception, memory, decision making and cognitive load, in the interaction 
with systems, environments and technologies (Ferreira, 2024). Its objective is to 
optimize the efficiency, safety and well-being of the user, reducing mental effort and 
minimizing errors in the execution of tasks (Correa, 2020). 

One of its main approaches is the reduction of cognitive load, which is achieved 
through the organization of the workspace, the accessible arrangement of tools and 
the use of labels or color codes to identify materials quickly. This facilitates the 
execution of tasks without the need to remember multiple complex steps, reducing 
mental fatigue (Correa, 2021). 

The digital dashboard is based on the use of cognitive ergonomics for its design 
so that the operator can identify operations, facilitating the monitoring of inputs and 
finished products, reducing waste and waiting times in production. Its intuitive design 
and accessibility contribute to a quick consultation by workers, allowing greater 
efficiency in task planning. In addition, it has been designed with a clear visual 
structure that uses color coding, which speeds up decision making and improves 
ergonomics in the work environment. With these features, the digital dashboard 
seeks to become a fundamental tool in the production process of the workshop. 
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The implementation of a digital dashboard within the carpentry workshop “De 
León” and its use will be limited to inventory management and task planning. 
Integration with external management systems and order automation is not 
contemplated. The digital dashboard is intended to function as an autonomous tool, 
without dependence on complex external software. Its development has been 
conceived with the purpose of facilitating its adoption without generating an 
additional burden on technological infrastructure or high implementation costs. 

 
 

2. OBJECTIVE 

 
Analyze workstations to improve inventory operations management in a 
woodworking shop by designing a digital dashboard.  
Specific objectives:  

 Identify the operations of the carpentry company.  

 Analyze workstations to improve the management of inventory operations.  

 Apply shrinkage reduction of warehouse operations management.  

 Design a digital dashboard for operations to improve inventory control, 
through cognitive ergonomics. 

 
 

3. METHODOLOGY 
 
The following methodological phases were followed for the implementation of the 
workstation analysis and digital dashboard design:  
1. A diagnosis of the company was made through tours, identifying the 

characteristics of the workers, as well as the workstations and the situation in 

which the company finds itself. 

2. The work stations were analyzed for a certain period of time, and the inventory 

operations were identified, as well as the methods for collecting information 

in the process.  

3. The applicable evaluation methods, to detect human errors in the data capture 

of the inventory operations, as well as the idle times in the workstations. 

4. Design a digital dashboard to structure a work method for inventory 
operations through cognitive ergonomics. 

 
 

1. RESULTS 

 
4.1 Diagnosis areas 

 

The company’s diagnosis was analyzed and problems of disorganization, downtime 
at the workstations and errors in the registration of materials were identified. First, a 

diagnosis of the process was made, identifying the specific operations and the personnel 
that performs them. After the diagnosis, it can be seen in the images where they do not have 
an adequate administration and places for the realization of the product. 
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Figure 1. Workstations 

 
4.2 Inventory operations and process data collection were identified.  

 Loss of materials due to lack of an adequate control system. 

 Excessive time spent searching for materials, which slowed down 
production. 

 Lack of communication between areas, making efficient planning difficult. 
 

 
4.3 Proposal for the implementation of the digital dashboard 
 
We worked on the design of a digital dashboard based on reducing the mental 
workload of the operators. Color coding was incorporated to facilitate quick 
identification of materials and their inventory status. The recording of inputs and 
outputs was automated to avoid manual errors and improve traceability. Figure 
2 shows the prototype of the developed board, in the image you can see the 
color-coded information according to the availability of each of the raw materials 
used in the carpentry shop. 
 

 

 
Figure 2. Prototype of the proposed board. 
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The dashboard uses color codes to indicate inventory status: 
 

Representative Colors 

Red 
Alert (very 
insufficient 
materials) 

Yellow 
Precautionary 
(insufficient 
materials) 

Green 
All in order (sufficient 
materials) 

Figure 3. Representative with respect to materials in stock. 
 

This makes it easier for workers to quickly identify information without 
having to read large amounts of text or consult physical documents. 
 

 
Figure 4. Location of the board in the woodwork 

 
4.4 Impact of the Digital Dashboard on Work Organization 

The implementation of the digital dashboard is intended to improve workflow by 
reducing waiting times in the search for materials, improving decision making, 
facilitating purchase planning and reducing waste, as well as reducing human errors 
in inventory management, improving the accuracy of records. 
 
 
 
 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 18 2025 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO, A.C.                                                                    PÁGINA           106                                                                                                               

4.5 Functional testing of the dashboard. 

Functional tests were carried out in the carpentry shop and its use and impact on 
workers' operations were evaluated; interviews were conducted with the workers, 
which yielded the information shown in the graph in Figure 5. 

 
Figure 5. Graph of users' perception of the board in the carpentry shop. 

 
4.6 Performance evaluation and benefits obtained 

The pilot test showed a 30% reduction in the time required to search for materials 
at the workstations, a 40% reduction in errors in the inventory register, improved 
operational efficiency, allowing workers to concentrate on their tasks without 
unnecessary interruptions, and a reduction in work stress, thanks to the ease of 
access to information and the elimination of uncertainty in the management of 
supplies. 

With the implementation of the digital dashboard, based on cognitive 
ergonomics principles, the following improvements were achieved, previously, 
carpenters had to constantly remember what materials were on hand or review 
long paper inventory lists. With the digital board, they can now see in real time 
what materials are in stock through a clear, visual interface, reducing mental 
workload and the risk of forgetfulness. 

When a worker needs a specific wooden board, the dashboard immediately 
shows them if it is available and where it is located in the warehouse. If stock is 
low, the system generates an alert to request replenishment before it is 
completely depleted. This allows for better planning and avoids production 
delays. 
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5. CONCLUSIONS 
 

The implementation of this digital dashboard with a focus on inventory management 
based on cognitive ergonomics principles, represents an effective and accessible 
solution to improve the organization of the workshop, the reduction of errors in data 
capture and improved decision making reflect the benefits of integrating 
technological tools in craft environments. 

In addition, the use of an intuitive visual system not only improved operational 
efficiency, but also reduced the mental workload of the operators, allowing them to 
concentrate on their tasks, as well as focusing more on quality. 

Before the implementation of the digital dashboard in the “De León” carpentry 
shop, labor fatigue was a constant problem that affected the performance and well-
being of the workers. The disorganization of the inventory forced operators to make 
long trips in search of materials, increasing unnecessary physical effort and slowing 
down production. In addition, the lack of a structured control system generated a 
high cognitive load, as workers had to memorize what materials were available and 
in what quantities, which added stress and frustration to their workdays. 

Burnout also manifested itself in decision making, as the lack of clear information 
on inventory status made planning inefficient, prolonged tasks and forced employees 
to work under pressure. All this resulted in increased physical and mental fatigue, 
downtime, and a general feeling of lack of control that affected productivity and 
quality of work. 

With the implementation of the digital dashboard, there was a remarkable 
transformation in work management and, consequently, in the reduction of work 
fatigue. Thanks to its intuitive design based on cognitive ergonomics principles, the 
board allowed workers to immediately access information about materials and tools 
through a color-coded system. This eliminated the need to memorize data or review 
lengthy documents, decreasing mental workload and enabling faster and more 
accurate decision making. 

This study confirms that the combination of technology and cognitive 
ergonomics can be an effective strategy to modernize processes in traditional 
workshops, optimizing productivity and improving working conditions for operators. 
The digitization of inventories in this context represents not only an organizational 
advance, but also an opportunity to foster a culture of innovation and efficiency in 
the craft industry.   
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Resumen Dentro de la región norte del estado de Sinaloa ubicamos una empresa 
de elaboración de tortillas de harina, así como la distribución de productos básicos 
con nombre “Súper Ariel, SA. DE CV.”, en él, se comercializa diversidad de artículos 
y accesibilidad para los consumidores locales, siendo una microempresa de la 
región. Dentro de las actividades que se realizan Manejo manual de cargas y en la 
línea de producción se presentan problemas representativos de diseño, métodos de 
trabajo y condiciones no adecuadas para las operaciones de las estaciones de 
trabajo, así con un espacio reducido para la elaboración del producto, Esta línea la 
trabaja 3 operadores mujeres de un rango de edad de 30 a 35 años con  una jornada 
de 8 horas diarias, mismas trabajadores presentan una rotación de personal debido 
a los problemas de salud, lesiones musculoesqueléticas y posturas inadecuadas de 
trabajo y  tiempos muertos, registros de DTA, cuando realizan las actividades. Con 
base a esto surge la necesidad de hacer una investigación que tiene como objetivo 
Realizar un análisis ergonómico en las estaciones de trabajo de la línea de 
producción de tortillas e identificar las posturas con mayor riesgo, así como 
actividades que causen molestias y dolores en diferentes partes del cuerpo de los 
trabajadores cuando realizan sus tareas y así como espacios inadecuados para 
realizar el manejo manual de cargas y en área de producción.  
 
Palabras clave: Método RULA, Ergonomía, Diseño, Factores de riesgo. 
 
Relevancia para la ergonomía. El Análisis ergonómico dentro del área de trabajo 

constituye una importante aportación a la ergonomía, ya que se lograría minimizar 
el riesgo de lesiones musculares y fatiga mediante una mejor distribución del 
espacio, reduciendo movimientos innecesarios y la sobrecarga de trabajo. Estos 
cambios mejorarían la seguridad y el bienestar del trabajador. 
 
Abstract Within the northern region of the state of Sinaloa we locate a company that 
makes flour tortillas, as well as the distribution of basic products with the name 
"Super Ariel, SA. DE CV.", in it, a variety of articles are marketed and accessible to 
local consumers, being a microenterprise in the region. Among the activities carried 
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out are manual handling of loads and the production line presents representative 
problems of design, work methods and conditions that are not adequate for the 
operations of the work stations, as well as a reduced space for the elaboration of the 
product. This line is worked by 3 female operators with an age range of 30 to 35 
years with an 8-hour workday. The same workers present a staff turnover due to 
health problems, musculoskeletal injuries and inadequate work postures and 
downtime, DTA records, when they carry out the activities. Based on this, the need 
arises to carry out an investigation that aims to perform an ergonomic analysis at the 
work stations of the tortilla production line and identify the postures with the greatest 
risk, as well as activities that cause discomfort and pain in different parts of the 
workers' bodies when performing their tasks and as well as inadequate spaces for 
manual handling of loads and in the production area. 
 
Keywords: RULA method, Ergonomics, Design, Risk factors. 
 
Relevance to ergonomics. Ergonomic analysis within the work area constitutes an 

important contribution to ergonomics, since it would be possible to minimize the risk 
of muscle injuries and fatigue through a better distribution of space, reducing 
unnecessary movements and work overload. These changes would improve the 
safety and well-being of the worker. 
 
 

1. INTRODUCTION 

 
In Mexico, wheat grain is considered a strategic product because it is a food of 
enormous demand thanks to its high nutritional content, a factor that contributes to 
the strengthening of the food sector, in addition to being one of the most important 
resources in the diet of Mexicans. For human consumption, it requires the milling 
process, through which it is transformed into flour. Developing products such as; 
tortillas, breads, pastas, cakes, atoles and even fuels. (SADER, 2016).  

The consumption of tortillas in our country is very relevant. In a study carried out 
by the National Autonomous University of Mexico (UNAM), published in the UNAM 
Gazette, it indicates that the daily per capita consumption is 75 kilograms per year 
per person, this is covered annually thanks to nearly 100,000 tortilla shops located 
in both large cities and small towns (Lugo, 2022). 

In the production of flour products, occupational factors such as worker health, 
productivity and working conditions intervene. In relation to ergonomics, it is common 
for the operator to be in constant forced or repetitive postures, in addition to lifting 
and moving loads. 

Exposure to high temperatures, noise from machinery and, in some cases, 
inadequate lighting, are common physical factors that tend to affect the health and 
performance of workers in these types of contexts. On the other hand, safety can be 
compromised by the risk of burns, accidents due to the improper use of machinery 
and lack of PPE. 
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     Some occupational risks such as noise, trauma and ergonomic aspects represent 
a considerable part of the morbidity burden derived from chronic diseases: 37% of 
back pain and 8% of trauma. 
     The most frequent ergonomic risk factors are forced postures and repetitive 
movements with 22% and 14.7% respectively. But the risk of suffering from 
musculoskeletal disorders also increases since Mexico is the country where people 
work the most hours per year, according to 2018 figures from the Organization for 
Economic Cooperation and Development. 
     In Mexico, the IMSS (2016) indicated that CTS is the most frequent neuropathy 
of the upper extremity and is estimated to occur in 3.8%. This disease can occur at 
any age, gender, race or occupation, but it occurs more frequently in women than in 
men, between 40 and 60 years of age and in occupations where wrist movement is 
constant (Cuellar and Palí, 2023, p. 4). 
     This project is based on a flour tortilla making company and the distribution of 
basic products named “Súper Ariel, SA. DE CV.” which is an establishment located 
on Margarita Maza de Juárez Avenue, the main street of the community of Benito 
Juárez, Tamazula, belonging to the City of Guamúchil, Sinaloa, Mexico. 
     The aim is to carry out an ergonomic analysis of the workstations and develop a 
proposal to redesign one of its areas, the tortilla factory, because after offering this 
service for more than 20 years, the physical conditions of the place have 
deteriorated, resulting in great wear and tear in the specific work space. 
 
 

2. OBJETIVE 
 

Analyze the ergonomic risks of workstations of a flour product marketing company, 
to determine risk factors. 
 

3. DELIMITATION. 

 
The study was conducted at Super Ariel, in the tortilla factory area, which has kitchen 
equipment and a space of 2.5 × 4 × 2.5 meters. The place is built with bricks, barilla 
and cement, with tile walls, two entrances and an open area to serve the public. The 
work of women aged 30 to 35 was analyzed, who work 8 hours a day, dedicating 3 
hours to cleaning and preparing dough, and the rest to making and selling tortillas. 
 

 
4. METHODOLOGY 

 

 The study was carried out in several stages: 

 A diagnosis of the company was carried out through tours, identifying the 
characteristics of the workers, as well as the work stations and the situation in which 
the company is located. 

 The work stations were analyzed for a certain time, and the activities that present 
risk factors were identified through the application of ergonomic principles carried 
out by the operator, showing musculoskeletal injuries in employees. 
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 Application of the ergonomic evaluation method (RULA Method), to determine and 
evaluate the station with the greatest problems and work risks, as well as the 
application of Mexican Official Standards (NOM) in the work station. 

 
 

5. RESULTS 

 
Through the application of Ergonomic Assessment Methods, it is possible to identify 
and assess the ergonomic risk factors present in the work stations where agents of 
negative impact on the worker were found, including incorrect postures during 
repetitive lifting and excessive load levels in the activities performed. 

Two workers operate in the work area, whose ages range between 30 and 35 
years, in charge of cleaning and maintaining the space, preparing the dough, 
shaping, cooking, cooling, packaging, storing, and distributing tortillas. During the 
first three hours of the workday, the initial activities of the process are carried out, 
which include cleaning the area, preparing the dough and processing it for shaping. 
Subsequently, in the following five hours, the remaining stages are executed.. 

The work space, approximately 5.5 m long x 3 m wide x 2.10 m high, is equipped 
with the machinery and equipment necessary for the execution of the corresponding 
operations. Its main equipment includes a heating griddle, a tortilla machine, a sink, 
a storage rack for trays with dough, a kneading table, a cooling rack, a scale, a 
sealer, a stove, etc.  

There are multiple factors around the work area that affect operational efficiency, 
from a large icebox, whose function is destined for another area of the establishment, 
taking up considerable space, gas pipes installed at a low height from the ground, 
affecting the mobility and safety of the operator, bags of beans destined for another 
type of service, etc.  

 

 

Figure 1. Company workstations 
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Table 1. List of Mexican Official Standards applied to the company's production 
process. 

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

Company: Supermercado Ariel. 

 

Standard The company 
complies with 
the regulations  

Observations 

Yes No 

Mexican Official Standard NOM-
001-STPS-2008, Buildings, 
premises, facilities and areas in 
work centers-Safety conditions 

 

X 

The work space in general 
presents inadequate conditions for 
the development of activities, such 
conditions are visible in the 
physical structure of the place and 
the machinery used. 

Mexican Official Standard NOM-
015-STPS-1994, related to 
occupational exposure to high or 
low thermal conditions in the 
workplace.. 

 

X 

The workers work more than 4 
hours exposed to heat, due to the 
use of the tortilla flattening 
machine and griddle. 

Mexican Official Standard NOM-
251-SSA1-2009, Hygienic 
practices for the processing of 
food, beverages or food 
supplements. 

 

X 

The staff does not use personal 
hygiene equipment, gloves, face 
masks, caps, aprons  

Mexican Official Standard NOM-
004-STPS-1999, Protection 
systems and safety devices for 
machinery and equipment used 
in the workplace. 

 

X 

The road roller is switched on and 
off from the load center, which 
represents an imminent risk.. 
 

Mexican Official Standard NOM-
036-1-STPS-2018, Ergonomic 
risk factors at work - 
Identification, analysis, 
prevention and control. 

 

X 

The activities carried out during 
the day are repetitive, employees 
must adapt to the work area and 
equipment, lighting and ventilation 
conditions are not adequate, 
which creates an unwelcome 
environment for operators. The 
road roller is turned on and off 
from the loading center, which 
represents an imminent risk. 
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Table 2. List of ergonomic principles applicable to the company's production 
process. 

Principles Observations 

No.1 Keep everything within 
reach 

Workers must reach for supplies such as dough, press 
and griddle. To reduce unnecessary effort, ingredients 
and tools must be organized at an appropriate 
distance to avoid excessive stretching or awkward 
postures. 

No.2 Use elbow height as a 
reference 

The height of work surfaces, such as the table 
where dough is handled and the griddle where 
tortillas are cooked, should be aligned with each 
worker's elbow height to reduce strain on the back 
and shoulders. Some tasks are performed in a 
slightly bent position, which creates fatigue when 
maintaining the posture for long periods. 

No.4 Finding the right position 
for each task 

To manipulate the dough and place the tortillas on the 
griddle, it is ideal to have a stable posture with your 
feet firmly planted on the ground.. 

 

No.5 Reduce excessive 
repetitions 

Making tortillas involves repetitive movements 
such as picking up, turning the dough, placing and 
removing tortillas from the comal. 

No.10 Maintain a comfortable 
environment 

The temperature of the griddle and the press 
generates heat, which causes discomfort and affects 
performance. The lighting creates shadows and 
reflections that make visibility difficult. 
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Figure 2.  Activity at workstation 1 

Figure 3. Application of the Rula Method at station 1 
 

     Result: A score of 7 was obtained, indicating that the workstation should be 
studied and modified immediately. 
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     The redesign would improve the work environment from a visual and emotional 
perspective for those in charge of operating in the area, since the improvements 
allow for more comfortable postures, increase safety, promote a positive work 
environment, reduce work overload, qualities that contribute to a relaxing 
environment resulting in higher quality of the products delivered, which translates 
into an increase in customer satisfaction and the competitiveness of the company, 
as well as lower costs related to work accidents. 
 
 

6. CONCLUSIONS  

 
The ergonomic redesign of the tortilleria area at Super Ariel represents a significant 
improvement in both efficiency and worker well-being. Through a detailed analysis 
of the tortilleria, it was observed that some areas need to be reorganized, 
implementing ergonomic measures and principles. 
     By optimizing the workflow, reducing fatigue and minimizing injury risks, the 
productivity of the business would be positively impacted, a safer and more 
comfortable work environment would be possible, promoting staff satisfaction and 
performance. Overall, the modernization of this space demonstrates the importance 
of ergonomics in industrial environments and its key role in improving working 
conditions. 
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Resumen: La prevalencia de posturas sedentes no neutras es un problema de 

salud pública debido al sedentarismo de los entornos laborales. Permanecer 
sentado de forma prolongada contribuye a la aparición de trastornos 
musculoesqueléticos (TME). La integración de la tecnología de sensores para 
analizar las posturas sedentes ha cobrado importancia en los campos de la 
ergonomía y la salud laboral. Sin embargo, aunque la funcionalidad tecnológica de 
estos sistemas es fundamental, su eficacia depende de su usabilidad. La evaluación 
de la usabilidad puede garantizar que estos sistemas sean intuitivos, cómodos y se 
integren en las rutinas diarias de los usuarios. Este estudio evalúa la usabilidad de 
un dispositivo basado en sensores de presión diseñado para evaluar posturas 
sedentes y riesgos ergonómicos asociados. Participaron en este estudio 116 
estudiantes universitarios y público en general. Los participantes completaron la 
encuesta de usabilidad (SUS por sus siglas en inglés) tras una sesión de prueba 
con el dispositivo. La facilidad de uso se midió en una escala Likert de cinco puntos. 
Se calcularon las puntuaciones de usabilidad. Se realizó un análisis de correlación 
de Pearson para evaluar la relación entre las puntuaciones SUS y las variables 
demográficas. Se realizó una comparación mediante una prueba T de las 
puntuaciones de usabilidad entre los participantes con formación ergonómica y 
aquellos sin formación. Para explorar las dimensiones subyacentes de la usabilidad, 
se llevó a cabo un análisis factorial exploratorio (AFE). La puntuación global SUS 
de 74,5, indicó una usabilidad aceptable. Los participantes lo consideraron intuitivo 
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y útil para evaluar la postura, aunque algunos manifestaron sentirse incómodos 
durante el uso prolongado. Los resultados sugieren que el dispositivo de sensores 
de presión es una herramienta ergonómica útil que puede perfeccionarse para 
mejorar la experiencia del usuario. No se encontraron correlaciones significativas 
entre las puntuaciones de usabilidad y la edad (r=0,12; p=0,21) o el sexo (t=0,52; 
p=0,061). Los participantes con formación ergonómica previa tuvieron puntuaciones 

SUS ligeramente más altas (𝜇=76,2) que los que no la tenían (𝜇=72,4), pero la 
diferencia no fue estadísticamente significativa (t=1,89, p=0,0673). Estos resultados 
sugieren que los factores demográficos tienen una influencia mínima en las 
percepciones de usabilidad, aunque los conocimientos ergonómicos previos pueden 
contribuir a unos niveles de satisfacción ligeramente superiores. Un análisis factorial 
exploratorio mediante análisis de componentes principales mostró que dos factores 
que explican el 72,4% de la varianza: facilidad de uso (λ=3,42, 41,3%) y utilidad 
percibida (λ=2,71, 31,1%). Estos factores indican que las percepciones de 
usabilidad están impulsadas principalmente por el funcionamiento intuitivo del 
dispositivo y la evaluación de la postura. Se identificó un área de mejora, en relación 
con la incomodidad del dispositivo durante el uso prolongado. Los usuarios con 
formación ergonómica previa obtuvieron puntuaciones de usabilidad ligeramente 
superiores, lo que sugiere que la formación ergonómica mejora la adopción del 
dispositivo. Estos resultados subrayan la importancia de perfeccionar los 
dispositivos de evaluación ergonómicas para mejorar la comodidad y la integración, 
al tiempo que destacan el papel de los programas de formación para maximizar sus 
beneficios. La investigación futura podría explorar la integración de funciones 
avanzadas como la retroalimentación personalizada y el análisis de datos para 
mejorar la experiencia y la eficacia del usuario.   
 
Palabras clave: Detección de postura, usuario, evaluación. 
 
Relevancia para la ergonomía: Este estudio contribuye al campo de la ergonomía 
al evaluar la usabilidad de un tapete de presión diseñado para detectar posturas 
sedentes no neutras, un problema crítico en el lugar de trabajo moderno. Al 
centrarse en la aplicación práctica de la tecnología de detección de la presión, la 
investigación aporta información valiosa sobre la eficacia y la aceptación por parte 
de los usuarios de dispositivos ergonómicos para el control de la postura en tiempo 
real. Los resultados pueden servir de base para el diseño de dispositivos 
ergonómicos más intuitivos y fáciles de usar, contribuyendo así al objetivo más 
amplio de reducir los trastornos musculoesqueléticos (TME) y mejorar la salud y el 
bienestar generales de los trabajadores. Además, esta investigación avanza en la 
comprensión de cómo las tecnologías portables y basadas en sensores pueden 
integrarse en el entorno laboral para promover mejores hábitos posturales y prevenir 
los efectos negativos a largo plazo del comportamiento sedentario. En última 
instancia, el estudio supone un paso adelante en la reducción de la brecha entre la 
innovación tecnológica y la práctica ergonómica, con potencial para una aplicación 
generalizada tanto en entornos laborales como académicos. 
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Abstract: The prevalence of prolonged non-neutral sitting postures has become a 
significant public health concern due to the increasing sedentary nature of modern 
work environments. Prolonged static sitting is a known contributor to musculoskeletal 
disorders (MSDs), which lead to workplace absenteeism and reduced productivity. 
In recent years, the integration of sensor technology for analyzing and correcting 
sedentary postures has gained prominence in the fields of ergonomics and 
occupational health. However, while the technological functionality of such systems 
is critical, their effectiveness in real-world settings largely depends on their usability. 
Evaluating usability is essential to ensure that the device is intuitive, comfortable, 
and seamlessly integrates into users' daily routines. This study evaluates the 
usability of a pressure sensor-based device designed to detect improper sitting 
postures and assess ergonomic risks. A total of 116 university students and the 
public participated in the study. Usability assessment was conducted in a controlled 
environment, with participants completing the SUS survey after testing session with 
the device. The survey measured ease of use, functionality, and user satisfaction on 
a five-point Likert scale. Usability scores were systematically calculated to assess 
the overall user experience with the pressure mat. A Pearson correlation analysis 
was conducted to assess the relationship between SUS scores and demographic 
variables. A T-test comparison of usability scores between participants with prior 
ergonomic training and those without training were performed. To further explore the 
underlying dimensions of usability, an exploratory factor analysis (EFA) was 
conducted. The device received an overall SUS score of 74.5, indicating acceptable 
usability. Participants found it intuitive and helpful for posture awareness, though 
some reported discomfort during prolonged use. No significant correlations were 
found between usability scores and age (r=0.12, p=0.21) or gender (t=0.52, 
p=0.061). Participants with prior ergonomic training had slightly higher SUS scores 

(𝜇=76.2) than those without (𝜇=72.4), but the difference was not statistically 
significant (t=1.89, p=0.0673). These results suggest that demographic factors have 
a minimal influence on usability perceptions of the pressure mat, though prior 
ergonomic knowledge may contribute to slightly higher satisfaction levels. An 
exploratory factor analysis revealed two emerging factors that explain 72.4% of the 
variance: Ease of use (λ=3.42, 41.3%) and perceived usefulness (λ=2.71, 31.1%). 
These factors indicate that usability perceptions are primarily driven by the device's 
intuitive operation and its effective feedback on posture aassessment. Areas for 
improvement were identified, including discomfort during prolonged use. Users with 
prior ergonomic training reported slightly higher usability scores, suggesting that 
ergonomic education enhances device adoption. These findings underscore the 
importance of refining ergonomic tools for better comfort and integration while also 
emphasizing the role of training programs in maximizing their benefits. Future 
research should explore long-term effects on worker health and productivity, as well 
as the integration of advanced features such as personalized feedback and data 
analytics to enhance user experience and effectiveness.  

 

Key words: Posture detection, user, evaluation. 
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Relevance to Ergonomics: This study provides a contribution to the field of 
ergonomics by evaluating the usability of a pressure mat designed to detect non-
neutral sitting postures, a critical issue in the modern workplace. By focusing on the 
practical application of pressure sensing technology, the research provides valuable 
insights into the effectiveness and user acceptance of ergonomic devices for real-
time posture monitoring. The findings can inform the design of more intuitive and 
user-friendly ergonomic devices, contributing to the broader goal of reducing 
musculoskeletal disorders (MSDs) and improving the overall health and well-being 
of workers. In addition, this research advances the understanding of how wearable 
and sensor-based technologies can be integrated into the workplace environment to 
promote better posture habits and prevent the long-term negative effects of 
sedentary behavior. Ultimately, the study provides a step forward in bridging the gap 
between technological innovation and ergonomic practice, with the potential for 
widespread application in both occupational and academic settings. 

 

 
1. INTRODUCTION 

 
The prevalence of prolonged non-neutral sitting postures has become a significant 
public health concern globally (Bonnet, & Barela, 2021). The technological revolution 
and the increasing number of jobs that require extended periods of sitting, 
particularly in front of computers or while performing office tasks, have transformed 
lifestyles in many societies, amplifying the risks associated with these postures 
(Goyal & Rakhra, 2024). Sedentary work is predominant in industrialized nations and 
is growing in developing economies (Sakakibara et al, 2023). Approximately 60–
85% of the global population leads a sedentary lifestyle (Odesola et al., 2024). Long 
hours spent in front of screens, infrequent movement breaks, and the adoption of 
improper postures have collectively increased the risk of health problems associated 
with sedentary behavior (Park al., 2020). In regions such as the United States, 
Japan, and much of Europe, where office-based work dominates, ergonomic issues 
are highly prevalent (Sakakibara et al, 2023).  

Prolonged static sitting has been linked to the onset of musculoskeletal disorders 
(MSDs), a common health concern across Europe (Markova et al., 2024). These 
findings highlight the urgent need for interventions to address the health risks posed 
by sedentary work environments. Prolonged sedentary activities and non-neutral 
postures are significant contributors to the development of musculoskeletal 
disorders (MSDs), which rank among the leading causes of workplace absenteeism 
and reduced productivity (Yang et al, 2022). 

 In recent years, the integration of sensor technology and neural networks for 
analyzing and correcting sedentary postures has gained prominence in the fields of 
ergonomics, occupational health, and biomedical research (Krauter et al., 2024). 
Advances in this area have focused on the development of technologies capable of 
automatically detecting improper postures to prevent MSDs and enhance ergonomic 
practices in both professional and academic environments (Varas et al., 2024). 
According to Yan et al. (2017), sensor technologies have emerged as a widely 
adopted method for posture monitoring due to their ability to capture motion and 
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position data in real time. Their application enables precise tracking and analysis of 
body movements, making them invaluable for ergonomic evaluations. For example, 
a study conducted by Lee et al. (2021), demonstrated the effectiveness of sensor 
technology in detecting sitting postures and providing real-time feedback to users. 
These findings highlight the potential of such technologies to mitigate the risks 
associated with prolonged sedentary behavior and support interventions aimed at 
improving musculoskeletal health. A device (mat) utilizing pressure sensors was 
developed to detect non-neutral postures with the objective of determining 
ergonomic posture risks associated with improper sitting. Pressure sensors offer a 
practical and efficient means of capturing real-time data on body weight distribution 
and posture, enabling the system to identify and provide feedback on potentially 
harmful sitting behaviors. However, while the technological functionality of such 
systems is critical, their effectiveness in real-world settings largely depends on their 
usability. Evaluating usability is essential to ensure that the device is intuitive, 
comfortable, and seamlessly integrates into users' daily routines. Usability 
assessments help identify potential barriers to adoption, such as complexity, 
discomfort, or lack of clarity in feedback mechanisms, which could hinder 
widespread implementation and effectiveness. By prioritizing usability, this system 
aims to maximize user engagement and ensure its practical application in promoting 
ergonomic awareness and reducing the risks associated with non-neutral postures. 

The purpose of this research is to evaluate the usability of a device designed to 
detect sitting postures and determine ergonomic risks using pressure sensors. 
Usability evaluation is a critical step in determining the practical effectiveness of the 
device in real-world settings, beyond its technical performance. By assessing factors 
such as user interaction, comfort, ease of operation, and clarity of feedback, this 
research seeks to identify potential strengths and areas for improvement in the 
system’s design. The evaluation aims to ensure that the device not only achieves its 
intended functionality but also meets the needs and expectations of its target users. 
Ultimately, the findings will inform design refinements to enhance user acceptance, 
promote consistent use, and maximize the device's potential for improving 
ergonomic practices and reducing health risks associated with non-neutral sitting 
postures.  
 
 

2. OBJECTIVES 
 
The purpose of this study is to evaluate the usability of a pressure mat designed to 
detect non-neutral sitting postures in the workplace. Using the System Usability 
Scale (SUS), this study aims to assess the effectiveness, efficiency, and user 
satisfaction of the device as an ergonomic tool for monitoring sitting postures and 
determine associated ergonomic risk.  

This research addresses the growing need for innovative and practical solutions 
to mitigate the adverse health effects of prolonged sedentary work. In addition, the 
findings will help improve the design and functionality of pressure-based systems, 
ensuring their suitability for real-world applications in both occupational and 
academic environments. 
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3. METHODOLOGY 
 
This research aimed to evaluate the usability of a pressure mat designed to detect 
non-neutral sitting postures and associated ergonomic risk using the SUS (see figure 
1). 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Pressure mat to detect non-neutral postures 

 
This methodology allows for a comprehensive assessment of the pressure mat’s 

usability, providing valuable information on its potential for integration into workplace 
environments and its capacity to contribute to ergonomic improvements. 
 
3.1 Participants 

A total of 116 (half of them with ergonomic training) participants comprising 
university students and public, were recruited for the study. The participants were 
selected to ensure a diverse representation of users who would potentially benefit 
from the ergonomic device in real-world scenarios. The participants were 
predominantly male (56.5%), aged 18 to 75 years, BMIs ranging from 21.83 to 38.89 
kg/m2.  The judgment sampling method was applied to conform sample according 
to the following inclusion criteria: 1) The participant should be over 18 years of age; 
2) The participant should not have been pregnant or be under medical treatment. 
Prior to the usability testing, participants signed a consent form and were given a 
brief orientation on how to use the pressure mat, which was placed on their chair in 
accordance with the manufacturer’s guidelines. During the testing period, 
participants used the mat while adopting a set of diverse postures involving different 
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posture angles in the sagittal and transverse planes. This process aimed at 
establishing ergonomic postural risks by analyzing variations in seated posture. 
 
3.2 Survey design and administration 

 

The usability evaluation was conducted in a controlled environment to minimize 

external distractions and ensure that participants could focus on the task at hand. 

Each participant was asked to use the pressure mat during the testing time. After 

completing the session with the pressure mat, participants filled out the SUS scale 

survey, a widely recognized instrument for assessing the usability of various 

products and systems. The SUS consists of 10 statements related to the ease of 

use, functionality, and user satisfaction with the device, which participants rated on 

a five-point Likert scale ranging from strongly disagree to strongly agree. The 

responses were then analyzed to determine the overall usability score, which 

provides a composite measure of user satisfaction and the effectiveness of the 

device. 
 

3.3 Data capture and screening 

To ensure the reliability and validity of the collected data, a thorough review process 
was conducted to assess completeness and accuracy. Each participant's responses 
were carefully examined to identify any missing or inconsistent information that could 
compromise the integrity of the analysis. Participants who provided incomplete 
responses or displayed inconsistencies in their data were excluded from the final 
dataset to maintain the robustness of the study. Additionally, an outlier analysis was 
performed to detect potential errors on usability scores. This step was crucial in 
identifying any anomalies that could skew the results, allowing for a more precise 
and meaningful interpretation of the data. Following this screening process, a 
structured database was compiled, ensuring that only high-quality, reliable data were 
included for further statistical analysis and interpretation. 
 
3.4 Data analysis 

Usability scores were systematically calculated to assess the overall user experience 
with the pressure mat. A Pearson correlation analysis was conducted to assess the 
relationship between SUS scores and demographic variables. A T-test comparison 
of usability scores between participants with prior ergonomic training and those 
without training were performed. To further explore the underlying dimensions of 
usability, an exploratory factor analysis (EFA) was conducted using SPSS version 
26 (IBM, Armonk, NY, United States). This statistical approach allowed for the 
identification of key usability factors, helping to determine the main components 
influencing user perceptions of the device. In addition to the quantitative analysis, 
qualitative data were gathered through open-ended questions included at the end of 
the survey. These responses provided valuable insights into participants’ 
experiences, preferences, and specific suggestions for improving the pressure mat’s 
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design, functionality, and user interaction. By integrating both quantitative and 
qualitative data, the study aimed to obtain a comprehensive understanding of the 
device’s usability, highlighting areas of strength and opportunities for refinement to 
enhance its effectiveness in real-world applications. 
 
 

4 RESULTS 

 
This section presents the findings from the usability assessment of the pressure mat, 
conducted using the System Usability Scale (SUS). The analysis explores key 
usability aspects, including user satisfaction, ease of use, and overall functionality, 
while also identifying potential areas for improvement. Additionally, correlations 
between usability scores and demographic factors are examined, along with an 
exploratory factor analysis to determine the primary dimensions influencing user 
perceptions. These insights contribute to a comprehensive understanding of the 
pressure mat’s practicality and potential for integration into ergonomic interventions. 
The usability evaluation of the pressure mat, assessed using the SUS scale, yielded 
insightful findings regarding user satisfaction, ease of use, and overall functionality 
of the device.  
 
User satisfaction and ease of Use 

 
The overall SUS score for the pressure mat was calculated to be 74.5, which falls 
within the range of “acceptable” usability, according to standard SUS interpretation 
benchmarks. This suggests that, on average, participants found the device usable 
and relatively easy to interact with. The highest ratings were given to questions 
regarding the ease of learning how to use the pressure mat and its ability to provide 
useful feedback on posture. Many participants indicated that the device was intuitive 
and easy to incorporate into their daily routines. However, several participants noted 
that the initial setup and placement of the pressure mat on their workstation could 
be slightly improved for easier integration, especially for users who were less familiar 
with ergonomic tools. The lowest ratings were observed in questions related to the 
comfort of the pressure mat during long usage periods. Some participants reported 
that prolonged contact with the mat led to discomfort, particularly when shifting 
posture frequently during work activities. Most participants mentioned that the 
pressure mat helped raise awareness of their sitting posture. Several users 
expressed that they felt more mindful of their posture after using the mat, contributing 
to a more ergonomic seating position during work hours. Some participants 
suggested enhancing the mat’s surface material to make it more comfortable for 
extended use, as well as incorporating features such as adjustable sensitivity to 
better accommodate different body types and seating preferences. Additionally, the 
inclusion of more detailed feedback (e.g., posture graphs or specific corrective 
actions) was proposed by users who were eager to receive more in-depth insights 
into their posture patterns.  
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Correlation and group comparison of usability perceptions  
 

A Pearson correlation analysis was conducted to assess the relationship between 
SUS scores and demographic variables (age, gender, and prior ergonomic 
experience). No statistically significant correlation was found between SUS scores 
and age (r=0.12, p=0.21), indicating that age did not influence usability perceptions. 
Similarly, an independent samples t-test revealed no significant difference in SUS 

scores between male (=74.8, sd=6.875) and female participants (=74.1, 
sd=6.345); t=0.52, p=0.061). 

However, a comparison of usability scores between participants with prior 
ergonomic training and those without showed a slightly higher mean SUS score for 

the trained group ( =76.2, sd=5.947) compared to the untrained group ( =72.4, 
sd=6). An independent samples t-test indicated that this difference (t = 1.89, p = 
0.0673) was not statistically significant, suggesting that prior ergonomic knowledge 
might have a modest impact on usability perceptions.  
 
Exploratory factor analysis 

 
An exploratory factor analysis (EFA) using principal component analysis (PCA) with 
varimax rotation was conducted to identify underlying usability dimensions in the 
System Usability Scale (SUS) responses. The Kaiser-Meyer-Olkin (KMO) measure 
of sampling adequacy was 0.82, indicating that the data were suitable for factor 
analysis. Bartlett’s test of sphericity was significant (χ²(45) = 236.57, p < 0.001), 
confirming the presence of intercorrelations among the variables. According to scree 
plot (Figure 1) two principal factors emerged, explaining 72.4% of the total 
variance:Ease of Use (λ = 3.42, 41.3% variance explained included items related to 
the simplicity of device operation, ease of learning, and integration into daily routines. 
 
 
 
 
 
 
 
 

 
Figure 1. Scree plot of usability factors 

 
 

High loadings were observed for statements (see figure 2) such as "I found 
the device easy to use" (0.78) and "I felt comfortable using the device without 
additional guidance" (0.75). Perceived Usefulness (λ = 2.71, 31.1% variance 
explained) captured participants’ perceptions of the pressure mat’s ability to provide 
real-time feedback and its effectiveness in promoting better posture awareness. 
Items such as "The device provided useful feedback on my posture" (0.82) and 
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"Using the pressure mat made me more conscious of my sitting habits" (0.79) loaded 
strongly on this factor. 
 

 
Figure 2. Factor loadings plot of usability dimensions 

    
These findings suggest that usability perceptions were primarily driven by the 

ease of interacting with the pressure mat and the perceived effectiveness of its 
feedback in improving posture awareness. Future iterations of the device could 
benefit from optimizing its comfort during prolonged use while maintaining its intuitive 
functionality and real-time monitoring capabilities. 
 
 

5. CONCLUSIONS 

 

The results from the usability testing of the pressure mat provide a valuable 
understanding of its strengths and areas for improvement in the context of 
ergonomics and posture monitoring. The mean SUS score of 74.5 indicates that the 
pressure mat falls within the “acceptable” usability range, which suggests that, 
overall, users found the device relatively easy to use and effective in helping them 
monitor and correct their posture. The highest ratings were observed in aspects of 
ease of learning and the ability of the pressure mat to provide useful feedback. These 
findings are particularly important in terms of user experience, as ease of use is a 
crucial factor in ensuring that workers adopt and integrate ergonomic devices into 
their daily routines. Users’ positive feedback on the real-time posture monitoring 
feature of the pressure mat suggests that such feedback is a key motivator for 
behavior change. However, the study also identified areas for improvement. Notably, 
some users experienced discomfort during prolonged use, especially when adjusting 
their posture frequently. This feedback points to the need for more comfortable 
surface material or design improvements that can accommodate extended sitting 
periods. Additionally, the setup process, although rated positively overall, still 
presented minor challenges for users unfamiliar with ergonomic tools. Furthermore, 
the correlation between higher usability scores and participants with prior ergonomic 
training suggests that users with greater awareness of posture-related health issues 
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may have a more positive view of the pressure mat’s effectiveness. This insight 
highlights the importance of ergonomic education in maximizing the benefits of such 
devices and suggests that workplace interventions could be more successful if 
paired with training programs. In conclusion, the usability evaluation of the pressure 
mat demonstrated that it is a promising tool for posture monitoring and ergonomic 
improvement in workplace settings. The device achieved an acceptable level of 
usability, with participants generally reporting positive experiences in terms of ease 
of use and the usefulness of posture feedback. Despite some limitations regarding 
comfort and initial setup, the pressure mat shows considerable potential as a cost-
effective solution for promoting better posture and reducing musculoskeletal 
disorders in sedentary workers. The findings underscore the importance of 
continued refinement of ergonomic tools like the pressure mat to enhance comfort 
and ease of integration into diverse work environments. Additionally, the results 
suggest that ergonomic education and training programs may further increase the 
effectiveness and user satisfaction of such devices. Future research could focus on 
exploring long-term effects of using the pressure mat on worker health and 
productivity, as well as investigating the potential of integrating more advanced 
features, such as personalized feedback and data analytics, to further improve the 
user experience and overall effectiveness of the system. 
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Resumen En el presente trabajo se muestran el rediseño de área de trabajo que se 
realizó en un proceso de producción de una empresa de productos congelados en 
Guasave, Sinaloa. Las actividades principales de la empresa es la elaboración de 
Nieve y congelados. La Investigación tiene como objetivo Rediseñar el área de 
trabajo para la elaboración de productos congelados, a través del análisis las 
operaciones e identificar los desórdenes de trauma acumulativo (DTA´s). Analizar 
los principios ergonómicos, así como la normatividad referente a las condiciones 
físicas del lugar, se aplicaron distintos métodos de análisis ergonómicos, como el 
método Corlett & Bishop, que con él se identifica las áreas del cuerpo donde los 
trabajadores presentaban dolores y molestias, así como un test de fatiga laboral. El 
método Rula se aplicó para determinar los DTA, riesgos y posturas no adecuadas 
a los que están expuestos los trabajadores, y proponer soluciones a dichas 
problemáticas, para obtener un mejor ambiente de trabajo que proteja la integridad 

física y psicológica del trabajador y mejorar la productividad. Se realizó un 
rediseño ergonómico, con el fin de disminuir los problemas de rotación de 
personal, lesiones musculoesqueléticas y aumentar productividad en los 
operadores.  
 
Palabras clave: Lesiones musculoesqueléticas, condiciones ambientales, método 
RULA, condiciones ergonómicas.   
 
Relevancia para la ergonomía. La ergonomía es la interacción entre los seres 

humanos y otros elementos de un sistema. Este estudio aporta información que 
contribuye a la mejora de las condiciones de trabajo en las empresas de congelados 
de la región.  
 
Abstract This paper shows the redesign of the work area that was carried out in a 
production process of a frozen products company in Guasave, Sinaloa. The main 
activities of the company are the production of ice cream and frozen foods. The 
objective of the research is to redesign the work area for the production of frozen 
products, through the analysis of the operations and to identify cumulative trauma 
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disorders (DTA's). To analyze the ergonomic principles, as well as the regulations 
regarding the physical conditions of the place, different ergonomic analysis methods 
are applied, such as the Corlett & Bishop method, which identifies the areas of the 
body where workers have pain and discomfort, as well as a work fatigue test. The 
Rula method was applied to determine the DTA, risks and inappropriate postures to 
which workers are exposed, and to propose solutions to these problems, to obtain a 
better work environment that protects the physical and psychological integrity of the 
worker and improves productivity. An ergonomic redesign was carried out in order 
to reduce staff turnover problems, musculoskeletal injuries and increase operator 
productivity. 
 
Keywords: Musculoskeletal injuries, environmental conditions, RULA method, 

ergonomic and sustainable conditions. 
 
Relevance to ergonomics. Ergonomics is the interaction between humans and 
other elements of a system. This study provides information that contributes to 
improving working conditions in frozen food companies in the region. 
 
 

1. INTRODUCTION 

 
Ergonomics is a scientific discipline related to the understanding of the interactions 
between humans and other elements of a system, and the profession that applies 
theory, principles, data, and methods to design to optimize human well-being and 
overall system performance. (IEA, 2020).  

According to the SME Registration Directory in Guasave, Sinaloa, there are 14 
frozen food and ice cream production establishments in the municipality. These 
establishments generate an economic sector and provide employment for the 
population. (Pymes, 2020).  

The activities carried out in these establishments involve manual handling of loads 
by the operator, which may result in musculoskeletal injuries due to product transfer, 
workload, and manual load handling. 

This research seeks to develop an alternative to improve the working conditions of 
operators, staff turnover and improve labor productivity in the activities of ice cream 
and frozen food production. The objective is to redesign the work area for the 
production of frozen products, through the analysis of operations and to identify 
cumulative trauma disorders (CSDs). (Guillen Fonseca, 2006). To analyze the 
ergonomic principles, as well as the regulations regarding the physical conditions of 
the place, different ergonomic analysis methods were applied, such as the Corlett & 
Bishop method, to identify the areas of the body where workers had pain and 
discomfort, as well as a work fatigue test. The rula method will be applied to 
determine CSD, and to propose solutions to these problems, to obtain a better work 
environment that protects the physical and psychological integrity of the worker and 
improve productivity. An ergonomic redesign was carried out, in order to reduce staff 
turnover problems, musculoskeletal injuries and increase productivity in operators. 
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2. OBJETIVE 

 
Make a proposal for ergonomic redesign of the work area for the production of frozen 
products to improve worker productivity. 
 
 

3. DELIMITATION. 

 
The analysis refers to a proposal for improvement through a redesign of the work 
area to generate ergonomic and sustainable conditions within the process and 
achieve productivity in the frozen food company. Evaluating the workers and 
activities carried out in the work stations. 
 
 

4. METHODOLOGY 

 
The study was carried out in several stages: 

 A diagnosis of the company was carried out through tours, identifying the 
characteristics of the workers, and the operations of the work stations and the 
situation in which the company is located.  

 The work stations were analyzed for a certain time, and the activities that present 
risk factors for the operator were identified, in this case the work station and details 
of the product, as well as the office staff, showing musculoskeletal injuries in the 
workers.  

 Apply ergonomic evaluation methods, RULA Method, with which the risk that the 
worker runs in his work area was evaluated, as well as the application of Mexican 
Official Standards (NOM).  

 Make the proposal for the redesign of the work station in the production of frozen 
products. 
 

 

5. RESULTS 

 
Through the application of Ergonomic Assessment Methods, ergonomic risk factors 
and physical fatigue present in the work stations can be identified and assessed, 
where agents of negative impact on the worker were found, including incorrect 
postures in repetitive movements and excessive load levels in the activities 
performed. In the analysis of the work stations, two key areas are identified: the 
mixing preparation station and the centrifugation and cooling station. In the first, the 
combination of ingredients is carried out according to the desired flavor, where the 
operators must have all the necessary materials and tools within reach to avoid 
unnecessary movements; however, accessibility problems and inadequate postures 
have been observed that generate fatigue and increase the risk of injury. On the 
other hand, in the centrifugation and cooling station, the mixture is subjected to 
centrifugation to homogenize the ingredients while the temperature gradually drops 
to 5°C - 6°C, although the lack of a digital monitoring system that indicates the 
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completion time of the process has been identified, which causes delays in 
production. 
 

Figure 1. Company workstations 
 

Regarding working conditions and proposed improvements, a redesign of the 
work area is suggested, including the installation of ergonomic shelves to improve 
access to ingredients and tools, as well as a reorganization of equipment and 
utensils to avoid unnecessary movement and reduce work fatigue. The 
implementation of a digital display to monitor temperature and process times without 
the need for constant manual intervention is also proposed. Regarding the work 
schedule, there are two 46-year-old operators in charge of both stations and a 21-
year-old newcomer to the company, who is learning the ropes. Both work six hours 
a day and make between 30 and 50 batches of mix per day, with the final mix stored 
at -18°C to -20°C until distribution. 
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Table 1. List of Mexican Official Standards applied to the company's production 
process. 

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

Company: Neveria Genesis 

 

Standard The company 
complies with 

the regulations  

Observations 

Yes No 
Mexican Official Standard NOM-
001-STPS-2008, Buildings, 
premises, facilities and areas in 
work centers-Safety conditions 

 

X 

The work space in general 
presents inadequate conditions for 
the development of activities, such 
conditions are visible in the 
physical structure of the place and 
the machinery used. 

NOM-251-SSA1-2009 – Hygiene 
practices for processing food, 
beverages, or dietary 
supplements  

x 
 
 

 

There are hygiene standards 
within the company to ensure 
product quality. 

NOM-011-STPS-2001 – Safety 
and hygiene conditions in 
workplaces where noise is 
generated 

 

X 

No specific measures have been 
implemented to reduce noise in 
the work area 

NOM-026-STPS-2008 – Safety 
and hygiene colors and signs  

 
X 

Specific safety and hygiene colors 
or signs have not been 
implemented in the work area. 

Mexican Official Standard NOM-
036-1-STPS-2018, Ergonomic 
risk factors at work - 
Identification, analysis, 
prevention and control. 

 

X 

The activities carried out during 
the day are repetitive, employees 
must adapt to the work area and 
equipment, lighting and ventilation 
conditions are not adequate, 
which creates an unwelcome 
environment for operators. The 
road roller is turned on and off 
from the loading center, which 
represents an imminent risk. 

NOM-017-STPS-2008 – 
Personal protective equipment. 
Selection, use and handling in 
the workplace.. 

 

x 

Operators do not have protective 
equipment that guarantees 100% 
safety when carrying out the 
process 
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Table 2. List of ergonomic principles applicable to the company's production 
process. 

 

Principles Observations 

No.1 Keep everything within 
reach 

The preparation area has been reorganized so 
that materials and tools are within reach of the 
worker, avoiding unnecessary movements. 

No.2 Use elbow height as a 
reference 

Ergonomic shelves have been designed to 
keep ingredients at a suitable height, avoiding 
the worker having to bend or stretch. 

No.4 Finding the right 
position for each task 

Redesigning the space and training in the efficient 
use of the new layout ensure that workers adopt 
correct postures for their tasks. 

No.5 Reduce excessive 
repetitions 

While some repetitive movements have been 
reduced by reorganizing the space, not all 
repetitive tasks have been addressed in detail. 

Nº 6: Minimize fatigue. Reorganizing the workspace and 
implementing a digital whiteboard reduces 
physical fatigue of operators 

Nº 8: Adjustment and 
change of posture. 

The implementation of the RULA method allows 
the worker's posture to be corrected when 
performing operations 

Nº 9: Provide spaces and 
access 

The workspace has been optimized and access 
to tools and materials has been improved, 
facilitating the workflow 

Nº 11: Highlight clearly to 
improve understanding. 

The ergonomic digital dashboard and tool location 
signage provide better understanding and use of 
the workspace.. 

Principio Nº 12: Improve 
work organization. 

Staff training and reorganizing the work area 
contribute to better organization and efficiency in 
daily tasks.. 
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Figure 2.  Activity at station 2 

Figure 3. Application of the Rula Method at station 2 

 

Result: A score of 7 was obtained, indicating that the workstation should be 
studied and modified immediately. 
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Figure. 4 Redesign of workstations in the company. 

 

 

Figure 5. Layout of the company workstations 
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6. CONCLUSIONS  

 
The changes resulted in a significant reduction in physical fatigue, an increase in 
productivity and a lower incidence of human errors. The ergonomic redesign using 
the Rula and Corlett and Bishop method allowed to identify and mitigate ergonomic 
risks, and fatigue, improving both comfort and operational efficiency.  

This allows to detect the risk factors to which workers are exposed when 
performing operations at station 1 and 2. The environmental conditions, such as 
temperature and humidity to which workers are exposed, develop a low 
performance, presenting physical exhaustion, lack of concentration, fatigue from the 
3rd day of work, both for station 2. The inadequate postures that the worker presents 
when performing the task, both at station 1 and station 2, develop cumulative trauma 
disorders in the following areas: Neck, shoulders, upper arms, knees, as well as 
lower, middle and upper back. With the application of the RULA Method in the 
posture with the highest risk, level 7 is detected. One proposal is the application of 
the official Mexican standards NOM-002-STPS-2010, NOM-026-STPS-2014, NOM-
017-STPS-2008 and NOM-036-1-STPS-2018, since there is no accident prevention, 
the assignment of personal protective equipment, as well as the identification of 
ergonomic risks at work. There is NO training for the operator on how to perform 
load handling. 
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Resumen: Este estudio explora el impacto del diseño ergonómico del aula de 
clases, en el confort, la concentración, y el rendimiento académico de los 
estudiantes de enseñanza del Inglés en una institución educativa.  Examina como 
es que factores como altura de mesas de trabajo, ajustes de sillas e iluminación 
influyen en los resultados del aprendizaje cuando estas actividades son asistidas 
con una computadora. La muestra se conformó de n=100 participantes de distintos 
grupos de edad. Se empleó un diseño cuasi experimental, se emplearon dos aulas, 
una con un diseño convencional y la otra optimizada con criterios ergonómicos como 
sillas con ajuste, escritorios ajustables, e iluminación adecuada, esta última se 
diseñó para aumentar la comodidad y facilidad de uso de la computadora. El estudio 
investiga cómo las modificaciones ergonómicas influyen en las experiencias de 
aprendizaje de los estudiantes y en su bienestar general.  Se utilizó un método mixto 
que incorporó pruebas T pareadas, evaluación de la carga cognitiva (método NASA-
TLX), análisis de varianza con un nivel de significancia del 5%, así como el análisis 
de información cualitativa procedente de entrevistas y grupos discusión. El estudio 
comprendió diez y seis semanas, durante las cuales, las primeras ocho semanas 
los estudiantes estuvieron atendiendo su clase en el aula no ergonómica y el resto 
en el aula con adecuaciones ergonómicas. Los resultados indicaron que, aunque el 
rendimiento académico no mostró diferencias significativas, los alumnos que 
utilizaron el aula adecuada ergonómicamente declararon una menor carga mental, 




