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Preface 

 
Chávez-Pichardo, Martínez-Cruz, Dorantes-Benavidez, and Arenas-Resendiz apply the Life 

Cycle Methodology to design a computer program that provides efficient solutions to ODE, with the aim 

of solving practical problems that require the use of this type of equation, Cortés-Rascón, Patiño-Ortiz, 

Patiño-Ortiz, and Nuñez-Martinez present an information system designed to optimize the quality of 

service offered by MVNOs in the context of next-generation mobile networks, Paredes-Páramo, Trejo-

Martínez, Jiménez-Jarquin and López-Razo propose a systemic approach based on the Soft Systems 

Methodology (SSM), complemented by data analytics and visualization tools (Tableau), to construct and 

validate institutional indicators that strengthen academic management; Acosta-Mendizábal, Dorantes-

Benavidez, Guzmán-Barrera, and Estrada-Acosta present a new non-experimental, cross-sectional 

model simulated in a control design using RNA and in a MATLAB programming environment 

interacting with a Raspberry Pi computer, Alonso-Reyes, Marín-Villanueva, Ramos-Yáñez, and Vázquez-

Díaz present the results of a study measuring the level of adoption of information technologies and 

computer systems in the operations and resource management of 25 micro and small enterprises (MSEs) 

located in the municipalities of Atlautla, Ozumba, and Tepetlixpa in the eastern part of the State of 

Mexico, Villafaña-Rivera, Hernández-Simón, Flores-Amador, and Peña-Hernández provide a 

methodological framework that is applicable and replicable in other study areas with similar 

characteristics to generate indicators for community-driven strategy development, Fonseca-Pujals, 

Fleites-Díaz, Mira-Segura, and Cuevas-Olascoaga address the ergonomic deficiencies present in 

graduate classrooms that affect studentsô physical well-being and academic performance, García-

González, García-García, Pérez-Enríquez, and Castrejón-Sánchez describe the preparation of a zinc 

oxide (ZnO) and carbon composite; the ZnO was synthesized by electrolysis, with used ground coffee 

(UGC) added to the electrolytic medium, and finally calcined at 400°C for 30 minutes. ZnO, carbon (C), 

and the composite were synthesized and characterized. Antonio-Javier, Mulhia-Romero, Nava-Rogel, 

and Montes de Oca-López analyze the organizational impacts resulting from the forced implementation 

of telework from a systemic perspective. 
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This chapter proposes a general methodology for solving fifth-degree polynomial equations that is partly 

numerical and partly analytical, whereas most of the usual computational methods for solving this type of 

equation tend to be entirely numerical and iterative, due to the lack of precise and general analytical solutions 

for this type of equation (according to Abel-Ruffini's theorem). Therefore, the method proposed here is more 

accurate than the usual methods, as it is partially analytical. All the authors of this chapter are graduates of the 

Systems Engineering Area of the Postgraduate Studies and Research Section of ESIME-Zacatenco, which 

belongs to the National Polytechnic Institute. Dr. Martínez-Cruz and Dr. Arenas-Resendiz are currently 

affiliated with this same institution, both being members of the SNII of the SECIHTI (both at Level 1). Dr. 

Chávez-Pichardo and Dr. Dorantes-Benavídez are currently affiliated with the Division of Graduate Studies and 
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member of the SNII of the SECIHTI at the Candidate Level. Finally, the four authors of this paper are specialists 
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nationally and internationally. 
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Abstract 
 

Based on analytical methods and without the use of complex arithmetic for the solution of algebraic 

equations from second- to fourth-degree and other practical methods such as the Rational Root Theorem 

and the Newton-Raphson Method for the solution of fifth-degree equations, the Life Cycle Methodology 

is applied here to design a computer program that gives efficient solutions to quintic equations, in order 

to solve practical problems that require the use of this kind of equations. 

 

 
 

Polynomials, Quintic Equations, Analytic and Numerical Methods 

 

Resumen 
 

Con base en métodos analíticos y sin el uso de aritmética compleja para la solución de las ecuaciones 

algebraicas de segundo a cuarto grado y de otros métodos prácticos como el Teorema de la Raíz Racional 

y el Método de Newton-Raphson para la solución de las ecuaciones de quinto grado, aquí se aplica la 

Metodología del Ciclo de Vida para diseñar un programa computacional que dé soluciones eficientes 

a las EQ, con el fin de dar solución a problemas prácticos que requieran del uso de este tipo de ecuaciones. 
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1. Introduction 

 

According to Abel-Ruffini's theorem (Tignol, 2016), algebraic equations of degree five and above lack 

general formulas for their analytical solution using radicals, unlike those of degree less than five. On the 

other hand, for centuries, the practicality of classical analytical methods for solving third- and fourth-

degree equations was discredited due to the mistaken belief that their application inevitably involved the 

use of complex arithmetic, which supposedly made it difficult to solve these equations analytically. 

 

As a result, historically there was a need to develop more practical alternative solutions for all 

types of equations, such as iterative numerical methods. However, the belief that complex arithmetic was 

indispensable for analytically solving all equations of degree less than 5 was recently debunked, with the 

help of modern computational tools and completely dispensing with complex arithmetic and numerical 

methods (Chávez-Pichardo et al., 2023). Thus, as there is no general analytical solution for EQs, this text 

proposes a new computational method for solving all algebraic equations in the following way: 

 

ὥὼ ὦὼ ὧὼ Ὠὼ ὩὼὪ π, con ὥ, ὦ, ὧ, Ὠ, Ὡ, Ὢɴ ᴙ y ὥ π            [1] 
This method is hybrid, as it is partly analytical and partly numerical, unlike traditional 

computational methods, which tend to be entirely numerical and iterative. This makes the new method 

more effective than existing methods, as it is based on the fact that if tRɴ is one of the five roots of 

equation [1]; that is, ὥὸ ὦὸ ὧὸ Ὠὸ ὩὸὪ π, then the Fundamental Theorem of Algebra 

implies the following (Stahl, 2013): 

 

ὥὼ ὦὼ ὧὼ Ὠὼ ὩὼὪ ὼ ὸὥὼ ὦὼ ὧὼ Ὠὼ Ὡ            [2] 
Where ὦ, ὧ, Ὠ, Ὡᶰᴙ also, given that: 

 

ὦ ὥὸὦ, ὧ ὥὸ ὦὸὧ, Ὠ ὥὸ ὦὸ ὧὸὨ y Ὡ ὥὸ ὦὸ ὧὸ ὨὸὩ         [3] 
Thus, if t can be determined, either by methods such as the Rational Root Theorem, Newton-

Raphson's Method, or because t is a multiple root of equation [1], in which case t would also be a critical 

point of this polynomial; that is, t is both a real root of equation [1] and of its respective derivative (Weiss 

& Dubisch, 1949); this can be corroborated by analytically searching for the real roots of its derivative, 

since it will always be a fourth-degree polynomial, and verifying whether any of these roots also satisfy 

equation [1]. On the other hand, equation [2] implies that the other four complex roots of equation [1] 

can be found by analytically solving the following quartic equation: 

 

ὥὼ ὦὼ ὧὼ Ὠὼ Ὡ π                 [4] 
Taking advantage of the fact that equations [3] guarantee that prior knowledge t causes the 

coefficients ὦ, ὧ, Ὠ and Ὡ in equation [4] are also known. To this end, we present the development of 

a computer programme designed based on all this previously tested knowledge and following the Life 

Cycle Methodology, which, according to (Yas et al., 2023) and (Saxena et al., 2026), consists 

fundamentally of the following five essential steps: 1. Requirements Analysis, 2. Design, 3. 

Implementation, 4. Testing, and 5. Maintenance. 

 

Therefore, the subsequent sections of this chapter are organised as follows: section 2 will explain 

in detail how the Life Cycle Methodology was applied to create the programme proposed here, reviewing 

each of the five steps of this methodology in subsections; Section 3 shows the results obtained when 

implementing this programme in the Wolfram Mathematica programming language, and finally, Section 

4 presents the conclusions of this project. 

 

Finally, it is worth mentioning that the importance of solving this type of equation lies in its 

everyday application to practical problems in different disciplines, such as non-linear optimisation and 

engineering problems that are usually solved using other mathematical tools that depend on the solution 

of polynomial equations, such as differential equations or the eigenvalues of a square matrix, etc. hence 

the importance of continuing to develop practical and more efficient solutions for this type of equation, 

regardless of current and future theoretical and technological advances. 

 

 

 

 

https://books.google.com/books?hl=es&lr=&id=4mRIDQAAQBAJ&oi=fnd&pg=PR7&dq=galois%27+theory+of+algebraic+equations&ots=m7MgTWQYXP&sig=JfA9ovA_jcF5Mot9kEH7Lz0Wqi0
https://doi.org/10.3390/math11061447
https://cir.nii.ac.jp/crid/1130282268906397568
https://www.cambridge.org/core/journals/mathematical-gazette/article/higher-algebra-for-the-undergraduate-by-marie-j-weiss-pp-viii165-30s-1949-john-wiley-new-york-chapman-hall/D39EAA626BC91CDBF35925391F154993
https://www.cambridge.org/core/journals/mathematical-gazette/article/higher-algebra-for-the-undergraduate-by-marie-j-weiss-pp-viii165-30s-1949-john-wiley-new-york-chapman-hall/D39EAA626BC91CDBF35925391F154993
https://doi.org/10.52866/ijcsm.2023.04.04.014
https://doi.org/10.1007/s10668-025-07049-8
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2. Methodology 

 

Below, we break down each of the five essential steps that make up the Life Cycle Methodology for the 

development of the computer programme proposed in this chapter. 

 

2.1. Requirements Analysis 

 

In this initial step, the main previously tested results of equation theory and other considerations that will 

serve as the theoretical basis for the proposed programme will be presented. 

 

2.1.1. Theoretical-Practical Solutions for Polynomial Equations in General 

 

Although there are no general algebraic formulas for solving polynomial equations of the fifth degree 

and above, the following two theorems can be effectively applied to these equations in general, under 

certain conditions. 

 

Theorem 1. (Rational Root Theorem) Sea ὲᶰᴓ and suppose that the polynomial equation ὥὼ
ὥ ὼ ὥ ὼ Ễ ὥὼ ὥ π, with ὥᶰᴚ for everything Ὥɴ πȟρȟςȟỄȟὲ and ὥȢ π, has 

a root ὸɴ ᴗ; then, ὸ ὴήϳ  with ὴ, ήɴ ᴚ, such that ὴ dividir a ὥ y ή divide a ὥ. 

 

Theorem 2. (Newton-Raphson method) Sean ὃṖᴙ y ὶ, ὼᶰὃ, Now suppose that Ὂȡὃᴼᴙ is a 

differentiable function in ὃ and that Ὂὸ π Ὂὼ ; then, if ὼ is a value close to ὸ, din such a way 

that there are no critical points of Ὂ between ὼ and ὸ, then ὼ ὼ Ὂὼ Ὂ ὼϳ  eIt is a better 

approximation of ὸ that ὼ; in fact, ὼ ὼ Ὂὼ Ὂ ὼϳ  is closer to ὸ that ὼ, for everything ὲ
Ὧ from some Ὧɴ ᴓ large enough. Therefore, Ὂὼ π for someone ὲᶰᴓ large enough, which will 

ensure that said ὼ be a very good approximation of ὸ. 
 

2.1.2. Analytical Solutions for Third Degree Equations. 

 

Theorem 3. (General Analytical Solution for Third Degree Equations) Suppose that ὥὼ ὦὼ ὧὼ

Ὠ π with ὥ, ὦ, ὧ, Ὠᶰᴙ and ὥ π, Now define yourselves ὴḧ  and ήḧ , 

whereas the cubic discriminant is given as ɝ τὴ ςχή; eTherefore, the three roots of the cubic 

equation in question are given as follows: 

 

(i) Si ɝ π, then ὼ . 

(ii)  Si ɝ π, then ὼ ς ÃÏÓÁÒÃÃÏÓ . 

(iii)  ὼȟ  for everything ɝ ᶰᴙ. 

 

AunAlthough Theorem 3 is generally an effective solution for ECs, there is one particular case 

for which there is an even more effective solution, which is shown below: 

 

Theorem 4. (Analytical Solution for ECs with Purely Imaginary Roots) Suppose that ὥὼ ὦὼ ὧὼ

Ὠ π with ὥ, ὦ, ὧ, Ὠᶰᴙ and ὥ π, such that ὥὨ ὦὧ y π; then, The three roots of the cubic 

equation in question are given as: ὼ  y ὼȟ Ὥ. 

 

2.1.3. Analytical Solutions for Fourth Degree Equations 

 

In order to propose analytical solutions to the General Quartic Equation, given by ὥὼ ὦὼ ὧὼ
Ὠὼ Ὡ π with ὥ, ὦ, ὧ, Ὠ, Ὡɴ ᴙ and ὥ π, It is important to first consider the coefficients of the 

reduced quartic equation, which are defined as: 
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ὴḧ , ήḧ  and ὶḧ             [5] 

 

Likewise, the quartic discriminant must also be considered: 

 

ɝ                  [6] 

Equations [5] are relevant in that all analytical solutions for quartic equations are expressed in 

terms of them, while the value of q determines the type of quartic equation being dealt with, whether 

bicubic or not, according to the following pair of theorems: 

 

Theorem 5. (Analytical Solutions of EBs) Yes ὥὼ ὦὼ ὧὼ Ὠὼ Ὡ π with ὥ, ὦ, ὧ, Ὠ, Ὡɴ ᴙ 

and ὥ π, such that equations [5] imply ή π and it is also defined ‚ḧ ρ; eTherefore, the four roots 

of the equation in question are given as follows: 

 

(i) Yes ὴ τὶ, then ὼ . 

 

(ii)  Yes π ὴ τὶ, then ὼ
Ѝ Ѝ

. 

 

NóteI know that, although the formula given in (i) of Theorem 5 is considered to be the general 

analytical solution of all BE, provided that equations [5] imply ὴ τὶ, This formula requires complex 

arithmetic; therefore, in such cases, the formula given in (ii) of the same theorem is an alternative that 

allows these cases to be solved without the need for this type of arithmetic. 

 

Theorem 6. (Analytical Solution of ECNBs) Yes ὥὼ ὦὼ ὧὼ Ὠὼ Ὡ π with ὥ, ὦ, ὧ, Ὠ, Ὡɴ
ᴙ and ὥ π, such that the equations [5] imply ή π and is also considered to be ‚ defined as in Theorem 

5; then, the four roots of the equation in question are given by the formula ὼ
Ѝ

, 

where ‌ḧ
Ѝ

; while to determine a ί, are defined as ὴᶻḧ  y a ήᶻḧ , so ɝ

ςχήᶻ τὴᶻ ; therefore: 

 

(i) Si ɝ π, then ί
ᶻσ ᶻσ

π. 

 

(ii)  Si ɝ π, then ί ς
ᶻ

ÃÏÓÁÒÃÃÏÓ
ᶻ

ᶻ
π. 

 

The validity of Theorem 6 is based on the existence of the "Standard Form of the Solvable Cubic 

Equation," which is given in terms of the coefficients yielded by equations [5] as ί ςὴί
ὴ τὶί ή π, one of its main characteristics being that it has at least one strictly positive real 

root whenever ή π; That is, when the quartic equation in question is non-bicubic. 

 

Thus, Theorems 5 and 6 guarantee that any quartic equation with real coefficients can be solved 

without complex arithmetic (Chávez-Pichardo et al., 2022); in the same way that Theorem 3 does for 

ECs with real coefficients, unlike the analytical methods presented in (Uspensky, 2005). On the other 

hand, there are also some particular cases of ECNBs for which there are even more efficient analytical 

solutions, which are addressed in the following theorem: 

 

Theorem 7. (Analytical Solutions of ECNBs with Multiple Roots) If ὥὼ ὦὼ ὧὼ Ὠὼ
Ὡ π with ὥ, ὦ, ὧ, Ὠ, Ὡɴ ᴙ and ὥ π, such that equations [5] and [6] imply qÍ0=ȹ_4; then: 

 

https://doi.org/10.3390/math10142377
https://archive.org/details/libro.-teoria-de-ecuaciones-j.-v.-uspensk
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The quartic equation in question has exactly 3 multiple roots if, and only if, ὴ ρςὶ; with its 

4 roots given as ὼ ὼ ὼ ὼ , when ή π; y ὼ ὼ ὼ

ὼ , when ή π. 

 

(i) The quartic equation in question has only two multiple roots if, and only if, p2>-12r; its four roots 

being given by the general formula ὼ ‚Ѝί ςί
Ѝ

, where ί

π and ί π, with ‚ defined as in Theorem 5. 

 

It should be noted that the cases addressed in Theorem 7 are not the only cases of quartic equations 

with multiple roots, as there are other cases of this type, such as those with four multiple roots, with two 

distinct pairs of multiple roots, or the bicuadratic case with only two multiple roots, which cannot be 

solved by Theorem 7 because they correspond to EB. Therefore, all of them can be easily solved by 

applying only Theorem 5. 

 

2.2. Design 

 

First of all, it should be noted that the input of the programme will be the 6 coefficients of equation [1], 

while the output, which is the product of the process carried out from those 6 coefficients, will be the 5 

roots of equation [1]; for which the following 11 steps will be carried out: 
 

Step 1: We will begin by verifying whether equation [1] corresponds to any of the following 4 

trivial cases: 

 
 

- Si Ὢ π, then ὶ π is one of the five roots of the equation [1]. 
 

- Si ὥ ὦ ὧ Ὠ Ὡ Ὢ π, then ὶ ρ is one of the five roots of the equation [1]. 
 

- Yes ὥ ὧ Ὡ ὦ Ὠ Ὢ, then ὶ ρ is one of the five roots of the equation [1]. 
 

- Yes υὥὧ ςὦ, ςυὥὨ ςὦ and ρςυὥὩ ὦ, then equation [1] can be rewritten as 

ὥὼ Ὢ π; Therefore, only 1 of its 5 roots is real, which is given by: ὶ

; while its other 4 roots are complex non-real. 

 

If equation [1] does not correspond to any of these trivial cases, then proceed to Step 2; otherwise, 

proceed to Step 5. 

 

Step 2: Theorem 1 will be applied to equation [1], provided that its six coefficients are integers; 

if this theorem finds a root tɴQ, then r =t will be taken. On the contrary, if equation [1] has no rational 

roots or at least one of its six coefficients is not an integer, then proceed to Step 3; otherwise, proceed to 

Step 5. 
 

Step 3: we will proceed to verify whether or not equation [1] corresponds to a case with multiple 

real roots, for which we will need to analytically solve the following quartic equation: 

 

υὥὼ τὦὼ σὧὼ ςὨὼ Ὡ π                [7] 

 
This is clearly the derivative of equation [1], so only the real critical points of this equation will 

be sought; so equation [7] will be solved if, and only if, it has at least two real roots, multiple or not, 

considering that the four critical points of equation [1] always coincide with the four roots of equation 

[7].  
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Therefore, we will begin by applying equations [5] and [6] to the coefficients of equation [7] to 

obtain the coefficients p, q, and r, and the discriminant ɝ, corresponding to this equation; additionally, 

here we will consider the polynomial function defined as Ὂὼḧὥὼ ὦὼ ὧὼ Ὠὼ ὩὼὪ 

and to the midpoint of this function defined as ὼ ḧ . Ergo, In this step, only the following five 

possible cases will occur: 

 

Case 1. Function F has no real critical points if, and only if, the four roots of equation [7] are 

complex non-real; this occurs when ὴ π and ὴ τὶ π ή (case with 2 pairs of multiple, complex 

non-real roots) or when ɝ π with ὴ π o with ὴ τὶ (case with two pairs of complex roots that 

are not real and are also non-multiple). Therefore, in this case, the polynomial function F is strictly 

increasing or decreasing (that is, Ὂ ὼ π  ᶅ ὼɴ ᴙ); so, without any risk, it will be taken here ὼ
ὼ  and you will immediately proceed to Step 4. 

 

Case 2. The function F has a single real critical point x_c, so in this case the function F is always 

increasing or always decreasing; this occurs if, and only if, equation [7] has four multiple roots, all equal 

to each other, or has two real multiple roots and two non-real complex roots; the first possibility is the 

particular case of the fourth trivial case in Step 1, when σρςυὥὪ ὦ; Therefore, only the following 

two subcases will be considered here, where the only two real roots of equation [7] correspond to the 

only critical point of F, because they are multiple: 

 

- Biquadratic subcase with only 2 real multiple roots. This occurs if ὴ ή ὶ π, aYes, the only 

real critical point of Ὂ will be given by ὼ ὼ ; then, if Ὂὼ π, then equation [1] 

corresponds to a case with multiple roots, so if this occurs, it will be taken ὶ ὼ and proceed 

to Step 5; otherwise, define ὼḧὼ ȿὥȿ ὼ  when ὥὊὼ π o ὼḧὼ ȿὥȿ ὼ  when 

ὥὊὼ π. Please note that ὼ ὼ, since ὼ ὼ  and ȿὥȿ π. 
 

- Non-bicubic subcase with only two real multiple roots. This occurs if ή π ɝ with ὴ π 
and ὶ π or with ὴ π and ὴ τὶ, so the only real sticking point ὼ from Ὂ will be given by 

the only two real results yielded by (ii) of Theorem 7, which are obtained when ςή
‚Ѝίςὴ ί  because both results are identical to each other. So, if Ὂὼ π, then ὶ ὼ y 

proceed to Step 5, for the same reasons as in the bicubic subcase; otherwise, define ὼḧὼ
ȿὼ ὼȿ ὼ when ὥὊὼ π o ὼḧὼ ȿὼ ὼȿ π when ὥὊὼ π. Please note 

that ὼ ὼ, because (ii) of Theorem 7 guarantees that ὼ ὼ. 

 

Therefore, in this case, you will always have to Ὂ ὼ Ὂ ὼ π; Finally, proceed to Step 4 

with the assurance that there are no critical points between the only real root of equation [1] and ὼ, 

because of the condition ὥὊὼ π implies that F is increasing at the same time as Ὂὼ  is above the 

x-axis or that F is decreasing at the same time as Ὂὼ  is below the x-axis, so in such cases it is most 

convenient to take x_0 to the left of ὼ, since the only real root of equation [1] is to the left of the critical 

point; whereas the most convenient for when ὥὊὼ π will take ὼ to the right of ὼ, because the only 

real root of equation [1] is on the right-hand side of ὼ. 

 

Case 3. The function F has only 2 real critical points. ὼ  and ὼ , such that ὼ ὼ ; lor what 

happens if, and only if, any of the following three subcases occur in the equation [7]: 

 

- Subcase with 3 Multiple Roots. This occurs if ή π ὴ ρςὶ ɝ, pTherefore, (i) of 

Theorem 7 will be applied to equation [7] to obtain the two critical points of Ὂ. 

 

- Subcase with two different pairs of Multiple Real Roots. This occurs if ὴ π ή ὴ τὶ, 
pTherefore, (i) of Theorem 5 will be applied to equation [7] to obtain the two critical points of Ὂ. 

 

- Subcase with 2 Non-Multiple Real Roots and 2 Non-Real Complex Roots. This occurs if ɝ π, 
so in order to obtain the 2 critical points of Ὂ, shall apply (i) from Theorem 5 to the equation [7] 

if it is bicubic, or Theorem 6 if it is not. 
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Then, if Ὂὼ Ὂὼ π, then equation [1] corresponds to a case with multiple roots, in which 

case it will be taken ὶ ὼ  if Ὂὼ π, with Ὥɴ ρȟς, and proceed directly to Step 5; otherwise, 

consider that if ὴ π ή ὴ τὶ, then equation [7] is of the form Ὂ ὼ υὥὼ ‘ὼ’ π, 
with ‘, ’ɴ ᴙ such that ‘ τ’ π, which guarantees that F is always increasing if ὥ π or it is always 

decreasing if a<0; which in turn implies that equation [1] has a single real root provided that it is not a 

case with multiple roots. Thus, if Ὂὼ Ὂὼ π, then said real root lies between the two critical 

points of F, so for this possibility it will be defined ὼḧὼ , which is the midpoint between the two 

critical points of F, according to Theorem 5. 

 

But if ή π ὴ ρςὶ ɝ o ɝ π, then they will be defined ὼ ḧÍÉÎὼ ȟὼ  and 

ὼ ḧÍÁØὼ ȟὼ ; consequently, if ὥὊὼ π, ethen F is increasing on the interval Њȟὼ  

and Ὂὼ  is above the x-axis or F is decreasing in that interval and Ὂὼ  is below the x-axis, so in 

these cases it is best to define ὼḧὼ ȿὼ ὼ ȿ ςὼ ὼ ὼ  because equation 

[1] has a real root to the left of ὼ , where there are no longer any critical points; but if ὥὊὼ π, 
then the most convenient thing to do will be to define ὼḧὼ ȿὼ ὼ ȿ ςὼ ὼ
ὼ , since in this case equation [1] has a real root to the right of ὼ , where there are no longer any 

critical points. Finally, proceed to Step 4. 

 

Case 4. Function F has 3 real critical points ὼ , ὼ  and ὼ , all different from each other; this 

occurs if, and only if, equation [1] has four real roots, two of which are multiple; in which case, ὴ ή
ὶ π (biquadratic case) o ή π ɝ ὴ ρςὶ (non-bicubic case), so for each case (i) of Theorem 

5 and (ii) of Theorem 7 will be applied, respectively, in order to find the critical points in question. Then, 

if Ὂὼ π for someone Ὥɴ ρȟςȟσ, then equation [1] corresponds to a case with multiple roots, in 

which case it will be taken ὶ ὼ  and proceed directly to Step 5; otherwise, define ὼ ḧ
ÍÉÎὼ ȟὼ ȟὼ  and ὼ ḧÍÁØὼ ȟὼ ȟὼ , and the same criteria will be applied at the end of 

Case 3 to define x0, which depend on whether ὥὊὼ π or ὥὊὼ π, thus avoiding critical 

points between x0 and any of the real roots of equation [1]. Finally, proceed to Step 4. 

 

Case 5. Function F has 4 real critical points. ὼ , ὼ , ὼ  and  ὼ , all different from each other, 

which occurs when equation [1] does not correspond to any of the four previous cases; in which case, 

Theorem 5 will be applied when equation [1] is bicubic and Theorem 6 otherwise, to obtain the four 

critical points. Then, if Ὂὼ π for someone Ὥɴ ρȟςȟσȟτ, then equation [1] corresponds to a case 

with multiple roots, so it will be taken ὶ ὼ  and proceed directly to Step 5; otherwise, define ὼ ḧ
ÍÉÎὼ ȟὼ ȟὼ ȟὼ  and ὼ ḧÍÁØὼ ȟὼ ȟὼ ȟὼ , and the same criteria will be applied at the 

end of Cases 3 and 4 to define ὼ, thus avoiding critical points between it and any of the real roots of 

equation [1]. Finally, proceed to Step 4. 

 

Step 4: if no real roots of the 5 complex roots of equation [1] were found in Steps 1, 2, and 3, 

then Theorem 2 will be applied to it, taking a ὼ as defined in any of the cases corresponding to Step 2, 

which will ensure that there are no critical points between that value and any root tRɴ of equation [1]; 

thus, we have that ὼ ὼ , with the guarantee thate Ὂ ὼ π  ᶅ ὲᶰᴓ. AYes, it will be 

taken ὶ ὼ, for someone Ὧᶰᴓ large enough, such that ȿὊὼ ȿ ρπ ; which will ensure that x_k 

is a very good approximation of the root t for practical purposes, after which we will move on to the next 

step. 

 

Step 5: in order to obtain the coefficients of equation [4], equations [3] will be applied with ὸ
ὶ, which has been obtained in any of the previous four steps; subsequently, in order to find the four 

missing roots that complete the set of five complex roots of equation [1], equations [5] and [6] will be 

applied to the coefficients of equation [4]; in order to obtain the coefficients , and and the discriminant 

ɝ corresponding to this equation, which are different from those in equation [7]. Finally, we will move 

on to the next step. 
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Box 1 
 

 

Figure 1 

Flow chart of the proposed programme. 

 

Step 6: if ή π, then Theorem 5 is applied to obtain the four roots of equation [4] and proceed 

to Step 11; otherwise, proceed to Step 7. 

 

Step 7: if ή π ɝ, then Theorem 7 is applied to obtain the four roots of equation [4] and 

proceed to Step 11; otherwise, proceed to Step 8. 
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Step 8: if ή π ɝ and Ὡ π, then equation [4] is of the form ὼὥὼ ὦὼ ὧὼ Ὠ
π, so the second root of equation [1] will be r  = 0 and you will proceed to Step 9; otherwise, you will 

proceed to Step 10. 

 

Step 9: the equation is solved ὥὼ ὦὼ ὧὼ Ὠ π, cuyas 3 roots are the 3 missing roots 

of equation [1]; for which, if ὥὨ ὦὧ y ὧ ὥϳ π, Then Theorem 4 will be applied; otherwise, Theorem 
3 will be applied. Finally, proceed to Step 11. 

 

Step 10: Theorem 6 is applied to obtain the four roots of equation [4], and we proceed to Step 11. 

 

Step 11: Finally, the results corresponding to the five complex roots of equation [1] are printed, 

or failing that, five approximations of those roots, which are sufficiently accurate for practical purposes. 

 

2.3. Implementation 

 

The procedure described in detail in the previous subsection was implemented using the Wolfram 

Mathematica programming language, based on the flowchart shown in Figure 1. 

 

2.4. Testing 

 

Figure 2 shows some screenshots of the output generated by the programme in question. 

 

Box 2 
 

 

 

Figure 2 

Examples of different EQ cases 

 

Subparagraphs (a)-(d) of Figure 2 show different cases of EQ with multiple roots, both real and 

complex non-real; while subparagraphs (e)-(h) of the same figure show different cases of EQ without 

multiple roots. Note that the programme is functional regardless of whether the coefficients entered as 

input are integers, fractions or decimals. 
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2.5. Maintenance 

 

Although this programme is already quite functional and useful, it would still be possible to implement 

several improvements in the future to make it even more efficient and accurate. This could also be 

achieved by implementing other theoretical knowledge, whether already known or not, regarding EQs. 

Therefore, the programme proposed here could be seen as the beginning of a series of programmes 

designed with increasing efficiency for solving EQs. 

 

3. Results 

 

It was observed that the programme produces results with margins of error of less than 10-12, which is 

quite acceptable for solving practical problems that require the solution of EQs. 

 

Box 3 
 

 

 

Figure 3 

Graphs of the equations shown in Figure 1 

 

Likewise, a very practical way to verify the effectiveness of the results obtained by the programme 

proposed here is to observe that they are consistent with the graphs of the polynomials associated with 

the equations it solves; so that the roots of the polynomials in question are the points where their 

respective curves intersect with the x-axis.  
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Therefore, Figure 3 shows the respective graphs of each of the EQs shown in Figure 2, showing 

that, in fact, each curve intersects the x-axis precisely at the actual results obtained by the programme, 

with each graph having a number of intersections equal to the number of actual roots of its respective 

polynomial, which visually confirms the high accuracy of the results obtained by the programme. 

 

4. Conclusions 

 

In short, the Life Cycle Methodology is designed to address and solve certain types of problems by 

computational means, in an efficient and self-sustaining manner; therefore, it is quite useful for 

computational problems such as the one presented here. Thus, despite the efficiency and functionality 

already achieved by the programme developed here and in accordance with what has already been said 

in Subsection 2.5, this programme could be further improved if a later version avoided the application of 

numerical methods to approximate the roots of some known cases of EQ that can be obtained analytically, 

such as the case of óDe Moivre's Quintic Equationô; or implementing other known numerical methods, 

more efficient than Newton-Raphson, to solve cases of EQ that are not solvable by radicals, such as the 

secant method or others. Other compelling elements could also be added to the output, such as graphs in 

the style of Figure 3, which make the results obtained by the programme even more evident. 
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Abstract 

 

The accelerated growth of Mobile Virtual Network Operators (MVNOs) has intensified competition in 

the telecommunications sector, highlighting the need for innovative solutions to improve service quality. 

This article presents an information system designed to optimize the quality of service offered by 

MVNOs in the context of next-generation mobile networks. The proposed system enables an MVNO to 

manage and distribute its usersô traffic across the infrastructure of multiple Mobile Network Operators 

(MNOs), thereby facilitating efficient allocation of network resources and improving the end-user 

experience. The system architecture integrates modules for real-time monitoring of network conditions, 

dynamic traffic-routing decision-making, and continuous service performance evaluation. The results 

demonstrate how the information system facilitates problem identification and enhances service quality 

for end users, increasing customer satisfaction and providing MVNOs with a competitive advantage. The 

study concludes that adopting this information system represents a strategy for optimizing QoS and 

consolidating MVNOsô position in the sector. 

                                                                         
Information System to improve the service quality of Mobile Virtual Network Operators 

   

Objectives  Methodology  Contribution  

     

Design of a system for service 

quality information. 
 

 
 

Application of the information 

system for MVNOs. 

 For this SI, the waterfall model was 

used because it offers a sequential and 

structured approach that ensures a 

clear division of project phases and 

rigorous control over the development 

process. 
 

 
 

 With the real-time monitoring 

system, operators help the MVNO 

switch networks so that users 

always have the best service 

quality. 
 

 

 

MVNO, Service Quality, Information System 

 

Resumen 

 
El crecimiento acelerado de los Operadores Móviles Virtuales (MVNOs) ha intensificado la competencia 

en el sector de las telecomunicaciones, destacando la necesidad de soluciones innovadoras para mejorar 

la calidad del servicio. Este artículo presenta un sistema de información diseñado para optimizar la 

calidad del servicio ofrecido por los MVNOs en el contexto de las redes móviles de próxima generación. 

El sistema propuesto permite a un MVNO gestionar y distribuir el tráfico de sus usuarios a través de la 

infraestructura de múltiples Operadores de Red Móvil (MNO), facilitando así la asignación eficiente de 

los recursos de la red y mejorando la experiencia del usuario final. La arquitectura del sistema integra 

módulos para la monitorización en tiempo real de las condiciones de la red, la toma de decisiones 

dinámicas sobre el enrutamiento del tráfico y la evaluación continua del rendimiento del servicio. Los 

resultados demuestran cómo el sistema de información facilita la identificación de problemas y mejora 

la calidad del servicio para los usuarios finales, aumentando la satisfacción del cliente y proporcionando 

a los MVNOs una ventaja competitiva. El estudio concluye que adoptar este SI representa una estrategia 

para optimizar la QoS y consolidar la posición de los MVNOS en el sector. 

 
Sistema de Información para mejorar la calidad del servicio de los Operadores Móviles Virtuales 

 

Objetivos  Metodología  Contribución  

     

Diseño de un sistema para la 

información para la calidad del 

servicio. 
 

 
 

Aplicación del sistema de 

información para los MVNO 

 Para este SI se utilizó el modelo en 

cascada ya que tiene un enfoque 

secuencial y estructurado que 

garantiza una clara división de las fases 

del proyecto y un control riguroso del 

proceso de desarrollo. 
 

 
 

 Con el sistema de monitoreo en 

tiempo real de los operadores ayuda 

a que el MVNO pueda realizar el 

cambio de redes, para que el usuario 

siempre tenga la mejor calidad del 

servicio. 
 

 

 

MVNO, Calidad del Servicio, Sistema de Información  
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Introduction  

 

In recent years, there has been remarkable growth in the mobile telecommunications market, driven by 

the significant implementation of fourth-generation (4G) networks and advances in the development of 

fifth -generation (5G) networks [Michel Berne, 2019]. This phenomenon has facilitated the incorporation 

of new business models and the implementation of innovative types of services [Mattia Magnaghi, 2025]. 

The flexibility and scalability of the architecture of these networks facilitate the exchange of various 

network resources between Mobile Network Operators (MNOs) and Mobile Virtual Network Operators 

(MVNOs). This fact supports the emergence of a new generation of MVNOs, as detailed in the references 

[Telecommunications, 2025]. Currently, the new environment characterised by a multiplicity of markets 

and technologies has made it easier for MVNOs to establish partnerships with various MNOs and operate 

through their respective networks [Ben Khalifa, 2018].  

 

The partnership between the MNO and the MVNO has the potential to expand the MNO's market 

share and generate new sources of revenue. However, in order to provide a service, an MVNO must lease 

the resource through a specific sharing agreement with one or more MNOs in order to use their network 

resources [Telecommunications, Annual Programme for the Use and Exploitation of Frequency Bands, 

2024]. Sharing different networks requires MVNOs to assess the impact on their revenues by allowing 

each MNO to determine the proportion of network resources it will contract. MVNOs in Mexico face 

significant challenges related to service quality. Despite their ability to offer competitive rates and a wide 

range of services, several MVNOs struggle to maintain quality standards that meet consumer 

expectations. The lack of their own infrastructure, coupled with a shortage of effective analytical tools, 

limits their ability to ensure reliable and efficient service [Chabira, 2025].  

 

 For MVNOs to experience significant growth in the telecommunications sector, it is essential 

that they focus on service quality, as this aspect can be the main differentiating factor. Service quality is 

defined as the customer's overall assessment of the superiority of the service, based on a comparison 

between prior expectations and perceptions of actual performance. Although this conceptualisation has 

been essential, it is crucial to carry out specific assessments of service characteristics in various sectors 

in order to understand service quality more accurately [Parasuraman, 1985]. Service quality assessment 

is crucial for business management and customer satisfaction. However, as shown in Figure 1, this 

process is complex, given that each sector has particular characteristics and customers use services in 

different ways. The intangible nature of services makes this evaluation even more difficult, as it is not a 

physical product, but an experience that integrates both tangible and intangible elements. Service quality 

is not determined by the provider, but by the customer's subjective perception. [Gronroos, 1988]. 

 

Box 1 
 

 

Figure 1 

Quality concepts and approaches  

 

MANAGEM

ENT 

SYSTEM  

DE  

Customer Satisfaction 

Improved Productivity 

Increased Productivity 

Evidence-based decision 

Reduced 

working hours 

Best practices 

Project success 

Enhanced 

reputation 

https://hal.science/hal-02147914v1
https://doi.org/10.1016/j.techfore.2025.124121
https://www.ift.org.mx/estadisticas/analisis-sobre-el-mercado-de-los-operadores-moviles-virtuales-omv
https://doi.org/10.48550/arXiv.1812.05413
http://www.ift.org.mx/sites/default/files/acuerdo_mediante_el_cual_el_pleno_emite_el_programa_2022.pdf
http://www.ift.org.mx/sites/default/files/acuerdo_mediante_el_cual_el_pleno_emite_el_programa_2022.pdf
https://doi.org/10.3390/technologies13070276
https://doi.org/10.1177/002224298504900403
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Perspectives on quality are divided into two main approaches: objective and subjective. Objective 

quality is defined as that which arises from the comparison between a standard and actual performance, 

quantifiable by engineering or technological metrics. This approach prioritises the technical superiority 

inherent in the product or process [Camisón, 2019]. In contrast, subjective quality is a qualitative 

assessment that depends on the customer's perceptions and value judgements, reflecting their level of 

satisfaction [Godfrey, 1994]. Service quality models have become a key strategy that allows 

organisations to identify the service components necessary to develop plans that offer a satisfactory, 

profitable and competitive experience. It is therefore essential to use a variety of indicators and 

measurement methodologies, such as satisfaction surveys, complaint analysis and customer experience 

evaluation. among others. The growing adoption of information technology has catalysed the creation of 

automated tools that streamline data collection and processing, enabling more robust and evidence-based 

decision-making [Ishikawa, 2003]. Customer satisfaction [Cardenas, 2019] is a fundamental concept in 

business management and in establishing strong customer relationships. Research has been conducted 

on the factors that affect customer satisfaction and how to measure it effectively [Arvaiova, 2009]. 

Likewise, research has been conducted on the relevance of factors such as empathy, reliability, security, 

and tangibility in the customer experience, and technology has had a considerable impact on customer 

satisfaction, facilitating more efficient communication channels, providing personalised experiences, and 

implementing real-time feedback systems [González, 2006]. Customer satisfaction encompasses not only 

the shopping or consumption experience, but also aspects related to after-sales service, such as customer 

service, problem solving, and loyalty, as customer loyalty is closely related to their degree of satisfaction 

[Vera, 2026]. Companies are constantly seeking to improve their strategies to ensure long-term customer 

satisfaction and loyalty [Singh, 2023]. 

 

Objectives and structure of the book 

 

Before presenting the objectives of this book and the way in which the information is structured, it is 

important to note that the Life Cycle methodology was used for the Service Quality Information System. 

Considering the framework and acceptance of MVNOs, recurring problems related to service quality 

persist, such as intermittent connectivity, deficiencies in customer service, limitations in service 

customisation, and lack of transparency in incident management. A critical aspect is the lack of 

comprehensive information systems that allow for real-time monitoring, analysis, and management of 

key service quality indicators. 

 

With this objective in mind, the book is organised as follows: it presents the SWOT analysis of 

MVNOs, as well as a description of the model for the Information System, since various studies have 

analysed how the integration of information systems can optimise the end-user experience and, at the 

same time, increase the operational and competitive efficiency of MVNOs compared to traditional 

MNOs. 

 

Subsequently, the stages of the Information System are addressed, as it deals with collaborative 

models between MVNOs and MNOs, where the exchange of data through shared information systems 

allows for better coordination in the use of network infrastructure and resources. These schemes promote 

lower operating costs and a significant improvement in the end-user experience, especially in rural or 

congested urban areas, where dynamic resource management is critical. 

 

Therefore, the analysis for the development of an Information System for Quality of Service in 

MVNOs provides us with a comprehensive analysis of the quality of service offered by the different 

MNOs. 

 

Finally, the conclusions are presented, integrating the results and discussions. 

 

Chapter 1. SWOT analysis of MVNOs in Mexico 

 

MVNOs have emerged as relevant players in the telecommunications sector in Mexico. Their impact and 

evolution have been analysed, showing that their presence has contributed to increased competition in 

the market. This competitive dynamic has led to a general improvement in the quality of mobile services. 

By competing with traditional operators, MVNOs have encouraged established providers to optimise 

their networks, services and customer service in order to remain competitive [Sammut-Bonnici, 2015]. 

https://dialnet.unirioja.es/servlet/libro?codigo=708990
http://dx.doi.org/10.4236/ojms.2014.44024
https://www.redalyc.org/pdf/6956/695676744003.pdf
https://doi.org/10.15381/idata.v22i2.17392
https://doi.org/10.1108/17542730910924754
https://doi.org/10.1016/j.buildenv.2005.04.006
https://repositorio.upse.edu.ec/handle/46000/16187
https://www.researchgate.net/publication/371809524_Service_Quality_Customer_Satisfaction_And_Customer_Loyalty_A_Comprehensive_Literature_Review
https://doi.org/10.1002/9781118785317.weom120103
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A key aspect is that MVNOs have focused their strategies on providing differentiated services, 

characterised by greater flexibility and adaptation to the specific needs of certain user groups. This focus 

has led to diversification in service offerings and plans, which were previously limited or non-existent in 

the market. In terms of service quality, research has been conducted into how MVNOs have managed to 

maintain acceptable standards by collaborating with mobile network operators. This cooperation has 

enabled them to take advantage of existing infrastructure, which in turn facilitates the provision of 

services with wide coverage and signal quality comparable to that of traditional mobile operators 

[Hurtado, 2015]. This approach contributes to a satisfactory user experience. Likewise, considerable 

importance has been placed on customer service and efficient problem solving, which are fundamental 

to ensuring customer satisfaction and brand loyalty in a competitive environment [Federal 

Telecommunications Institute, 2025]. MVNOs in Mexico are a relevant subject of study, as illustrated in 

Table 1, in relation to their impact on the telecommunications market. However, these operators face 

considerable challenges, such as dependence on the infrastructure of larger operators and competition 

with established brands in the sector. Technological and regulatory opportunities can be determining 

factors for the growth of an entity. However, the success of such an entity will depend on its ability to 

differentiate itself and adapt quickly to market changes. [Contreras-Villarreal, 2016]. 

 

Box 2 

 

Table 1 

FODA MVNOs 
 

Strengths Opportunities 

Competitive low cost: They do not require investment in 

their own infrastructure, which allows them to offer 

services at competitive prices. 

Flexible business models: They offer more personalised 

and competitive plans for different market segments. 

Service innovation: Agility to introduce new products, 

such as plans without unlimited data on social media or 

customisable packages. 

Mobile market growth: Steady increase in the use of 

mobile phones and services in Mexico. 

Neglect of niche markets by traditional operators: 

There are segments that are underserved by large 

operators, such as rural areas or specific communities. 

Trend towards digitalisation: Greater openness among 

consumers to contracting and managing mobile services 

online. 

Weaknesses Threats 

Dependence on network operators: Limited by the 

quality, coverage, and conditions imposed by the network 

operator. 

Restricted scalability: Difficulties in growing rapidly 

due to lack of own infrastructure and financing. 

Lack of consumer confidence: Many users prefer well-

known brands, which limits the acquisition of new 

customers. 

High competition: Not only with traditional operators, 

but also among the MVNOs themselves, which have 

proliferated in the Mexican market. 

Pricing: Competition based on low prices may affect 

long-term profitability. 

Market saturation: An excess of options may make it 

difficult to differentiate and retain customers. 

 

Chapter 2. Description of the Model 

 

In this section, we consider an information system focused on improving service quality in MVNOs, 

which is designed to continuously monitor, analyse, and optimise the end-user experience. For this IS, 

the waterfall model [Gamboa, 2024] was used as a methodological framework, as illustrated in Figure 2, 

since it has a sequential and structured approach that ensures a clear division of the project phases and 

rigorous control of the development process [Gómez, 2025]. For the mobile application prototype, a 

scenario was considered in which MVNO users have network traffic between two MNOs. The key is an 

intelligent comparator that recommends the best MNO based on the user's location, as illustrated in 

Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

http://hdl.handle.net/10757/688513
https://www.ift.org.mx/estadisticas/analisis-sobre-el-mercado-de-los-operadores-moviles-virtuales-omv
https://www.ift.org.mx/estadisticas/analisis-sobre-el-mercado-de-los-operadores-moviles-virtuales-omv
http://hdl.handle.net/11117/3954
https://doi.org/10.1016/j.eswa.2024.123234
https://itchihuahua.mx/revista_electro%20ISSN%20Electrónico:%203061-774X
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Box 3 
 

 
 

Figure 2 

Information System Model  

 

Box 4 
 

 
 

Figure 3 

Prototype model  

 

The IS was developed in two stages, with the aim of analysing the coverage and quality of MNO 

services. To this end, simultaneous tests were carried out on calls, data transmission and SMS messaging 

using 4G and 5G access technologies, using two devices to ensure consistency in measurements and 

avoid deviations related to the baseband module. The tests were carried out outdoors and randomly to 

obtain representative results. The data collected was used to build a database that feeds into the 

Information System, enabling accurate monitoring and validation of the quality of service provided by 

MNOs.  

 

To determine the size of the population, the Federal Telecommunications Institute averaged the 

number of calls during the first quarter of 2024, obtaining around 8,550,000,000 calls, considering a 

homogeneous distribution of calls. Given that the concentration of these is unknown and adopting a 

conservative approach, the standard deviation of the sample can be assumed to be 0.5 

[Telecommunications, Financial Report of Telecommunications and Broadcasting Companies -1Q 2024, 

2025]. The confidence interval refers to the extent to which the estimate made corresponds to reality. 

The larger the confidence interval, the greater the guarantee that the estimate made corresponds to reality, 

using a normal distribution. The permissible error level is the percentage of uncertainty, which is the 

estimated risk that the sample is not representative. As the sample size increases, the sampling error tends 

to decrease [Hines & Montgomery, 1996]. 

 

Table 2 considers a 90% confidence interval and a 10% permissible error level: 

 

 

 

 

 

https://www.ift.org.mx/sites/default/files/industria/espectro-radioelectrico/telecomunicaciones/2021/1/acuerdoconvocatoriaybasesfirmadopift2012191.pdf
https://www.ift.org.mx/sites/default/files/industria/espectro-radioelectrico/telecomunicaciones/2021/1/acuerdoconvocatoriaybasesfirmadopift2012191.pdf
https://ingindustrial869624637.wordpress.com/wp-content/uploads/2019/03/l50.pdf
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Box 5 
 

Table 2 

Sample size determination values 
 

Parameters Value 

Average Monthly Number of Mobile Phone Calls 8 550 000 000 

Number of Monthly Mobile Phone Calls per Operator 2 137 500 000 

Confidence Level 90% 

Permissible Error 10% 

Z 1280 

P 0.5 

Q 0.5 

 

The average number of calls made during the first quarter of 2024 is divided by 4 to obtain the 

average number of calls per operator. This number, equal to 4, takes into account mobile operators that 

have their own network infrastructure in the country. This gives a value of 2,137,500,000 calls per month 

per MNO. The values of P and Q are those that maximise the variance; both are equal to 0.5. 

 

In statistics, the proportional sampling formula is as follows: 

 

n= 
ᶻᶻᶻ   

 z  z  z   
                     [1] 

 

And replacing values: 

 

n= 
 z    z Ȣz Ȣ   

Ȣ  z      zȢ z Ȣ    
   = 

ȟ ȟ ȟ ȟ

  Ȣ
  = 33 666 ḙσυ            [2] 

 

This determines that with samples larger than 35 calls, it is possible to obtain 90% certainty in 

the estimate. 

 

Chapter 3. Analysis of the MNO Information System 

 

As we have seen, MVNOs depend on MNO infrastructure to offer services, which can lead to limitations 

in the quality of service perceived by end users. Therefore, an analysis of each MNO is required, as well 

as the implementation of shared dashboards for KPI monitoring. Figure 4 shows the routes used in an 

outdoor, random scenario. It is important to note that this scenario is urban and surrounded by buildings, 

which causes signal strength effects to generate considerable antenna density. The G-Net Track Lite 

application was used to collect mobile network data from each operator. 

 

Box 6 
 

      
 

Figure 4 

Operator coverage 

 

Voice and data service tests were carried out at the coverage points. Table 4 shows that the 

operator that failed in the voice service was operator 1. 
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Box 7 
 

Table 3 

Voice test calls 
 

Operators Call Attempts Call Assignment Failed Calls 

MNO 1 150 100 50 

MNO 2 150 120 30 

 

MNO 1  

 

Proportion of failed call attempts = 
 
  x 100% = 33.33%                                   [3] 

 

MNO 2 

 

Proportion of failed call attempts = 
 
  x 100% = 20%                        [4] 

 

Box 8 
 

Tabla 4 

Sending SMS messages 
 

Operators SMS attempt SMS received Failed SMS messages 

MNO 1 100 93 7 

MNO 2 100 96 5 

 

MNO 1  

  

Proportion of failed short messages = 
 

 
  x 100% = 7%              [5] 

 

MNO 2 

 

Proportion of failed short messages = 
 

 
  x 100% = 5%              [6] 

 

Box 9 
 

Table 5 

Data Transfer 

 
Operators Session Attempts Established sessions Failed sessions 

MNO 1 350 326 24 

MNO 2 350 333 17 

 

MNO 1  

 

Proportion of failed FTP session attempts = 
 

 
  x 100% =6.85%                       [7] 

 

MNO 2 

 

Proportion of failed FTP session attempts = 
 

 
  x 100% =4.85%                       [8] 

 

The coverage map for each operator helps us to guarantee service, have a minimum base station 

50 metres away with access to each access technology, in a single prediction of the propagation of the 

received power level in dBm, and define the following coverage ranges according to the following 

parameters [Aceña Rincón, 2002]. The coverage map will be colour-coded, allowing us to clearly 

distinguish each of the established ranges. 
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Box 10 
 

Table 6 

Coverage parameters 
 

Rank UMTS LTE  

Rank 1 [dBm] RSCP > -85 RSRP > -100 

Rank 2 [dBm] -96 < RSCP Ò -85 -111 < RSRP Ò -100 

Rank 3 [dBm] -116 < RSCP Ò -96 -121 < RSRP Ò -111 

 

4. Analysis for the development of a Service Quality Information System in MVNOs 

 

Our objective is to develop an IS for MVNOs that, through the stages described above, facilitates a 

comprehensive analysis of the quality of service offered by different MNOs. By collecting and processing 

data in real time, the Information System will enable the comparative evaluation of each host operator's 

performance in fundamental aspects such as coverage, data transmission speed, call stability, and text 

message delivery efficiency. The first sub-phase of the process corresponds to the design of the system, 

where the overall architecture was defined, including the structure of the functional modules, the 

organisation of the database and the interaction between the different components, as well as their 

integration with the operators' platforms. Subsequently, the second sub-phase focused on the 

development of a prototype for the implementation of a mobile application that allows users to configure 

automatic network selection, so that they can switch to the strongest signal available among operators, 

thus optimising connection quality and the end-user experience. Figure 5 shows the functional 

architecture of the MVNO Quality of Service Information System, representing the main modules and 

interaction flows within the platform. 
 

Box 11 
 

 
 

Figure 5  

General Structure of the IS  
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Each module incorporates information query and download functionalities, as well as 

modification tools to keep catalogues and databases up to date. Coverage maps and radio bases, together 

with zone searches, are key tools for geographical analysis and service quality assessment in different 

areas. Taken together, this modular architecture enables efficient information management, facilitating 

strategic decision-making to improve service quality in MVNOs and providing end users with a robust 

platform for querying and managing relevant data. 

 

The Google Appsheet and Power Bi development platforms are used to develop the information 

views [Oracle, 2025] [Power BI, 2021]. These tools provide us with the necessary elements to generate 

the interfaces in the system and allow us to create mobile and web applications. We also use Google 

Apps Script, a language for application development, and Power Bi, a Microsoft business analysis tool 

that converts data into visually appealing and interactive information. The combination of these tools 

allowed us to connect, visualise, analyse and share data from various sources, facilitating information-

based decision-making.  

 

This database is divided into: Overview, where download speed, latency and signal strength are 

monitored; Performance, which has a map showing data transfer speed, cells in each state, a comparison 

of one operator to another in Mexico City, and a bubble chart showing data on the range of each base 

station.The network architecture module is designed to display a view that includes the location of each 

operator's radio bases. The development focuses on displaying each of the LTE and 5G technologies in 

order to compare their performance between operators. Using the database and Power Bi, it is possible 

to visualise the coverage of each one, as shown in Figure 8. 

  

 

Box 12 
 

 
 

Figure 6 

Overview 

 

The IS was developed from a database that stores and manages information related to MNOs. The 

IS operational database manages transactions in real time, storing voice, data and SMS records, as well 

as consolidating historical site information. This structure allows for the efficient management of MVNO 

daily operations and provides a solid foundation for advanced data analysis. The information collected 

is used to generate detailed reports, analyse trends and support strategic decision-making [Moya, 2014]. 

The parameters analysed include indicators such as RSRQ, range, signal strength and the performance 

score of each site. One of the most critical functionalities of the information system is its ability to 

monitor all aspects related to the quality of service of network operators in real time. This includes 

continuous network monitoring, detection of unusual events, and immediate alerts for any anomalies that 

could compromise service quality. This is done using sensors that collect real-time data on network status 

and service performance and provide administrators with a centralised view of all service quality 

indicators, with the option of configuring alerts and automatic notifications.  

https://www.oracle.com/latam/database/what-is-database/
https://powerbi.microsoft.com/
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S1657-89612014000200009
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Given that the system handles sensitive data, the integration also includes robust security 

measures to protect the integrity and confidentiality of the information, so all data transferred between 

the system and the operators who have contracts with the MVNOs is encrypted using advanced security 

protocols [Gasca Mantilla, 2014]. For MVNOs, the IS built will help them monitor the operators with 

which they provide service. However, there is a prototype, which is a software tool for terminals that 

allows the intensity level of each operator to be measured and enables operators to be changed so that 

the terminal has good service. The prototype has the following modules [Balaguera, 2013]. 

 

1. Mobile equipment parameter module 

2. Network and technology parameter module 

3. Location module 

 

Box 13 
 

 
 

Figure 7 

Module diagram 

http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-921X2014000200003&lng=en&nrm=iso.%20(2014)
https://dialnet.unirioja.es/servlet/articulo?codigo=6041502
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 In this context, dynamic selection algorithms are an important tool that allows MVNOs to decide, 

as illustrated in Figure 7, in real time which network to use to manage their customers' connections. This 

decision is based on a number of factors, such as signal quality, networks, operating costs, and user 

preferences. The algorithms developed for this task can be divided into two main categories: those based 

on rules and those that include machine learning. The integration of artificial intelligence (AI) into 

dynamic network selection for MVNOs represents a significant advance in the way these entities manage 

and optimise their network operations [Rouhiainen, 2018]. AI, through advanced machine learning 

algorithms and predictive analytics, enables MVNOs to anticipate service demand, optimise resource 

allocation, and improve the overall quality of the user experience.  

 

With dynamic network selection aided by AI, we can implement strategies that automatically 

evaluate network conditions based on multiple parameters, such as traffic, congestion, and latency. This 

evaluation will allow us to dynamically allocate resources and provide flexibility to switch between 

different network operators, thus ensuring a more efficient service. 

 

As MVNOs continue to expand their operations in an increasingly competitive and dynamic 

environment, the integration of AI becomes a key factor for sustainability and growth 8]. The ability to 

quickly adapt network strategies based on the intelligence gathered ensures that operators not only meet 

users' connectivity expectations but can also anticipate their future demands. This proactive approach 

transforms network management into a more efficient and effective process, enabling MVNOs to 

successfully meet the challenges presented by evolving mobile technologies and increasing market 

competition. 

 

5. Results and Discussion 

 

The information system allowed us to conduct a comprehensive and dynamic evaluation of the quality 

of service offered by the different MNOs used by MVNOs. During the tests carried out in Mexico City, 

real-time data was collected on signal strength, transmission speed, call stability and text message 

delivery efficiency through the developed application. The results show that the system facilitated the 

identification of areas with poor coverage, allowing MVNOs to redirect network traffic to the best 

performing MNO in each area. In scenarios where an operator's quality of service fell below defined 

thresholds, the mobile application enabled automatic switching to another MNO, resulting in a significant 

improvement in the end-user experience. For example, a 15% reduction in dropped call rates and a 20% 

increase in average data transmission speed were observed after the system was adopted. 

 

Likewise, the analysis of key performance indicators recorded in the operational database enabled 

the generation of detailed reports on quality trends, detection of recurring incidents, and comparative 

evaluation between operators. This information was fundamental for strategic decision-making, such as 

the optimisation of interconnection agreements and the prioritisation of infrastructure investments. 

 

The prototype mobile application for the dynamic selection of Mobile Network Operators 

(MNOs) based on quality of service has been significantly improved for the user experience of MVNO 

customers. With AI and the database, it helps us detect different degradations in quality of service, so 

that we can automatically switch to the best performing MNO available. 

 

6. Conclusions 

 

The implemented database focuses on storing information related to operators providing services in 

Mexico City. This system uses a coordinate model to record all the operating points of each operator, 

including the technology they offer, the coverage range, the signal strength at each location, and a 

segmentation that facilitates the organisation of records according to the different technologies available. 

The database contains a catalogue of operators, which includes measurements of data upload and 

download speeds, as well as voice fidelity during calls, over a 24-hour period. Therefore, the objectives 

proposed for the information system to improve the quality of service of MVNOs have been met, not 

only improving service quality but also strengthening their competitive position in the market. The 

combination of advanced technologies, predictive analytics and efficient integration with existing 

infrastructure provides a model for future developments in the telecommunications industry. This system 

suggests that the adoption of similar solutions could be beneficial for other operators seeking to improve 

service quality and optimise their operations, which in turn could lead to greater user satisfaction. 

https://proassetspdlcom.cdnstatics2.com/usuaris/libros_contenido/arxius/40/39307_Inteligencia_artificial.pdf
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Analysis of the information system data reveals that the impact generated by Mobile Virtual 

Network Operators (MVNOs) contributes to a reduction in network response time. This decrease in 

response time translates into a smoother user experience, particularly for time-sensitive services such as 

VoIP calls and video streaming. It should be noted that MVNOs have the ability to prioritise their network 

based on user location. An increase in service availability was observed, resulting in a significant 

decrease in the number of outages reported by end users. 

 

The database compiles user records, both voice and data, in Mexico City. This compilation 

provides a comprehensive view of user intensity and traffic in various locations, making it easier for 

operators to implement preventive measures. These measures include traffic redistribution and resource 

optimisation, which involves the exchange of network operators. This strategy aims to prevent users from 

experiencing service interruptions. The management of Mobile Virtual Network Operators (MVNOs) is 

based on reports generated by the system, which show an improvement in operational efficiency. This 

improvement is attributed to more effective resource allocation and proactive network management. 

 

7. Recomendaciones 

 

As discussed throughout this chapter, the incorporation of advanced data analytics platforms into the 

information systems of MVNOs constitutes a key element for strengthening both strategic and 

operational decision-making processes. The systematic analysis of information generated from network 

traffic, user behavior patterns, and historical incident records enables the generation of valuable 

knowledge that contributes to optimizing service management and improving service quality levels. 

 

In this regard, as a future line of research, the development of models based on artificial 

intelligence and machine learning techniques is proposed, aimed at enabling the automation and 

intelligent management of services provided by Mobile Virtual Network Operators. These models would 

be capable of processing large volumes of data generated by the network and operational systems, 

allowing the optimization of resource allocation, the improvement of operational efficiency, and the 

anticipation of potential service degradations or failures in service delivery. 
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9. Abbreviations 

 

MVNO ï Mobile Virtual Network Operator 

MNO - Mobile Network Operator 

QoS ï Quality of Service 

QoE ï Quality of Experience 

IS ï Information System 

AI ï Artificial Intelligence 

SWOT ï Strengths, Weaknesses, Opportunities, and Threats 

SMS ï Short Message Service 

KPI ï Key Performance Indicator 

LTE ï Long Term Evolution 

4G ï Fourth Generation 

5G ï Fifth Generation 
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Abstract 
 

Higher education faces the challenge of making strategic decisions based on large volumes of dispersed 

information. This chapter proposes a systemic approach grounded in the Soft Systems Methodology 

(SSM), complemented by data analytics and visualization tools (Tableau), to build and validate 

institutional indicators that strengthen academic management. The model combines a mixed approach 

that integrates the qualitative interpretation of processes with the quantitative analysis of information, 

allowing data to be transformed into useful knowledge to improve planning, efficiency, and the student 

experience. The study emphasizes accessibility, visual clarity, and systemic interpretation as means to 

consolidate evidence-based decision-making. The result is an adaptable, empirically validated, and 

replicable proposal that brings together the principles of systems engineering, data analytics, and 

university management to promote continuous improvement and organizational learning.  

 
Using Soft Systems Methodology for Institutional Management Indicators 

     

Objectives  Methodology  Contribution  

     

 

 

  

 

  

 

- Develop useful institutional indicators for 

planning and management 

  - Combines data analysis with 

systems thinking 

- Enhance decision making and 

organizational learning 

 Soft Systems Methology  - Provides a flexible model for higher 

education 

 

Soft Systems Methodology; Institutional indicators; Higher education 

 

Resumen 
 

La educación superior enfrenta el desafío continuo de tomar decisiones estratégicas a partir de grandes 

volúmenes de información dispersa en diferentes áreas de las instituciones. Este capítulo propone un 

enfoque sistémico sustentado en la Metodología de Sistemas Blandos (SSM), complementado con 

herramientas de analítica y visualización de datos (Tableau), para construir y validar indicadores 

institucionales que fortalezcan la gestión académica. El modelo propuesto combina un enfoque mixto de 

investigación, que integra la interpretación cualitativa de los procesos con el análisis cuantitativo de la 

información, permitiendo transformar información diversa en conocimiento útil para mejorar la 

planeación, la eficiencia y la experiencia estudiantil. El estudio enfatiza la accesibilidad, la claridad visual 

y la interpretación sistémica como medios para consolidar una toma de decisiones basada en evidencia. 

El resultado es una propuesta adaptable, validada empíricamente y replicable, que une los principios de 

la ingeniería de sistemas, la analítica de datos y la gestión universitaria, orientada a promover la mejora 

continua y el aprendizaje organizacional. 

 
Uso de la Metodología de Sistemas Blandos para Indicadores de Gestión Institucional 

     

Objectivos  Methodologia  Contribución  

     

 

 

  

 

  

 

- Desarrollar indicadores institucionales 

útiles para planeación y gestión 

  - Combina el análisis de datos con el 

pensamiento sistémico 

- Mejorar la toma de decisiones y el 

aprendizaje organizacional 

 Metodología de Sistemas Blandos  - Proporciona un modelo flexible para 

la educación superior 

 

Metodología de Sistemas Blandos; Indicadores institucionales; Educación superior 
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Introduction  

 

Higher education faces an increasingly complex scenario in its academic and management processes. 

The generation of enormous volumes of information on enrolment, student performance, teaching 

resources, and institutional administration is growing and theoretically becoming easier. However, 

having data and the ability to cross-reference the information generated by the different departments 

involved does not always mean having indicators that truly add value to the process and guide strategic 

decision-making in an appropriate manner. 

 

Understanding the dynamics and complexity of a higher education institution involves not only 

viewing it as an interdependent system but also as a living, changing entity, where information, 

perceptions and interactions influence each other, as proposed by Checkland (2000). On the other hand, 

Gaftandzhieva et al. (2023) warn that the contemporary challenge is not to collect more data, but to 

transform it into knowledge capable of strengthening management and evidence-based decision-making. 

Soft Systems Methodology (SSM) has established itself as an alternative for addressing the complexity 

of our reality. Its interpretative approach allows problems to be analysed from the experience of different 

actors and solutions to be constructed that are adapted to real contexts. 

 

Recent research highlights the value of SSM in higher education for its ability to integrate 

qualitative and quantitative perspectives, i.e., the use of a mixed approach that promotes organisational 

learning within institutions (Armstrong, 2022; Françozo et al., 2022). In Latin America, Acuña-Salinas 

(2020) showed that SSM can be effectively applied to design institutional improvement systems based 

on collective reflection. 

 

In terms of university evaluation, planning and management processes, one of the main challenges 

is data fragmentation and duplication. Most of the time, information is scattered across the various areas 

and systems that make up institutions and rarely interacts with each other, generating a complex set of 

information that hinders the creation of strategic indicators with real impact due to the natural bias of 

each area (Kaspi & Venkatraman, 2023). In response to this, the integration of SSM with data 

visualisation tools represents an opportunity to better understand institutional dynamics and guide efforts 

towards continuous improvement (Medina Rafaile et al., 2024). 

 

From a systemic perspective, technology ceases to be an operational support and becomes a 

means of generating knowledge. Platforms such as Tableau allow us to observe relationships that are not 

always evident in traditional reports, revealing patterns and trends that promote a broader understanding 

of processes and their interrelationships (Few, 2012; Kourouniotis, 2023), thus integrating visual analysis 

into educational management as a tool for more strategic decision-making. 

 

In the Mexican context, Hernández-Ramírez (2025) emphasises that institutional indicators cover 

dimensions ranging from enrolment, terminal efficiency, dropout rates, graduation rates and academic 

performance to research and outreach, and that their correct interpretation is essential for strategic 

planning. Similarly, recent reports by the Organisation for Economic Co-operation and Development 

(OECD, 2023) and UNESCO (2021) highlight the importance of consolidating reliable information 

systems that allow for the evaluation of educational quality and improve the overall indicators of 

educational programmes. 

 

Several studies have applied SSM in the university setting for institutional improvement and 

quality development purposes. For example, Acuña-Salinas (2020) used it with the intention of 

strengthening administrative processes at a private university, while Ramos-Bernaola et al. (2020) 

explored its use in virtual education during the pandemic period. Other authors, such as Mozombite-Jayo 

et al. (2022) and Cortez-Maldonado et al. (2020), demonstrated its potential for integrating diverse 

perspectives into academic management. While these works demonstrate the flexibility of the 

methodology, most have remained descriptive in nature and with little measurement of results. There is 

therefore a continuing gap in the integration of systemic methodologies with visual analytics tools that 

enable educational indicators to be translated into useful knowledge for decision-making. 
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This chapter seeks to contribute to closing this gap by combining Soft Systems Methodology 

(SSM) with data visualisation platforms, thereby strengthening evidence-based university management. 

To this end, the text is organised into four sections: the first presents the problem and the relevance of 

the systemic approach; the second describes the methodology used to integrate analysis and visualisation 

tools; the third presents the main results obtained; and finally, conclusions and prospects for improvement 

are proposed. 

 

Methodology 

 

The methodological approach of this chapter combines the principles of systems engineering and Soft 

Systems Methodology (SSM) with a mixed design that articulates a qualitative understanding of 

processes with a quantitative analysis of institutional indicators. This integration seeks to leverage the 

interpretive nature of SSM to identify problem areas and data analysis to empirically validate findings 

(Checkland & Poulter, 2020; Françozo et al., 2022; Hutson & He, 2024). 

 

Methodological design 

 

The study was carried out in four main stages: 

 

1. Systemic exploration of the context, in which existing academic and administrative processes that 

are critical (bottlenecks) related to student tracking were identified. 

 

2. Conceptual modelling using the Soft Systems Methodology (SSM), which includes the creation 

of rich pictures (free and unstructured graphic representations showing how a person or group 

perceives a problematic situation), the formulation of root definitions based on the CATWOE 

modelðwhich identifies Customers, Actors, Transformation, Worldview (Weltanschauung), 

Owner, and Environment Constraintsðand the construction of conceptual models of human 

activity that allow for the analysis of interactions within the system (Armstrong, 2022; Morey et 

al., 2024). 

 

3. Integration of institutional data, where indicators from official sources were selected, ensuring 

consistency and reliability (Hernández-Ramírez, 2025). 

 

4. Visualisation and analysis of results using the Tableau platform, which allowed for the 

representation of relationships, trends, and correlations between indicators (Pei et al., 2024; 

Kourouniotis, 2023). 

 

Qualitative component 

 

From the SSM perspective, the seven stages proposed by Checkland (2000) were applied, adapted to the 

educational context: 

 

1. Identification of the problem situation. 

2. Representation using rich pictures. 

3. Definition of relevant systems (CATWOE model). 

4. Construction of conceptual models. 

5. Comparison with reality. 

6. Proposal of desirable and culturally viable changes. 

7. Implementation of improvement actions. 

 

These stages were carried out in a participatory manner, involving academic and administrative 

staff. The group sessions allowed for the validation of perceptions and consensus on the most 

representative indicators of institutional performance, not only by department but with a comprehensive 

view of the process itself. 
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Quantitative component 

 

The quantitative analysis was carried out based on the review and processing of institutional data 

collected in various areas. The information compiled corresponds to the period 2015ï2024. The selected 

indicators were grouped into four dimensions: 

 

- Academic efficiency (retention, failure, terminal efficiency). 

- Educational quality (graduation, employability, student satisfaction). 

- Academic productivity (teaching load, scientific production). 

- Institutional links (projects, internships and active agreements). 

 

The inclusion criteria were based on availability, reliability, and relevance for institutional 

planning and management. To ensure the reliability of the information, data cleaning and standardisation 

processes were carried out, eliminating duplicate values, atypical data, and incomplete records. 

 

Validation and visualization 

 

Cross-validation was performed through review with experts in academic planning and institutional 

analysis. Qualitative results were compared with numerical trends obtained in Tableau, ensuring 

consistency between the two approaches. The programme's platform allowed for the construction of 

interactive dashboards that showed performance patterns, retention rates, and relationships between 

variables. These visualisations made it possible to identify critical areas and prioritise improvement 

actions (Few, 2012; Kaspi & Venkatraman, 2023). 

 

The integration of SSM with Tableau generated a methodological model that combined 

qualitative interpretation with quantitative support, promoting more transparent, efficient and evidence-

based university management. 

 

The methodological process can be represented schematically to summarise the sequence of 

phases developed in the study (Figure 1). The research began with the identification of the main problem, 

in this case the dispersion and lack of integration of institutional data, and continued with the application 

of Soft Systems Methodology (SSM) to understand the structural causes and generate functional 

conceptual models. Next, data from various institutional areas was collected and validated, followed by 

analysis and visualisation in Tableau, where patterns, correlations and areas of opportunity were 

identified. Finally, the results obtained enabled the development of institutional indicators that 

strengthened decision-making processes and continuous improvement in university management. 

 

Box 1 

 

 
   

 

Problem detected 

(scattered data) 

Soft Systems 

Methodology 

(SSM)) 

Data collection 

and validation 

Analysis and 

visualisation 

(Tableau)) 

Construction of 

indicators. 

Decision-making 

and continuous 

improvement 

 

Figure 1 

Methodological outline of the systemic approach 

 

Results 

 

The analysis of institutional data processed in Tableau enabled the development of strategic indicators 

whose patterns showed significant relationships between teaching load, terminal efficiency, and the 

effectiveness of academic tutoring.  

https://analyticsconsultores.com.mx/wp-content/uploads/2019/03/Show-Me-the-Numbers-Stephen-Few-Perceptual-Edge-2004.pdf
https://doi.org/10.3390/systems11060306
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The integration of the Soft Systems Methodology (SSM) with visual analytics tools facilitated 

the empirical validation of conceptual models, offering a comprehensive view of the behaviour of the 

education system during the period 2015ï2024 (Kaspi & Venkatraman, 2023; Pei et al., 2024) at a 

Mexican university. 

 

The dashboards were built in Tableau from institutional databases cleaned in Excel, using line, 

scatter and interactive bar charts. Each panel was designed with filters by cohort and academic 

programme, allowing for comparative and exploratory analysis. Some of the most relevant indicators are 

analysed below: 

 

1. Relationship between teaching load and terminal efficiency 

 

As can be seen in the left panel of the dashboard (Figure 2), the correlation between terminal efficiency 

and average teaching load is shown. It can be seen that programmes with a load of less than 15 hours per 

week maintained a terminal efficiency of over 75%, while those with higher loads showed slight declines 

in student performance. This indicates that a balanced distribution of classroom hours contributes to 

student retention and academic success (Armstrong, 2022; Hernández-Ramírez, 2025). 

 

2. Evolution of academic trajectory indicators (2015ï2024) 

 

The central panel reflects the evolution of the main academic trajectory indicators. 

 

- Student retention remained high and stable, between 83% and 94%, with an upward trend in 

recent cycles. 

 

- Failure rates varied between 7% and 15%, with peaks in 2017ï2018 and a subsequent sustained 

reduction. 

 

- Terminal efficiency ranged between 70% and 81%, showing overall stability throughout the 

analysis period. 

 

Taken together, these results show a consistent system in terms of retention and graduation, with areas 

for improvement focused on the continued reduction of failure rates in the early stages of training. 

 

3. Impact of tutoring on student failure 

 

The right panel of the dashboard illustrates the relationship between the institutional tutoring programme 

offered and the failure rate. As student participation in tutoring increased (from 60% to 84%), a 

proportional decrease in failure was observed, confirming a negative correlation between the two 

indicators. This result supports the effectiveness of academic support programmes and their direct 

contribution to improving institutional performance (Françozo et al., 2022; Morey et al., 2024). 

 

4. Complementary indicators 

 

Graduation rates showed a gradual increase from 76% to 84%, associated with greater monitoring of 

graduates over longer periods. At the same time, classroom utilisation remained between 73% and 85% 

of capacity, reflecting stability in the use of infrastructure. Taken together, these findings show that the 

balance between teaching load, academic time management and tutoring directly affects terminal 

efficiency and reduces student failure rates. 
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Box 2 

 

 
 

Figure 2 

Systemic dashboard of institutional indicators created in Tableau 

 

In this regard, the visualisations generated in Tableau made it possible to identify critical areas 

and institutional trends in a dynamic manner, providing a solid empirical basis for strengthening 

educational planning and evidence-based decision-making (Few, 2012; Kourouniotis, 2023). 

 

Conclusions 

 

The results obtained confirmed the relevance of the systemic approach to the analysis of academic and 

university management processes. The application of the Soft Systems Methodology (SSM) made it 

possible to understand and narrow down the complexity of interactions between institutional actors, 

information flows, and decision-making mechanisms. By integrating the qualitative approach with 

Tableau's quantitative and visual analysis, it was possible to translate the value of the indicators into 

dynamic representations that facilitated collective interpretation and the identification of causal 

relationships between variables (Checkland & Poulter, 2020; Françozo et al., 2022). 

 

The findings are consistent with previous studies that highlight the SSM's ability to address poorly 

structured problems and promote organisational learning (Armstrong, 2022; Salinas, 2020). However, 

the added value of this work lies in incorporating data analytics as a complementary component to 

systemic reasoning, generating a hybrid management model that combines qualitative understanding 

with quantitative evidence. In this sense, the Tableau tool acted as a means for institutional reflection, 

allowing for the observation of indicator behaviour in an integrated manner and in real time (Kaspi & 

Venkatraman, 2023; Pei et al., 2024). 

 

From a comparative perspective, the results also reinforce the literature linking terminal 

efficiency to factors associated with teaching load and the provision of tutorials. The negative correlation 

between failure and participation in tutoring confirms Hernández-Ramírez (2025) findings on the 

influence of academic support programmes on the improvement of institutional indicators. This link 

showed that teaching planning and human resource management have a direct impact on student 

retention, development and completion with educational quality. 

 

Limitations of the study 

 

Although the proposed model proved to be functional and replicable, some limitations are recognised: 

 

- Firstly, the database used was restricted to the context of a specific institution, which limits and 

prevents the generalisation of the results to other institutions with different contexts. 

 

- Second, the quality of some records depended on the consistency of administrative reports, which 

could introduce bias in the interpretation of results. 

https://analyticsconsultores.com.mx/wp-content/uploads/2019/03/Show-Me-the-Numbers-Stephen-Few-Perceptual-Edge-2004.pdf
http://er.educause.edu/articles/2023/2/seeing-data-using-visualization-to-reveal-insights-and-make-decisions
https://api.semanticscholar.org/CorpusID:17688675
https://doi.org/10.1080/01605682.2021.1880298
https://doi.org/10.1007/s11213-022-09595-y
https://doi.org/10.3390/systems11060306
https://doi.org/10.3390/systems11060306
https://doi.org/10.1186/s40561-024-00346-1
https://doi.org/10.23913/ride.v15i30.2290
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- Finally, the correlations identified do not imply direct causality, so it would be necessary to 

complement them with longitudinal or inter-institutional comparative analyses. 

 

To mitigate these limitations, cross-validation procedures were applied with experts and official 

sources of information were prioritised. In the future, it is suggested to expand the sample of institutions, 

integrate socioeconomic variables, and apply advanced data mining techniques to strengthen the 

robustness of the model. 

 

Practical implications 

 

This chapter provides a methodological proposal for the analysis of institutional indicators in higher 

education. The combination of the Soft Systems Methodology (SSM) with data visualisation and 

analytical tools allows for the articulation of a qualitative understanding of processes with empirical 

evidence, generating a more participatory and transparent decision support model that allows for the 

identification of key performance indicators and the proposal of new ones in the process. 

 

The results show that the balance between teaching load, tutoring programmes and terminal 

efficiency is a strategic axis for the continuous improvement of educational programmes. Likewise, the 

visualisations developed in Tableau demonstrated their potential as instruments for monitoring indicators 

and effectively communicating results between academic and administrative areas on an ongoing basis, 

which will allow for the immediate correction of biases. 

 

In practical terms, the methodology can be applied to: 

 

- Diagnose critical areas (bottlenecks) in institutional management. 

- Evaluate the effectiveness of academic or support programmes within the institution analysed. 

- Strengthen a culture of decision-making based on empirical evidence. 

 

Finally, it is concluded that the SSMïTableau hybrid model is a flexible, scalable tool that can be 

adapted to different university contexts, contributing to the strengthening of strategic planning and the 

development of comprehensive and sustainable systemic university management. 

 

As a future projection, the model can be applied in inter-institutional contexts or expanded to 

incorporate predictive machine learning techniques that strengthen the proactive monitoring of 

indicators. 
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using RNA and in a MATLAB programming environment -Lab environment interacting with a Raspberry Pi 

computer, which will be ideal for real-time data acquisition and control,  providing the ability to make optimal 

decisions, perform maintenance forecasts, and reduce costs in manufacturing equipment such as DC motors, 

thereby achieving optimal manufacturing and higher quality using emerging technologies. We are currently 

undergoing a profound transformation in manufacturing processes with the advent of Industry 4.0, particularly 

with smart factories that require interconnected devices equipped with artificial intelligence. The model 

proposed in this paper is adaptable to various industrial contexts and new digital technologies, which will enable 

its application in data analysis, processes involving smart devices, and continuous improvement. Furthermore, 

by integrating and implementing technological tools such as artificial intelligence and real-time data analysis 

into electric motors as a fundamental component of manufacturing processes, we contribute to higher-quality 

manufacturing and a vision of continuous improvement in manufacturing processes. This study demonstrated 

that the use of variables to control DC motors using RNA is an inherent necessity in todayôs world; it also 

presented the methodology used to train the network in order to control the neural network with recurrent 

networks. It also confirmed that the motorôs performanceðsuch as its ability to stop at maximum speed to meet 

the needs of the process or the machine it drivesðwas optimal. This supports the objective of the study and 

leads us to the hypothesis that replacing conventional control systems with an RNN in motor operation for 

variable control is more functional. 
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Abstract 
 

Currently, manufacturing and artificial intelligence are fundamental for organizations, providing optimal 

decision-making, accurate maintenance forecasts, and reduced manufacturing equipment costs, resulting 

in higher-quality production. The implementation of new technologies, such as neural networks applied 

to motors in transient states, expands the possibilities for achieving continuous improvement in company 

productivity. This research proposes the use of neural networks to control the speed and position of a DC 

motor as part of a continuous improvement in efficiency levels and real-time monitoring, allowing for 

data analysis and simulation of automatic control systems. The methodology used is non-experimental 

and cross-sectional, simulating a control design interacting with an neural network in the MATLAB 

programming environment and with a LabVIEW module interacting with a Raspberry Pi computer, ideal 

for data acquisition and control. 

 

 
 

Neural Networks, DC Motors, Continuous Improvement 

 

Resumen 
 

Actualmente la manufactura y inteligencia artificial son fundamental para las organizaciones, 

proporcionando toma de decisiones optimas, pronósticos certeros de mantenimiento, reducción de costos 

en equipos de manufactura logrando una fabricación de mayor calidad. La implementación de las nuevas 

tecnologías como son las redes neuronales aplicada a motores en estado transitorio amplia las 

posibilidades de lograr una mejora continua en la productividad de las empresas. Esta investigación 

propone la utilización RNA para controlar la velocidad y posición de un motor de CD como parte de una 

mejora continua en los niveles de eficiencia y monitoreo en tiempo real en los mismos permitiendo 

analizar datos y simular sistemas de control automático. La metodología usada es no experimental, 

transversal simulando en un diseño de control interactuando con una RNA en un del entorno de 

Programación Mat-Lab y con un módulo LabVIEW interactuando con una computadora Raspberry ideal 

en adquisición y control de datos. 

 

 
 

Redes Neuronales, Motores CD, Mejora continua  
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Introduction  

 

We live in a competitive and globalised world where manufacturing using artificial intelligence is 

essential for organisations, as it facilitates optimal decision-making, while predicting and solving 

maintenance problems more quickly. This can help reduce costly equipment repairs and avoid production 

interruptions, leading to higher quality manufacturing by reducing time and costs. 

 

This is a hot topic in the manufacturing industry, whose fundamental objective is to convert raw 

materials into finished products with added value, ready for consumption or distribution. This is where 

implementing artificial intelligence as a new technology has an impact on aspects ranging from 

manufacturing to continuous productivity improvement to achieve organisational success. 

 

All of this is essential for organisations, as we are currently experiencing the fourth industrial 

revolution, whose main objective is the digital automation of organisations in manufacturing and all 

related services. The integration of production and physical operations with intelligent digital technology 

applied to their devices achieves automated learning and real-time monitoring to create more functional 

and up-to-date systems. 

 

This is the case with motors, which are used in most industrial equipment such as assembly lines 

and production process automation to perform repetitive activities optimally. 

 

It is important to mention that motors, especially DC motors, are essential for precise speed 

control due to their ability to easily and efficiently change from a stopped position to maximum speed to 

meet the needs of the process or machine they drive. This ensures that the motor operates at the right 

speed for the process, saving energy, protecting materials and machines from damage, and ensuring high-

quality production. 

 

However, for these motors to function optimally, they must have control systems that ensure they 

operate at their optimal parameters so that processes are efficient, while saving energy, protecting 

materials and machines from damage, and ensuring high-quality production. 

 

However, despite the fact that electric motors are widely used in industrial applications such as 

electric manipulators and manufacturing, where high-performance control of speed, position, and motor 

shaft torque is required, there is the problem that in order to synchronise these controllers correctly, it is 

necessary to obtain a mathematical model and parameters such as the precise speed and torque of the 

machine, which are commonly obtained offline. This causes the machine parameters to vary due to its 

operation, causing these controllers to lose their synchronisation and gradually decrease their adjustment, 

resulting in an error in the controlled variables. 

 

In such situations, adjusting the system to carry out control becomes an economically unviable 

process due to the prolonged periods of maintenance and system adjustment, forcing the company to use 

valuable time to resume production, not to mention the possible collateral damage that may occur to other 

equipment. 

 

This leads us to the conclusion that it is necessary to use new technological tools such as AI 

(artificial intelligence), such as RNA neural networks in these devices, expanding the possibilities of 

achieving an improvement in the performance of this equipment and its devices, in this case motors in a 

transient or stationary state, and paving the way for new digital implementations in the future in 

manufacturing processes (Singh, 2021; Sarah, 2019). 

 

This research proposes the use of RNA to control the speed and position of a DC motor as part of 

a continuous improvement in the levels of reliability and efficiency in real-time location recognition and 

fault recognition in these motors. 

 

To create the mathematical algorithm for the control system, a Mat-Lab programming 

environment will be used, which will allow us to analyse the data and simulate automatic control systems, 

making the design-based process more accurate and enabling us to validate the data obtained 

experimentally in order to verify the proposed hypothesis. 
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Background 

 

The development of artificial intelligence paved the way for advances in engineering in general. It has 

been applied in various fields, such as predicting energy consumption for heating (Jovanoviĺ, 2016), 

predicting kinematic errors in five-axis machines (Bettine, 2018), modelling machining parameters 

(Vujovic, 2016; Gruyitch 2020), and optimising the traditional Montenegrin chair. 

 

Previous studies on artificial intelligence have already demonstrated the current importance of its 

application in manufacturing systems. 

 

This is the case with model-based fuzzy controllers with a fuzzy dynamic model, such as the IMC 

scheme, which demonstrated good robust performance in flow control (Xie, 2000) and showed that this 

control method can be used with artificial neural networks (ANN) to control nonlinear systems (Ali, 

2023). 

 

However, there are cases, such as in the linear model, as is the case with motors in normal 

operation, that do not fully describe the dynamic behaviour of the object, as they must consider the main 

non-linear effect, such as speed-dependent friction, dead zone and backlash. This can be remedied by 

using ANNs. 

 

This leads us to conclude that the use of AI efficiently optimises these systems, as in the case of 

the introduction of fuzzy logic concepts, which is an experimental control theory that provides a 

significant change. Fundamentally, fuzzy logic allows the processing of multiple potential truth values 

using a single variable represented by a linguistic value. Fuzzy logic controllers (FLCs) can be used in 

motors to control the speed of DC motors. For example, in (Hammoodi, 2020; Salim 2015; Tariku, 2020) 

it was demonstrated that FLCs represent a better option than traditional PID controllers. A comparison 

between PID, FLC, and fuzzy PID controllers revealed that fuzzy PID guarantees superior performance 

to the other two controllers (Salim, 2015; Natalija, 2023). 

 

In certain cases, it has been demonstrated that the technique combining fuzzy logic and artificial 

neural networks (ANN) involves the use of an adaptive neuro-fuzzy inference system (ANFIS) for motor 

control. 

 

In control system metrics, including steady-state error control, rise time, stabilisation time and 

recovery time, the ANFIS controller outperforms conventional PI controllers, fuzzy PID controllers and 

fuzzy variable structure controllers (Prenkumar, 2016), which justifies the importance of this work. 

 

There are numerous techniques available for controlling the angular velocity of a DC motor. 

Undoubtedly, the use of classic PID controllers is one of the most common techniques due to its 

simplicity, ease of installation, and cost-effectiveness. Parameter tuning for PID controllers, although 

other methods can also be used (Hammoodi, 2020). On the other hand, the advantages of the PSO 

algorithm and the gravitational search algorithm were combined to develop the parameters of the fuzzy 

PI controller for the DC motor (Song, 2020).  

 

However, despite all these new methods, optimal efficiency has not been achieved, as in the case 

of the neuro-controller, which did not achieve a notable advantage over the conventional one. Compared 

to the fuzzy logic controller (FLC), where both controllers performed well, the RNA controller reacted 

faster to speed adjustment and the stabilisation time was shorter, but it did not achieve the desired effect 

(Zhou, 2019). However, an adaptive neural speed controller could be applied (Azman, 2017). 

 

Methodology 

 

The methodology used is an experimental, cross-sectional methodology in a prototype. This control 

prototype works with the interaction of the Mat-Lab programming environment interacting with a 

LabVIEW Real-Time (RT) module that combines its graphical programming with a real-time operating 

system that will be ideal for data acquisition and control, as well as working with Raspberry, as this 

device will facilitate the optimal performance desired for the project, since it has the advantage of being 

able to acquire data from most DAQ devices using a USB interface.  
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Although the system used in it is Linux with the WOA Deployer programme, it is possible to 

prepare a micro-SD card to use Windows 11 on the Raspberry Pi, which is necessary for the interface 

with the client-server protocol. 

 

Development 

 

As the first step in this process, the programme to be used to control the motor is developed using the 

libraries integrated into the Matlab Simulink software, which compiles the Simulink programme into 

Python through Real Time Workshop. so that they can later be taken by the LabVIEW card in a client-

server configuration and executed by the Raspberry card, using it as a data acquisition card. 

Subsequently, through a LAN network in a client-server configuration, it will be monitored to ensure 

that the algorithm fulfils its purpose of allowing the data card to save and graph the process data. 

 

Physically, power will be supplied to the motor by means of a power amplifier between the motor 

terminals and the output from the card, which should have a 12-bit register at 5 volts. It is important to 

mention that the power amplifier has a current feedback system that circulates through the motor 

armature for optimal system damping. It also has a digital incremental position encoder with a 90-degree 

signal phase shift and a resolution of 2000 cycles per revolution and in quadrature.  

 

This will achieve 4 transactions where the resolution is 7990 transactions per rotation of the motor 

shaft (360 degrees). 

 

This is coupled to a clutch loading process connected to a toothed belt (ratio 1:3.6) and, in turn, 

to a rigid arm placed on the motor shaft. The process begins by developing the control algorithm in 

Matlab software using Simulink libraries through the blocks that are already integrated in them. When 

performing the procedure, it reports the step function response of the direct current motor's speed and 

position on the motor shaft, which results in curves when using input parameters U(k) = 0, 0.1, ... with a 

time Ts = 0.0001 seconds (Fig. 1 and Fig. 2). 

 

Box 1 

 

 
 

Figure 1 

Graph showing the position of the motor shaft for a step response.  

Source: Own Elaboration 
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Box 2 

 

 
Figure 2 

Graph showing the speed of the motor shaft for a step response 

Source: Own Elaboration. 

 

Subsequently, using proportional-derivative control, the system is discretised to obtain the 

necessary data as a reference so that the results can be evaluated at the end of the process. ec. 1. 
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ὑί (1) 

 

This equation allows us to observe the parameters that the Kp, Ki, and Kd controllers will process. 

However, if the integrators are replaced by ec 2.  

 
Ὕ

ρ ᾀ
 (2) 

 

We can find a more realistic discrete approximation of this controller. Where the sampling time 

is given by Ts, which is found by Eq. 3 and Eq. 4. 
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ὑ

Ὕ
ὩὯ ςὩὯ ρ ὩὯ ς όὯ ρ (5) 

 

As we can see, Eq. 5 is known as the speed PID, because the control value calculated in the 

interaction has already been performed previously. 

 

As an initial phase, the motor filtering performs an analysis of the system output feedback signal, 

which is provided by a position encoder that must be digital due to the process it performs.  

 

Subsequently, speed control tests are performed on the motor drive shaft, for which it is necessary 

to evaluate it based on the data recorded with the position information. It is important to mention that the 

encoder operates in quadrature, which means that its working torque generates 90-degree disguised 

signals. 
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Doing this will allow us to know the direction of rotation of the drive shaft while also allowing 

us to quadruple and optimise the resolution of the encoder. Continuing with the process, a numerical 

differentiation method will be used to assess the motor speed. ec. 7 
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ὡ ᾀ  
ᾀ ρ

ᾀὝ
—ᾀ (7) 

 

A very important factor to consider is the sampling time Ts for better system performance. It 

should be noted that this method can cause a lot of noise in the system, leading to large increases in 

position relative to time, especially when the speed is very low, which is a peculiarity that causes 

disturbances. Even if this noise is amplified to a large extent, it will affect the optimal functionality of 

the system. Therefore, a bandpass filter is proposed to avoid this. 

 

It is important to mention that there is a possibility that noise amplification may occur during the 

experiment, affecting the quality of the system. This can be mitigated by using filters that optimise the 

speed magnitude, for which a bandpass filter is proposed. It is important to mention that the DC speed 

transfer function is given by Eq. 8.   

 

ὺί ί—ί (8) 

 

Analysing the figure, we can see the Bode graph (8), which shows a gain increase of 20 decibels 

in the decade divider and a constant phase advance of ninety degrees, making it optimal for the system 

as it amplifies the frequency signals. Fig. 3.  

 

Box 3 

 

 
Figure 3 

Results obtained from the derivative calculated using a Bode diagram with a graphing 

range from 0.1 to 1100 Hertz a) gain diagram, b) phase diagram                                                                                                            

Source: Own Elaboration 
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Box 4 

 

 
 

Figure 4 

Same shunt made with a Bode diagram varying the frequency a) gain diagram, b) phase 

diagram.                                                                                                             

Source: Own Elaboration 

 

Analysing the Bode diagram in Fig. 4, which has the characteristic of a finite differentiator and 

shows a graphing interval from 0.1 to 1100 Hertz made with a sampling time (Ts) of 0.0001 seconds and 

reporting 500.0 Hertz of Nyquist frequency. The figure also shows the phase diagram with a gain slope 

of 20 decibels. 

 

It is important to note that the differentiator maintains a phase shift of ninety degrees at all times, 

but if we change the frequency to 101 Hertz, it will gradually fall to 0 degrees when monitored at the 

Nyquist frequency.  

 

As shown in Figure 5a, the differentiator maintains a gain of 20 decibels per decade, which is a 

frequent feature of the differentiator before obtaining a Nyquist frequency of 500 Hertz with a TS = 0.001 

seconds and a zero output, i.e., an overlap effect was achieved. 

 

It is important to mention that in order to achieve a completely digital signal, average periods of 

the value of the frequency device to be recovered must be handled. This is based on Shannon's theory. 

This leads us not to estimate the upper limit of the Nyquist frequency working range. 

 

Therefore, En must be 500 Hertz, leaving the sampling period at Tn at 0. 002 seconds. This is 

achieved by the differentiator used to obtain the derivative of the signal, which means that when the 

theorem is reapplied to the system, the highest value that can be recovered is Ts, which is 0.004 with an 

optimal working frequency of 250 Hertz, as shown in Figure 5. 

 

This leads us to find the maximum working frequency, depending on the sampling period; 

however, it is important to note that the process that was designed automatically reaches its limit of 

action. It should be taken into account that the experimental prototype, being a motor with low operating 

speeds due to its electromechanical nature, the ideal proposal is to use a frequency of around 10 Hertz.  

Based on the above and the values obtained with the digital encoder, it is proposed to use a digital filter 

with a gain of 20 to 25 decibels or greater per decade and with a respective phase of 90 degrees advance 

in the operating band and to use intelligent systems to reduce noise and insufficiency to detect the precise 

actual frequencies, which is also known as the alias effect.  

 

Therefore, it has been decided that the appropriate filter for this system is one that allows for 

optimal frequency intervals. After analysing several cases, it was decided to use a bandpass filter and a 

Butterworth filter for its operation, which, when operated with artificial intelligence tools, achieve an 

optimal flat frequency. Performing this analysis will lead to the expected cut-off frequency being Ec. 9. 
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(9) 

 

Where the system reports, when applying the filter, a high value in the cut-off frequency (fc) with 

a phase of 90 degrees and a gain greater than 20 decibels per decade and a reduced frequency of ½ ½ and 

with a phase of 45 degrees ahead, this leads us to a maximum operating frequency of 11 Hertz. It is 

important to mention that for better system performance, it is recommended that the cutoff frequency be 

50 per cent higher, since the filter used calculates the derivative of the optimal signal with an estimated 

value of 16 Hertz (Fig. 5 and Fig. 6). 

 

Box 5 

 

 
 

Figure 5 

The figure shows the Bode diagrams without attenuating the signals a) using a Butterworth 

filter b) the phase diagram. The blue line shows the cut-off frequency, which is 16 Hertz, 

which will be optimal for calculating speed 

Source: Own Elaboration 

 

Box 6 

 

 
 

Figure 6 

The figure shows the Bode diagrams but attenuating the signals a) using a Butterworth 

filter b) the phase diagram. The blue line shows the cut-off frequency, which is 16 Hertz, 

which will be optimal for calculating speed 

Source: Own Elaboration 
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Using a first-order Butterworth filter described in Eq. 10, the upper cut-off frequencies of the 

signals are damped, in which there is a phase shift of 0 degrees ranging from -46 to 90 degrees at its cut-

off frequency and with a gain of more than 20 decibels per decade, which we use to calculate the speed 

Eq. 11.   
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Subsequently, to find the transfer function, the period is discretised, with an approximate 

sampling rate Ts of 0.00134. ec. 12. 

 

Ὄᾀ
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 (12) 

 

To perform the analysis, the Butterworth filter is shown in Fig. 7 and Fig. 8, the Bode plots in 

discrete mathematics e11 and in continuous mathematics e 10. It is important to mention that the Nyquist 

frequencies represented in them are extended, but better attenuation can be achieved using the same filter, 

but of third order, since it has the characteristic of preserving the shapes for higher order systems ec. 13. 
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This filter has an attenuation slope of 60 dB/decade. Figure 9 shows the Bode plots, which indicate 

a cut-off frequency of 65 Hertz.  

 

Box 7 

 

 
 

Figure 7 

Bode plot a) shows the phase diagram b) shows the gain of the Butterworth filter                                                                                                        

Source: Own Work 
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Box 8 

 

 
 

Figure 8 

The same Bode plot using a cut-off frequency of 16 Hertz a) shows the phase diagram b) 

shows the gain of the Butterworth filter 

                                                                                         Source: own work 

 

Box 9 

 

 
 

Figure 9 

This figure shows the Bode diagram of the gain (a) and cutoff (b) of a Butterworth filter 

Source: own work 
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Box 10 
 

 
 

Figure 10 

This figure shows the same Bode diagram with a bandpass filter  gain (a)  cut-off (b) 

Butterworth filter 

Source: Own Work 

 

In which the transfer function created by the Butterworth filter is the bandpass filter generated by 

eq. 14 eq. 15. Eq.16) is represented by the transfer function. 
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Where: 

 

ὔί ς“Ὢ ς“Ὢ ί (15) 

 

and 
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Figure e10 also shows the attenuation of the signals reported by the filter with a sampling 

frequency ts with a value of .00134 and greater than 500 Hertz ec 17.    

 

ὌᾀȢ
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(17) 

 

It is important to mention that the cut-off frequencies are represented as fcb for low-pass filters 

and faca for high-pass filters, as shown in Fig. E13, and that based on the attenuation value requested for 

high frequencies, we have the option of choosing between filters  ec. 10 and  ec. 11 or ec. 13  or ec. 16 

 

Network structure and programming 

 

Based on the good results reported by the control graphs in the simulations, experimental tests were 

carried out to design the network in Matlab software. For this purpose, a 24-volt motor with an amperage 

range of 7 amps minimum to 8 amps maximum was used. This is connected to an optocoupler and, in 

conjunction with a power amplifier device connected and controlled by a direct interface to a card known 

as a data acquisition card, the analysis parameters in the motor were position and speed. 
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An optical encoder was used for motor position feedback and a Butterworth filter for speed. 

Subsequently, the control system was designed using three RNA. The function of the first will be to 

manipulate the inverse control of the procedure. Equation 17 will be used to quantify it. 

 

ὉὶὶέὶὛώ ώὼ (18) 

 

Where y(x) is the output result of the motor and S(x) is a reference signal, the second network 

will subsequently be used as a motor identifier, which has a very important function, since through its 

training we will detect the patterns and correlations that occur between hidden input data. To carry out 

this process, the following equation will be used. 19. 

 

Ὅ  ώ ώὼ (19) 

 

Where motor response yn2(x) is the motor response and Y(x) is the motor output. To train the 

third network, the output results of the second network will be used and these will be fed back into it, 

together with the results found in the control error, to predict the viability of the behaviour of the data 

that was processed. 

 

Based on the above, the ANN was designed. The first two networks have a single input, one 

output and four nodes in their internal design, while the third ANN has an internal configuration similar 

to the previous one, but has three inputs. On the other hand, the data provided to the network has a 

sampling period Ts of .00134 seconds, an Ŭ of 0.0051, and a  n of 0.0051.  

 

To synchronise the system, we will use a reference signal, where the parameter that shows us the 

saturation of the network is denoted by Sat. ec. 20. 
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As a next step, experiments were carried out to control the system. The first was to monitor speed 

behaviour, and the second experiment focused on performing the same procedure, but with the motor 

position as a reference. 21. 
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These showed the motor response, which, as can be seen, shows a significant reduction in position 

control at the end compared to the beginning, all in accordance with how the RNA is trained. On the 

other hand, the second network reports the error graph, which shows how the curve decreases in 

accordance with the control achieved by the third network used in the motor. The reference for this 

process is ec. 22 and ec. 23.  

 

ὶὯ ρυ ὛὥὸςπίὩὲς
“
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As can be validated, the three neural networks achieve optimisation of the motor's position and 

speed through training. The first is trained to achieve an inverse state of the system, while the other 

functions as a motor indicator, feeding back the necessary parameters so that the third network can report 

the error generated by the motor control. Figs. 11 to 15. 
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Box 11 
 

 
 

Figure 11 

This figure shows how the engine works in real time 

Source: Own Creation 

 

Box 12 
 

 
 

Figure 12 

This figure shows a tracking error diagram for the neural network 

Source: Own Work 
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Box 13 
 

 
 

Figure 13 

This figure shows a diagram of the neural network control signal.  

Source: Own Creation                                                                                                        

 

Box 14 
 

 
 

Figure 14 

This figure shows a comparison diagram between the expected reference and the 

response provided by the motor.  

Source: Own Elaboration                                                                                                        
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Box 15 
 

 
 

Figure 15 

This figure shows the tracking error of the neural network.  

Source: Own Elaboration                                                                                                        

 

The results obtained validate that the use of artificial neural networks as position and speed 

controllers for a motor provides levels of reliability and efficiency in real-time location recognition and 

fault detection in the motors themselves, as the control yielded better performance characteristics of the 

motor attributes, such as a stop position at maximum speed to meet the needs of the process or machine 

that drives all this, thanks to motor control with network application. 

 

On the other hand, it has also been demonstrated that by using a recurrent dynamic RNA instead 

of a static one, the motor responds optimally to its internal state and input signal. This shows that using 

this type of network does not require many states, i.e. hidden nodes, allowing for faster adjustment of the 

weight network than when using different RNA. This leads us to conclude that real-time applications for 

monitoring dynamic systems in motors with prior training improve their performance. 

 

Conclusions  

 

This work demonstrated that the management of variables for continuous current motor control using 

ANNs is an inherent necessity in today's world. The methodology used to train the network in order to 

control the neural network with recurrent networks was also presented. 

 

It was also verified that the motor's performance, such as its position at maximum speed to meet 

the needs of the process or the machine it drives, was optimal. This contributes to the objective of the 

work and leads us to the hypothesis that replacing an RNA with conventional control systems in motor 

operation for variable control works better. 

 

Further research is recommended, taking into account new variables such as network overtraining 

and new weight updates for more accurate validation of the system's operation.  
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Abstract  
 

This chapter presents the results of a study measuring the level of adoption of information technologies 

and computer systems in the operations and resource management of 25 micro and small enterprises 

(MSEs) located in the municipalities of Atlautla, Ozumba, and Tepetlixpa in eastern Mexico State. The 

study employed a quantitative, cross-sectional, descriptive-comparative design, using mean differences. 

Data collection utilized items from the sixth dimension of the instrument developed by the Latin 

American Network of Administration and Business [RELAyN], [Aguilar, et al., 2018] which included 

dichotomous and Likert-scale questions. The results support proposals aimed at strengthening the digital 

capacity of MSEs in rural and semi-urban areas, emphasizing public policies that improve digital 

infrastructure and facilitate access to technological training, as well as fostering partnerships between 

higher education institutions in the region and the productive units. 

 
ANOVA Methodology for a Comparative Study of the Adoption Level of 

Information Technologies and Computer Systems in SMEs 
     

Objective  Methodology  Contribution  
     

 

 

  

 
 

  

 

 

Adoption, information -technologies, MSEs 

 

Resumen 
 

El capítulo muestra los resultados de la medición del nivel de adopción de tecnologías de la información 

y sistemas computacionales en las operaciones y administración de recursos de 25 unidades económicas 

micro y pequeñas (MyPES) ubicadas en los municipios de Atlautla, Ozumba y Tepetlixpa al Oriente del 

Estado de México. El estudio se realizó a partir de una investigación cuantitativa, de diseño transversal 

ï descriptivo-comparativo por diferencias de medias. Para la recolección de datos se utilizaron ítems de 

la sexta dimensión del instrumento diseñado por la Red Latinoamericana de Administración y Negocios 

[RELAyN], [Aguilar, et al., 2018] con preguntas dicotómicas y de escala de Likert. Los resultados 

permiten sustentar propuestas dirigidas al fortalecimiento digital de MyPES en zonas rurales y 

semiurbanas, enfatizando en políticas públicas que mejoren la infraestructura digital y faciliten el acceso 

a capacitación tecnológica, así como a impulsar alianzas entre Instituciones de Educación Superior de la 

zona y las unidades productivas. 
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Introduction  

 

The adoption of information and communication technologies (ICT) and computer systems in the 

management of resources and operations of micro and small enterprises (MSEs) is a key factor in 

improving their performance, competitiveness [Yuwono et al., 2024] and capacity for innovation in the 

so-called digital age, which has transformed the rules of competition and business survival. In Mexico, 

MSEs are a fundamental pillar of the economic fabricðmicro-enterprises account for 95.4% of all 

economic units [INEGI, 2025]ðgenerating employment, income and local development. However, their 

survival and growth depend largely on their ability to adapt to the technological changes imposed by the 

digital age. 

 

The use of ICT has become a determining factor for micro and small enterprises, facilitating 

process optimisation, cost reduction and access to new markets [Cuevas-Vargas & Parga-Montoya, 

2018]. However, its integration is not always easy, as it requires knowledge, infrastructure and an 

organisational culture that is favourable to change. In 2024, according to the National Survey on the 

Availability and Use of Information Technologies in Households (ENDUTIH), the percentage of internet 

users in our country for sales was 11.2%, while in 2023, it reached 11.8%. On the other hand, internet 

use for banking transactions stood at 30.3% and 27.3% respectively in the same periods [INEGI, 2024]. 

 

Regarding the use of accounting packages, the National Survey on Productivity and 

Competitiveness of Micro, Small and Medium-sized Enterprises (ENAPROCE) revealed that only 2.4% 

of micro-enterprises use them to keep their records and manage resources, in contrast to the percentage 

of use by small enterprises, which stood at 33.5%. As additional data, it is noteworthy that 21.6% of 

micro-enterprises indicated that they use a notebook or notepad to keep their records [INEGI, 2018], 

revealing that there is a gap in the level of ICT use among these enterprises. 

 

Information and Communication Technologies (ICT) refer to the set of tools, devices, networks 

and applications that enable the management, transmission and processing of information [Ferrer-

Dávalos, 2021]. These technologies include traditional computer systems as well as digital platforms, e-

commerce, artificial intelligence, cloud services, and business information systems, the integration of 

hardware, software and databases, aimed at supporting both operations and decision-making and 

organisational management. 

 

Cuevas-Vargas et al. [2015] define them as a set of software, hardware, telecommunications and 

information management technologies, as well as devices and applications used for the creation, 

production, analysis, processing, distribution, retrieval, storage and transformation of information, within 

and between organisations. The adoption of ICT in SMEs refers to the incorporation of these technologies 

into production and administrative processes [Buenrostro, E., 2022], for the fusion of data between 

departments through ERP systems, as well as to access global markets and customers [Yuwono et al., 

2024]. It should be noted that the terms adoption and use will be used interchangeably throughout this 

chapter. 

 

The use of ICT in companies depends on various factors, including costs, income, age, 

motivation, skills and abilities to manage these technologies on the part of owners, managers, 

administrators and employees of economic units, and even resistance to change [Hernández-Gracia et 

al., 2019]. Some studies have found that aspects such as management support, culture, the regulatory 

environment [AlBar & Hoque, 2019], performance expectations, management creativity and innovation, 

organisational size [Ibrahim et al., 2018], and even the recognition of opportunities [Cunningham et al., 

2023] have a significant relationship with the adoption of ICT in small businesses. 

 

Most studies on ICT use have focused on large companies in highly developed countries [Cuevas-

Vargas & Parga-Montoya, 2018]. In Mexico, there is no specific information regarding the levels of 

technological incorporation [Buenrostro, E., 2022] of micro and SMEs. Studies were found that identify 

the factors that facilitate and limit the use of ICT in small and medium-sized organisations based on 

quantitative analyses with linear regressions Cuevas-Vargas et al. [2015], structural equations [Aguirre, 

2018], an impact study applying ANOVA analysis [Flen, et al., 2025], and a qualitative analysis using 

the fuzzy set comparative method [Cunningham et al., 2023]. 
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The search for the determining factors for technology adoption in small and medium-sized 

organisations has led to the development of various analysis models, including the Technology 

Acceptance Model (TAM) versions 1 and 2, as well as the Unified Theory of Acceptance and Use of 

Technology (UTAUT) with its respective modifications 2 and 3 [Aguirre, 2018], the DeLone & McLean 

(D&M) model, the theory-technology fit model [Álvarez et al., 2014], and even systemic analysis to 

determine the technological potential of Latin American micro and small enterprises [Aguilar, et al., 

2018], all agreeing that the adoption of ICTs in organisations depends on various factors and takes place 

in different stages. 

 

At the regional and local level, the study by Saavedra and Tapia [2013] aimed to determine the 

level of use of information and communication technologies in micro, small and medium-sized 

enterprises in the industrial sector, finding that most of these companies do not apply information and 

communication technologies in their production processes. Sánchez et al. [2018], in a sample of 519 

micro and small enterprises in the municipalities of Atlautla, Ozumba and Amecameca, found that 32.6% 

use some specialised programme to manage or carry out their production, while 26.5% do not use 

computers for personal or work purposes. 

 

This research applies descriptive analysis and one-way analysis of variance (ANOVA) to perform 

a comparative analysis of the level of ICT adoption in three municipalities located in the eastern part of 

the State of Mexico. Considering that ANOVA is a statistical method used to determine whether there 

are significant differences in the means of a dependent variable between multiple groups [Flen, et al., 

2025], the study contributes this additional method since descriptive studies tend to show only the 

behaviour of variables in terms of percentages; in this case, a measurement of the level of ICT adoption 

by means is provided, and ANOVA is used to identify possible significant differences between the means 

of the three study populations. 

 

On the other hand, the statistical data from the economic surveys and censuses and the research 

cited in this paper do not refer to the level of ICT use in micro and small enterprises by municipality, 

information that is necessary for the digital strengthening of MyPES in rural and semi-urban areas. 

Therefore, the following research questions are posed: What is the average level of ICT adoption by 

MyPEs in Atlautla, Ozumba and Tepetlixpa? Are there significant differences in the means of ICT 

adoption levels among MyPEs in Atlautla, Ozumba and Tepetlixpa? To answer these questions, the 

following working hypotheses were established: 

 

H0: There are no significant differences in the means of the three groups. 

 

Ὄ    ‘ὃὝ     ‘ὕᾀ =   ‘ὝὉ                                                                                               [1] 

 

H1: At least one of the socks is different from the others. 

 

Ὄ    ‘ὃὝ  ‘ὕᾀȟ   ‘ὃὝ‘ὝὉȟ =   ‘ὕᾀ‘ὝὉ                                                                               [2] 

 

The objective is to measure the average level of ICT adoption by micro and small enterprises 

located in the Mexican municipalities of Atlautla (AT), Ozumba (OZ) and Tepetlixpa (TE), using a one-

factor ANOVA methodology to find statistically significant differences. 

 

Methodology 

 

A quantitative, cross-sectional study was conducted with a descriptive-comparative scope of the level of 

ICT adoption by differences in means between the three groups of economic units according to their 

municipality of origin, applying the ANOVA methodology. Section 6 of the questionnaire 

óTechnological profile of micro and small enterprises in Latin Americaô designed by the Latin American 

Network for Business and Management Studies [RELAYN], [Aguilar, 2018], was adjusted as an 

instrument. The questionnaire used contains 11 items on a Likert scale from 1 to 5 and 17 dichotomous 

items. Its reliability and consistency were confirmed with a Cronbach's alpha statistic of 0.93. 

 

The data was collected in October of this year in person from owners and/or managers of 25 

economic units with between 1 and 20 employees, thus complying with the stratification criteria for 

micro and small enterprises (DOF, 2009).  

https://www.redalyc.org/journal/4560/456055708005/456055708005.pdf
http://dx.doi.org/10.4067/S0718-33052014000300012
https://www.researchgate.net/publication/330545286_Potencial_Tecnologico_de_las_Micro_y_Pequenas_Empresas_Latinoamericanas_a_partir_del_Analisis_Sistemico_Tomo_I
https://www.researchgate.net/publication/330545286_Potencial_Tecnologico_de_las_Micro_y_Pequenas_Empresas_Latinoamericanas_a_partir_del_Analisis_Sistemico_Tomo_I
https://www.redalyc.org/pdf/823/82326270007.pdf
https://www.researchgate.net/publication/330545286_Potencial_Tecnologico_de_las_Micro_y_Pequenas_Empresas_Latinoamericanas_a_partir_del_Analisis_Sistemico_Tomo_I
https://doi.org/10.29105/ensayos44.2-5
https://doi.org/10.29105/ensayos44.2-5
https://www.researchgate.net/publication/330545286_Potencial_Tecnologico_de_las_Micro_y_Pequenas_Empresas_Latinoamericanas_a_partir_del_Analisis_Sistemico_Tomo_I
https://dof.gob.mx/nota_detalle_popup.php?codigo=5096849


60 

 

 

The sampling was stratified random according to the number of micro and small economic units 

established in each municipality. The Forms application was used for data capture. The information was 

analysed using a spreadsheet and SPSS statistical software. The level of ICT adoption was measured by 

considering the frequency of its use for organisational management, production-sales, purchasing and 

collection (Table 1). 

 

Box 1 

 

Table 1 

Conceptual and operational definition of variable 

    

Variable Conceptual definition Operational definition  Ítems 

Level of ICT 

adoption. 

Status of incorporation of 

information and 

communication technologies 

by micro and small economic 

units into their production 

and administrative processes 

[Buenrostro, 2022], for data 

fusion between departments, 

as well as for accessing 

global markets and 

customers. [Yuwono et al., 

2024]. 

Average frequency of 

ICT use for 

organisational 

management, 

production-sales, 

purchasing, and 

collection activities. On 

a scale of 1 to 5, where 1 

is never and 5 is always. 

45a, 45b, 

45e, 45d, 

45h, 45i y 

45c. 

    

Source: Own Elaboration 

 

To confirm the integration of items denoting the use of ICT in organisational management, 

production-sales, purchasing, and collection, a factor analysis was performed, which showed a Kaiser-

Meyer-Olkin (KMO) of 0.84, with a significance of 0.000, confirming the four activities in which 

MSMEs incorporate ICT into their processes (Table 2). 

 

Box 2 

 

Table 2 

Matrix of rotated components of activities in which ICTs are used 
 

Items 1 2 3 4 

45e. I use machinery or software to produce products or 

perform services. 

0.84 0.30 0.29 0.27 

45d. I use specialised machinery or software to sell to or 

serve my customers. 

0.77 0.23 0.41 0.38 

45i. I make purchases online using my mobile phone. 0.10 0.92 0.27 0.16 

 0.44 0.84 0.17 0.05 

45h. I shop online using my computer. 0.36 0.32 0.85 0.17 

45b. I use the internet at my business. 0.59 0.31 0.61 0.36 

45a. I use a computer, tablet or similar electronic device to 

manage my business. 

0.30 0.12 0.19 0.92 

. 

Source: Prepared internally using data analysed in SPSS software 

 

Once the grouped variable was integrated, a comparative descriptive analysis was performed 

using averages of the level of ICT adoption expressed through bar and radial graphs, and finally the F 

statistic was calculated using the ANOVA method with an alpha of 0.05, based on the formula. 
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Results 

 

It was found that the total average level of ICT adoption in the economic units of the three municipalities 

was 2.68. The economic units in the municipality of Ozumba have incorporated ICT to a greater extent 

into their organisational management, production-sales, purchasing and collection activities, with a level 

of 3.06, followed by Tepetlixpa with 2.96, while the organisations in Atlautla were below average with 

a level of 2.06 (Figure 1). 

 

Box 3 

 
Figure 1 

Average adoption of ICTs in micro and small enterprises in the three 

municipalities 
Source: Own Elaboration. 

 

Of the four areas in which ICT has been adoptedðproduction-sales, purchasing, organisational 

management, and collectionsðthe highest overall average is for organisational management with 3.10, 

and the lowest is for purchasing with 2.32. It is noteworthy that the level of ICT adoption in MSMEs in 

the municipality of Ozumba is above the total average in three areas, but with greater emphasis on 

organisational management, at 3.75, and only 0.04 points below the total average in the area of 

collections, at 2.80 (Figure 2). 

 

The use of ICT in the four areas of micro and small enterprises in the municipality of Atlautla is 

below the total average level, with the area of purchasing being the one in which technological and 

communication tools are least used, at 1.50, while organisational management has adopted greater use, 

reaching a level of 2.56. MSEs in the municipality of Tepetlixpa incorporate ICTs into production and 

sales to a lesser extent, with a score of 2.44. On the other hand, their use for collection activities reaches 

a level of 4.0, which is 1.16 points above the total average (Figure 2). 

 

Box 4 
 

 
 

Figure 2 

Total average and average by municipality of ICT adoption in each area 
Source: Own Elaboration. 
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In the difference analysis applying the ANOVA test, both in the total mean of ICT adoption and 

in all specific areas of incorporation, a significance value p higher than the established value (alpha 0.05) 

and an F value lower than its critical value were found (Table 3), Therefore, the null hypothesis that there 

are no significant differences between the means of the three groups (AT, OZ, and TE) is not rejected. 

i.e. the results suggest that the level of ICT adoption in MSMEs located in the municipalities of Atlautla, 

Ozumba and Tepetlixpa is homogeneous and the differences observed in the means could be attributable 

to chance or sample variability. 

 

Box 5 

 

Table 3 

ANOVA statistical test results 
 

Area gl Quadratic 

mean 

F Sig. Critical value 

for F 

Total 2.00 2.72 1.35 0.28 3.44 

Pr-Sa 2.00 1.31 0.37 0.69 3.44 

Shopping 2.00 4.92 2.32 0.12 3.44 

OrgMan 2.00 3.66 1.25 0.30 3.44 

Collection 2.00 6.44 2.42 0.11 3.44 

 

Source: Prepared internally using data from SPSS and Excel software. 

 

Conclusions 

 

The research objective was achieved; the descriptive analysis shows that there is a difference between 

the means of ICT adoption levels in SMEs in the three municipalities, highlighting that the economic 

units located in Ozumba have the highest adoption level, while those located in the municipality of 

Atlautla have the lowest adoption level. However, the ANOVA analysis shows that there are no 

significant differences between the averages of the level of ICT adoption. Therefore, the geographical 

location, which was the factor used to divide the economic units, is not a determining factor for the 

differences found. By accepting the null hypothesis, it is understood that these differences can be 

attributed to chance or sample variability. 

 

With regard to the differences found in relation to the studies by Saavedra and Tapia [2013] and 

Sánchez, et al. [2018], who point out that most micro, small and medium-sized enterprises in the 

industrial sector do not apply information and communication technologies in their production processes 

and that 32.6% of micro and small enterprises in the municipalities of Atlautla, Ozumba and Amecameca 

use some specialised programme to manage or carry out their production. This study concludes that the 

companies in the sample are using ICT for production and sales at a level of 2.44 and that the overall 

average use of ICT in the four areas of application is 2.84; considering that the maximum would be 5, 

both levels represent 48% and 54% respectively. 

 

As an improvement, it is suggested that an explanatory analysis be carried out in which different 

factors for group segmentation, such as age or level of education, are considered. A larger sample size is 

proposed in order to replicate the analysis with ANOVA to verify whether the differences found are 

attributable to chance or to sample variability. It is also suggested that a correlational analysis be carried 

out for each group of MyPEs in each municipality in order to identify explanatory variables for the 

behaviour of each study group, thereby contributing in a timely manner to the definition of actions and 

public policies aimed at the digital strengthening of MyPES in rural and semi-urban areas, as well as the 

promotion of access to technological training, an important task for higher education institutions in the 

area. 
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Abstract 
 

The limited resources available to a community are vital for sustainable development. Therefore, their 

efficient use is a challenge for communities living within these areas. The incorporation of strategic 

designs allows for the formulation of models based on real-world data, leading to the development of 

strategies that benefit all stakeholders in the system. This research employs systems thinking and a 

multidisciplinary approach to design an analytical methodology. The procedures and techniques 

generated will be applied in an orderly, systematic, and rigorous manner to achieve the objectives. The 

results present the Systemic Methodology for Strategic Design in Protected Natural Areas, comprised of 

six phases: System Identification, Systemic Diagnosis, Indicator Generation, Interpretation for Strategy 

Design, and Integration and Presentation of Results. Finally, it serves as a baseline for other research 

with similar characteristics.  

 
Systemic methodology for strategic design in protected natural areas 

 
Objective Methodology Contribution  

 
The incorporation of strategic designs 

allows for the formulation of models 

based on real-world data, leading to the 

development of strategies that benefit 

all stakeholders in the system 

This research employs systems 

thinking and a multidisciplinary 

approach to design an analytical 

methodology 

 

 

The results present the Systemic 

Methodology for Strategic Design in 

Protected Natural Areas, comprised of 

six phases: System Identification, 

Systemic Diagnosis, Indicator 

Generation, Interpretation for Strategy 

Design, and Integration and 

Presentation of Results 
 

 

Strategic design; Protected natural areas; Systemic methodology  

 

Resumen  
 

La limitación de los recursos con los que cuenta una comunidad es vital para el desarrollo sostenible. Por 

ello, su uso eficiente es un reto para las comunidades que viven dentro de esas zonas. La incorporación 

de diseños estratégicos, permiten la formulación de modelos basados en hechos reales, para la generación 

de estrategias que beneficien a todos los actores del sistema. La presente investigación emplea el 

pensamiento sistémico y una visión multidisciplinaria con el objetivo de diseñar una metodología de 

análisis, cuyos procedimientos y técnicas que se generen, sean aplicadas de manera ordenada, sistemática 

y rigurosa para el cumplimiento de los objetivos. Los resultados muestran la Metodología Sistémica para 

el Diseño Estratégico en Áreas Naturales Protegidas, con seis fases (Identificación del sistema. 

Diagnóstico sistémico. Generación de indicadores. Interpretación para el diseño de estrategias. 

Integración y presentación de resultados). Finalmente, es una línea base para otras investigaciones, con 

características similares.  

 
Metodología sistémica para el diseño estratégico en áreas naturales protegidas 
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La presente investigación emplea el 
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multidisciplinaria. 
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presentación de resultados). 
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Introduction  

 

Strategic design is a process of continuous improvement that allows for the introduction of planned 

change processes, with the aim of adapting to the environment and improving performance (Vilariño-

Corella, 2013). Poor and limited strategic model designs in communities block the economic growth of 

vulnerable populations due to the limited use of their resources. Only self-management will allow for 

comprehensive benefits. Therefore, communality is a strategy that allows for the validation of these types 

of models. Strategic designs serve to formulate models based on real facts, thus providing a true 

representation of the scenario analysed (Argudín, 2011). 

 

Design serves to generate strategies (Sanabria et al., 2008), which will be implemented for the 

development of different cities, involving the success of countries in different areas with unique 

attractions (HernándezïMoreno, 2008). In the tourism sector, strategic design is applied from the outset 

and during the growth of infrastructure within natural resource protection areas (Inocencio et al., 2007). 

Some authors (MachadoïChaviano and HernándezïAro, 2007) mention that strategic planning terms 

should be included to involve the community in a participatory process and thus create tourism products 

that take into account different elements. In addition, it is advisable to visualise in this planning an urban 

development that contributes to addressing socio-environmental problems. Therefore, the objective of 

this research was to propose the development of a systemic methodology for strategic design in protected 

natural areas, in order to generate reliable statistical information on tourism systems in natural resource 

management. 

 

Methodology 

 

A. Integration of methodologies For the development of this methodology, called óDevelopment of a 

systemic methodology for strategic design in protected natural areas,ô a systemic and multidisciplinary 

approach was used. The complexity of working in rural communities that belong to protected natural 

areas creates the need to incorporate other methodologies such as Soft System Methodology (SSM) and 

the Framework for the Evaluation of Natural Resource Management Systems Incorporating 

Sustainability Indicators (MESMIS) (Table 1). 

 

Box 1 
 

Table 1 

Elements of methodologies (Soft System Methodology (SSM); Framework for the Evaluation of Natural Resource 

Management Systems Incorporating Sustainability Indicators (MESMIS); Strategic Design in Protected Natural Areas 

(DSANP) 

 
ELEMENTS  SSM MESMIS DSANP 

Authors 

 

Objectives 

 

 

 

Phases 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Researcher 

 

Checkland (1994) 

 

Define a system under study. 

 

 

 

1) The situation of the 

unstructured system. 

2) The situation of the problem 

expressed. 

3) Select a view of the situation 

and be able to make a root 

definition. 

4) Preparation and verification 

of conceptual models. 

5) Compare conceptual models 

with reality. 

6) Design desirable, viable and 

feasible changes. 

7) Actions to improve the 

situation of the problem. 

 

Participate in the initial stage of 

the phenomenon under study. 

Masera and Astier (1999, 2000) 

 

Generate sustainability indicators for a 

natural resource management system. 

 

 

1) Definition of the object of study. 

2) Identification of critical points in the 

system. 

3) Selection of strategic indicators. 

4) Measurement and monitoring of 

indicators. 

5) Presentation and integration of 

results. 

 

6) Conclusions and recommendations. 

 

 

 

 

 

 

He is involved in the final stages of the 

methodology. 

Villafaña-Rivera et al., 2025 

 

Generate reliable statistical information 

on tourism systems in natural resource 

management. 

 

1) Identification of the system. 

2) Systemic diagnosis. 

3) Generation of indicators. 

4) Interpretation for strategy design. 

5) Evaluation of at least two strategies. 

6) Integration and presentation of results. 

 

 

 

 

 

 

 

 

 

 

The researcher is analysed to detect 

SWOT, forming part of the phenomenon 

under study. 

 

                          Source [Checkland 1994; Masera, 1999; Astier, 2000]  
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The use of the viable systems model obtains relevant subsystems necessary to describe the 

integration of system components (Fuentes et al., 2018). Sustainability was assessed using indicators 

through the application of the óSustainable Land Management Assessment Frameworkô (González et al., 

2006). The purpose of this tool (MESMIS) is to evaluate the sustainability of natural resource 

management systems. It has been used to conduct assessments in regions of Mexico and in Latin 

American countries (Malhotra, 2004; Astier, 2000). Information was prioritised in order to understand 

the subject under study, thus proposing six phases in the methodology: 1) Identification of the system. 

2) Systemic diagnosis. 3) Interpretation of critical and positive points. 4) Design of strategies for 

improving the system. 5) Evaluation of at least two strategies applied in the system. Finally, 6) Integration 

and presentation of results. 

 

Results 

 

The integration of the methodologies studied led to the proposal of the present methodology called 

óDevelopment of a Systemic Methodology for Strategic Design in Protected Natural Areas,ô whose 

phases are described below 

 

Phase I. Delimitation of the system 

 

To carry out the first phase of the proposed methodology, the following were analysed: Soft Systems 

Methodology (Checkland, 1994) and the Methodology for Prioritisation in Health Research, in which the 

researcher perceives the situation while the prioritisation methodology conducts a systematic review of 

the literature in the database (Fuentes et al., 2018). Therefore, in identifying the system, the researcher 

participates as an observer and becomes involved as the methodology progresses. The first step is to 

review the literature in national and international scientific databases, as well as international and national 

websites, to compile statistics (Table 2). The study area can be described and the different problems that 

arise during the study area can be recognised, which allows the central theme to be focused on. 

Subsequently, the information obtained from the databases must be analysed and selected by the 

researcher in relation to the research objectives. In the study carried out in the community of El Capulín, 

in the State of Mexico, different databases were searched. 

 

Statistical and historical data will be obtained and sorted from international and national public 

or private websites related to the research problem. In the case of the El Capulín community, because 

they use natural resources in protected areas with tourist activity, the following are essential institutions 

to consult and obtain statistics from: the United Nations Educational, Scientific and Cultural Organisation 

(UNESCO), World Tourism Organisation (UNWTO), Secretariat of Tourism, National Institute of 

Geography and Statistics (INEGI), Secretariat of Environment and Natural Resources (SEMARNAT) 

and the National Commission for the Knowledge and Use of Biodiversity (CONABIO). 

 

The literature review will focus the research project on topics ranging from international to local, 

combining theory with reality, conducting an exhaustive and objective search, using keywords to search 

for information on scientific and statistical data pages, allowing for an understanding of the subject under 

study. 

 

For this reason, the researcher will also conduct field visits to gain first-hand experience of the 

work area, applying ethnographic principles to make empirical use of the knowledge possessed by the 

key actors in the system under analysis. These visits are as necessary as the knowledge that will be 

reflected in the written work. This will provide more information to understand, learn about, and identify 

the interrelationships of the subsystems of the phenomenon, giving the researcher the opportunity to learn 

about the behaviour and interaction of all those involved by critically, scientifically, and 

transdisciplinarily analysing the research topic (Figure 1). 

 

 

 

 

 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/31384258/
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1405-14352006000100004
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1405-14352006000100004
https://es.scribd.com/document/873757071/Investigacion-de-Mercados-4ta-Edicion-Naresh-K-Malhotra
https://www.mesmis.unam.mx/MESMIS/mesmis_u?xi=astier_et_al_2000_libroazul.pdf
https://es.scribd.com/doc/177570380/La-metodologia-de-los-sistemas-suaves-de-accion
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Box 2 

 

 
Figure 1 

Phase 1: Identification of the problem 
Source [Own work, 2025] 

 

Phase II. Systemic diagnosis 

 

Systemic diagnosis is a process in which characteristics are obtained through interactions between the 

actors in the system and the researcher. The results will facilitate decision-making in order to intervene 

or define the courses of action to be followed in the study. It is a process that precedes planning and 

consists of gathering information, subsequently organising and interpreting it, helping to understand how 

the system works, in order to propose realistic changes based on the system studied (Masera et al., 1999). 

 

Qualitative and quantitative variables resulting from the characterisation carried out in the 

previous phase (Phase I. Identification of the system) are analysed. In this part, a cross-cutting approach 

to methodologies is taken, allowing the researcher to generate sustainability indicators, obtained through 

data collection, to be processed and compared with similar cases. under the principles of the MESMIS 

methodology (González et al., 2006). In this type of system, different dimensions must be considered, 

such as the social, environmental and economic dimensions, as well as the interrelationship between 

them within and outside the system (Figure 2). 

 

Box 3 

 

 
 

Figure 2 

Phase II: Systemic diagnosis 
Source [Own work, 2024]  



70 

 

 

To carry out the diagnosis, it is proposed to design a series of transdisciplinary systemic steps, 

which were applied in the Capulín community to achieve the objectives: 

 

a) Target population - calculation of sample size 

 

To determine the size of the population, the proposed formula (Sobrado, 2005) should be considered. A 

variability (p and q) of 0.5 is considered, with a confidence level that indicates the degree of feasibility 

of the parameters in the population. With regard to the confidence level, the more subjects surveyed, the 

greater the accuracy of the research, using values of 99%, 95% and 90%, with an error percentage of 

0.05 (Equations 1 and 2). In the Capulín community, the total population of the community was known. 

For this purpose, the formula for when the population is known was used, with the values described 

above. 

 

ὲ
  

                           [1] 

 

Equation 1. Formulas for calculating population when the population is unknown (Sobrado, 2005). Own 

elaboration (2024). 

 

ὲ
   
    

                          [2] 

 

Equation 2. Formulas for calculating the population when the population is known (Sobrado, 2005). 

 

Where: 

 

n= Sample size 

N= Population size 

Z= Confidence level 

p= Positive variability 

q= Negative variability 

e= Expected error 

 

b) Data collection technique 

 

In order to obtain reliable data, a review of the literature and empirical knowledge of the area of study 

will be taken into account. A formal, structured survey with qualitative or quantitative variables will be 

designed. The questions may be open-ended, closed-ended or mixed (Sobrado, 2005). The survey design 

must consider the characteristics of the population and the system analysed, including sections that ensure 

the measurement of indicators such as general characteristics of the population, which include age, 

education, income level, and economic activity. The following sections consist of an analysis of the 

sustainability of the system, divided into the attributes and criteria proposed by the MESMIS 

methodology, and the economic activities carried out by the inhabitants must also be considered. 

 

In a protected natural area with tourist activity such as the community of El Capulín, the attribute 

óproductivityô was considered, with the criteria of efficiency and effectiveness in activities (tourism, resin 

and agriculture). The attribute óadaptabilityô provides information on the technical advice and training 

received by residents to improve their services and even allows for the assessment of topics to be worked 

on over time and the availability of respondents. Finally, the attribute óself-sufficiencyô obtains 

information on the organisation within the community, identifying responsibilities and the follow-up and 

monitoring of the activities to be carried out. 

 

A review of the literature confirms that protected natural areas, which are limited in the use of 

their resources, engage in agricultural activity for self-consumption due to their low level of production. 

For this reason, a sustainability analysis survey was designed with the attribute óproductivityô in the 

agricultural area, contemplating applied technologies, soil analysis, soil type, income, expenses, seeds, 

planting, harvesting, sales, among other characteristics. 

 

 

https://www.redalyc.org/pdf/2833/283321951006.pdf
https://www.redalyc.org/pdf/2833/283321951006.pdf
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c) Sampling 

 

The Strategic Design in Protected Natural Areas (DSANP) methodology proposes both non-probabilistic 

and probabilistic sampling, depending on each study in which the methodology is applied. In the case 

study in the El Capulín community, non-probabilistic sampling was used, whose main characteristic is 

that it attempts to obtain a sample of elements that are convenient according to the interviewer's criteria, 

while probabilistic sampling means that each element of the population has the same probability of being 

selected for the study (Malhotra, 2004). For this research, selective non-probabilistic sampling was 

chosen for qualitative studies, where it is possible to work with small or large units such as residents, 

ethnic groups, and institutions, which will be intentionally and carefully selected for their potential to 

provide detailed information that allows for an understanding of the composition of the phenomenon 

(Grados, 2005). For this reason, the population of Capulín was discriminated against in order to only 

survey ejido members due to their relationship and experience in managing the community's lands, who 

carry out activities related to resin, tourism, and agriculture. 

 

d) Data analysis  

 

For the processing of data obtained from the survey, we propose designing a database in Microsoft Excel 

or Access software, including Structured Query Language. This database should include the sections 

used to design the survey, the number of questions and total number of respondents, coding the results 

obtained and using numerical scales for quantitative variables to ensure efficient results. Subsequently, 

the fields in the database will be filled in. When the information has been entered, a random sample of 

some surveys should be taken to corroborate the data in the database and ensure the accuracy of the 

information entered in the Excel spreadsheet. 

 

To convert the data into statistical and reliable information for decision-making, descriptive 

statistical or multivariate statistical analyses must be performed in the Statistical Analysis System (SAS, 

version 2008) (Martínez-Salgado, 2012). The result of this phase allows for the generation of a baseline 

for the analysed system, obtained from the collection and interpretation of variables, allowing for the 

generation of reference values and thus enabling an objective evaluation of the magnitude of the changes. 

This instrument becomes essential for improving management processes, generating reliable statistical 

information for future decision-making. The descriptive survey will provide quantitative information on 

the system (Domínguez-Hernández et al., 2017).  

 

Phase III. Generation of indicators 

 

The characterisation and baseline of the previous phases must be analysed objectively. To do this, it is 

necessary to consider the time, scope, and resources (human, political, and financial) available for the 

research. For the generation of indicators, the methodology proposed by (Goytia-Jiménez et al., 2011) is 

suggested, where indicators are tools that contain quantitative information that, when compared with a 

reference value, allow for the evaluation of the system's performance. the application of performance 

indicators must identify the feasibility of the processes within the system (Food and Agriculture 

Organisation of the United Nations, 2018). 

 

The steps to be followed are: 1) Establish the objectives that should govern the indicator or what 

is to be measured; 2) Identify the areas of performance: efficiency, effectiveness, economy and quality, 

which result from the variables measured in the production system (inputs, processes, products or 

results); 3) Generate the names and formulas for calculating the values; 4) Validate the indicators by 

applying criteria to enable monitoring and evaluation; 5) Collect data through surveys; and 6) Calculate 

the indicator values to write the technical report (Figure 3). 

 

 

 

 

 

 

 

 

https://es.scribd.com/document/873757071/Investigacion-de-Mercados-4ta-Edicion-Naresh-K-Malhotra
https://es.scribd.com/doc/250494480/Capacitacion-y-Desarrollo-de-Personal-Jaime-Grados
https://support.sas.com/documentation/onlinedoc/stat/930/
https://support.sas.com/documentation/onlinedoc/stat/930/
https://www.scielo.br/j/csc/a/VgFnXGmqhGHNMBsv4h76tyg/?lang=es
https://revista-agroproductividad.org/index.php/agroproductividad/article/download/2629/2286/13863
https://www.redalyc.org/pdf/757/75729625007.pdf
https://www.fao.org/4/y5793s/y5793s03.pdf
https://www.fao.org/4/y5793s/y5793s03.pdf
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Box 4 

 

 
 

Figure 3 

Phase III: Generation of indicators 
Source [Own work, 2025] 

 

Phase IV. Interpretation for strategy design 

 

By interpreting the data generated by the indicators, positive or negative critical points can be obtained, 

selecting the factors that modify the development of the system. Among the factors proposed for 

measurement are (environmental, political, social, cultural, technological, and resource management). 

 

The researcher will select the factors that are within the scope of the research topic, time and 

researcher, for the intervention of proposals that can be measured, controlled and evaluated for the benefit 

of the system. It is advisable to work with specialists in the field, empirical experts and follow the rigour 

of different sciences and disciplines to evaluate the intervention that will be carried out. 

 

Potential study factors should be selected once they are feasible to modify and can be measured. 

Through a thorough interpretation of the indicators, a meeting should be scheduled with the recipient 

community or with the actors in the system who can be involved for the benefit of the system. The results 

of the characterisation, the baseline generated, the indicators obtained and the positive and negative 

critical points in the different factors will be presented. Working groups will be set up to address the 

factors to be improved, led by the researcher, who will guide the improvement strategies with the 

participation of the community from the beginning to the end of the research. This is to ensure a systemic 

community process in the research, with social justice (Figure 4). 
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Box 5 

 

 
 

Figure 4 

Phase IV: Interpretation for strategy design 
Source [Own Work, 2025] 

 

Phase V. Evaluation of at least two strategies 

 

Once communication with the system's stakeholders has been established, the feasibility of the research 

will be reported, establishing strategies to be worked on, which will be evaluated by the stakeholders 

involved. Forms will be created for the evaluation of the strategies, and subsequently work manuals or 

training courses will be generated to increase the community's performance. 

 

To obtain better results, the participation of key actors in the system is proposed, modifying their 

approach, motivating their active intervention, forging multidisciplinary commitments with those 

involved, and contemplating monitoring, sampling, and data collection to measure results (Figure 5). 

 

Box 6 

 

 
 

Figure 5 

Phase V: Evaluation of at least two strategies 
Source [Own Work, 2025] 
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Training in strategy implementation is vitally important for decision-making. For this reason, 

training courses are offered in areas of multidisciplinary interest, with the aim of increasing the skills and 

knowledge of those involved. Armijo (2011) mentions three phases for a training course: 1) Creation of 

the training; create the plan to develop a needs assessment, establishing the objectives. 2) Development: 

putting the work plan into action, carrying out the established plans, considering the work material, 

participants, time, dates, attendance logs, and prior evaluation. Finally, 3) Training results: through a 

final evaluation, the objectives achieved are corroborated or verified with respect to what was planned, 

and the experts' interventions are recorded in order to take corrective measures. It is advisable to evaluate 

the knowledge imparted to those involved through evaluation questionnaires. This improvement can be 

corroborated by the data obtained from the initial evaluation. 

 

Phase VI. Integration and presentation of results  

 

The results obtained after the application of the strategies must be analysed critically and for the benefit 

of all those involved. According to the author Fernandez (2026), indicators allow for the measurement 

of quality in tourism, especially in agroecological tourism, as it is crucial for the competitiveness of 

SMEs, integrating visits to protected areas and promoting rural development with economic and social 

benefits. In addition, they should be statistically processed to determine the variables and the difference 

between them. The results shown must be statistical, reliable, and objective with the intention of issuing 

valid conclusions, considering statistical rigour accompanied by a multidisciplinary methodology with 

the intention of presenting complete results and whose orientation sees the real needs of the community, 

as mentioned by Schenkel (2026). His study reveals that through data collection, there is profound 

inequality that manifests itself in the tourist use of the areas, but also in the contrasting discourses 

surrounding development and the conflicts generated in the process of appropriation (Figure 6). 

 

Box 7 

 

 
 

Figure 6 

Phase VI: Integration and presentation of results 
Source [Own Work, 2025] 

 

The results presented will enable the identification of actions for improvement in the system. The 

documents generated from the interpretation are scientifically rigorous formats, using indicators for 

decision-making and considering the level of communication for all actors. It is important to consider 

the administrative processes, specifically the feedback from the actors during the last phase, in order to 

guarantee the success of the intervention. This reinforces the need for institutional sustainability, where 

collaborative networks and political will are created to integrate environmental agents with social 

inclusion, giving rise to communities and their participation in these decision-making processes (Palafox, 

2026). 
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Conclusions 

 

For the development of this methodological proposal, which resulted in the integration of several 

methodologies, called óSystemic Diagnosis in Protected Natural Areas,ô a systemic and multidisciplinary 

approach was used due to the integration of different fields of application, the relationship with experts 

in various areas (tourism, agriculture, etc.), and the complexity of working in rural communities that 

belong to protected natural areas. The literature review supports the need to integrate different 

methodologies that address real cases in different areas where a wide variety of productive activities are 

practised, all of which use natural resources. Due to the context of the research, the Soft System 

Methodology (SSM) was integrated. However, to assess sustainability using indicators, the Sustainable 

Land Management Assessment Framework (MESMIS) tool was used.  

 

In the description of the phases that make up the methodology, the community of El Capulín, 

located in the Mariposa Monarca Biosphere Reserve, was used as the field of application. The community 

carries out productive activities involving the extraction of natural resources, such as resin production, 

agriculture and tourism. 

 

The use of multidisciplinary visions and a systems approach allows for the consideration of 

different objectives or aspects that benefit all parties involved in the problem under study. The phases 

proposed in the methodology made it possible to generate reliable statistical information on tourism 

systems in the management of natural resources. According to Sandoval (2026), It is necessary to 

strengthen technical, operational, political, and prospective capacities, known as TOPP capacities, as this 

is key to managing transformations, ensuring the continuity of state policies beyond short-termism, and 

effectively incorporating the participation of the private sector, civil society, and citizens, together with 

better accountability mechanisms. Finally, this proposal can be replicated in other study areas with 

similar characteristics. The different stages that make up the six phases of the methodology provide 

indicators for decision-making by stakeholders, supported by a systemic, integrative and scientific 

procedure. 
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Abstract  

 

This research addresses ergonomic deficiencies in postgraduate classrooms that negatively affect 

studentsô physical well-being and academic performance. The study aims to develop a conceptual 

ergonomic classroom design adapted to the Mexican higher education context. A participatory systemic 

approach based on Soft Systems Methodology (SSM) was applied, integrating ergonomic regulatory 

criteria from ISO 9241-5 (International Organization for Standardization, 1998; Secretaría del Trabajo y 

Previsión Social, 2008) and NOM-025-STPS-2008 Secretaría del Trabajo y Previsión Social (2008). The 

methodology included problem diagnosis through observation, interviews, surveys, and documentary 

analysis; construction of conceptual models considering anthropometric, lighting, acoustic, accessibility, 

and technological variables; comparison between the current classroom and the proposed model; and 

refinement based on cultural and technical feasibility. The results show a significant improvement in 

ergonomic compliance levels, increasing from low to high performance across all evaluated criteria. The 

proposed model provides a replicable framework for designing ergonomic learning environments that 

promote physical well-being and support academic performance in postgraduate education. 

 
Conceptual Design of an Ergonomic Postgraduate Classroom: ñStrategies and Effects on 

Studentsô Physical Well-Being and Academic Performanceò 
 

Objective Methodology Contribution  

 
 

 
 

 

 

 

 
 

 

 

Ergonomic classroom, Graduate studies, Academic performance. 

 

Resumen  

 

Esta investigación aborda las deficiencias ergonómicas presentes en aulas de posgrado que afectan el 

bienestar físico y el rendimiento académico de los estudiantes. El objetivo fue diseñar un modelo 

conceptual de aula ergonómica adaptado al contexto de la educación superior en México. Para ello, se 

aplicó la Metodología de Sistemas Blandos (SSM) como enfoque sistémico participativo, integrando 

criterios normativos de ergonomía establecidos en la ISO 9241-5 y la NOM-025-STPS-2008. La 

metodología incluyó diagnóstico mediante observación directa, entrevistas, encuestas y análisis 

documental; construcción de modelos conceptuales considerando variables antropométricas, ambientales 

y tecnológicas; comparación entre el aula actual y el modelo propuesto; y refinamiento del diseño según 

su viabilidad técnica y cultural. Los resultados evidencian una mejora significativa en el cumplimiento 

ergonómico y en las condiciones de aprendizaje. La propuesta constituye un marco replicable para el 

diseño de espacios educativos que favorezcan el bienestar físico y el desempeño académico en estudios 

de posgrado. 

 
Dise¶o conceptual de aula ergon·mica para posgrado: ñEstrategias y efectos sobre el 

bienestar f²sico y el rendimiento acad®mico de los estudiantesò 
 

Objetivo Metodología Contribución 

 
 

 
 

 

 

 

 
 

 

 

Aula ergonómica, Posgrado, Rendimiento académico 

https://www.iso.org/standard/16883.html
https://www.iso.org/standard/16883.html
https://www.dof.gob.mx/nota_detalle.php?codigo=5067371


81 

 

 

Introduction  

 

Ergonomics applied to educational spaces has become increasingly important in recent years due to its 

direct impact on students' physical well-being, health, and academic performance. In the context of 

postgraduate studies, where academic activities involve long hours of intellectual work, intensive use of 

technology and prolonged postures, inadequate classroom design can lead to physical discomfort, fatigue 

and decreased academic performance. (Grandjean & Kroemer, 1997; Helander, 2006). 

 

However, the traditional design of university classrooms tends to focus on functional and 

capacity criteria, leaving ergonomic principles that allow the environment to be adapted to the real 

needs of users in the background. This situation highlights the need to rethink the design of learning 

spaces from a comprehensive approach that considers physical, environmental, technological, and 

organisational factors. 

 

This research addresses this issue through the conceptual design of an ergonomic classroom for 

postgraduate studies, integrating regulatory criteria and a systemic approach that improves both the 

physical well-being and academic performance of students. 

 

The added value of this research lies in the integration of Soft Systems Methodology (SSM) 

with normative ergonomic criteria, which allows the problem to be addressed from a systemic and 

participatory perspective. Unlike traditional approaches that focus solely on furniture or isolated 

physical aspects, this proposal considers the classroom as a complex socio-technical system, where 

people, technology, space and organisation interact. 

 

Furthermore, the proposed model is not limited to a one-off solution, but constitutes a replicable 

conceptual framework that can be adapted to different educational contexts, especially in higher 

education institutions in Mexico. 

 

The approach developed in this work is characterised by: 

 

- The participation of users (students and teachers) in diagnosing the problem. 

- The application of national and international ergonomic standards as an objective basis for 

evaluation. 

- Comprehensive analysis of anthropometric, environmental, spatial and technological variables. 

- Evaluation of the technical and cultural feasibility of design proposals. 

- Focus on continuous improvement of the educational environment. 

 

These characteristics allow for a holistic understanding of the problem and favour realistic and 

applicable solutions. 

 

The central problem addressed by this research is the existence of ergonomic deficiencies 

in postgraduate classrooms, which negatively affect students' physical well-being and academic 

performance. 

 

The central hypothesis posits that the application of a conceptual ergonomic classroom 

design, developed through a systemic and normative approach, contributes significantly to improving 

the physical well-being and academic performance of postgraduate students. 

 

The research is structured in three main sections. The first section presents the context and 

theoretical foundations of the research, including the evolution of ergonomics and its application in 

educational environments. The second section develops the methodological framework, describing the 

Soft Systems Methodology and its application to the conceptual design of the ergonomic classroom. 

The third section presents the results, discussion and conclusions, as well as the proposed classroom 

model and its practical implications. 

 

 

 

 

https://www.taylorfrancis.com/books/mono/10.1201/9780203489925/fitting-task-human-e-grandjean-karl-kroemer
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Development of headings and subheadings 

 

1. Context and foundations of the research 

1.1 Introduction 

1.2 Historical context of ergonomics 

1.3 Ergonomics in educational environments 

1.4 Justification and objectives of the research 

2. Theoretical and methodological framework 

2.1 Ergonomics and the design of educational spaces 

2.2 Soft Systems Methodology (SSM) 

2.3 Application of the proposed methodology 

3. Application and results 

3.1 Diagnosis of the postgraduate classroom 

3.2 Conceptual design of the ergonomic classroom 

3.3 Comparison of the proposed model with the current situation 

3.4 Discussion of results and conclusions 

 

Products under development 

 

Among the products derived from this research are: 

 

- A conceptual model of an ergonomic classroom for postgraduate studies. 

- Comparative tables of ergonomic evaluation of the current classroom and the proposed model. 

- Systemic diagrams and conceptual models based on SSM. 

- Design guidelines applicable to other higher education spaces. 

 

Box 1 

 

 
 

Figure 1 

Implementation of Checkland's Soft Systems Methodology (SSM) for the 

conceptual design of an ergonomic classroom for postgraduate studies. 
Source: Own Elaboration 
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Box 2 
 

 
 

Figure 2 

Pareto diagram: Factors affecting physical well-being and academic 

performance 

Source: Own Elaboration 

 

Box 3 
 

 
 

Figure 3 

System diagram: Ergonomic classroom for postgraduate studies, following 

the logic of Soft Systems Methodology (SSM) 

Source: Own Creation 

 

Box 4 
 

 
 

Figure 4 

Representation of the layout of the ergonomic classroom for postgraduate 

studies 
Source: Own Creation 
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Box 5 

 

Table 1  

Comparative Table: Current Situation vs. Ergonomic Classroom Model 

 
Category Current Classroom Situation Ergonomic Classroom Model 

Physical dimensions 6.1 m long × 4.4 m wide × 2.19 m high Proposal 

Furniture Non-adjustable, damaged chairs Redistribution to improve circulation 

Space per user Rigid layout, narrow aisles Ergonomic, adjustable, and comfortable 

furniture 

Lighting Old fluorescent lighting, poorly 

regulated natural light 

Ample space per user, minimum 90 cm 

aisles 

Ventilation Natural light only, no extractor fans Dimmable LED lighting, natural light 

control 

Acoustics No acoustic treatment, external noise Cross ventilation and silent fans 

Technology Without digital resources or 

connectivity  

Absorbent panels, sealed doors and 

windows 

Academic functionality Limited, lecture-style classes Digital whiteboard, charging stations, Wi-Fi 

Physical and cognitive wellbeing Frequent fatigue Thermal, visual and postural comfort 

   

Source: Own Creation 

 

Box 6 

 

Table 2 

Comparative Table: 4×2 comparative matrix of conceptual models developed (phase 4) and reality 

expressed in the problem situation (phase 2) 

 
Subsystems (4) Current situation (reality)  Conceptual model (ideal design) 

Furniture Non-adjustable, causes fatigue and poor 

posture. 

Ergonomic, adjustable chairs and tables 

with lumbar support. 

Lighting Poor (<300 lux), no brightness control. Dimmable LED + natural light, 500 lux 

average. 

Ventilation / Thermal comfort Stagnant air, variable temperature. Cross ventilation and extractors, 22ï25 

°C. 

Physical space  Rigid, narrow corridors (65 cm). Flexible space, aisles Ó90 cm, mobility 

and interaction. 

   

Source: Own Creation 

 

Box 7 

 

Table 3 

Comparative Table: Actors, possible attitudes, and implications for viability.  

 
Key actors Possible Attitudes / Culture Implications for feasibility  

Postgraduate students They value comfort and concentration 

and are open to changes if they improve 

performance. 

High feasibility if justified by concrete 

benefits. 

Teachers and researchers They may prefer traditional classroom 

models; some are resistant to change. 

Awareness and participation are required. 

Academic administrators They seek budget efficiency and 

regulatory compliance. 

Medium feasibility if cost-effective 

benefits are demonstrated. 

Maintenance staff They appreciate furniture that is easy to 

move and maintain. 

High feasibility if its operability is 

considered. 

Institutional regulations Technical and legal criteria must be met. High feasibility if based on regulations. 

   

Source: Own Creation 

 

 

 

 

 

Methodology 
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The methodology of this research is based on Soft Systems Methodology (SSM), which allows complex 

problems involving technical, human and organisational factors to be addressed, as is the case with the 

design of postgraduate classrooms. This systemic approach facilitates a comprehensive understanding of 

the educational environment and the identification of relationships between the different elements that 

comprise it. (Checkland, 1981; Checkland & Scholes, 1990) 

 

The variables analysed are grouped into key ergonomic dimensions. Anthropometric variables 

consider the physical characteristics of users, such as height, posture and range of motion, in order to 

adapt the furniture and spatial layout. Environmental variables include lighting, ventilation, acoustics, 

and thermal comfort, evaluated through direct measurements and comparison with regulatory criteria. 

Spatial variables analyse classroom layout, mobility, and space flexibility, while technological variables 

consider the use and integration of digital equipment and resources in the learning process. 

 

A central aspect of the methodology is the comparison of criteria, where the current situation of 

the classroom is contrasted with the requirements established in the ISO 9241-5 and NOM-025-STPS-

2008 standards. This comparison allows for the identification of ergonomic gaps and the establishment 

of compliance levels, which subsequently serve as the basis for the construction and refinement of the 

conceptual model of an ergonomic classroom, considering its technical and cultural feasibility. 

 

Results 

 

The results are presented according to the methodological stages developed. In the diagnostic section, 

significant deficiencies were identified in the postgraduate classroom, mainly related to non-adjustable 

furniture, insufficient lighting, rigid spatial distribution, and limitations in ventilation and environmental 

comfort. 

 

In the conceptual design section, an ergonomic classroom model was developed that integrates 

adjustable furniture, flexible space distribution, adequate lighting levels, acoustic improvements, and 

better technological integration. The comparison between the current classroom and the proposed model 

showed a notable increase in the level of ergonomic compliance, moving from low to high levels in most 

of the criteria evaluated. 

 

Finally, in the analysis and discussion section, the results show that the application of a systemic 

and regulatory approach not only improves the physical conditions of the classroom but also promotes 

students' perception of well-being, concentration, and active participation in the learning process. 

 

Conclusions 

 

The results obtained confirm that the ergonomic deficiencies present in postgraduate classrooms directly 

influence students' physical well-being and academic performance. The application of the Soft Systems 

Methodology, in conjunction with normative ergonomic criteria, proved to be an effective tool for the 

analysis, design and improvement of educational spaces. 

 

The proposed conceptual model of an ergonomic classroom represents a viable and replicable 

alternative for higher education institutions, as it integrates physical, environmental, technological and 

organisational aspects. Among the main possibilities for improvement are the adaptation of the model to 

other educational contexts, the incorporation of periodic ergonomic evaluations and the broadening of 

the focus to include cognitive and organisational aspects. 

 

In conclusion, the ergonomic design of classrooms should be considered a key strategy for the 

continuous improvement of educational quality, contributing to the overall well-being of students and 

strengthening academic performance at the postgraduate level. 

 

Key contributions 

 

Academic: Generation of an innovative conceptual model that integrates physical, cognitive, and 

organisational ergonomics with a systemic approach. 

https://www.wiley.com/en-us/Systems+Thinking,+Systems+Practice-p-9780471986058
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Methodological: Application of SSM in the design of educational spaces, demonstrating its usefulness 

in solving complex and poorly structured problems. 

 

Practical: Proposal for an ergonomic classroom adapted to the context of IPN ESIME Zacatenco, with 

measurable improvements in well-being and academic performance. 

 

Social: Consideration of inclusion and accessibility, ensuring that solutions benefit all students, including 

those with disabilities. 

 

Practical implications 

 

- The proposed ergonomic design can be implemented gradually and sustainably, starting with pilot 

classrooms. 

 

- Low-cost alternatives are offered, such as reconditioned modular furniture, without 

compromising ergonomics. 

 

- The research provides replicable criteria that can be applied in other higher education institutions 

in Mexico and Latin America. 

 

- The proposal aligns classrooms with national and international standards (ISO 9241-5, NOM-

025-STPS-2008), improving institutional competitiveness and quality. 

 

Prospects and future work 

 

- Longitudinal evaluations of the impact of ergonomic classrooms on students' physical health and 

academic performance. 

 

- Comparative studies between different classroom designs in different institutions to validate the 

replicability of the model. 

 

- Integration of new technologies (augmented reality, intelligent lighting and ventilation systems) 

that enhance the educational experience. 

 

- Detailed cost-benefit analysis to justify the investment and facilitate institutional decision-

making. 

 

- Expansion of the approach to other educational levels (undergraduate and primary education), 

adapting ergonomic principles to different contexts and user groups. 

 

- Expansion of the geographical and cultural context: replicate the study in other universities in the 

country and in Latin America, and make international comparisons with institutions that apply 

ergonomic standards. 

 

- Increase in sample size and diversity: include more classrooms and postgraduate programmes, as 

well as other educational levels, to strengthen the representativeness of the results. 

 

- Adaptation to institutional variability: develop flexible ergonomic models and design practical 

guidelines that can be used by universities with different resources and infrastructure. 

 

- Consideration of uncontrolled external factors: study the influence of the urban and 

environmental climate, and analyse how institutional and budgetary policies condition the 

viability of ergonomic improvements. 

 

- Comprehensive assessment of academic performance: design longitudinal studies that measure 

long-term impact, incorporating indicators of psychological well-being and student motivation. 
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Future work should focus on validating, adapting, and expanding the proposal, integrating greater 

diversity of contexts, longitudinal methodologies, technological innovation, and sustainability criteria, 

in order to consolidate the ergonomic classroom as an educational model with real and replicable impact. 
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Abstract 

 

Currently, new materials are being developed to remove contaminants from wastewater by combining 

materials to improve their individual properties. This chapter describes the production of the zinc oxide 

(ZnO) and carbon composite. The ZnO was synthesized by electrolysis, adding Spend Coffee Grounds 

(SCG) to the electrolytic medium, and finally calcined at 400 °C for 30 min. ZnO, carbon, and the 

composite were synthesized and characterized. Scanning Electron Microscopy found that ZnO deposits 

in the pores of the carbon; Infrared Spectroscopy identified bonds associated with carbon and ZnO; X-

Ray Diffraction yielded a diffractogram with lower intensity compared to that of ZnO (JPDS-361451), 

due to the synthesis of amorphous carbon; ɛ-RAMAN Spectroscopy detected characteristic bonds of 

both materials; finally, the isoelectric point of the composite is 7.3, which will allows working with 

sorption in neutral systems. 

 

 
 

Composite, SCG, C/ZnO 

 

Resumen  

 

Actualmente, se desarrollan nuevos materiales para eliminar contaminantes en aguas residuales, 

combinando materiales para mejorar sus propiedades individuales. En este capítulo se describe la 

obtención del compósito de óxido de zinc (ZnO) y carbón, el ZnO se sintetizó por electrólisis, añadiendo 

café molido usado (CMU) al medio electrolítico, finalmente se calcinó a 400 ÁC durante 30 minutos. Se 

sintetizo y caracterizo ZnO, carbón (C) y el composito. Por Microscopía Electrónica de Barrido se 

encontró que el ZnO se deposita en los poros del carbón; por Espectroscopía de Infrarrojo se identificaron 

enlaces asociados al carbón y ZnO; en Difracción de Rayos X se obtiene un difractograma con menor 

intensidad comparado con el de ZnO (JPDS-361451), debido a que se sintetiza carbón amorfo; en 

Espectroscopía -RAMAN se detectaron enlaces característicos de ambos materiales, , finamente el 

punto isoeléctrico del composito es 7.3, esto permitirá trabajar la sorción en sistemas neutros. 

 

 
 

Compósito, CMU, C/ZnO 
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Introduction ðDefinition of the problem 

 

Water pollution has increased with population growth; therefore, new alternatives for wastewater 

treatment are being sought (Rodríguez O. M. J., 2021), with the synthesis of new materials that can be 

used as catalysts in photocatalysis (Bognár S., 2024). 

 

One of the catalysts used is zinc oxide (ZnO), which has high chemical stability, a wide range of 

radiation adsorption, and thermal stability (Koğodziejczak R.A., 2014), (Colonia R., 2013). Its chemical, 

mechanical, optical, adsorption, and electrical properties can be improved when supported by inorganic 

substances (oxides and hydroxides) or organic substances (Mahmood A. A. H. A., 2023) (Koğodziejczak 

R.A., 2014). 

 

For example, activated carbon (AC) can be used as a catalytic support, gas storage, molecular 

sieves, porous membranes and electrodes, among other things. This is due to its large surface area, pore 

volume, performance and chemical stability, among other factors (Aminu I., 2023), (Grima O. C., 2016), 

(Cesano, 2008), (Vásquez G.N.F., 2024). It can be synthesised from renewable sources due to its low 

cost, easy availability, and high carbon content. The following are used: cherry pits, bamboo, corn cobs, 

cinnamon nut shells, corn husks, pecan nut shells, vine shoots, brandy lees, lotus stems, toddy palm, 

coconut shells, sorghum, used coffee grounds, rubber wood sawdust, chestnut wood, fruit pits, cattle 

bones, cotton stalks, chicken feathers, rice husks, etc. (Elanthamilan E., 2019), (Hongying Q., 2018) 

(Njewa J. B., 2022). 

 

Used ground coffee is considered a precursor rich in lignocellulosic material; that is, it is a 

material with a higher amount of carbon (Arredondo F. E., 2022), (Rhodes D.H., 2007). This paper 

studies the synthesis and characterisation of carbon-supported ZnO (C) obtained from used ground 

coffee, based on the Hall methodology. 

 

This chapter presents the materials used in the Hall methodology to obtain the composite and its 

characterisation. The results section discusses the results obtained when characterising the material 

obtained. Finally, the conclusions are presented based on the results obtained. 

 

Methodology 

 

The following steps of Hall's methodology (1989) were applied: Definition of the problem. The subject 

of study and the derived alternatives were proposed. Synthesis of systems. Carbon and zinc oxide 

alternatives were proposed. Analysis. Using characterisation techniques. 

 

Materials 

 

Used ground coffee, distilled water, zinc electrodes, sodium chloride. The methodology is carried out in 

two stages. First, the materials were obtained separately. Subsequently, the composite was prepared by 

pyrolysis. The methodology used is described below. 

 

Carbon synthesis 

 

The used ground coffee is washed with distilled water, then distilled water is added and heated to 90 °C 

for 20 minutes with constant stirring. The sample is filtered and dried in an oven at 80 °C for 24 hours. 

The coffee residue is placed in a porcelain capsule in a muffle furnace and calcined at 450°C for 1 hour. 

 

Synthesis of zinc oxide 

 

Zinc oxide was obtained by electrolysis; a zinc anode and cathode were used in an electrolytic medium 

with sodium chloride, working at a current density of 260 mA/cm2 for 30 minutes with magnetic stirring 

at room temperature. The solution obtained is centrifuged, the precipitate is washed with distilled water, 

and dried at 80 °C for 16 hours. Finally, the sample is calcined at 400 °C to obtain zinc oxide. 

 

 

 

 

https://dialnet.unirioja.es/servlet/articulo?codigo=8201462
https://www.mdpi.com/2227-9717/12/6/1256
https://www.mdpi.com/1996-1944/7/4/2833
https://dialnet.unirioja.es/servlet/articulo?codigo=9392140
https://www.sciencedirect.com/science/article/abs/pii/S1387700323010274
https://www.mdpi.com/1996-1944/7/4/2833
https://www.mdpi.com/1996-1944/7/4/2833
https://www.sciencedirect.com/science/article/pii/S2667056923000561
https://www.sciencedirect.com/science/article/pii/S2405844016300457
https://www.sciencedirect.com/science/article/abs/pii/S101060300700398X
https://www.scielo.org.mx/scielo.php?pid=S0188-49992024000100135&script=sci_arttext
https://www.sciencedirect.com/science/article/abs/pii/S0169433219313108
https://www.sciencedirect.com/science/article/abs/pii/S0169433218302204
https://onlinelibrary.wiley.com/doi/10.1155/2022/9975444
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0370-39082022000100233
https://www.tandfonline.com/doi/pdf/10.1080/03081079008935080
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Synthesis of the uncalcined composite of activated carbon implanted with zinc oxide 

 

First, the electrolyte (NaCl) was prepared, the used ground coffee was added, and it was left to hydrate 

for about 15 min. A zinc anode and cathode were used in an electrolytic medium with electrolyte (NaCl 

+ coffee waste), working at a current density of 260 mA/cm² for 30 minutes with magnetic stirring at 

room temperature. The solution obtained is centrifuged, the precipitate is washed with distilled water, 

and dried at 80 °C for 16 hours. Finally, the sample is calcined at 400 °C to obtain zinc oxide/coffee 

grounds. 

 

Characterisation techniques 

 

Thermogravimetric analysis (TGA) 

 

The TGA study was performed with a TGA-TDA 5 thermogravimetric analyser, manufactured by 

Termogravimetric Analyzer Instruments, coupled to a Thermal Analysis 2000 TA computer, in the 

temperature range of 20 to 850 °C. 

 

Scanning Electron Microscopy (SEM) 

 

A Jeol IT-100 scanning electron microscope was used, coupled with a Bruker X-ray microprobe. The 

SEM was operated in high vacuum mode with an acceleration voltage of 20 kV, and the micrographs 

were acquired with the secondary electron signal. 

 

Fourier Transform Infrared Spectroscopy in Attenuated Total Reflectance mode (FTIR-ATR) 

 

The equipment used was a Perkin-Elmer FT model 2000 in ATR mode. The scans were performed in 

approximately 40 s, in the wavelength range from 4000 to 530 cm-1. 

 

Raman spectroscopy 

 

The RAMAN analysis was performed with Horiba Joni Yvon µ-Raman equipment, model XploraPlus, 

using a solid-state laser of ɚ= 532 nm, with a maximum power of 2.5 mW on the sample surface. A 1200 

l/mm diffraction grating was used; 100 acquisitions were averaged with an exposure time of 3 s each. 

 

X-ray diffraction (XRD)  

 

A Bruker Discover D8 X-ray diffractometer was used, obtaining a diffraction pattern in a range of 20° 

to 80° in 2ɗ geometry. 

 

Isoelectric Point (IP) 

 

To determine the isoelectric point of the study materials, six samples with carbon, six samples with zinc 

oxide, and six samples with the uncalcined and calcined composite were prepared in polypropylene tubes. 

For each sample, the amount of mass was varied by placing 0, 0.05, 0.1, 0.2, 0.4, and 0.8 g in each tube. 

Next, 5 mL of distilled water was added, and the tubes were agitated for 72 hours. After that time, the 

pH of each suspension was measured and plotted as a percentage of mass against pH. 

 

Results 

 

Thermogravimetric Analysis (TGA) 

 

Thermogravimetric analysis was performed to obtain the temperature at which carbon is obtained from 

used ground coffee. It was found that this can be done at 311 to 452 °C (El-Sayed Khater, 2024), 

(Suwimon Thowphan, 2002), since the calcination temperature depends on the biomass used. It is also 

necessary to know this temperature range, since when making the composite, a temperature of 450 °C is 

required to obtain ZnO, (Noura A.M., 2016), (D.S. Dmitriev, 2025). 

 

 

https://www.nature.com/articles/s41598-024-52336-5
https://iopscience.iop.org/article/10.1088/1742-6596/2175/1/012009/meta
https://www.researchgate.net/publication/312093277_Preparation_and_Characterisation_of_ZnO_Nanoparticles
https://www.sciencedirect.com/science/article/abs/pii/S1572665724007914
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Figure 1 

Thermogravimetric Analysis (TGA) of CMU 
Source: Own Elaboration 

 

Scanning Electron Microscopy (SEM) and Elemental Analysis by Energy Dispersive Spectroscopy 

(EED) 

 

Scanning electron microscopy revealed the morphology of the precursor materials and the composite, 

while elemental analysis identified the elements of the materials used to make the composite. In the used 

ground coffee (Figure 2(a)), porous structures with various shapes can be observed. When calcined 

(Figure 2(d)), the pores become more visible, confirming that the carbon obtained is porous. This porosity 

allows us to expect that the ZnO will lodge in the pores of the coffee used to make the composite. The 

Zr (OH)2 (Figure 2(b)) has agglomerated particle growth. When calcined, ZnO is obtained (Figure 2(e)), 

which continues to be agglomerated particles. When Zn 

 

(OH)2 is performed on the used ground coffee, the zinc hydroxide is placed on the surface and 

pores of the coffee (Figure 2(c)), and finally, the composite (Figure 2(f)) shows that ZnO covers the 

surface and pores of the carbon. Table 1 presents the results of the elemental analysis showing the 

elements in atomic percentage of the precursors and the composite. 

 

ZnO has a close 1:1 ratio. The carbon has a percentage of 74.82% at., followed by 16.44% at. of 

oxygen and traces of magnesium, calcium and potassium. The presence of traces of these elements is due 

to the fact that the carbon is obtained from used coffee grounds. When performing electrolysis to obtain 

Zr(OH)2 supported in coffee in a saline medium, the elements Mg, Cl, K, Ca are observed. The major 

element is again carbon with 87.93% at., and it is not possible to establish a stoichiometry for oxygen, 

zinc and hydrogen, as hydrogen cannot be quantified. Finally, when calcination is performed to obtain 

the composite, a decrease in carbon content is observed, with a stoichiometry close to 1:1 for ZnO. The 

elimination of traces of Mg, Cl, K and Ca is due to several washings of the uncalcined material (Table 

1). It should be noted that the electrosynthesis of Zr(OH)2 is a simple technique for synthesising ZnO and 

only requires heat treatment at temperatures of 400 °C or higher to obtain it. This made it possible to 

obtain the composite without removing the carbon from the material. (D.S. Dmitriev, 2025), (Dalia Isabel 

Garcia Salinas, 2025) 

 

Mapping allows us to observe how zinc oxide is distributed on the surface of the carbon (Figure 

3). Only zinc (purple) and carbon (yellow) are identified, as they are the main elements of the composite. 

Zn is associated with ZnO and carbon with carbon. This mapping has been previously reported. (Víctor 

Hugo Castrejón Sánchez, 2021). 

 

 

 

 

https://www.sciencedirect.com/science/article/abs/pii/S1572665724007914
https://ctc.inin.com.mx/Papers/T07/CTC_XXXIII_15-05-2025(102650)-Revision.pdf.
https://ctc.inin.com.mx/Papers/T07/CTC_XXXIII_15-05-2025(102650)-Revision.pdf.
https://www.ecorfan.org/bolivia/researchjournals/Energia_Quimica_y_Fisica/vol8num24/Journal_of_Chemical_and_Physical_Energy_V8_N24_2.pdf
https://www.ecorfan.org/bolivia/researchjournals/Energia_Quimica_y_Fisica/vol8num24/Journal_of_Chemical_and_Physical_Energy_V8_N24_2.pdf
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Box 2 

 

 
 

Figure 2 

SEM micrographs of precursor materials and composite (a) Used Ground Coffee (UGC), 

(b) Zn(OH)2, (c) Composite without heat treatment (SCG/Zn(OH)2) (d) Used Ground 

Coffee Carbon (C), (e) ZnO and (f) Composite with heat treatment (C/ZnO) 
Source: Own Elaboration 

 

 

Box 3 
 

Table 1 

Results of elemental analysis by Energy Dispersive Spectroscopy 
 

Elements 
% At.  

ZnO Coal Untreated composite (SCG/Zn(OH)2) Heat-treated composite (C/ZnO) 

C  --- 74.82 88.00  28.00 

O  54.61 16.44 4.90  33.30  

Zn 45.39 --- 4.53 38.70  

Mg  --- 0.33 1.18  --- 

Cl  --- --- 0.70 --- 

K  --- 1.02 0.19  --- 

Ca --- 0.26 0.50  --- 

Sum 100 100 100 100 

     

Source: Own Elaboration 
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Box 4 
 

 
 

Figure 3 

Mapping by SEM C (yellow) and Zn (purple).  
Source:(Víctor Hugo Castrejón Sánchez, 2021) 

 

Fourier Transform Infrared Spectroscopy in Total Attenuated Reflectance Mode (IRFT-ATR) 

 

FT-ATR spectroscopy was performed to analyse the functional groups of the precursor materials (used 

coffee grounds, carbon, ZnO, uncalcined C/Zn(OH)  composite) and the composite (carbon/ZnO). Figure 

4 shows the IR spectra of the individual precursors corresponding to the compound: used coffee grounds 

(SCG), carbon (C), zinc oxide (ZnO), uncalcined composite precursor (SCG/Zn(OH)2) and calcined 

composite (C/ZnO) (Figure 4). 

 

Figure 4 (a) corresponds to SCG and shows signals for the functional groups C-H at 2929, 2869, 

874 and 815 cm-1; C=O at 1747 cm-1; C=C at 1658 and 1448 cm-1 and C-O at 1039 cm-1; all of these 

signals are attributed to SCG (Orozco-Castro, 2019), (L. F. Ballesteros, 2014).  

 

For C (Fig. 4(b)), a band attributable to aromatic groups such as C=O at 1560 cm-1, C-N at 1188 

cm-1, C-O at 1039 cm-1, and C-H at 874 and 815 cm-1 can be observed. The ZnO precursor is shown in 

Figure 4(c). The spectrum shows a C=O band at 1560 cm-1 due to CO2 and is similar to that obtained by 

WU et al., 2010 for zinc oxide (Dapeng Wu, 2010). 

 

In Figure 4 (d), the spectrum of the compound before calcination (precursor) can be seen, showing 

a bond vibration at 3413 cm-1. This signal is associated with the presence of Zn(OH)2 (Dapeng Wu, 

2010), which is a precursor of ZnO. Other functional groups can also be observed for C-H at 2929, 2869, 

874, and 815 cm-1; C=O at 1747 cm-1; C=C at 1658 and 1448 cm-1; and C-O at 1039 cm-1 (Orozco-Castro, 

2019). All of these bands are attributable to SCG. 

 

After calcination, ZnO supported on C is obtained (Fig. 4(e)). The spectrum shows a small signal 

corresponding to the O-H bond and two small signals attributable to aliphatic and aromatic groups of the 

C-H bond, which were also observed in the precursor. Because IR spectroscopy was performed in ATR 

mode, it is impossible to observe the signal located at 440 cm-1 corresponding to ZnO (Oo, Win 

Mawhlaing, 2007). Some authors use the signal located at 530 cm-1 to identify it (Ruiz Peralta, 2007) 

(C.M. Martínez-Hernández, 2024), (Dapeng Wu, 2010). 

 

The IR spectrum of the calcined composite is very similar to that obtained using zinc nitride and 

hexamine to produce ZnO supported on SCG synthesised by Ruiz-Peralta (Ruiz Peralta, 2007). C/ZnO 

was synthesised by Tawfik A. Saleh et al., and the IR spectrum of the compound was studied (Saleh, T. 

A.,2015). 

https://www.ecorfan.org/bolivia/researchjournals/Energia_Quimica_y_Fisica/vol8num24/Journal_of_Chemical_and_Physical_Energy_V8_N24_2.pdf
https://repositorio.unal.edu.co/items/efcff617-7c37-44b3-8641-279ace5b883d
https://link.springer.com/article/10.1007/s11947-014-1349-z
https://pubmed.ncbi.nlm.nih.gov/21124626/
https://pubmed.ncbi.nlm.nih.gov/21124626/
https://pubmed.ncbi.nlm.nih.gov/21124626/
https://repositorio.unal.edu.co/items/efcff617-7c37-44b3-8641-279ace5b883d
https://repositorio.unal.edu.co/items/efcff617-7c37-44b3-8641-279ace5b883d
https://wpcdn.web.wsu.edu/wp-labs/uploads/sites/841/2015/05/Win-Thesis.pdf.
https://wpcdn.web.wsu.edu/wp-labs/uploads/sites/841/2015/05/Win-Thesis.pdf.
https://repositorioinstitucional.buap.mx/items/faecc8b0-2935-4087-9695-e7bd6b8d68d8.
https://repository.uaeh.edu.mx/revistas/index.php/icbi/article/view/13714
https://pubmed.ncbi.nlm.nih.gov/21124626/
https://repositorioinstitucional.buap.mx/items/faecc8b0-2935-4087-9695-e7bd6b8d68d8.
https://www.sciencedirect.com/science/article/abs/pii/S1876107015001339
https://www.sciencedirect.com/science/article/abs/pii/S1876107015001339
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RAMAN spectroscopy 

 

Figure 5 shows the Raman spectrum corresponding to the compound, with Raman signals corresponding 

to ZnO and C. 

 

The signals for ZnO are found at 99 (E2l), 203 (E2l), 332 (3E2h-E2l), 388 (A1(TO)), 410 (E1(TO)), 

437 (E2h), ~550 (A1(LO)), and 588 cm-1 (E1(TO)), corresponding to the wurtzite-type hexagonal 

structure. This phase has been reported in applications such as photocatalysis and solar cells, (Periyat P., 

2015) (Decremps F., 2002), (Venkatesha T., 2012), (Mauro A.D., 2017), (B. H. Bairamov, 1983). 

 

The Raman spectrum of all carbon-based materials, including CA, shows diverse behaviour in 

the range of 800-2000 cm-1, in which the G and D bands (or peaks) are found around 1500-1630 cm-1 

and 1350 cm-1 respectively, for excitation with visible light. If UV irradiation is used, a T band will 

appear near 1060 cm-1, (Ferrari A., 2004), (Ferrari, A. C., 2002), (Ferrari A., 2000). 

 

In the case of our composite after heat treatment, it is possible to observe the D band at ~1380 

cm-1 and the G band at ~1590 cm-1; these signals confirm the presence of a carbonaceous material in the 

C/ZnO composite. 

 

Box 5 
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Figure 4 

IRFT spectrum: (a) SCG, (b) C, (c) ZnO, (d) SCG/Zn(OH)2 and (d) 

composite C/ZnO 
Source: Own Elaboration. 
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Figure 5 

Raman spectrum of the composite (C/ZnO) 
Source: Own Elaboration 

 

X-ray diffraction (XRD)  

 

The X-ray diffraction (XRD) technique helped to identify the crystalline phase present in zinc oxide 

individually and in the composite. Ground coffee residue, charcoal and the composite without heat 

treatment are amorphous materials, so it was not possible to identify any crystalline phase in their 

diffractograms. 

 

Box 7 

20 30 40 50 60 70 80

0

11

22

33

0

15

30

45

0

15

30

45
0

78

156

234

0.0

8.8

17.6

26.4

 2 Theta (°)

 

 C/ZnO

31.46

<1,0,0>

34

<0,0,2>

36

<1,0,1>

47

<1,0,2>

56.24

<1,1,0>

62.63

<1,0,3>
67.61

<1,1,2>

68.9

<2,0,1>

76.76

<2,0,2>

(d)

(e)

 

 SCG/Zn(OH)
2

(c)

 I
n
te

n
s
id

a
d
 (

C
P

S
)

 

 C

 

 ZnO
31.46

<1,0,0>

34

<0,0,2>

36

<1,0,1>

47

<1,0,2>

56.24

<1,1,0>

62.63

<1,0,3>

67.61

<1,1,2>

68.9

<2,0,1>

76.76

<2,0,2>

(b)

 

 

 SCG

(a)

 
Figure 6 

X-ray diffraction of precursors and composites for (a) SCG, (b) ZnO, (c) 

C, (d) SCG/Zn(OH)  and (d) C/ZnO composite 

Source: Own Elaboration. 
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The peaks identified by Rawal et al, 2018 cannot be defined, except for one present at 23.03 on 

the 2ɗ scale, which corresponds to the (0,0,2) plane of graphite carbon, a dominant and common 

characteristic of amorphous carbons. (Figure 6 (c)) 

 

To identify ZnO, JCPDS card 36-1451 was used. It can be seen that the peak with the highest 

intensity coincides with that shown in the obtained diffractogram. (Figure 6 (b)) (F. N. Jiménez-García, 

2014). 

 

For the uncalcined composite, Zn(OH)2 (JCPDS card 38-0385) was expected to be observed; 

however, it was not possible to identify it because the amount of coffee present in the uncalcined 

composite is greater than that of zinc hydroxide. The presence of hydroxide can be confirmed by the 

elemental analysis carried out in this work (Figure 6 (d)). 

 

In the calcined composite, the presence of zinc oxide reported in JCPDS card 36-1451 can be 

found, mostly coinciding with those reported. A lower intensity was observed with respect to the zinc 

oxide diffractogram, due to the presence of carbon in the composite (Figure 6 (e)) (F. N. Jiménez-García, 

2014). 

 

Isoelectric Point (PIE) 

 

The isoelectric point is a characteristic that must be evaluated for metal or dye sorption, as the surface 

can form neutral, negative or positive species that will allow contaminants to be fixed; mass titration is 

a simple technique used for metal oxides (Tajana Preoanin, 1998).  
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Figure 7 

Precursor and composite FOOT: (a) C/ZnO composite, (b) SCG/Zn(OH) , 

(c) ZnO, and (d) C. 
Source: own elaboration. 

 

Figure 7 shows the results of the mass titrations. Coal has an isoelectric point of 5.25 (Figure 

7(d)), zinc oxide has an isoelectric point of 9.1 (Figure 7(c)), the uncalcined composite (Zn (OH)2/coffee 

grounds) has a pH(I) of 6.8 (Figure 7(b)), and for the calcined composite it was 7.3 (Figure 7(a)). ZnO is 

a ceramic oxide that, when found in a polar medium such as water, undergoes surface oxidation and 

reduction reactions in the presence of the products of water hydrolysis, H3O
+ and OH-(Borrell Tómas, 

2018)  

https://link.springer.com/article/10.1007/s12034-014-0073-7
https://link.springer.com/article/10.1007/s12034-014-0073-7
https://link.springer.com/article/10.1007/s12034-014-0073-7
https://link.springer.com/article/10.1007/s12034-014-0073-7
https://hrcak.srce.hr/file/195531.
https://riunet.upv.es/server/api/core/bitstreams/222bfd44-cc9a-40de-a3d6-a1b0c14e2d26/content
https://riunet.upv.es/server/api/core/bitstreams/222bfd44-cc9a-40de-a3d6-a1b0c14e2d26/content
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The reported isoelectric point of ZnO is in two ranges, one from 8.5 to 9.01 and the second from 

8.7 to 10.3. The pH(I) obtained in this study is in the second range. The zero-charge pH is interpreted as 

meaning that the surface charge on the material is neutral, where the particles have a net zero charge on 

their surface at that specific pH value, which reduces the isoelectric forces of the material. Therefore, it 

can be deduced that the surface charge is more negative if the pH is higher than the Zeta potential (pHpzc) 

and more positive if the pH is lower than pHpzc; The Zeta potential quantifies the repulsion due to the 

presence of charges on the surface of the particles, so a higher absolute value of Zeta potential implies, 

in principle, greater stability of the suspension formed by these particles. 

 

When forming the composite, the isoelectric point is 7.3, which indicates that the surface changed 

and allows sorption to occur at neutral pH. (G. Yashni, 2020), (Lab, Academia, 2025). 

 

Conclusion 

 

The synthesis and characterisation of a composite material made it possible to evaluate that the compound 

produced contains integrated carbon and zinc oxide. The morphology of the materials shows porosity in 

the materials containing carbon and particle aggregates in the case of ZnO. Elemental analysis confirmed 

the presence of carbon, oxygen and zinc in the compound. The functional groups observed by FTIR-

ATR and Raman spectroscopy can be associated with the elemental analysis of the compound. The 

isoelectric point on the surface of the compound is 7.3, indicating that a neutral pH will be used for 

sorption. This was verified by scanning electron microscopy, as it shows that both components are 

together, and by comparing the isoelectric points of each material, a change in the surface can be 

observed. 
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ATG Thermogravimetric Analysis 

C Carbon 

CMU Used ground coffee 

C/ZnO Heat-treated composite 

DRX X-ray diffraction 

EED Dispersive Energy Spectroscopy 

IRFT-ATR Fourier Transform Infrared Spectroscopy with Total Attenuated Reflectance Mode 

MEB Scanning Electron Microscopy. 

pHpzc Zeta Potential 

PIE Isoelectric Point 

SCG Spent Coffee Grounds 
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Abstract    

                                                                   

Teleworking has become a key working model since the COVID-19 pandemic, generating significant 

transformations in organizations. The objective of this study is to analyze the organizational impacts of 

the forced implementation of teleworking from a systemic perspective. A qualitative, non-experimental, 

cross-sectional study was conducted based on semi-structured interviews with ten organizational actors 

who performed activities under the teleworking modality. The information was analyzed using ATLAS.ti 

9 software, which allowed for the identification of emerging categories related to organizational 

structure, communication and coordination mechanisms, adaptive capacity, and the value chain. The 

results show that teleworking acted as a systemic disruption that generated initial destabilization 

processes, followed by dynamics of adaptation, sociotechnical reorganization, and organizational 

learning. It is concluded that teleworking should be understood as a systemic transformation that has a 

comprehensive impact on organizational subsystems, beyond an operational or technological change. 

 
Changes in Organizations Resulting from the Implementation of Telework: A Systemic Approach 
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and the organizational value chain. 
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Resumen                                                                        

 

El teletrabajo se consolidó como una modalidad laboral clave a partir de la pandemia por COVID-19, 

generando transformaciones significativas en las organizaciones. El objetivo del presente estudio es 

analizar los impactos organizacionales derivados de la implementación forzada del teletrabajo desde una 

perspectiva sistémica. Se desarrolló una investigación cualitativa, no experimental y de corte transversal, 

basada en entrevistas semiestructuradas aplicadas a diez actores organizacionales que desempeñaban 

actividades bajo la modalidad de teletrabajo. El análisis de la información se realizó mediante el software 

ATLAS.ti 9, lo que permitió identificar categorías emergentes relacionadas con la estructura 

organizacional, los mecanismos de comunicación y coordinación, la capacidad adaptativa y la cadena de 

valor. Los resultados evidencian que el teletrabajo actuó como una perturbación sistémica que generó 

procesos de desestabilización inicial, seguidos de dinámicas de adaptación, reorganización sociotécnica 

y aprendizaje organizacional. Se concluye que el teletrabajo debe comprenderse como una 

transformación sistémica que impacta de manera integral los subsistemas organizacionales, más allá de 

un cambio operativo o tecnológico. 
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simultáneamente las estructuras, los procesos, 
los mecanismos de coordinación y la cadena de 

valor organizativa. 
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Introduction  

 

From a systemic perspective, organisations can be understood as open and complex systems that 

constantly interact with their environment, adapting to technological, social and economic changes that 

affect their functioning. In this context, teleworking emerges as a systemic organisational transformation 

that reconfigures internal processes, structures and relationships. Although this phenomenon took on 

unprecedented relevance during the COVID-19 pandemic, when its implementation became a necessary 

condition for operational continuity (Hodder, 2020; Katsabian, 2020; Kodama, 2020), it had previously 

been addressed in the literature as an organisational strategy for dynamic and changing environments 

(Gentilin, 2020). 

 

The accelerated adoption of teleworking since the health emergency began has driven its 

expansion, particularly in transnational companies and knowledge-intensive organisations, forcing a 

rethinking of traditional work organisation schemes (Hodder, 2020; Belzunegui-Eraso & Erro-Garcés, 

2020; Katsabian, 2020; Kodama, 2020). From a systemic perspective, this modality represents not only 

an operational change, but also a structural disruption that affects organisational subsystems, demanding 

adjustments in the environment-worker relationship, coordination mechanisms and information flows 

(Ayyagari, Grover & Purvis, 2011). In this process, information and communication technologies (ICT) 

have become a central element in the integration and functioning of the organisational system, as they 

are used more intensively and dynamically to support remote working (Shirish, 2021). 

 

The constant advancement of ICT, as a catalyst for accelerated changes in organisational systems, 

has favoured greater flexibility in the place and form of work, an aspect that has been associated with 

improvements in the well-being and work adjustment of individuals (Hodder, 2020). However, from a 

systemic perspective, these effects cannot be analysed in isolation, as organisational performance 

depends on the interaction between the individual, group and organisational levels. In this regard, Bailey 

and Kurland (2002) warn of the need to consider the impacts of teleworking beyond the individual, 

emphasising the importance of analysing its effects on work groups and the organisation as a whole, as 

well as strengthening its articulation with existing organisational theories. 

 

Following this logic, this chapter aims to bridge the gap between empirical evidence and systems 

theories applied to organisational analysis, in order to understand teleworking as a process of systemic 

transformation. The main objective is to analyse the organisational impacts of the forced implementation 

of teleworking from a systemic perspective, based on empirical evidence obtained through a qualitative 

study. To this end, the chapter is structured as follows: first, the theoretical framework underlying the 

systemic approach to analysis is presented; then, the research method used is described; next, the results 

of the qualitative analysis are presented; and finally, the conclusions and reflections derived from the 

study are developed. 

 

Theoretical framework 

 

Telework 

 

Telework is not a recent phenomenon, but rather an organisational response to contexts of crisis and 

structural transformations in the environment. One of the most relevant precedents dates back to the 1973 

oil crisis, a period in which alternatives began to be explored to reduce operating costs and optimise the 

use of resources, particularly in terms of mobility and energy consumption. In this context, Nilles' 

contributions were fundamental to the conceptualisation and consolidation of teleworking, which is why 

he is recognised as one of its main precursors (Gentilin, 2020). 

 

Over time, teleworking has been the subject of multiple theoretical and empirical reviews (Bailey 

& Kurland, 2002; Blount, 2015; Messenger & Gschwind, 2016; Gentilin, 2020; Santana & Cobo, 2020), 

approached from different perspectives. Among the most recurrent are those focused on the social sphere, 

particularly the work-family relationship (Gálvez et al., 2020; Kossek et al., 2015), as well as its analysis 

as a form of social innovation aimed at labour inclusion (Ernesto & Bernardino, 2019). In the Latin 

American context, studies have been developed focusing on the labour and legal frameworks that regulate 

this modality, both in Mexico (Jiménez & Pérez, 2018) and in other countries such as Spain, Argentina 

and Colombia (Sierra, 2019; Gentilin, 2020; Ayala Bolaños et al. 2026; Pego Foresti, 2026). 
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https://onlinelibrary.wiley.com/doi/10.1111/ntwe.12173
https://www.researchgate.net/publication/341080024_Teleworking_in_the_Context_of_the_Covid-19_Crisis
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In Mexico, teleworking is formally regulated in Article 330-A of the Federal Labour Law, where 

it is defined as óa form of subordinate work organisation consisting of the performance of remunerated 

activities in places other than the employer's establishments... using primarily information and 

communication technologies for contact and command between the worker and the employerô (Article 

330-A). In accordance with this definition, labour legislation itself establishes the concept of information 

and communication technologies (ICT) as óthe set of services, infrastructure, networks, software, 

computer applications and devices whose purpose is to facilitate tasks and functions in the workplace, as 

well as those needed for the management and transformation of information, in particular the 

technological components that enable the creation, modification, storage, protection and retrieval of that 

informationô (Federal Labour Law [LFT], 2022, pp. 82ï83). 

 

The health crisis caused by COVID-19 represented a turning point in the adoption of teleworking. 

Faced with the need to ensure employee safety and maintain economic continuity, organisations were 

forced to migrate to this mode of working at an accelerated pace (Antonio-Javier, et al. 2025). In this 

context, the prevention of infectious diseases emerged as a determining factor in the adoption of 

teleworking, a variable that had been scarcely considered in the literature prior to the pandemic 

(Belzunegui-Eraso & Erro-Garcés, 2020). 

 

This process of forced implementation showed that teleworking not only involves an operational 

change, but also a more far-reaching organisational transformation, with implications for the 

management, structure and internal processes of organisations. Teleworking has been analysed from 

multiple disciplines and levels of analysis. From an economic perspective, it has been studied as a factor 

in economic and territorial development (Gallardo & Whitacre, 2018). 

 

In the field of organisational research, various authors have addressed the issues associated with 

its implementation, such as performance management, coordination and control (Daniels et al., 2001; 

Infante et al., 2018; Silva-C et al., 2019). Studies have also been conducted from the perspective of 

organisational psychology (Cifuentes-Leiton, 2020) and occupational health (Montreuil & Lippel, 2003; 

Valero-Pacheco & Riaño-Casallas, 2020), which have highlighted both the benefits and risks associated 

with this type of work. In the productive sphere, the literature agrees that the context in which teleworking 

has been implemented makes it difficult to objectively measure productivity, due to the diversity of 

organisational and contextual variables involved (Coenen & Kok, 2014; Groen et al., 2018; Kazekami, 

2020; Nakroġienǟ et al., 2019). 

 

A significant part of the research has focused on analysing the advantages and disadvantages of 

teleworking from an individual perspective (Gadecki et al., 2018). In this regard, communication (Fay, 

2017; Muñoz Zapata et al., 2017; Silva-C et al., 2019) and leadership (Wojcak et al., 2016; Kappelman 

et al., 2019) have been identified as key organisational factors that influence the success of its 

implementation. Likewise, it has been pointed out that teleworking requires a high degree of self-

management and self-direction on the part of workers (Müller & Niessen, 2019), as well as management 

styles in line with this modality (Kwon et al., 2019). According to Baruch and Nicholson (1997), the 

implementation of telework is influenced by four main factors: (1) the individual, including their abilities, 

personality and motivations; (2) the organisation, in terms of strategy, culture and internal policies 

(Blount, 2015); (3) the home and family, considering economic and family conditions (Baruch, 2000); 

and (4) the work, depending on the nature of the tasks and the technology available. 

 

Teleworking as organisational transformation from a systemic perspective 

 

From an organisational perspective, teleworking has been interpreted differently by the various actors 

involved. For governments, it represents an opportunity to improve employability indicators and promote 

labour inclusion; for employers, a mechanism for flexibility and cost reduction; and for workers, an 

alternative associated with the search for autonomy and freedom (Cifuentes-Leiton, 2020). However, 

when this modality is adopted as a social distancing measure, organisations experience significant 

changes, starting with job profiles, process flows, communication methods and, in general, the 

organisational and management structure (Belzunegui-Eraso & Erro-Garcés, 2020; Kawashima et al., 

2020; Bojovic et al., 2020), constituting a systematic change in their operations. 
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From the perspective of General Systems Theory, an organisation is conceived as a system 

immersed in a dynamic environment, made up of multiple actors whose internal and external interactions 

condition its performance. In this sense, a change in any of its elements impacts the functioning of the 

system as a whole. Under this approach, teleworking can be understood as a systemic transformation that 

reconfigures organisational subsystems. 

 

Box 1 

 

Table 1 

Systemic postulates for the analysis of teleworking 
 

Theory Autor  Principle 

General Systems 

Theory  

Ludwig von 

Bertalanffy 

Organisations are organised wholes, where the 

relationships between the elements are decisive for their 

functioning and performance. 

The systemic 

approach. 

Cybernetic 

perspective 

Norbert Wiener Organisational changes must be analysed taking into 

account interdependencies, feedback loops and non-

linear dynamics. Social and organisational systems are 

regulated through communication, control and feedback 

mechanisms. 

Law   of   Requisite 

Variety 

W. Ross Ashby A system can only manage the complexity of its 

environment if it develops internal mechanisms with an 

equivalent level of variety. 

Sociotechnical 

Theory 

Eric Trist Organisations are made up of a technical system and a 

social system that must be optimised together. 

Systems dynamics Jay W. Forrester Structural changes generate patterns of organisational 

behaviour over time. 

Soft Systems 

Methodology 

Peter Checkland Complex organisational phenomena must be analysed 

considering the perceptions and meanings of the actors 

involved. 

   

Source: Prepared internally based on Bertalanffy (1968); Checkland (1981), Forrester (1961); Trist 

(1981); Wiener (1961) and Ashby (1956) 

 

Various systemic approaches allow us to delve deeper into this analysis: the cybernetic 

perspective highlights the importance of communication, control and feedback; the Law of Required 

Variety emphasises the need to develop internal capabilities in line with the complexity of the 

environment; socio-technical theory emphasises the joint optimisation of social and technical systems; 

system dynamics explains how structural changes generate patterns of behaviour over time; and Soft 

Systems Methodology proposes analysing organisational phenomena by considering the perceptions and 

meanings of the actors involved. From this last perspective, teleworking, particularly when implemented 

in a forced manner, constitutes an emerging systemic change that is interpreted in different ways by the 

members of the organisation, generating tensions, adjustments and organisational learning processes. 

This approach is particularly relevant for qualitative studies, as it allows us to understand how actors 

construct meaning in the face of changes in structures, processes and work dynamics. 

 

Methodology 

 

This study was developed using a qualitative approach, with a non-experimental, cross-sectional design, 

which is relevant for the analysis of complex organisational phenomena in specific contexts. Qualitative 

research is characterised by being an inductive, interpretative, iterative and recurrent process that allows 

for an understanding of the meanings, perceptions and experiences of the actors involved in the 

phenomenon under study, based on the use of various techniques and sources of information, such as 

field notes, logs, observation and audiovisual media (Creswell & Creswell, 2018; Hernández-Sampieri 

& Mendoza, 2018). This approach is mainly used in exploratory and descriptive studies, such as the one 

presented in this chapter. 
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Participants and sampling 

 

A convenience sample of ten people who worked remotely was used for data collection. This type of 

sampling is appropriate when access to the target population is limited or complex (Creswell & Creswell, 

2018; Hernández-Sampieri & Mendoza, 2018), due to geographical dispersion and organisational 

restrictions on identification and contact. The sample included both operational teleworkers and people 

with management functions, which allowed for the incorporation of different organisational perspectives. 

 

Data collection and análisis 

 

Semi-structured interviews were used as the main technique. The interviews were conducted during 

September and October 2021, transcribed using the Transcribe tool, and analysed with ATLAS.ti version 

9, through a process of coding and categorisation. The use of ATLAS.ti facilitated the systematic 

organisation of the data and the traceability of the analytical process. 

 

Confidentiality 

 

To ensure confidentiality, textual quotations were identified with codes: E (interviewee), T (teleworker) 

and G (manager): E1T, E2G, E3T, E4T, E5G, E6T, E7G, E8G, E9G and E10T. 

 

Results 

 

The analysis of the interviews shows that the forced implementation of teleworking during the COVID-

19 pandemic constituted a systemic disruption that simultaneously impacted organisational structures, 

work processes, coordination mechanisms and the value chain. The findings are organised into five 

interrelated dimensions: (a) structural adaptation to abrupt change; (b) reconfiguration of 

communication, coordination and control; (c) adaptive capacity; (d) socio-technical reorganisation and 

reduction of bureaucracy; and (e) changes in the organisational value chain. 

 

a) Teleworking as systemic disruption and structural adaptation 

 

Participants describe the start of teleworking as a complex process that involved reorganising structures, 

team dynamics and forms of interaction: 

 

"At first it was a bit difficult because of the change. You start making a lot of changes, rearranging 

everything, reorganising the whole structure, how we are going to hold meetings. Like working with your 

own team and with the rest of the teamsó (E10T). 

 

From a management perspective, the gradual incorporation of indicators and monitoring mechanisms can 

be observed: 

 

ôIndicators are already being generated. But that's okay. They are part of a normal evolution with 

the structural changes in the company" (E8G). ôBut there is a list of deliverables and commitments, 

extensions. So you have to have a clear idea of what activities you have to deliver"(E5G). 

 

In some cases, the formal structure remained stable, while the changes focused on the form of interaction: 

 

óThe organisational structure remains the same, the way of working has not changed, perhaps in 

the way of dealing with issues, now it is no longer personal, you are no longer in front of the person, but 

rather via telephone or Skypeô (E6T). 

 

b) Reconfiguration of communication, coordination and control mechanisms 

 

The results show a profound transformation of communication systems, which became the main 

mechanism of organisational regulation during teleworking. From a managerial perspective: 

 

óCommunication was an important factor in establishing and being able to work and maintain a 

work rhythm that we managed to maintain during this periodô (E8G). 
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At the operational level, communication intensified, especially at the beginning: 

 

óIt was being in constant communication with them by phone, coordinating together... practically 

being glued to the phone all the time, talking, talking, talkingô (E1T). 

 

The intensive use of ICT also generated frustration in the face of technological failures: 

 

óSuddenly, my Internet connection would fail a lot... I had to be prepared, as I have my phone, 

my computer, my data, I have everything connectedô (E1T). 

 

The overload of meetings appears to be a critical element: 

 

"I could have up to eight conferences in a single day. So that ends up being stressful tooó (E3T). 

 

Some participants emphasise the need to make communication more effective: 

 

ôIt's not worth having a meeting five times a week to repeat the same thing... one meeting a week 

is enough, but that meeting should be really worthwhile" (E2G). 

 

At the same time, a paradigm shift is emerging regarding the value of face-to-face work: 

 

óThe main challenge is that it's not face-to-face, and at first you have to change your paradigm 

that work only works when you're in front of peopleô (E7G). 

 

Finally, trust and commitment are highlighted as conditions for functioning: 

  

óThere was trust, communication... I think the commitment was thereô (E8G). 

 

c) Adaptive capacity 

 

The interviewees report individual and domestic adjustments to enable working conditions, such as the 

reorganisation of space at home: 

 

óI had to take over half of the dining room in the house to set up my officeô (E8G). 

 

A gradual stabilisation of teleworking practices can be observed: 

 

óIt was very difficult for me in the first few months... but as the months went by, we all started 

doing it virtuallyô (E4T). 

 

The digitisation of processes and the adoption of platforms are becoming established as mechanisms for 

adaptation: 

 

óEverything is digital... I had to compile all that information... and send it to them on a platformô 

(E4T). 

 

Collective learning made it possible to sustain complex activities: 

 

óWe've had expotransporte... we've done everything virtuallyô (E4T). 

 

And tensions are emerging over the return to face-to-face schemes: 

 

óRight now, I think it's going to be hard for all of us to go backô (E7G). 
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d) Sociotechnical reorganisation and reduction of bureaucracy 

 

Participants identify that coordination was supported by digital agendas and calendars: 

 

óIn the end, coordination was done through an agenda... the Outlook calendar had to be openô 

(E8G). 

 

There is also recognition of a lack of organisational preparation for a total migration: 

 

óThe company was not prepared for thatô (E9G). 

 

Limitations of teleworking in physical activities are pointed out: 

 

óThere are physical things that you cannot manage with teleworkingô (E9G). 

 

Despite this, a gradual adaptation is reported: 

 

óI got used to it in a year and a half... it has been quite bearableô (E10T). 

 

e) Systemic changes in the organisational value chain 

 

The testimonies highlight the interdependence of functions and results: 

 

óWe are all part of a value chain in the company... if one of us fails, the whole chain is affectedô 

(E2G). 

 

Permanent availability is associated with performance: 

  

óYour colleagues and the director look for you... you have to be on the lookout for the computerô 

(E4T). 

 

And remote work is linked to financial results: 

 

óThat someone is doing a job that translates into a financial resultô (E7G). 

 

Discussion 

 

The results of the study confirm that the forced implementation of teleworking during the COVID-19 

pandemic constituted a systemic transformation in organisations, rather than a simple operational or 

technological change. From the perspective of General Systems Theory, organisations are understood as 

open systems, whose parts are interrelated in such a way that any alteration in one of their subsystems 

generates effects on the whole. In this sense, empirical evidence shows that teleworking acted as an 

external disturbance that simultaneously impacted the structural, technological, and human subsystems, 

confirming the interdependent nature of the organisational system (Bertalanffy, 1968). 

 

The participants' testimonies reflect an initial phase of destabilisation, characterised by disorder, 

ambiguity and the need for reorganisation, followed by a progressive process of adjustment and 

stabilisation. This behaviour is consistent with the notion of complex adaptive systems, in which stability 

is not achieved through rigid control, but through the capacity for reorganisation and learning in the face 

of highly uncertain conditions. The adaptation described by the interviewees was neither homogeneous 

nor immediate, reinforcing the idea that organisational changes emerge from non-linear and contextual 

dynamics. 

 

From a cybernetic perspective Wiener (1961), the results show a profound transformation of 

communication, control, and feedback mechanisms. The replacement of face-to-face contact with ICT-

mediated interactions reconfigured organisational regulation systems, shifting the emphasis from 

hierarchical control to schemes based on constant communication, trust, and results-based monitoring.  
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However, as the participants' experiences reveal, this intensification of communication also 

generated undesirable effects, such as meeting overload, increased stress and the blurring of boundaries 

between work and personal life. These findings coincide with the approaches of organisational 

cybernetics, which warn that poorly calibrated feedback systems can generate imbalances rather than 

stability. 

 

In relation to the Law of Required Variety Ashby (1956), the results show that organisations were 

forced to expand their internal variety to respond to the complexity of the virtual environment. Adaptation 

not only involved the adoption of new technologies, but also the development of digital skills, the 

reorganisation of physical spaces in the home, and the redefinition of work routines. Empirical evidence 

suggests that, in cases where the organisation managed to increase its adaptive capacityðthrough process 

digitisation, training, and flexibilityðthe system achieved a new functional equilibrium. Conversely, 

technological or structural limitations revealed the inability of some subsystems to absorb the complexity 

of the environment. 

 

From a socio-technical theory perspective Trist (1981), the results confirm that teleworking 

simultaneously modified the technical system and the social system. The accelerated introduction of 

digital platforms transformed work processes, organisational roles and interaction dynamics, leading to 

a reduction in bureaucratic practices and greater efficiency in certain processes. However, the testimonies 

also reveal risks associated with this structural simplification, such as work overload, ambiguity of roles, 

and the exclusion of activities that require physical presence. These findings reinforce the socio-technical 

approach that technological optimisation, without a balanced redesign of the social system, can generate 

organisational tensions. 

 

For its part, Systems Dynamics Forrester (1961) allows us to interpret the changes observed in 

the value chain as the result of feedback structures that connect people, processes, and results. 

Participants recognise that organisational performance depends on the contribution of each actor, and 

that a failure at any point in the chain affects the final result. This empirical recognition of 

interdependence reinforces the idea that the effects of teleworking are neither immediate nor isolated, 

but emerge gradually as a result of complex systemic interactions. 

 

Finally, the results dialogue with the Soft Systems Methodology Checkland (1981), showing that 

teleworking was interpreted differently by organisational actors, depending on their role, experience and 

context. Perceptions of initial difficulty, progressive adaptation, and resistance to returning to the office 

show that teleworking cannot be understood as a homogeneous technical solution, but rather as a socially 

constructed process in which the meanings attributed to it directly influence the way the system 

reorganises itself. 

 

Overall, the discussion allows us to affirm that teleworking, particularly when implemented in a 

forced manner (Belzunegui-Eraso & Erro-Garcés (2020); Bojovic et al. (2020); Cifuentes-Leiton, 2020; 

Hodder, (2020); Katsabian, (2020); Kawashima et al. (2020) should be analysed as a process of systemic 

transformation, whose effects manifest themselves at multiple organisational levels and through 

emerging dynamics. The articulation between the empirical results and the theoretical framework 

confirms the relevance of the systemic approach to understanding new forms of work, as well as the need 

for organisations to design comprehensive strategies that simultaneously consider structural, 

technological and human aspects. 

 

Conclusions 

 

The objective of this chapter was to analyse the organisational impacts of the forced implementation of 

teleworking from a systemic perspective, based on empirical evidence obtained through semi-structured 

interviews. The results allow us to conclude that teleworking cannot be understood as a simple work 

modality or as an exclusively technological change, but rather as a process of systemic transformation 

that comprehensively reconfigures the functioning of organisations. 
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Firstly, it is concluded that the abrupt implementation of teleworking acted as an external 

disturbance that temporarily destabilised organisational systems, generating an initial phase of disorder, 

ambiguity and readjustment. However, as the process progressed, organisations developed adaptation 

mechanisms that allowed them to restore their functionality, confirming their nature as complex adaptive 

systems. 

 

Secondly, empirical evidence shows that communication, coordination and control mechanisms 

were profoundly transformed. The replacement of face-to-face control with schemes based on trust, 

delegation and the achievement of results modified the traditional dynamics of supervision, although it 

also generated tensions associated with work overload, stress and the blurring of the boundaries between 

personal and working life. 

 

It is also concluded that teleworking led to a socio-technical reconfiguration, in which the 

accelerated digitisation of processes and the intensive adoption of ICT simultaneously transformed the 

technical and social systems. This transformation favoured the reduction of bureaucratic practices and 

the streamlining of processes, but also revealed structural and organisational limitations, particularly in 

activities that require physical presence. 

 

Finally, the results confirm that the effects of teleworking are emerging and non-linear, impacting 

the organisational value chain and reinforcing the interdependence between the different actors. In short, 

the chapter provides evidence for understanding teleworking as a systemic phenomenon with structural, 

technological and human implications. 

 

Theoretical implications 

 

From a theoretical perspective, this chapter contributes to organisational literature by positioning 

teleworking as a systemic phenomenon, beyond traditional approaches focused on the individual or 

technology. The articulation between General Systems Theory, cybernetics, socio-technical theory, 

system dynamics and complex adaptive systems allows for an integrative reading of teleworking as a 

process of organisational transformation. 

 

Likewise, the study provides empirical evidence that supports the need to analyse teleworking by 

considering interdependencies, feedback loops and emerging dynamics, which strengthens the 

application of the systemic approach in the study of new forms of work. Finally, the chapter contributes 

to the theoretical discussion by showing that the forced implementation of teleworking generates 

organisational learning processes that cannot be explained by linear models of change, reinforcing the 

relevance of complex systems approaches. 

 

Practical implications 

 

From a practical point of view, the findings suggest that organisations should design comprehensive 

teleworking strategies that simultaneously consider technological, structural and human aspects. 

Empirical experience shows that the improvised or reactive adoption of teleworking increases the risk of 

organisational tensions and work overload. 

 

Likewise, there is a need to redesign communication and coordination mechanisms, avoiding 

meeting overload and promoting monitoring schemes based on clear objectives and measurable results. 

Trust emerges as a central element for the sustainability of teleworking, which implies a cultural change 

in leadership and supervision styles. 

 

From a management perspective, the results suggest that teleworking should be integrated as part 

of a long-term organisational strategy, considering hybrid models that recognise the limitations of remote 

work in face-to-face activities and the diversity of work and personal contexts. Finally, at the institutional 

and organisational policy level, the study highlights the importance of creating regulatory frameworks, 

internal guidelines and workplace wellbeing practices that accompany the systemic transformation of 

work, in order to strengthen organisational sustainability and performance in highly uncertain 

environments. 
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