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Preface

ChavezPichardo, MartinezCruz, DorantesBenavidez, and Arend®esendizapply the Life
Cycle Methodology to design a computer program that proetiesent solutions to ODE, with the aim
of solving practical problems that require the use of this type of equétistésRascon, Patift@rtiz,
Patifio-Ortiz, and NufieMartinez present an information system designed to optimize the quality of
service ofered by MVNOs in the context of negeneration mobile networkBaredesParamo, Treje
Martinez, Jiménedarquin and LépeRazopropose a systemic approach based on the Soft Systems
Methodology (SSM), complemented by data analytics and visualizationT@dlkeau), to construct and
validate institutional indicators that strengthen academic manageAwrgtaMendizabal, Dorantes
Benavidez, GuzmdBarrera, and EstradaAcostapresent a new neexperimental, crossectional
model simulated in a control desigusing RNA and in a MATLAB programming environment
interacting with a Raspberry Pi comput&ignseReyes, Mari#Villanueva, Ramoe¥ afnez, and Vazquez
Diaz present the results of a study measuring the level of adoption of information technologies and
compuer 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, Villafafia-Rivera, Hernande&imon, FloresAmador, ad PefiaHernandez provide a
methodological framework that is applicable and replicable in other study areas with similar
characteristics to generate indicators for commuahityen strategy developmenEonsecaPujals,
FleitesDiaz, MiraSegura, and Cuevadlascoagaaddress the ergonomic deficiencies present in
graduate <c¢cl assrooms t hadeing &ntl academicsgerfodnantaarsi® p hy
Gonzalez, Garci@arcia, PéreZnriquez, and Castrejé8anchezlescribe 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 charactedegdnip-Javier, MulhiaRomero, Nava&rogel,
and Montes de Oehdpezanalyze the organizational impacts resulting from the forced implementation
of telework from a systemic perspective.
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Abstract

Based on analytical methods and without the use of complex arithmetic for the solution of algebraic
equations from secontb fourth-degree and other practical methods such as the Rational Roogifheo

and the NewtotRaphson Method for the solution of fifttegree 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 tise of this kind of equations.

Life Cycle Methodology in the Design of a Computational Solution
for 5 Degree Algebraic Equations with Real Coefficients
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1. Introduction

According to AbelRuffini's theorem Tignol, 2016, algebraic equations of degree five and above lack
general formulas for their alyéical solution using radicals, unlike those of degree less than five. On the
other hand, for centuries, the practicality of classical analytical methods for solvingattirdourth
degree equations was discredited due to the mistaken belief thapbi@ation 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 equationsuch 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 dispensitigasmplex arithmetic and numerical
methods ChavezPichardo et al., 2033Thus, as there is no general analytical solution for EQs, this text
proposes a new computational method for solving all algebouations in the following way:

W o W W QO'Q monhaaQQA P ayd T [1]

This method is hybrid, as it is partly analytical and partly numerical, unlike traditional
computational methods, which tend to be entirely numerical arativter This makes the new method
more effective than eX|st|ng methods, as it is based on the fact th& i§tone of the five roots of
equation [1]; thatist® o® @ O Q0 'Q T then the Fundamental Theorem of Algebra
impliesthe following Stahl, 2013

D W W X Qo ® 6w 0o 0o Qo O [2]
Where®d, @, Q, QN a also,given that:
O OO WO M WO MW W WwoOoQYQ W w w QO Q [3]

Thus, if t can be determined, either by methods such as the Rational Root Theorem; Newton
Raphson's Method, or bause 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 derivatigs (

& Dubisch, 1949, this can be corroborated by analytically searching for the real rbisderivative,

since it will always be a fourtegree 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 analyticalolving the following quartic equation:

M O Od Qu Q m [4]

Taking advantage of the fact that equations [3] guarantee that prior knowledge t causes the
coefficientsaw , @, Q andQ in equation [4] are also known. To this ena present the development of
a computer programme designed based on all this previously tested knowledge and following the Life
Cycle Methodology, which, according to‘ds et al., 2028 and Gaxena et al., 2036 consists
fundamentally of the following five essential steps: 1. Requirements Analysis, 2. Design, 3.
Implementation, 4. Testing, and 5. Maintenance.

Therefore, the subsequesgctions 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 showesuhs 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 equationnligs i
everyday application to practical problems in different disciplines, such alsnean optimisation and
engineering problems that are usually solved using other mathematical tools that depend on the solution
of polynomial equations, such as diffeti@ahequations 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
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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

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 fesaf equation theory and other considerations that will
serve as the theoretical basis for the proposed programme will be presented.

2.1.1. TheoreticalPractical Solutions for Polynomial Equations in General

Although there are no general algebraic folas 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) Séat = and suppose that the polynoméeguationc
O W ® 0w E O & 1mwith®d N o foreverything® miplthE e and® 8 T, has
arootoN o ;then,6 njAwithn, NN d, such thaf) dividir ac yn divide a® .

Theorem 2. (NewtonRaphson method) SeanP s y i, @ N 6, Now suppose that@ © a is a
differentiable function irdo and thatO6 1 "Ow ;then, ifew is a value close t0, din such a way
that there are no critical points @betweenw ard 6, thenw @ Ow jO w eltis a better
approximation obthatw ; in fact,® @ Ow j'Ow isclosertathatw , for everythinge
"Qfrom some’ Q" = large enough. Thereforé) o mifor someon& N w large enough, which will
ensure that saieb be a very good approximation af

2.1.2. Analytical Solutions for Third Degree Equations.

Theorem 3.(General Analytical Solution for Third Degree Equations) Supposethat ¢ 0 @
Q mwith G @ @ QN 5 and® 1 Now define yourselveg h andn h ,

whereas the cubic discriminant is giversas 1] ¢ X ; eTherefore, the three roots of the cubic
eqguation in question are given as follows:

0] Siz T thenw - — - —_ -

(i) Sia mthen ¢ -AT QAOAAIT-O - —.

(i)  wp for everythings N 4.

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) Supposeiifiat ¢ 0 @
Q mwith ) QQN 8 and® T such thath'Q wdy - T then, The three roots of the cubic

eguation in question are given as: - -Y W -"Q

2.1.3. Analytical Solutions for Fourth Degree Equations

In order to propose analytical solutions to the General Quartic Equation, givab bycxo
Qw Q mwithdd wwQ QN a andw T, It is important to fist consider the coefficients of the
reduced quartic equation, which are defined as:



nh ,ih ————andi h (5]

Likewise, the quarticidcriminant must also be considered:

3 (6]

Equations [5] are relevant in that all analytical solutions for quartic equations are expressed in
terms of them, while the value of @tdrmines 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) Yedty G & Q6 Q mwithQ @ Q'Q Qv 5
andw T, such thatguations [5] imply) mand it is also defined h  p; eTherefore, the four roots
of the equation in question are given as follows:

0] Yesn Ti,thenw _— -

(i) Yesmt n T1i,thenw —.

Notel 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 Ti, This formula requires complex
arithmetic; therefore, in such cases, therfula 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) Ye&m @ @ Qo Q Tmwith &) ) 6’ Q QN
a and® T, such that the equations [5] imply T1and is also considered to pbeefined as in Theorem

5; then, the four roots of the equation in question are given by the formubdl———  —,

where, h = while to determine &, are defined a§° h ——vyaf'h —— sos
¢ X 1N ;therefore:

0] Siz T theni — — — — — T

(i) Siz mtheni ¢ —AT GAOAAT O — n

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 equatiohad®  ¢ni
n TtTii N1 T one of its main characteristics being that it has at least one strictly positive real
root whenever) 1, That is, when the quartic equation in question islpicabic.

Thus, Theorems 5 and 6 guarantee thgtcuartic equation with real coefficients can be solved
without complex arithmeticGhavezPichardo et al., 2032in the same way that Theorem 3 does for
ECs with real coefficients, unlike the analglienethods presented ibg¢pensky, 2006 On the other
hand, there are also some particular cases of ECNBs for which there are even more efficient analytical
solutions, vhich are addressed in the following theorem:

Theorem 7. (Analytical Solutions of ECNBs with Multiple Roots§aid x>  d Qo
Q mwith@ww QN aandd m such that equatimpsithen] 5] and |


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

4 roots given asd ® - — o — — whenj Myw o

- — — —,whennp 1

() The quartic equation in question has only two multiple roots if, and onBpif] 2r; its four roots

being given by the general formua - , i q i = —, wherei _—

mtandi — 11, with, defined as in Theorem 5.

It should be noted that the cases addressed in Theorem 7 are not the only cases of quartic equation:
with multiple roots, as there are other cases of this type,asuttiose 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 oly 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 egation [1]; for which the following 11 steps will be carried out:

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

- Si"Q T, theni Ttis one of the five roots of the equation [1].
- Sidh @ ® Q Q "Q mtheni pis one of the five roots of the equation [1].
- Yes®d @ Q & Q "Qtheni p is one of the five roots of the equation [1].

- Yes v @ €O, ¢ QO ¢o andp ¢DQ @, then equation [1] can be reweit as
0w — —— "Q 1 Therefore, only 1 of its 5 roots is real, which is given iby:

; while its other 4 roots are complex nazal.

If equation [1] does not correspond to any of thes®trcases, 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 findsarootQ, t hen r =t wi | | be t §lkhasnoratomal t h e
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 with we will need to analytically solve the following quartic equation:

VO  TWW o CQW Q T [7]

This is clearly the derivative of equation [1], so only the real critical points of this equation will
be sought; so equat [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§d6] to the coefficients of equation [7] to
obtain the coefficients p, g, and r, and the discrimisantorresponding to this equation; additionally,
here we will consider the polynomial function defined@s> h ¢ @b @ QW Qo Q

and to the midpoint of this function defined@sh —. Ergo, In this step, only thellowing 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 norreal; this occurs wheip  1tandry ti 1 1 (case with 2 pairs of multiple, complex
nonreal rooty or whenz>  mtwith} 1o withr)  ti (case with two pairs of complex roots that
are not real and are also nowltiple). Therefore, in this case, the polynomial function F is strictly
increasing or decreasing (that®, w 1! N A); so, wthout any risk, it will be taken herm
@ and you will immediately proceed to Step 4.

Case 2The 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, amglirequation [7] has four multiple roots, all equal
to each other, or has two real multiple roots and twereahcomplex roots; the first possibility is the
particular case of the fourth trivial case in Step 1, whien @oUQ @ ; Therefore, onf 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 occuysiff 1 1 aYesthe only
real critical point of Owill be given byw  ; then, if Ow T, then equation [1]
corresponds to a case with multiple roots, so if this occurs, it will be takerw and proceed
to Step 5; otherwise, defile h & B @ when®@@ mTow h @ LB @ when
W@ 1 Please notethat ®,sincew @ andLs T

- Non+bicubic subcase with only two real multiple roots. This occurg if T 3 withn T
andi morwithry T1andr  Ti, so the only real sticking poidi from "Owill be given by
the only two real results yielded by (ii) of Theorem 7, which are obtained when
i ¢n | because both results are identical to each c8wrif ' Ow T, theni Wy
proceed to Step 5, for the same reasons as in the bicubic subcase; otherwisgy tiefine
W WS @ whenw @ mowh @ S ©®S Ttwhend @ 1. Pleas note
thatw  w, because (ii) of Theorem 7 guaranteesdhat w.

Therefore, in this case, you will always havéQ@ow O w 1T, Finally, proceed to Step 4
with the assurance that there are no critical points letwiee only real root of equation [1] add,
because of the conditian "@ timplies that F is increasing at the same timé&as is above the
x-axis or that F is decreasing at the same tini®as is below the xaxis, so in gach cases it is most
convenient to take x_0 to the left@f, since the only real root of equation [1] is to the left of the critical
point; whereas the most convenient for whgi@ rtwill take w to the right ofw , because the dn
real root of equation [1] is on the righéind side ofv .

Case 3.The function F has only 2 real critical poinés. andw , such thato w ; lor what
happens if, and only if, any of the following three subcases ocche iacuation [7]:

- Subcase with 3 Multiple Roots. This occursiif m 1 p ¢ 3, pTherefore, (i) of
Theorem 7 will be applied to equation [7] to obtain the two critical poinitd of

- Subcase with two different pairs of Multiple Real Roots. Thisisedny T [ n T,
pTherefore, (i) of Theorem 5 will be applied to equation [7] to obtain the two critical poii@s of

- Subcase with 2 NeMultiple Real Roots and 2 NelReal Complex Roots. This occursif T,
S0 in order to obtain the 2 caél points of Q 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 O "Ow T, then equation [1] corresponds to a case with multiple roots, in which
case it will be takem @ if 'Ow 1, with "Q* plt , and proceed directly to Step 5; otherwise,
considerthatifi m 1 1n Tti,thenequation[7]isofthe forf® @ vO® ‘' ©'’ T,

with* ,” N a such that T' 1, which guarantees that Fakvays increasing i  1tor itis 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, ®w Ow T, then said real root lies between the twibical

points of F, so for this possibility it will be defingal h ¢ , which is the midpoint between the two
critical points of F, according to Theorem 5.

Butifp m n p¢ 3 03 T then they will be defined h | Eto o and
w h i A@ ho ;consequently, ifd @ T, ethen F is increasing on the intervabd
and'Ow is above the saxis or F is decreasing in that interval &0do is below he xaxis, so in
these cases it is best to defioeh ® S W S Cw W @ because equation
[1] has a real root to the left af , where there are no longer any critical points; bdit i@ T,
then the most convenient thing to do will be to defind @ W W S Cw ()
@ , since in this case equation [1] has a real root to the right of, where there are no longany
critical points. Finally, proceed to Step 4.

Case 4 Function F has 3 real critical poirds , ® andw , all different from each other; this
occurs if, and only if, equation [1] has four real roots, two of which are multiple;ichwhse] 1
i m(biquadraticcase) T 3> 1 p ¢ (nonbicubic 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 ' Ow ntfor someme'Q pltho , then equation [1] corresponds to a case with multiple roots, in
which case it will be taken & and proceed directly to Step 5; otherwise, define h
I Eto o o andww h | A@ ho ho , and the same criteria will be applied at the end of
Case 3 to definegxwhich depend on whethey "@ TTor @ '@ 1, thus avoiding critical
points betweengand any of the real roots of equation [1]. Finally, pestt Step 4.

Case 5 Function F has 4 real critical points. , ® ,® and w , 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 beapplied when equation [1] is bicubic and Theorem 6 otherwise, to obtain the four
critical points. Then, ifO®  T1for someoné® plgfolt , then equation [1] corresponds to a case
with multiple roots, so it will be taken @ and proced directly to Step 5; otherwise, defie h
| Eto ho ho o andw h I A@ ho hd ho , and the same criteria will be applied at the
end of Cases 3 and 4 to defite thus avoidingcritical 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, takingoaas deined in any of the cases corresponding to Step 2,
which will ensure that there are no critical points between that value and anyRoot équation [1];

thus, we have thab w ——, with the guarantee that® w !l €N w. AYes, it will be

takeni ® , for someoné™ w large enough, such thgO® s p 1 ; 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 appliedowith
i , which has been obtained in any of the previous four steps; subsequently, in order to find the four
missing roots that complete the set okfeomplex 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
3 corresponding to this equation, which are different from those in equatidfirj@lly, we will move
on to the next step.
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Figure 1
Flow chart of the proposed programme.

Step 6:if 1 1, 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 1 1 3, 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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Step8:ifl T 3 andQ T thenequation[4]isoftheformdm o GO Q
msote second root of equation [1] wil!/| be r =
proceed to Step 10.
Step 9:the equation is solvedn ~&® ww '‘Q T cuyas 3 roots are the 3 missing roots
of equation [1]; for whichif (2 w® y wj @ T, 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 Finaly, 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 theevious 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.

(a) The five roots of the quintic equation (b) The five roots of the quintic equation
32x° - 240x*-720x7 - 1880x% + 810X - 243-@ are: 4x° -49x*.228x> - 486x?-432x-81-@ are:
x1-1.5 Xp=3.

X;=1.5 X2-3.
Xx3=1.5 X3=3.
x2-1.5 Xy-3.
xs-1.5 X5-8.25

(c) The five roots of the quintic equation (d) The five roots of the quintic equation
x°ax*.7x%:8x25x+2-0 are: 49x° - 78x"-122x>-259x2- 145x-25-8 are:
X =-2. X,-0.714286
X;--8.5+ ©8.866825 i Xx;-1.532089
X3--8.5+ 0.866825 i X3-0.714286
Xa--©.5 - ©.866025 1 X,-0.347296
Xs=-8.5 - 8.8660825 i X5=-1.87939

(e) The five roots of the quintic equation (f) The five roots of the quintic equation
8.1x°:@8.5x* 1.5x°4.5x> 5.4x-8 are: x°+5x2:7-0 are:

X1 =0. X, --1.90621

Xy-3. X;-1.08303 + 1.33413 i
X3=2. X3=1.88383 - 1.33413
X2=0. + 3.1 Xy=-0.129923 + 1.16758 :
Xs=8. - 3.1 X5=-0.129923 - 1.10758 1

(g) The five roots of the quintic equation (h) The five roots of the quintic equation

x> EXAAst 81x2+27x E—a are: 1)(5 x*s 2>(3-5)(2 9x 1e@ -8 are:

2 6 5 3 17

X1-0.8343281 X1=-0.501559

X;-3.1984% + 1.77073 1 X;=-1.51882 + ©.302922
X3=3.19849 - 1.77@73 i Xx3-1.51882 - ©.382922

X4 -4 .68066 X4--3.76804 + ©.84003 1
X5=-0.38803 X5=-3.76804 - ©.84003

Figure 2

Examples of different EQ cases

Subparagraphs (@3l) of Figure 2 show different cases of EQ with multiple roots, both real and
complex norreal; while subparagraphs {@)) of the same figure show different cases of EQ without
multiple roots. Note that therogramme 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 improements 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 beginaisgrigls 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*thavhich is
quite acceptable for solving practical problems that requasadlution of EQs.

Box 3

100

(a) | (b) /
50_

L P S s P
0.5 1.0 15 20 25 3.0

—50 -

100

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 graplespolynomials associated with
the equations it solves; so that the roots of the polynomials in question are the points where their
respective curves intersect with thaxs.
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Therefore, Figure 3 shows the respective graphs of each of the EQs shéiguare 2, showing
that, in fact, each curve intersects thaxis 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 visuallyconfirms 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 seiftaining manner; thdoge, 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 saic
in Subsection 2.5, this pgramme 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 06De Moi vr erksowQumendalimethoisg u a t
more efficient than NewteRaphson, 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 ir
the style of Figure 3which make the results obtained by the programme even more evident.
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Abstract

The accelerated growth of Mibd 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 qualigyvafesoffered by
MVNOs in the context of nexgeneration mobile networks. The proposed system enables an MVNO to
manage and distribute its userso traffic acros
(MNOs), thereby facilitating efficienallocation of network resources and improving the-eser
experience. The system architecture integrates modules fameamonitoring of network conditions,
dynamic traffierouting decisioamaking, and continuous service performance evaluation. 8héts
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 inforroatisystem represents a strategy for optimizing QoS and
consolidating MVNOs®6 position in the sector

| Information System to improve the service gquality of Mobile Virtual Network Operatas |

| Objectives | | Methodology | | Contribution |
Design of a system for servig For this SlI, the waterfall model wg | With the realtime monitoring

quality information. used because it offers a sequential system, operators help the MVN

=] structured approachhat ensures switch networks so that use

@ clear division of project phases a always have the best servi

E’.’_a -:'."—:l rigorous control over the developmg | quality.
Application of the informatior{ | PrOC€ss: @
system for MVNOs. I_'_'-—.;‘
I-I_l

MVNO, Service Qualty, Information System

Resumen

El crecimiento acelerado de los Operadores Moviles Virtuales (MVNOS) ha intensificado la competencia
en el sector de las telecomunicaciones, destacando la necesidad de soluciones innovadoras para mejor:
la calidad del seicio. Este articulo presenta un sistema de informacién disefiado para optimizar la
calidad del servicio ofrecido por los MVNOSs en el contexto de las redes méviles de proxima generacion.
El sistema propuesto permite a un MVNO gestionar y distribuir etéoréié sus usuarios a traves de la
infraestructura de multiples Operadores de Red Mévil (MNO), facilitando asi la asignacién eficiente de
los recursos de la red y mejorando la experiencia del usuario final. La arquitectura del sistema integra
modulos parad monitorizacion en tiempo real de las condiciones de la red, la toma de decisiones
dinamicas sobre el enrutamiento del trafico y la evaluacion continua del rendimiento del servicio. Los
resultados demuestran como el sistema de informacion facilita Iickmon de problemas y mejora

la calidad del servicio para los usuarios finales, aumentando la satisfaccion del cliente y proporcionando
a los MVNOs una ventaja competitiva. El estudio concluye que adoptar este Sl representa una estrategia
para optimizala QoS y consolidar la posicién de los MVNOS en el sector.

| Sistema de Informacién para mejorar la calidad del servicio de los Operadores Moviles Virtuales |

| Objetivos | | Metodologia | | Contribucién |
Disefilo de un sistema para Para este Sl se utilizd6 el modelo Con el sistema de monitoreo
informacion para la calad del cascada ya que tiene un enfog tiempo real de los operadores ayu
servicio. secuencial 'y estructurado q a que el MVNO pueda realizar
= garantiza una clara division de las fa cambio de redes, para que el usug
;@J del proyecto y un control riguroso d siempre tenga la mejor calidad ¢
L, . proceso de desarrollo. servicio.
Aplicacion  del  sistema d —
informacién para los MVNO = "f‘-{f}'.f) &
St St

MVNO, Calidad del Servicio, Sistema de Inbrmacién
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Introduction

In recent years, there has been remarkable growth in the mobile telecommunications market, driven by
the significant implementation of fourtieneration (4G) networks and advances in the development of
fifth-generation (5G) networf#/ichel Berne, 201P This phenomenon has facilitated the incorporation

of new business models and the implementation of innovative types of selidtga 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
(MVNOSs). This fact suports the emergence of a new generation of MVNOSs, as detailed in the references
[Telecommunications, 20P5Currently, the new environmeaharacterised by a multiplicity of markets

and technologies has made it easier for MVNOs to establish partnerships with various MNOs and operate
through their respective network8gn 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 witbromere MNOs in order to use their network
resourcesTelecommunications, 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. Diedpieir 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 servicédbira, 202p

For MVNOs to experience significant growth in the telecommunications sector, it is essential
that they focus on sepe 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 comparisor
between prior expectations and perceptions of actual performalticeugh 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 accurat&dygdsuraman, 19855ervice 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 ir
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 bg ttustomer's subjective perceptic@r¢nroos, 1988

Box 1

Customer Satisfaction

Improved Productivity Enhanced

Evidencebased decision

7
~ s

T Reduced -

Figure 1
Quiality concepts and approaches
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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 tloenparison between a standard and actual performance,
guantifiable by engineering or technological metrics. This approach prioritises the technical superiority
inherent in the product or procesSamison, 201P In contrast, subjective quality is a qualitative
assessment that depends on the customer's perceptions and value judgements, reflecting their level o
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 & \afriendicators 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 streamlidata collection and processing, enabling more robust and evilased
decisionmaking [lshikawa, 200B Customer satisfactiorClardenas, 201)9s a fundamental concept in
business management and in establishing strong customer relationships. Research has been conducte
on the factors that affect customer satisfaction and how to measure it effectivedyofa, 200%.

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
satigaction, facilitating more efficient communication channels, providing personalised experiences, and
implementing reatime feedback system&pnzalez, 2006 Customer satisfaction encompassesonly

the shopping or consumption experience, but also aspects related-sakfseservice, such as customer
service, problem solving, and loyalty, as customer loyalty is closely related to their degree of satisfaction
[Vera, 202§ Companies are constantly seeking to improve their strategies to ensutertargustomer
satisfaction and loyaltygingh, 202}

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 thefiei Cycle methodology was used for the Service Quality Information System.
Considering the framework and acceptance of MVNOSs, recurring problems related to service quality
persist, such as intermittent connectivity, deficiencies in customer service, iingtah service
customisation, and lack of transparency in incident management. A critical aspect is the lack of
comprehensive information systems that allow for-timaé monitoring, analysis, and management of
key service quality indicators.

With this dbjective 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 thesen 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 andMOs, 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 theused experience, espally 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 ofceeoffered 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. Theiamdpac
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, NINDs have encouraged established providers to optimise
their networks, services and customer service in order to remain compé&tiivenuiBonnici, 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

18

A key aspect is that MVNOs have f@ad 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 lionitekexistent 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 ofs&rg infrastructure, which in turn facilitates the provision of
services with wide coverage and signal quality comparable to that of traditional mobile operators
[Hurtado, 201k This approach contributes 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 environrRederdl
Telecommunications Institute, 202MVNOs in Mexico are a relevant subject of study, as illustrated in
Table 1, in relation to their impact ohet 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 rnenicheter
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 chanf@sntrerasVillarreal, 2014.

Table 1
FODA MVNOs

Strengths
Competitive low cost: They do not require investment
their own infrastructure, which allows them to off
services at competitive prices.

Opportunities
Mobile market growth: Steady increase in the use
mobile phones and servicesMexico.
Neglect of niche markets by traditional operators:

Flexible business modelsThey offer more personalisg
and competive plans for different market segments.
Service innovation: Agility to introduce new productg
such as plans without unlimited data on social medi
customisable packages.

There are segments that are underserved by
operators, such as rural areas or specific communitie
Trend towards digitalisation: Greater openness amo
consumers to contracting and managinobile services
online.

Weaknesses

Threats

Dependence on network operators:Limited by the
quality, coverage, and conditions imposed by the nety
operator.

Restricted scalability: Difficulties in growing rapidly
due to lack of own infrastructure afidancing.

Lack of consumer confidenceMany users prefer well

High competition: Not only with traditional operatorg
but also among the MVNOs themselves, which h
proliferated in the Mexican arket.

Pricing: Competition based on low prices may aff¢
long-term profitability.

Market saturation: An excess of options may make

known brands, which limits the acquisition of n¢ difficult to differentiate and retain customers.

customers.

Chapter 2. Description of the Model

In this section, we consider amformation system focused on improving service quality in MVNOs,
which is designed to continuously monitor, analyse, and optimise thesenaxperience. For this IS,

the waterfall modelamboa2024 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 an
rigorous control of the development proceS®inez, 202b 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 thet BdBIO based on the user's location, as illustrated in
Figure 3.
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Figure 3
Prototype model

The IS was developed in two stages, with the aim of analysing the coverage and quahty of M
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 anc
avoid deviations related to the baseband module.t&sts 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 comagon 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 CompQrizé24,

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

The larger the adfidence 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. Aathple size increases, the sampling error tends

to decreaseHines & Montgomery, 1996

Table 2 considers a 90% confidence interval and a 10% permissibiéegain
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Table 2
Sample size determination values

Parameters Value
Average Monthly Number of Mobile Phone Calls 8 550 000 00(Q
Number of Monthly Mobile Phone Calls per Operal 2 137 500 00(Q
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 infrastructuin 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= [1]

And replacing values:

_ z z 8z 8 _ h h h h _
n=—— rrarali 3 =33 666e o L [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, egmdbad 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 scenarilh.is important to note that this scenario is urban and surrounded by buildings,
which causes signal strength effects to generate considerable antenna densityN&thér&xk Lite
application was used to collect mobile network data from each operator.

MNOI1
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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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]
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—= x100% = 7% [5]
MNO 2
Proportion offailed short messages—=— x100% = 5% [6]
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 metresaway 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 [Acefia Rincon, 2002]. The coverage map will be eoctmad, allowing us to clearly
distinguish each of the established ranges.
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Table 6
Coverage parameters

Rank UMTS LTE
Rank 1 [dBm] RSCP >85 RSRP >100
Rank 2 [dBm] 96 < RS&CP O -111 < RBRP O
Rank 3 [dBm] -116 < FR6CP O |-121 < RSIRP O

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 faoditates 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 aspe such as coverage, data transmission speed, call stability, and text
message delivery efficiency. The first spihase of the process corresponds to the design of the system,
where the overall architecture was defined, including the structure of theohaicmodules, the
organisation of the database and the interaction between the different components, as well as their
integration with the operators' platforms. Subsequently, the seconghasb focused on the
development of a prototype for the implertegion 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 arsgr experience. Figure 5 shows the fumalio
architecture of the MVNO Quality of Service Information System, representing the main modules and
interaction flows within the platform.

[ Information system for MVNO service quality ]
Email authentication
v i
Users Operator Catalogue Radio Base Catalogue
| I
> View Users v % < ¥
MNO 1 MNO 2 MNO 1 MNO 2
> Add Users
See Catalogue | See Catalogue |

> Modify Users .| Download ] Download

Catalogue Catalogue
» Delete Users L —» Modify . Modify [

Catalogue Catalogue

h
Map
| List of MNOs
h
A4 .
] ] View MNOs
Coverage Map Map of Radio Bases
A

View map of

View
radio bases

coverage

Figure 5
General Structure of the IS
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Each module incorporates information query and download itmadities, as well as
modification tools to keep catalogues and databases up to date. Coverage maps and radio bases, togethe
with zone searches, are key tools for geographical analysis and service quality assessment in different
areas. Taken togetherjgsimodular architecture enables efficient information management, facilitating
strategic decisioimaking to improve service quality in MVNOs and providing end users with a robust
platform for querying and managing relevant data.

The Google Appsheet and Wer Bi development platforms are used to develop the information
views [Oracle, 202b[Power BI,2021]]. These tools provide us with theaassary 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 intoisually appealing and interactive information. The combination of these tools
allowed us to connect, visualise, analyse and share data from various sources, facilitating information
based decisiomaking.

This database is divided into: Overview, whergvdimad speed, latency and signal strength are
monitored; Performance, which has a map showing data transfer speed, cells in each state, a comparisor
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 operatonsg tle database and Power Bi, it is possible
to visualise the coverage of each one, as shown in Figure 8

Site Map
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Figure 6
Overview

The IS was developed from a database that stores and manages information related to MNOs. The
IS operational datease 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 advancedadatgsis. The information collected
is used to generate detailed reports, analyse trends and support strategic-aedigigiVioya, 2014.
The parameteranalysed 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 netwpdcaiors 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 colleotedata on network status
and serice 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 rohtst sec
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 MVNOSs is encrypted using advanced security
protocols [zasca Mantilla, 204 For MVNOSs, the IS built will help them monitor the operators with
which they provide service. However, there is a prototype, which is a seftaa for terminals that
allows the intensity level of each operator to be measured and enables operators to be changed so tha
the terminal has good service. The prototype has the following md@és#esjuera, 2013

1. Mobile equipment parameter module
2. Network and technology parameter module
3. Location module
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Module diagram
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In this context, dynamic selection algorithms are an important tool that allows MiéNi@side,
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 devedddor this task can be divided into two main categories: those based
on rules and those that include machine learning. The integration of artificial intelligence (Al) into
dynamic network selection for MVNOs represents a significant advance in the waetitgies manage
and optimise their network operationdduhiainen, 201J8 Al, through advanced machine learning
algorithms and gedictive analytics, enables MVNOSs to anticipate service demand, optimise resource
allocation, and improve the overall quality of the user experience.

With dynamic network selection aided by Al, we can implement strategies that automatically
evaluate netork 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 efficiantcee

As MVNOs continue to expand their operations in an increasingly competitive and dynamic
environment, the integration of Al becomes a key factor for sustainability and growth 8]. The ability to
quickly adapt network strategies based on the inteltigegathered 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
successfuy 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 dédrent MNOs used by MVNOSs. During the tests carried out in Mexico City,
reattime data was collected on signal strength, transmission speed, call stability and text message
delivery efficiency through the developed application. The results show thatstieensfacilitated 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 applicationabled automatic switching to another MNO, resulting in a significant
improvement in the endser experience. For example, a 15% reduction in dropped call rates and a 20%
increase in average data transmission speed were observed after the system whs adopte

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 fuaslamental for strategic decisiomaking, 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 onuality of service has been significantly improved for the user experience of MVNO
customers. With Al and the database, it helps us detect different degradations in quality of service, so
that we can automatically switch to the best performing MNO availab

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 offethe 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 measuremeités uflahd and
download speeds, as well as voice fidelity during calls, overtzoRd 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 so 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 industsystém
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 systemath reveals that the impact generated by Mobile Virtual
Network Operators (MVNOSs) contributes to a reduction in network response time. This decrease in
response time translates into a smoother user experience, particularly feetigiive services sucs
VolP 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 reporteghblyusers.

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. Thesesures 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 chaptée incorporation of advanced data analytics platforms into the
information systems of MVNOs constitutes a key element for strengthening both strategic and
operational decisiemaking processes. The systematic analysis of information generated fromknetwor
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 dgweént 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 processidgrge 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 1 Mobile Virtual Network Operator
MNO - Mobile Network Operator

QoSi Quality of Service

QoOET Quality of Experience

IST Information System

Al T Artificial Intelligence

SWOTI Strengths, Wdaesses, Opportunities, and Threats
SMS1 Short Message Service

KPI'i Key Performance Indicator

LTET Long Term Evolution

4G Fourth Generation

5G1 Fifth Generation
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Abstract

Higher education faces the challenge of making strategisions 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 indic#éors 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 pignefficiency, and the student
experience. The study emphasizes accessibility, visual clarity, and systemic interpretation as means to
consolidate evidenelbased decisiomaking. The result is an adaptable, empirically validated, and
replicable proposalhat 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 |

Al

- Combines data analysis wit
systems thinking

- Develop useful institutional indicators fq
planning and management

- Enhance decision making and Soft Systems Methology - Provides a flexike model for higher
organizational learning education

Soft Systems Methodology; Institutional indicators; Higher education

Resumen

La educacion superior enfrenta el desafio continuo de tomar decisiones estratégicas a partir de grandes
volimenes de informacion dispersa en rdifées areas de las instituciones. Este capitulo propone un
enfoque sistémico sustentado en la Metodologia de Sistemas Blandos (SSM), complementado con
herramientas de analitica y visualizacién de datos (Tableau), para construir y validar indicadores
institucionales que fortalezcan la gestion académica. El modelo propuesto combina un enfoque mixto de
investigacion, que integra la interpretacion cualitativa de los procesos con el analisis cuantitativo de la
informacion, permitiendo transformar informaciérnvatisa en conocimiento util para mejorar la
planeacion, la eficiencia y la experiencia estudiantil. El estudio enfatiza la accesibilidad, la claridad visual

y la interpretacion sistémica como medios para consolidar una toma de decisiones basada en evidencia
El resultado es una propuesta adaptable, validada empiricamente y replicable, que une los principios de
la ingenieria de sistemas, la analitica de datos y la gestién universitaria, orientada a promover la mejora
continua y el aprendizaje organizacional.

| Uso de la Metodologia de Sistemas Blandos para Indicadores de Gestidn Institucional |

| Objectivos || Methodologia || Contribucién |

Al

- Combina el andlisis de datosrcel
pensamiento sistémico

- Desarrollar indicadores institucional
Utiles para planeacion y gestion

- Mejorar la toma de decisiones y el Metodologia de Sistemas Bland{ |-  Proporciona un modelo flexible pa
aprendizaje organizacional la educacion superior

Metodologia de Sistemas Blandos; Indicadores institucionales; Educacion 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 cremeference the informationegerated by the different departments
involved does not always mean having indicators that truly add value to the process and guide strategic
decisionmaking in an appropriate manner.

Understanding the dynamics and complexity of a higher education fiostitnvolves not only
viewing it as an interdependent system but also as a living, changing entity, where information,
perceptions and interactions influence each other, as propos&ttebiland (2000)0n the other hand,
Gaftandzhieva et al. (202®arn that the contemporary challenge is not to collect more data, but to
transform it into knowledge capable afestgthening management and evidebased decisiomaking.

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 expafraiffeeent
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
gualitative and quantitative perspectives, i.e., the use of a mixed apphaapromotes organisational
learning within institutiongArmstrong, 2022Francgozo et al., 2032In Latin America,AcufiaSalinas
(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, anmairithallenges
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 #hcreation of strategic indicators with real impact due to the natural bias of
each areaKaspi & Venkatraman 2023. In response to this, the integration of SSM with data
visualisation tools represtnan opportunity to better understand institutional dynamics and guide efforts
towards continuous improveme(iedina Rafaile et al., 2024

From a systemic persptive, 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 probnoselar understanding
of processes and their interrelationshipsw, 2012Kourouniotis, 202} thus integrating visual analysis
into educational management as a tool for more strategic deonsikimg.

In the Mexican contextlernandezRamirez (2025¢mphasises that institutional indicators cover
dimensions ranging from enrolment, terminal efficiency, dropout rates, graduation rates and academic
performance to research and outreach, andttiet correct interpretation is essential for strategic
planning. Similarly, recent reports by the Organisation for Economiog@oation and Development
(OECD, 2@3) 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
edu@tional programmes.

Several studies have applied SSM in the university setting for institutional improvement and
quality development purposes. For exampleunaSalinas (202D used it with the intentiorof
strengthening administrative processes at a private university, ®RhileosBernaola et al. (2020)
explored its use in virtual education during the pandemic period. Other authors, Bletvashite Jayo
et al. (2022)and CortezMaldonado et al. (2020demonstrated its potential for integrating diverse
perspectives into academimanagement. 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 visudicanialols that
enable educational indicators to be translated into useful knowledge for denaorg.
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This chapter seeks to contribute to closing this gap by combining Soft Systems Methodology
(SSM) with data visualisation platforms, thereby sttbaging evidencéased 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 misualisatio
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 Methodolgg (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 analysmptioically validate findings
(Checkland & Poulter, 202@rancozo et al., 202Hutson & He, 202

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 traghkirere 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 formulatdrroot definitions based on the CATWOE
modeb which identifies Customers, Actors, Transformation, Worldview (Weltanschauung),
Owner, and Environment Constraidtand the construction of conceptual models of human
activity that allow for the analysis of eractions within the systefdrmstrong, 2022Morey et
al., 2024).

3. Integration of institutional data, where indicators from official sources s&erted, ensuring
consistency and reliabilitfHernandeRamirez, 20256

4, Visualisation and analysis of results using the Tableau platform, which allowed for the
representation of relationshipsemids, and correlations between indicat@tsi et al., 2024;
Kourouniotis 2023).

Quialitative component

From the SSM perspective, the seven stages proposeddukland (2000)vere applied, adapted to the
educational context:

Identification of the problem situation.
Representation using rich pictures.

Definition of relevant systems (CATWOE model).
Construction of conceptual models.

Comparison with reality.

Proposal of desirable and culturally viable changes.
Implementation of improvement @ans.

NoakwNE

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 performancepntyt 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 compiledesponds to the period 202924. The selected
indicators were grouped into four dimensions:

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

- Educational quality (graduation, employability, student satisfaction).
- Academic productivity (tedsng 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 ahflbemation, data cleaning and standardisation
processes were carried out, eliminating duplicate values, atypical data, and incomplete records.

Validation andvisualization

Crossvalidation was performed through review with experts in academic plamamdgnstitutional
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 perforraapatterns, retention rates, and relationships between
variables. These visualisations made it possible to identify critical areas and prioritise improvement
actions(Few, 2012Kaspi & Venkatraman2023).

The integration of SSM with Tableau generated a methodological model that combined
gualitative interpretation whit 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 bébahendentification 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
conceptal 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 devedopnof institutional indicators that
strengthened decisiemaking processes and continuous improvement in university management.

a0 (@

Box 1

L
— —
Problem detected  Soft Systems Data collection Analyss and Construction  of
(scattered data) Methodology and validation visualisation indicators.
(SSM)) (Tableau)) Decisionmaking
and continuous
improvement

Figure 1
Methodological outline of the systemic approach

Results
The analysis of institutional data processed in Tableau enabled the developstestiegic indicators

whose patterns showed significant relationships between teaching load, terminal efficiency, and the
effectiveness of academic tutoring.
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The integration of the Soft Systems Methodology (SSM) with visual analytics tools facilitated
the empirical validation of conceptual modetsfering a comprehensive view of the behaviour of the
education system during the period 2046824 (Kaspi & Venkatraman2023;Pei et al., 2024at 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 coh@taaletnic
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 (Figutee2gptrelation between terminal efficiency

and average teaching load is shown. It can be seen that programmes with a load of less than 15 hours pe
week maintained a terminal efficiency of over 75%, while those with higher loads showed slight declines
in sudent performance. This irddites that a balanced distribution of classroom hours contributes to
student retention and academic suc¢éssistrong, 2022HernandezRamirez, 2025).

2. Evolution of academic trajectory indicators (202624)
The central panel reflects the evolution of the main academic trajectory indicators.

Student retention remained high and stable, between 83% and S#f@nwipward trend in
recent cycles.

Failure rates varied between 7% and 15%, with peaks ini2018 and a subsequent sustained
reduction.

Terminal efficiency ranged between 70% and 81%, showing overall stability throughout the
analysis period.

Taken bgether, 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 panebf 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 megetrrelation between the two
indicators. This result supports the effectiveness of academic support programmes and their direct
contribution to improving institutional performan@eancozo eal., 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 samme ticlassroom 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 affectd termin
efficiency and reduces student failure rates.
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Interrelation of institutional indi s in higher ed ion (SSM+Tabl y ic approach)

indicators (2015-2024)

L J
®

o
=
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 ingitutional trends in a dynamic manner, providing a solid empirical basis for strengthening
educational planning and evidergased decisiomaking(Few, 2012Kourouniotis, 2023).

Conclusions

The results obtained confirmed the relevance of the myst@pproach 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 decisiomaking 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 thadidentification of causal
relationships between variabl@Sheckland & Poulter, 202G rangozo et al., 2022).

The findingsare consistent with previous studies that highlight the SSM's ability to address poorly
structured problems and promote organisational learfingstrong, 2022 Salinas, 2020)However,
the addedvalue 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 actedhaarss for institutional reflection,
allowing for the observation of indicator behaviour in an integrated manner and in reéKtiame &
Venkatraman2023;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 angbarticipation in tutoring confirmgdernandezRamirez (2025)indings on the
influence of academic support programmes on the improvement of institutional indicators. This link
showed that teaching gining 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 areseztogni

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 ntsi®©f administrative reports, which
could introduce bias in the interpretation of results.
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Finally, the correlations identified do not imply direct causality, so it would be necessary to
complement them with longitudinal or intestitutional comparatie analyses.

To mitigate these limitations, cresalidation 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 variablemnd 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 ®yss 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 educhtimgrammes. 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 decisianaking based on empirical evidence.

Finally, it is concluded that the SSWableau hybrid model is a flexible, scalable tool that can be
adapted to different university contexts, contributing to the strengthening of stialaging and the
development of comprehensive and sustainable systemic university management.

As a future projection, the model can be applied in {imstitutional contexts or expanded to
incorporate predictive machine learning techniques that steamgthe proactive monitoring of
indicators.
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Abstract

Currently, manufacturing and artificial intelligence are fundamental for organizations, providing optimal
decisionmaking, accurate maintenance forecasts, and reduced manufacturing equgstsenésulting

in higherquality 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 propes the use of neural networks to control the speed and position of a DC
motor as part of a continuous improvement in efficiency levels andimealmonitoring, allowing for

data analysis and simulation of automatic control systems. The methodology useedxperimental

and crosssectional, 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.

Artificialintelligence applied to direct current motors as a continuous
improvement in their monitoring and performance

Objetives Methodology Contribucion

To propose the use of
neural networks to

control the speed and Non-experimental, The ability to make optimal
position of a DC motor cross-sectional maintenance forecasts,

as a means of methodology, and reduced

; simulating an manufacturing equipment
im%?‘g\%]r%%l'rll? in interactive intelligent cgigsﬁtrﬁ%m algtnlnggger
efficiency levels and control design using emerging

real-time monitoring. technologies.

Neural Networks, DC Motors, Continuous Improvement

Resumen

Actualmente la manufactura y inteligencia artificial son fundamental para las organizaciones,
proporcionando toma de decisiones optimas, prondsticos certeros de mantenimiento, reduccién de costos
enequipos de manufactura logrando una fabricacién de mayor calidad. La implementacién de las nuevas
tecnologias como son las redes neuronales aplicada a motores en estado transitorio amplia las
posibilidades de lograr una mejora continua en la productivdgalhs empresas. Esta investigacion
propone la utilizacién RNA para controlar la velocidad y posicion 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 siular sistemas de control automético. La metodologia usada es no experimental,
transversal simulando en un disefio de control interactuando con una RNA en un del entorno de
Programacion Makab y con un médulo LabVIEW interactuando con una computadora &agjdeal

en adquisicién y control de datos.

Inteligencia Artificial aplicada a motores de corriente directa como
mejora continua en su monitoreo y rendimiento

Objetivo Metodologia Contribucion

Proponer el uso de
redes neuronales para
controlar la velocidad
y posicion de un motor

Metodologia no Capacidad de tomar

i decisiones dptimas,
experlmental, realizar prondsticos de

C como medio de trgnggg?ﬁ%’dsérggft‘p&o ma_l'ntenicllﬂifengq pre_c’isols
mejora continua en los ] . - . equipos de fabricacion, lo
i cienci inteligente interactivo ue resulta en una
niveles de eficienciay g fabricacin de mayor
monitoreo en tiempo calidad utilizando

real.. tecnologias emergentes.

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 facilitatgstimal decisiormaking, 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 hotdpic 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 imgacaspects 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 ithd) 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 antimeainonitoring to create me functional
and upto-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 motorsspeecially 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 operatigbtat the
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 pangters so that processes are efficient, while saving energy, protecting
materials and machines from damage, and ensuringduiglity production.

However, despite the fact that electric motors are widely used in industrial applications such as
electric maipulators and manufacturing, where higgrformance 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 parayieh 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
valuabletime 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 Al
(artificial intelligence), such as RNA neural netk®iin 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 processeSi(igh, 2021; Sarah, 20)L9

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 intneed location recognition and
fault recognition in these motors.

To create the mathematical algorithm for the control system, alLdmatprogramming
environment will be used, which will allow us to analyse the data and simulate automatic control systems,
making the desigibased processnore 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 vasus fields, such as predicting energy consumption for healing{ a n o v)j | , 2
predicting kinematic errors in fivaxis machinesHettine, 201% modelling machining parameters
(Vujovic, 2016; Gruyitch 2020) and optimising the traditional Montenegrin chair.

Previous studies on artificial intelligence have alredgiyjonstrated the current importance of its
application in manufacturing systems.

This is the case with modbhsed fuzzy controllers with a fuzzy dynamic model, such as the IMC
scheme, which demonstrated good robust performance in flow coxiieoP000Q and showed that this
control method can be used with artificial neural networks (ANN) to control nonlinear systems (
2023.

However, there are cases, such as in the linear model, as is the case with motors in normal
operation, that do not fully desioe the dynamic behaviour of the object, as they must consider the main
nortlinear effect, such as speddpendent friction, dead zone and backlash. This can be remedied by
using ANNSs.

This leads us to conclude that the use of Al efficiently optimiseethgstems, 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 variableepresented by a linguistic value. Fuzzy logic controllers (FLCs) can be used in
motors to control the speed of DC motors. For examplé&lam(noodi, 2020; Salim 2015; Tariku, 2020
it was demonstrated that FLCs represent a better option than traditibnedmrollers. A comparison
between PID, FLC, and fuzzy PID controllers revealed that fuzzy PID guarantees superior performance
to the other two controllers$salim, 2015; Natalija, 2033

In certain cases, it has been demonstrated that the techniquimiognilizzy logic and artificial
neural networks (ANN) involves the use of an adaptive neuroy inference system (ANFIS) for motor
control.

In control system metrics, including steagbate error control, rise time, stabilisation time and
recovery timethe ANFIS controller outperforms conventional Pl controllers, fuzzy PID controllers and
fuzzy variable structure controllel8renkumar, 2006 which justifies the importance of this work.

There are numerous techniques available for controlling thelangeiocity 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 caffectiveness. Parameter tuning for PID controllers, although
other methods can also beed Hammoodi, 202) On the other hand, the advantages of the PSO
algorithm and the gravitational search algorithm were combined to develop the parameters of the fuzzy
P1 controller for the DC motoiSpong, 202

However, despite all these new methaxgjmal efficiency has not been achieved, as in the case
of the neurecontroller, 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 contredleted
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 applmoaaf, 201Y.

Methodology

The methodology used is an expentad, crosssectional methodology in a prototype. This control
prototype works with the interaction of the Madb programming environment interacting with a
LabVIEW RealTime (RT) module that combines its graphical programming with atiraaloperating

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 devicenga 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 mick®D card to use Windows 11 on the Raspberry Pi, which is necessary for the interface
with the clientserver protocol.

Developmernt

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 theylater 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 clisetver configuration, it will be monitored to ensure

that the algrithm 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 havelat Y8gster 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 wabgae30
signal phase shifind 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 lzetbdielt (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 pvcedure, 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).

Step Response, DC Motor: Position
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Figure 1

Graph showing the position of the motor shaft for a step response.
Source Own Elaboration
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Step Response, DC Motor: Position
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Graph showing the speed of the motor shaft for a step response
Source Own Elaboration.

Subsequently, using proportiorderivative 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.

Yi . o ., )
b 0] -— U 1
Oi i

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.

y
0D a

(2)

We can find a more realistdiscrete approximation of this controller. Where the sampling time
is given by Ts, which is found by Eqg. 3 and Eq. 4.
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As we can see, Eq. 5 is known as the speed PID, because the contralalaileged 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 proce$srinpe

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, whimbans that its working torque generatesd@@ree 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 peooesserical
differentiation method will be used to assess the motor speed. ec. 7

) Q —Q —0p 6
0 ~ (6)

o a p
w a v o (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, leddngg 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 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
spee magnitude, for which a bandpass filter is proposed. It is important to mention that the DC speed
transfer function is given by Eq. 8.

i — (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 signaisg. 3.

Bode Plots: H(s) = s

®©
(=1

=N
<

S
[—)

]
(=]

Magntude (dB)

(=]

0

180 ........... T R e R R P R T

o
<

wn
(=]

Phase (degcres)

—
<

AN Hz

Figure 3
Results obtained from the derivative calculated using a Bode diagram with &ngraph
range from 0.1 to 1100 Hertz a) gain diagram, b) phase diagram

Source Own Elaboration




46

Bode Plots: H(z)=z"'(1- T;z)
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Same shunt made with a Bodagram varying the frequency a) gain diagram, b) pha
diagram.
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Analysing the Bode diagram in Fig. 4, which has the chariatc 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 decibés.

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 O degrees when monitored at the
Nyquist frequency.

As shown in Figure 5dhe 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 Nyquasjuency 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 systehe 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 ththe 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 yrefjaemend 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 advanc:
in the operating bahand 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
optimd 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 analysidl vead to the expected cuaiff frequency being Ec. 9.



a7

¢“Qi (9)
i c¢Q

Where the system reports, when applying the filter, a high value in tiodéf dtequency (fc) with
a phase of 90 degrees and a gain greater than 20 decibels per decade and a reduced freqtiandy of ¥4
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 calcsl#te derivative of the optimal signal with an estimated
value of 16 Hertz (Fig. 5 and Fig. 6).
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Figure 5

The figure shows the Bode diagrams without attenuating the signals a) using a Butte
filter b) the phase diagram. The blue line shdhe cutoff frequency, which is 16 Hertz
which will be optimal for calculating speed
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The figure shows the Bode diagrams but attenuating the signals a) using a Butterw
filter b) the phase diagram. Th&ub line shows the cuiff frequency, which is 16 Hertz
which will be optimal for calculating speed
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Using a firstorder Butterworth filter described in Eqg. 10, the upperatlifrequencies of the
signals are damped, in which teas a phase shift of 0 degrees ranging fréto 90 degrees at its eut
off frequency and with a gain of more than 20 decibels per decade, which we use to calculate the speed
Eq. 11.

Q _qai (10)
i ¢*8Q

o0i Qi i ¢ Qi 1
| Q | L o o (11)

Subsequently, to find the transfer function, the period is discretised, with an approximate
sampling rate Ts of 0.00134. ec. 12.

o~ @Brga p
12
Oa a PG TR C WC (12)

To perform the analysis, the Butterworth filter is shown in Fig. 7 and Fig. 8, the Bode plots in
discrete mathematics el11 and in continuous mathematics e 10. It is important to mention that the Nyquist
frequencies represented in them arermkel, 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.

o i ¢ Qi
I i C CH "Q i c c“ "Q i c“ "Q (13)

This filter has an attenuation slope of 60 dB/decade. Figure 9 shows the Bode plots, which indicate
a cutoff frequency of 65 Hertz.
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Figure 7
Bode plot a) shows the phase diagram b) shows the gain of the Butterworth filter
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The same Bodel@t using a cubff frequency of 16 Hertz a) shows the phase diagrar

shows the gain of the Butterworth filter
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This figure siows the Bode diagram of the gain (a) and cutoff (b) of a Butterworth fil
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This figure shows the same Bode diagram with a bandpass filter gain {aif ¢t
Butterworth filter
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In which the transfer function created by the Butterworth filter is the bandpass filter generated by
eg. 14 eq. 1529.16) is represented by the transfer function.

08i

Oi 08| (14)
Where:

0 i ¢C“'Q Qi (15)
and

o8i i ¢‘Q ¢"Q i CCc'Q c¢Q i ¢‘'Q ¢"'Q (16)

Figure el0 also shows the attenomatiof the signals reported by the filter with a sampling
frequency ts with a value of .00134 and greater than 500 Hertz ec 17.

™ wwp TNl pPp YB TP B (17)
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It is important to mention that the eaff frequencies are represented as fcb for-p@ags filters
and faca for higipass filters, as shown in Fig. E13, and that based on the attenuation value requested for
high frequencies, we have the option of choosing eetwilters 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 thisqaear, a 24/0lt 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 acqui®n 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 thél firetta
manipulate the inverse control of the procediiguation 17 will be used to quantify it.

Ol 1 £€TYO ww (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 @ 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 us&@.

O w ww (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 aohterror, 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 anahtamfiguration 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|af 0.0051, and an 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.

1D OVe®DI 0ér (20)

As a next step, @eriments 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 referenc2l.

10 pBYOH Q&- (21)

Thes 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, vghioWws how the curve decreases in
accordance with the control achieved by the third network used in the mbw®reference for this
process is ec. 22 and ec. 23.

0 NS T b (22)
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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 stdte 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 contfogs. 11 to 15.



Real-Time Control of a DC Motor
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Figure 11
This figure shows how the engiworks in real time
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Real-Time Control of a DC Motor
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Figure 12
This figure shows a tracking error diagram for the neural network
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Real-Time Control of a DC Motor
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Figure 13
This figure shows a diagram of the neural network control signal.
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This figure shows a comparison diagram between the expected reference and the

response provided by the mator
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Real-Time Control of a DC Motor
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Figure 15
This figure shows the tracking error of the neural network.
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The results obtained validate that the use of artificial neural networks as position and speed
controllers for a motor provides levels of reliability and eéfiaty in reattime 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 maching
tha 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 signahdwsthat 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 thétmeapplications for
monitoring dynamic systenis motors with prior training improve their performance.

Conclusions

This work demonstrated that the management of variables for continuous current motor control using
ANNSs is an inherent necessity in today's world. The methodology used to trainwloekniet 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.orttigoates 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 seth@ 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 infotetdtimiogies

and computer systems in the operations and resource management of 25 micro and small enterprises
(MSESs) located in the municipalities of Atlautla, Ozumba, and Tepetlixpa in eastern Mexico State. The
study employed a quantitative, cresectioral, descriptivecomparative 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 [RELAyNjg[ilar, et al., 201Bwhich included
dichotomous and Likettcale questions. The results support proposals aimaemrgthening the digital

capacity of MSEs in rural and semmban areas, emphasizing public policies that improve digital
infrastructure and facilitate access to technological training, as well as fostering partnerships between
higher education institutianin 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 |

ANOVA
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Resumen

El capitulo muestra los resultados de la medicién del nivel de adopcién de tecnologias de la informacion
y sistemas computacionales en las operaciones y administracion de recursos de 25 unidades economica
micro y pequefias (MyPESbicadas en los municipios de Atlautla, Ozumba y Tepetlixpa al Oriente del
Estado de México. El estudio se realiz6 a partir de una investigacion cuantitativa, de disefio transversal
I descriptivacomparativo por diferencias de medias. Para la recoleccidatds se utilizaron items de

la sexta dimensién del instrumento disefiado por la Red Latinoamericana de Administracion y Negocios
[RELAYN], [Aguilar, et al., 201Bcon preguntas dicotomicas y de escala de Likert. Los resultados
permiten sustentar propuestas dirigidas al fortalecimiento digital de MyPES en zonas rurales y
semiurbanagnfatizando en politicas publicas que mejoren la infraestructura digital y faciliten el acceso

a capacitacion tecnoldgica, asi como a impulsar alianzas entre Instituciones de Educacién Superior de la
zona y las unidades productivas.

Metodologia ANOVA para estudio comparativo del nivel de adopcion de|
tecnologias de informacion y sistemas computacionales en MyPEs

| Objectivo | | Metodologia | |  Contribucién |
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Introduction

The adoption of informatn 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, competitivene¥sijvono et al., 20Z4and 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 fabmagicro-enterprises account f&5.4% of all
economic unitsINEGI, 20298 generating employment, income and local development. However, their
survival and growth depend largely on their abildyadapt 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 matketsgsVargas & PargaMontoya
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 Natioreggt &u the
Avalilability 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 at3%0 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 Meditgized Enterprises (ENAPROCE) revealed that only 2.4%
of micro-enterpises 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 notepeeep 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 managemeansinission and processing of informatidrerrer
Davalos, 202]JL These technologies include traditional computer systems as well as digital platforms, e
commerce, artificial intelligece, cloud services, and business information systems, the integration of
hardware, software and databases, aimed at supporting both operations and-ehagisignand
organisational management.

CuevasVargas et al.7013 define them as a set of software, hardware, telecommunications and
information management technologies, as well as devices and applications uskd tweation,
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 admisiirative processef3{ienrostro, E., 2032for the fusion of data between
departments through ERP systems, as well as to access global markets and customers ¢t 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 ¢thamgedezGracia et
al., 2019. Some studies have found that aspects such as management support, culture, the regulatory
environment AlIBar & Hoque, 2019 performance expectations, mgeanent creativity and innovation,
organisational sizeljrahim et al., 201]3 and even the recognition of opportuniti€siphningham 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 cdbnties|
Vargas & PagaMontoya 2019. In Mexico, there is no specific information regarding the levels of
technological incorporatiorBuenrostro, E., 2032f micro and SMEs. Studies were found thaniifg
the factors that facilitate and limit the use of ICT in small and medized organisations based on
guantitative analyses with linear regressions Cudaagas et al.J014, strudural equationsAguirre,
2019, an impact study applying ANOVA analysiBl¢n, et al., 2025 and a qualitative anadis using
the fuzzy set comparative methdadunningham et al., 202.3
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The search for the determining factors for technology adoption in small and rreidiohn
organisations has led to the devel@wmn 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\8dirre, 201§, the DeLone & McLean
(D&M) model, the theortechnology fit model Alvarez et al., 201§ and even systemic analysis to
determine thdechnological potential of Latin American micro and small enterpriggsilar, et al.,

2019, 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 Tapla[aimed to determine the
level of use of information and communication technologies in micro, small and msetied
enterprises in the industrial sector, finding that most of these companies do not apply information and
communication teatologies in their production processes. Sdnchez eP@Lq], in a sample 0619
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 researchpplies descriptive analysis and emay 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 metlsmal to determine whether there
are significant differences in the means of a dependent variable between multiple gteapst[al.,
2029, the study contributes this additional method since daseei 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 threestudy populations.

On the other hand, the statistical data from the economic surveys and censuses and the researct
cited in this paper do not refer to the level of ICT use in micro and small enterprises by municipality,
information that is necessary ftie digital strengthening of MyPES in rural and semban 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 nfel@iE o
adoption levels among MyPEs in Atlautla, Ozumba and Tepetlixpa? To answer these questions, the
following working hypotheses were established

Ho: There are no significant differences in the means of the three groups.

O "0°Y “0é& "' YO [1]
Hi: At least one of the socks is different from the others.

O “oO°Y " OR 67y W& ' U4 YO [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, crossectional study was conducted with a descriptiomparative scope of the level of

ICT adoption by differences in means between the three groups adneicounnits according to their
municipality of origin, applying the ANOVA methodology. Section 6 of the questionnaire
6Technol ogi cal profile of micro and small enter
Network for Business and Managemestudies [RELAYN], Pguilar, 201§, was adjusted as an
instrument. The questioaire 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/cgemsant 25
economic units with between 1 and 20 employees, thus complying with the stratification criteria for
micro and small enterpriseBQF, 2009.
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The sampling was stratifiedmdom 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 adoptieasuvasd by
considering the frequency of its use for organisational management, proekaigsnpurchasing and

collection (Table 1).

Table 1

Conceptual and operational definition of variable

fusion between department
as wel as for accessin
global markets ang
customers.[Yuwono et al.,

2024.

a scée of 1to 5, where ]
is never and 5 is always

Variable Conceptual definition Operational definition items
Status of incorporation g Average frequency o] 45a, 45D,
information and| ICT use for| 45e, 45d,
communication technologie organisational 45h, 45i y
by micro and small economi management, 45c.
units into their production productionsales,

Level of ICT | and administrative process( purchasing, ang
adoption. [Buenrostro, 2022], for dat{ collection activities. On

Source: Own Elaboratior

To confirm the integration of items denoting the use of ICT in organisational management,
productionsales, purchasing, and collection, atéa 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).

Table 2

Matrix of rotated components of agties in which ICTs are used
ltems 1 2 3 4

45e. | use machinery or software to produce products ¢ 0.84 | 0.30| 0.29| 0.27

perform services.

45d. | use specialised machinery or software to sellto ¢ 0.77 | 0.23 | 0.41| 0.38

serve my customers.

45i. | make prchases online using my mobile phone. 0.10] 0.92] 0.27] 0.16

0.44|0.84| 0.17| 0.05

45h. | shop online using my computer. 0.36] 0.32] 0.85| 0.17

45b. | use the internet at my business. 0.59/0.31] 0.61] 0.36

45a. | use a computer, tablet or similar electronidageto | 0.30 | 0.12 | 0.19| 0.92

manage my business.

Source: Prepared internally using data analysed in SPSS soft

Once the grouped variable was integrated, a comparative descriptive analysis was performed
using averages of the level of ICT adoptionressed 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 ghentimecipalities

was 2.68. The economic units in the municipality of Ozumba have incorporated ICT to a greater extent
into their organisational management, producsales, purchasing and collection activities, with a level

of 3.06, followed by Tepetlixpaith 2.96, while the organisations in Atlautla were below average with

a level of 2.06 (Figure 1).

Total 2.68 |

2 .
= Tepetlixpa 2.96 |
=
[&]
5
E Ozumba 3.06 |

Atlautla 2.06

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
Average
Figure 1

Average adoption of ICTs in micro and small enterprises in the three

municipalities
Source Own Elaboration

Of the four areas in wbh ICT has been adopi@dgroductionsales, purchasing, organisational
management, and collectianshe 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 ICTi@adap 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 ofCT 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 organisati@re@gement 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 levelof 4.0, which is 1.16 points above the total average (Figure 2).

Collections Purchasing

OrgMan

—o—Atlautla —o—Ozumba Tepetlixpa —o—Total

Figure 2

Total average and average by municipality of ICT adoption in each ar
Source Own Elaboration.
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In the difference analysis applying the ANOVA test, both in the to&gimof 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 signitant 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 MSMESs located in the municipalities of Atlautla,
Ozumba and Tepetlixpa is homogeneous and the differebsesved in the means could be attributable
to chance or sample variability.

Table 3
ANOVA statistical test results

Area gl Quadratic F Sig. Critical value

mean 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 soft\
Conclusions

The research objective was achieved; the descriptive analysis shows thas thelifference 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 adobpn 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 determuctmgfda 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 andZDagjand
Sanchez, et al.2P1g, who point out that most micro, small and medisized 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 municipaliti&igaaftla, 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 ICih 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 segmertian, 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 suggesteddbeetational 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 aned at the digital strengthening of MyPES in rural and aglman areas, as well as the
promotion of access to technological training, an important task for higher education institutions in the
area.

Declarations
Conflict of interest

The authors declarthat they have no conflict of interest. They have no financial interests or personal
relationships that could have influenced this book.


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

63
Contribution of the authors
AlonseReyes, AbigailConceptualisation, data collection, draft writing.
Marin-Villanueva, José LuisMethodology, data collection, provision of analysis tools.
RamosYéafiez, Angélica Mariaviethodology, data collection and analysis, writing of the draft.
VazquedDiaz, Maricruz Conceptualisation of the idea, data collection and criteaéw of the draft.
Availability of data and materials
For further information, please contagtigelicaramos@upatlautla.edu.mx
Funding
The development of this research did not receive funding.
Acknowledgements
We would like to thank the owners and managers of the economic units for their willingness to respond
to the survey and the students of the Polytechnic University of Atlautla who assisted in its
implementation.

Abbreviations

ANOVA Analyss of variance.

OrgMan Organisational management.

KMO KaiserMeyer-Olkin.

Pr-Sa Productionsales.

MyPes Micro and small enterprises.

ICT Information and communication technologies.
References

Background

Aguilar, O., Posada, R., Ahumada, N. & 8 S. (2018). Potencial Tecnolégico de las Micro y
Pequefias Empresas Latino&icanas a partir del Analisis SistemiRed de Estudios Latinoamericanos
en Administracién y Negocios [RELAYN]. Fontamara

Aguirre, R. (2018)La influencia de la adopciéde tecnologias de informacion en la capacidad de
innovacion desde la perspectiva del recurso humano en las Mipymes de software en Sonora, México
IPN, Investigacion Administrativa, 48(12),

AlBar, A., & Hoque, M. (2019)Factors affecting the adoption of information and communication
technology in small and medium enterprises: a perspective from rural Saudi Ardbraation
Technology for Developmer@5(4), 715738. DOI: https://doi.org/102080/02681102.2017.1390437

Alvarez, S., Cataldo, A. & Zambra, L. (2014)iderazgo en adopcion de Tl en PYME: ¢Solo el
involucramiento del propietario importdfigeniare. Revista chilerte ingenieria, 22(3), 42430. DOI:
http://dx.doi.org/10.4067/S07183052014000300012.

Buenrostro, E. (2022Propuesta de adopcion de tecnologias asociadas a la industria 4.0 endas py
mexicanas. Entreciencias: Didlogos en La Sociedad del Conocimiento, (24). DOI:
https://doi.org/10.22201/enesl.20078064€.2022.24.81347

CuevasVargas, H., Aguilera, L., Gonzélez, M. & Servin, J. (20IBk use of ICTs and its relation with
the competitiveness of Mexican SMEuropean Scientific Journal, {113), 294310.


mailto:angelicaramos@upatlautla.edu.mx
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/journal/4560/456055708005/456055708005.pdf
https://www.redalyc.org/journal/4560/456055708005/456055708005.pdf
https://doi.org/10.1080/02681102.2017.1390437
https://doi.org/10.1080/02681102.2017.1390437
http://dx.doi.org/10.4067/S0718-33052014000300012
http://dx.doi.org/10.4067/S0718-33052014000300012
https://doi.org/10.22201/enesl.20078064e.2022.24.81347
https://doi.org/10.22201/enesl.20078064e.2022.24.81347
https://www.researchgate.net/publication/277475680_THE_USE_OF_ICTs_AND_ITS_RELATION_WITH_THE_COMPETITIVENESS_OF_MEXICAN_SMEs
https://www.researchgate.net/publication/277475680_THE_USE_OF_ICTs_AND_ITS_RELATION_WITH_THE_COMPETITIVENESS_OF_MEXICAN_SMEs

64

Cuevasvargas, H., & Pargdontoya, N. (2018). Adopcion de Tecnologias de Informacion y
Comunicacion en la Pyme de un Pais Emergente: Implicaciones en la Innovacion al Proceso para un
mejor Desempefio Empresari@bnciencia Tegologica (56).

Cunningham, J., Damij, N., Modic, D. & Olan, F. (2028SME technology adoption, entrepreneurial
mindset and value creation: a configurational appraairnal of Technology Trafer, 48, 1574 1598.
DOI: https://doi.org/10.1007/s109613-100220

FerrerDavalos, R. (2021)Adopcion e impacto de las TIC en la gestion de microempresas. Revista
cientiica en ciedias sociales. Universidad del Pacifico 3(1), pp. 4968. DOI:
https://doi.org/10.53732/rccsociales/03.01.2021.49

Ibrahim, A., Hassan, M., & Gusau, A. L. (2018)actors Influencing Acceptance andeUsf ICT
Innovations by Agribusinessedournal of Global Information Management (JGIN2G(4), 113134.
DOI: https://doi.org/10.4018/JGIM.2018100107

Yuwono, T., Suroso, A., & Novandari, W. (202#hformation and communication technolagySMEs:
a systematic literature reviewlournal of Innovation and Entrepreneurshifp3(31) 223. DOI:
https://doi.org/10.1186/s1373124-003926

Essentiab

Instituto Nacional de Estadistica y Geografia [INEGI]. (2024)cipales resultados Encuestadinal
sobre Disponibilidad y Uso de Tecnologias de la Informacion en los HGENB&ITIH].

Instituto Nacional de Estadistica y Geografia [INEGI]. (2025, jult®nsos econdmicos 2024.
Resultados definitivogonferencia de prensa.

Instituto Nacional de Estadistica y Geografia [INEGI]. (2@8}uesta Nacionabbre Productividad y
Competitividad de las Micro, Pequefias y Medianas EmpfEBSPROCE].

Support

Diario Oficial de la Federacion [DOF] (2009, 25 de junidCUERDO por el que sestablece la
estratificacion de las micro, pequeias y medianas empresas

Flen, F., Rojad/allejos, J., & Dominguez, M. (2025pptimizacion Operativa en las PYMEs Chilenas
a través de las Tecnologides la Informacion y la ComunicacidBnsayos Revista De Econond(2),
235 261. DOI: https://doi.org/10.29105/ensayos4d.2

HernandezGracia, J., Avendafblernandez, V., BuitréfiRamirez, H. (2019)Las Tecnologias de la
Informacion y Comunicacion y la Brecha Digital: Una nueva forma de exclusion .sBoietin
Cientifico de la Escuela Superior de Atotonilco de T(l14) 3336.

Differences

Sanchez, JQrtega, J., Ramos, A. y Alonso, A. (2018htencial tecnoldgico de las migygequenas
empresas latinoamericanas a partir del analisis sistémico. Caso Atlautla, Amecameca y Extahba
de México. En Aguilar, O., Posada, R., Ahumada, N. & Santos, S. (ERiggncial Tecnoldgico de las
Micro y Pequefias Empresas Latinoamericara partir del Andlisis Sistémicdred de Estudios
Latinoamericanos en Administracion y Negocios [RELAYN]. 4%®. Fontamara.

Saavedra, M. y Tapia, B. (2013l uso de las tecnologias dedmnhacion y comunicacion TIC en las
micro, pequefas y medianas empresas (MIPyME) industriales mexiEamh@xce Revista Venezolana
de Informacion, Tecnologia y Conocimiento(1)085104.


https://www.redalyc.org/articulo.oa?id=94457671009.
https://www.redalyc.org/articulo.oa?id=94457671009.
https://www.redalyc.org/articulo.oa?id=94457671009.
https://doi.org/10.1007/s10961-023-10022-0
https://doi.org/10.1007/s10961-023-10022-0
https://www.redalyc.org/journal/7497/749778797006/html/
https://www.redalyc.org/journal/7497/749778797006/html/
https://doi.org/10.4018/JGIM.2018100107
https://doi.org/10.4018/JGIM.2018100107
https://doi.org/10.4018/JGIM.2018100107
https://doi.org/10.1186/s13731-024-00392-6
https://doi.org/10.1186/s13731-024-00392-6
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.inegi.org.mx/contenidos/programas/endutih/2024/doc/presentacion_endutih2024.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.inegi.org.mx/contenidos/programas/endutih/2024/doc/presentacion_endutih2024.pdf
https://www.inegi.org.mx/contenidos/programas/ce/2024/doc/ce2024_presenta.pdf
https://www.inegi.org.mx/contenidos/programas/ce/2024/doc/ce2024_presenta.pdf
https://www.inegi.org.mx/contenidos/programas/enaproce/2018/doc/ENAPROCE2018Pres.pdf
https://www.inegi.org.mx/contenidos/programas/enaproce/2018/doc/ENAPROCE2018Pres.pdf
https://dof.gob.mx/nota_detalle_popup.php?codigo=5096849
https://dof.gob.mx/nota_detalle_popup.php?codigo=5096849
https://doi.org/10.29105/ensayos44.2-5
https://doi.org/10.29105/ensayos44.2-5
https://repository.uaeh.edu.mx/revistas/index.php/atotonilco/article/view/3694/9503
https://repository.uaeh.edu.mx/revistas/index.php/atotonilco/article/view/3694/9503
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.redalyc.org/pdf/823/82326270007.pdf

65

A systemic methodology for strategic planning in protected naturaareas

Metodologia sistémica para el disefio estratégico en areas naturales protegidas

Villafafia-Rivera, Francisco JoaquffyHernandezSimon, Luis Manué| FlroesAmador, Cristindand
PefiaHernandez, Abel Efrafn

aROR |nstituto Politécnico Nacional® M-97462016A"" 000000025214014X A& 590384

b ROR |nstituto Politécnico Nacional™ 0000:000330283550A& 208536

¢ ROR Unjversidad Auténoma del Estado de Hidaf,~ 00000001-81223094A& 321815
dROR |nstituto Politécnico Naciondl® PGT-92792026A"" 000000025286:0622A& 590383

SECIHTI classification DOI: https://doi.orgl0.35429/H.208.2.65.78

Area: Social Scieces

Field: Sociology

Discipline: Work and social attention
Subdiscipline: Social development work

Key Handbooks

This research provides a methodological framework that can be applied and replicated in other study &
similar characteristics to gerate indicators for communitgd decisioamaking. This methodology enables t
development of indicators through a multidisciplinary and holistic approach, based on dimensions
environmental, social, economic, political, and governance factdviée Wmtegrating other methodologig
whose results encompass all stakeholders in the system for taking action. The development of the p
make up the methodology was also applied to the community of El Capulin, located in the Monarch £
Bosphere Reserve. On the other hand, the integ
in Protected Natur al Areas, 0 employed a syst

different fields of application and collatadion with experts in various areas such as tourism and agricult

Area: Dissemination and universal access to science

Citation: Villafafia-Rivera, Francisco Joaquin, Hernandmén, Luis Manuel, FlroeAmador, Cristina and Pefia
Hernandez, Abel Efrair2026. A systemic methodology for strategic planning in protected natural. &&@8. ECORFAN.

* = [frank-31-90@hotmail.corh

Handbook shelf URL.: https://www.ecorfan.org/handbosiphp

ISBN 978-607-894897-0/©2009 The Authors. Published by ECORFAMXico, S.C. for ...
its Holding Mexico on behalf of Handbo®kSEAT. This is an open access chapter un ..... . RENlECYT
the CC BY:NC-ND licenselhttp://creativecommons.org/licensesftgnd/4.0] . 'o
.
Peer Review under the responsibility of the Scientific Committé&RVID®- in :...... Ve Mol de e

contribution to the scientific, technological and innovation Peer RevieeeBs by training Empress ety Terlgcs
Human Resources for the continuity in the Critical Analysis of InternatReséarch. I 102902 SECI HTI



https://ror.org/059sp8j34
https://www.webofscience.com/wos/author/record/810464
https://orcid.org/0000-0002-5214-014X
https://ror.org/059sp8j34
https://orcid.org/0000-0003-3028-3550
https://ror.org/031f8kt38
https://orcid.org/0000-0001-8122-3094
https://ror.org/059sp8j34
https://www.webofscience.com/wos/author/record/87667077
https://orcid.org/0000-0002-5286-0622
https://doi.org/
https://www.ecorfan.org/handbooks.php
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/

66

Abstract

The limited resources available to a community are vital for sustainable development. Therefore, their
efficient use is a challenge feaommunities living within these areas. The incorporation of strategic
designs allows for the formulation of models based onweald data, leading to the development of
strategies that benefit all stakeholders in the system. This research employs $ystiems 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 MethodologyStrategic 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 baseltherfoesearch

with similar characteristics.

| Systemic methodology for strategic design in protected natural areas |

| Objective | Methodology | Contribution |

The results present the Systen
Methodology for Strategic €sign in
Protected Natural Areas, comprised

This research employs syste
thinking and a multidisciplinary
approach to design an analytiq

The incorporation of strategic desig
allows for the formulation of model
based on realorld dataJeading to the

development of strategies that bend methodology six phases: System Identificatio
all stakeholders in the system Systemic Diagnosis, Indicatg
Generation, Interpretation for Strate
Design, and Integration an

Presentation of Results

Strategic design;Protected natural areas; Systemc methodology

Resumen

La limitacion 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 incorporacior
de disefios estrajieos, permiten la formulacion de modelos basados en hechos reales, para la generacion
de estrategias que beneficien a todos los actores del sistema. La presente investigacion emplea e
pensamiento sistémico y una vision multidisciplinaria con el objetevalisefiar una metodologia de
analisis, cuyos procedimientos y técnicas que se generen, sean aplicadas de manera ordenada, sisteméati
y rigurosa para el cumplimiento de los objetivos. Los resultados muestran la Metodologia Sistémica para
el Disefio Estragico en Areas Naturales Protegidas, con seis fases (ldentificacion del sistema.
Diagnostico sistémico. Generacion de indicadores. Interpretacion para el disefio de estrategias.
Integracion y presentacion de resultados). Finalmente, es una linea baseapara@stigaciones, con
caracteristicas similares.

| Metodologia sistémica para el disefio estratégico en areas naturales protegidas |

| Objetivo | Metodologia | Contribucién |
El objetivo fue diseflar un| La presente investigacibn emplea| Los resultados muestran
metodologia de andlisis, cuy{ pensamiento sistémico y una visi{ Metodologia Sistémicagpa el Disefig

procedimientos y técnicagjue se
generen, sean aplicadas de mar
ordenada, sistemética y rigurosa par
cumplimiento de los objetivos.

multidisciplinaria.

Estratégico en Areas Natural
Protegidas, con seis fas
(Identificacién del sistema

Diagnostico sistémico. Generacion
indicadores. Interpretacion para

disefio de estrategias. Integracion
presentacion de resultados).

Disefioestratégico; Areas naturales protegidas;Metodologiasistémica
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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 imppeviorgnance(Vilarifio-

Corella, 2013 Poor and limited strategic model designs in communities block the economic growth of
vulnerable populations due to the limited use ofrthesources. Only sethanagement 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 analyégdyudin, 201).

Design serves to generate strategi@snabrieet al, 2009, which will be implemented for the
development of different cities, involving the success of countries in different areas with unique
attractions lernandezMoreno, 2003. In the tourism sector, strategicsitgn is applied from the outset
and during the growth of infrastructure within natural resource protection a&measr{cioet al., 2007.

Some authorsMachadd Chaviano and Hernandero, 2007) mention that strategic planning terms
should be included to involve the community in a participatory prares$shus create tourism products

that take into account different elements. In addition, it is advisable to visualise in this planninghan urba
development that contributes to addressing sendronmental 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 reliablgssitzal information on tourism systems in natural resource
management.

Methodology

A. Il ntegration of methodol ogies For the develo
systemic methodol ogy for st r asystgmnicanddnelsdisaplinary n p
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) anc
the Framework for the Elusation of Natural Resource Management Systems Incorporating
Sustainability Indicators (MESMIS) (Table.1)

Table 1

Elements of methodologies (Soft System Methodology (SSM); Framework for the Evaluation of Natural R
Management Systems Ingarating Sustainability Indicators (MESMIS); Strategic Design in Protected Natural ,
(DSANP)

ELEMENTS SSM MESMIS DSANP
Authors Checkland (1994) Masera and Astier (1999, 2000) Villafafia-Riveraet al.,2025

Objectives Define a system under study. | Generate sustainability indicators fo Generate reliable statistical informatig
natural resource management syste| on tourism systems in natural resou

management.
Phases 1) The situation of thg 1) Definition of the object of study. | 1) Identification of the system.
unstructured system. 2) Identification of critical points in thq 2) Systemic diagnosis.
2) The situation of the problen system. 3) Generation indicators.
expressed. 3) Selection of strategic indicators. | 4) Interpretation for strategy design.
3) Select a view of the situatio 4) Measurement and monitoring ( 5) Evaluation of at least two strategies
and be able to make a rof indicators. 6) Integration and presentation of resu

definition. 5) Presentation and integration
4) Preparation and verificatio| results.

of conceptual models.
5) Compare conceptual modg 6) Conclusions and recommendatio
with reality.

6) Design desirableyiable and
feasible changes.

7) Actions to improve the
situation of the problem.

Researcher | Participate in the initial stage ¢ He is involved in the final stages of tf The researcher is analysed to def
the phenomenon under study. | methodology. SWOT, forming part of the phenomen
under study.

Source Checkland 1994Masera, 1999Astier, 2000


https://www.redalyc.org/pdf/737/Resumenes/Resumen_73730059002_1.pdf
https://www.redalyc.org/pdf/737/Resumenes/Resumen_73730059002_1.pdf
https://www.redalyc.org/pdf/5155/515551988003.pdf
https://www.redalyc.org/pdf/909/90916202.pdf
https://www.redalyc.org/pdf/416/41618203.pdf
https://www.redalyc.org/pdf/4561/456145112011.pdf
https://es.scribd.com/doc/177570380/La-metodologia-de-los-sistemas-suaves-de-accion
https://www.researchgate.net/profile/Marta-Astier/publication/299870632_Sustentabilidad_y_manejo_de_recursos_naturales_El_Marco_de_evaluacion_MESMIS/links/57068f7f08aea3d280211802/Sustentabilidad-y-manejo-de-recursos-naturales-El-Marco-de-evaluacion-MESMIS.pdf
https://www.mesmis.unam.mx/MESMIS/mesmis_u?xi=astier_et_al_2000_libroazul.pdf

68

The use of the viable systems model obtains relevant subsystems necessary to describe the
integration of system componentsugnteset al, 2019. Sustainability was assessed gsindicators
through the application of the 0SustGCoizéleeba,e Lar
2009. The purpose of this tool (MESMIS) i® evaluate the sustainability of natural resource
management systems. It has been used to conduct assessments in regions of Mexico and in Latin
American countriesMalhotra, 2004 Astier, 2000. Information was prioritised in order to understand
the subject under study, thus proposing six phases imétieodology: 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)dntegrati
and presentation of results.

Results

The integration of the methodologies studied led to the proposal of the present methodology called
6Devel opment of a Systemic Methodol ogy for St
phases are describbdlow

Phase I. Delimitation of the system

To carry out the first phase of the proposed methodology, the following were analysed: Soft Systems
Methodology Checkland, 199and 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 databadeugnteset al, 2019. Therefore, in identifying the system, the researcher
participates as an observer and becomes involved as the methodology progresses. The first step is tc
review the literature in national and internatils@entific 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 tosee fc.
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 Capulin,
in the State of Mexico, different databasese 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 EI Capulin community, because
they use natural resources in prote@szhs 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 (UNWTOQO), Secretariat of Tourism, Natimsatute 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 toieging 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 gairhéiret 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 vigtasmecessary 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 lea
about the behaviour and interaction of all those involved by critically, scientifically, and
transdisciplinarily analysing the research topic (Figure 1).
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Figure 1
Phase 1: Identification of the problem

Source [Own work, 2025

Phasell. 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 daniglang in order to intervene

or define the courseasf 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 basedsystéma 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 partcattimgspproach
to methodologis 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 (Gonzéalez et al., 2006). In this type of systéffiereht 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).
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Phase II: Systemic diagnosis
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To carry out the diagnosis, it is proposed to design a series of transdisciplinary systemic steps,
which were applied in the Capulin community to achieve the objectives:

a) Target population calculation of sample size

To determine the size of theulation, the proposed formula (Sobrado, 2005) should be considered. A
variability (p and qg) 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 lewehdre 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 Capulin community, the total population of the community was known.
For this purpose, the fimula for when the population is known was used, with the values described
above.

— [1]

Equation 1. Formulas for calculating population when the population is unkn®wehrédo, 2006 Own
elaboration (2024).

g — [2]
Equation 2. Formulas for calculating the population when the population is kn8whré&do, 2006

Where:

n= Sample size

N= Population size
Z= Confidence level
p= Positive variability
g= Negatve 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 quantitaiebles will be
designed. The questions may be epaded, closegénded or mixedSobrado, 2006 The survey design

must consider the characteristics of the population and the systerseahahgluding 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 he 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 Eli@€apelattribute

6productivityd was considered, with the criterdi
and agriculture). The attribute d6dadaptabilityd
received by residents improve their services and even allows for the assessment of topics to be worked
on over time and the availabilit-gufoffi criengorod

information on the organisation within the community, identifying resjmlities and the followup 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-selisumption due ttheir low level of production.
For this reason, a sustainability analysis sur
agricultural area, contemplating applied technologies, soil analysis, soil type, income, expenses, seeds,
planting, haresting, 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 bptblvedilistic

and probabilistic sampling, depending on each study in which the methodology is applied. In the case
study in the El Capulin community, ngnobabilistic 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 eatdment of the population has the same probability of being
selected for the studyMalhotra, 200). For this research, selective mprobabilstic 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 informain that allows for an understanding of the composition of the phenomenon
(Grados, 200p For this reason, the population of Capulin was discriminatathstgin 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 syme 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 corroboragedéita 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 deemiking, descriptive
statistical or multivariate statistical analyses must bfopaed in the Statistical Analysis SysteB¥(S,
version 2008 (MartinezSalgado, 201R The result ofhis 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 ofdéise chang
This instrument becomes essential for improving management processes, generating reliable statistical
information for future decisiomaking. The descriptive survey will provide quantitative information on
the system@ominguezHernandezt al, 2017.

Phase Ill. Generation of indicators

The characterisation and baseline of the previous phases must be analysed objectively. To o this, it
necessary to consider the time, scope, and resources (human, political, and financial) available for the
research. For the generation of indicators, the methodology proposédyia(Jiménezet 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 thdeasibility of the processes within the systeRodd and Agriculture
Organisation of the United Nations, 2018

The steps to be followed are: 1) Establish the objectives that should govern ¢hmali 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 andnidas 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
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Phase lll: 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 modifhe 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 topandtime
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 distifes 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 thatrecip
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 factorsilivbe 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 toeesystsmic
community process in the research, with social justice (Figure 4).
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Phase IV: Interpretation for strategy design

Phase V. Evaluation of at least two strategies

Source [Own Work, 2025

Once communicatiowith 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 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 interviemt, forging multidisciplinary commitments with those
involved, and contemplating monitoring, sampling, and data collection to measure results (Figure 5).
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Phase V: Evaluation of at least two strategies
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Training in strategy implementation is vitally important for decismaking. For this reason,
training courses are offered in areas of multidisciplinary interest, with the aim of increasing the skills and
knowledge of those involvedrmijo (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 actionaaying 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 réspedtat 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 datdtained 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 treuthorFernandez (2026)ndicators allow for the measurement

of quality in tourism, especially in agroecological tourism, as it is crucial for the competitiveness of
SMEs, integratig 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, relatdegbjective 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 mationed 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 generateceipriticess of appropriation (Figure 6).
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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 generatddom the interpretation are scientifically rigorous formats, using indicators for
decisionmaking and considering the level of communication for all actors. It is important to consider
the administrative processes, specifically the feedback from the darang 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, gving rise to communities and their participation in these decisiakingprocesse@alafox,

2026)
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Conclusions

For the development of this methodological proposal, whichltessin the integration of several

met hodol ogies, called O60Systemic Diagnosis in Pr
approach was used due to the integration of different fields of application, the relationship with experts
in variousareas (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 whigte @ariety 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 Managem& Assessment Framework (MESMIS) tool was used.

In the description of the phases that make up the methodology, the community of ElI Capulin,
located in the Mariposa Monarca Biosphere Reserve, was used as the field of application. The community
carries oufproductive 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 benell 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. Accordifgrtdoval (2026)It is necessary to
strengthen technical, operational, political, and prospective capacities, known as TOPP ¢asattities
is key to managing trar@imations, ensuring the continuity of state policies beyond-séwnism, and
effectively incorporating the participation of the private sector, civil society, and citizens, together with
better accountability mechanisms. Finally, this proposal can beata in other study areas with
similar characteristics. The different stages that make up the six phases of the methodology provide
indicators for decisiomaking by stakeholders, supported by a systemic, integrative and scientific
procedure.
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MESMIS Natural Resource Management Incorporating Sustainability Indicators (MESMIS)
SSM Soft System Methodology
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UNESCO United Nations Educational, Scientific and Cultural Organisation.

OoMT World Tourism Organisatian

SECTUR Department of Tourism
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Abstract

This research addresses ergonomic deficiencies in postgraduate classrooms that negatively affect
student s 6 -heihgyamd academicvperformance. The study aims to develop a conceptual
ergonomic classroom design adapto the Mexican higher education context. A participatory systemic
approach based on Soft Systems Methodology (SSM) was applied, integrating ergonomic regulatory
criteria from ISO 9245 (Internatioral Organization for Standardization, 1998; Secretaria del Trabajo y
Prevision Social, 200@nd NOM025STPS2008Secretaria del Trabajo y Prevision Social (2008
methodology inalded problem diagnosis through observatimterviews, surveys, and documentary
analysis; construction of conceptual models considering anthropometric, lighting, acoustic, accessibility,
and technological variables; comparison between the current classimb 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 prodes a replicable framework for designing ergonomic learning environments that
promote physical welbeing and support academic performance in postgraduate education.

Conceptual Design of an Ergonomic Postg
Stude nt s® PhyBseiicnagl aWedl IAcademi c Per {

| Objective | Methodology | Contribution |

m B | W
(1) : : e T

s

i

Ergonomic classroom Graduate studies Academic performance
Resumen

Esta investigacion aborda las deficiencias ergonémicas presentes en aulsgraeopgue afectan el
bienestar fisico y el rendimiento académico de los estudiaBteshjetivo fue disefiar un modelo
conceptual de aula ergonémica adaptado al contexto de la educacion superior en México. Para ello, se
aplico la Metodologia de SistemaaBdos (SSM) como enfoque sistémico participativo, integrando
criterios normativos de ergonomia establecidos en la I1ISO-®241a NOM-025STPS2008. La
metodologia incluyé diagnéstico mediante observacion directa, entrevistas, encuestas y analisis
documetal; construccion de modelos conceptuales considerando variables antropométricas, ambientales
y tecnoldgicas; comparacion entre el aula actual y el modelo propuesto; y refinamiento del disefio segun
su viabilidad técnica y cultural. Los resultados evidenadiaa mejora significativa en el cumplimiento
ergondmico y en las condiciones de aprendizaje. La propuesta constituye un marco replicable para el
disefio de espacios educativos que favorezcan el bienestar fisico y el desempefio académico en estudic
de posgado.

Di sefo conceptual de aula ergon-mica p

bienestar f2sico y el rendi mi ento

| Objetivo | Metodologia | Contribucién |
Q i | @i I

Aula ergonémica, Posgrado, Rendimiento académico
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| ntroduction

Ergonomics applied to educational spaces has become increasingly important in recent years due to its
direct impact on students' physical wieding, health, and academic performance. In the context of
postgraduate studies, where academiwitiets involve long hours of intellectual work, intensive use of
technology and prolongembstures, inadequate classroom design can lead to physical discomfort, fatigue
and decreased academic performagGeandjean & Kroemer, 1997; Helander, 2006).

However, the traditional design of university classrooms tends to focus on functional and
capacity criteria, leaving ergonomic principkbst 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 wellbeing and academic perfoance 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 apaches that focus solely on furniture or isolated
physical aspects, this proposal considers the classroom as a completedutical system, where
people, technology, space and organisation interact.

Furthermore, the proposed model is not limiteddo@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 busers (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 solutios.

The central problem addressed by this researcts the existence of ergonomic deficiencies
in postgraduate classrooms, which negatively affect students' physicabeivejl and academic
performance.

The central hypothesis positsthat the application o& conceptual ergonomic classroom
design, developed through a systemic and normative approach, contributes significantly to improving
the physical welbeing and academic performance of postgraduate students.

The research is structured in three main easti 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.
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Development of headigs 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
2.1Ergonomics 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 Comgprison 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.

- Compaative 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.
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Table 1

Comparative Table: Current Situation vs. Ergonomic Classroom Model

Category

Current Classroom Situation

Ergonomic Classroom Model

Physical dimensions

6.1 mlong x 4.4 m wide x 2.19 m hig

Proposl

Furniture Non-adjustable, damaged chairs Redistribution to improve circulation
Space per user Rigid layout, narrow aisles Ergonomic, adjustable, and comfortal
furniture
Lighting Old fluorescent lighting, poorly Ample space @ user, minimum 90 cn
regulated natural light aisles
Ventilation Natural light only, no extractor fans | Dimmable LED lighting, natural ligh
control
Acoustics No acoustic treatment, external noise Cross ventilation and silent fans
Technology Without digital resources o Absorbent panels, sealed doors ¢
connetivity windows

Academic functionality

Limited, lecturestyle classes

Digital whiteboard, charging stations, Wi

Physical and cognitive wellbein

Frequent fatigue

Thermal, visual and postural comfort

Table 2

Source: Own @ation

Comparative Table: 4x2 comparative matrix of conceptual

expressed in the problem situation (phase 2)

models developed (phase 4) an

Subsystems (4)

Current situation (reality)

Conceptual model (ideal design)

Furniture Non-adjustable, causes fatigue and p{ Ergonomic, adjustable chairs and tab
posture. with lumbar support.
Lighting Poor (<300 lux), no brightness contro, Dimmable LED + natural light, 500 lu
average.
Ventilation / Thermal comfort Stagnant air, varlde temperature. Cross ventilation and extractors, 125
°C.
Physical space Rigid, narrow corridors (65 cm). FIl exi bl e space, a

and interaction.

Table 3

Source: Own Creatior

Comparative Table: Actors, possible attegsdand implications for viability.

Key actors

Possible Attitudes / Culture

Implications for feasibility

Postgraduate students

They value comfort and concentrati

performance.

and are open to changes if they imprg

benefits.

High feasibility if justified by cocrete

Teachers and researchers

They may prefer traditional classroo
models; some are resistant to change

Awareness and participation are require

Academic administrators

They seek budget
regulatory compliance.

efficiency ar

Medium feasibity if
benefits are demonstrated.

cost-effective

Maintenance staff

move and maintain.

They appreciate furniture that is easy|

High feasibility if its operability
considered.

is

Institutional regulations

Technical and legal criteria must be m

High feasibility if based on regulations.

Methodology

Source: Own Creatior
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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 addr@ssethe 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
compriseit. (Checkland, 1981; Checkland & Scholes, 1990

The variables analysed are grouped into key ergonomic dimensions. Anthropometric variables
consider the physical characteigstof users, such as height, posture and range of motion, in order to
adapt the furniture and spatial layout. Environmental variables intigliteng, ventilation, acoustics,
and thermal comfort, evaluated through direct measurements and comparisoaguiditory 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 methodojoig the comparison of criteria, where the current situation of
the classroom is contrasted with the requirements established in the ISG 88dINOM025STPS
2008 standards. This comparison allows for the identification of ergonomic gaps and theheseadili
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 accordinght® rhethodological stages developed. In the diagnostic section,
significant deficiencies were identified in the postgraduate classroom, mainly relatedadjastable
furniture, insufficient lighting, rigid spatial distribution, and limitations in vetiblaand 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 integtion. 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 secttbe,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 wedking, 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 wdleing and academic performance. The application of the Soft Systems
Methodology, in conjunction with norative 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 instituti®y 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 drdatening 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 overalbsgly ofstudents 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.
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Methodologi@l: 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 imprements in wetbeing 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 implendagrizdually 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 higheroedinsatutions
in Mexico and Latin America.

- The proposal aligns classrooms with national and international standards (ISG, 920M-
025-STPS2008), improving institutional competitiveness and quality.

Prospects and future work

- Longitudinal evaluatins 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 technologi€augmented reality, intelligent lighting and ventilation systems)
that enhance the educational experience.

- Detailed cosbenefit analysis to justify the investment and facilitate institutional deeision
making.

- Expansion of the approach to other educaidavels (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 k&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 afiitse res

- 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 enfte 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 impat, incorporating indicators of psychological wbking 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 innovadind,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 ramemntaminants from wastewater by combining
materials to improve their individual properties. This chapter describes the production of the zinc oxide
(Zn0O) and carbon composite. The ZnO was synthesized by electrolysis, adding Spend Coffee Grounds
(SCQG) tothe 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 bassixiated with carbon and ZnO; X

Ray Diffraction yielded a diffractogram with lower intensity compared to that of ZnO (BeD&b51),

due to the synthesis of amorphous carllmRAMAN Spectroscopy detected characteristic bonds of
both materials; finally, e isoelectric point of the composite is 7.3, which will allows working with
sorption in neutral systems.

Elaboration of a Carbon-based/ZnO composite synthesis and it characterization

Synthesis
C, ZnO, SC6/Zn(OH),,C/ZnO

Caracterization ZHF:;‘(IQ) 1
Morphological: SEM C/Zno: 7.3

Chemistry: EDS, FTIR, Raman
Phisics: XRD
Superficial: pH(I)

Composite, SCG, C/ZnO
Resumen

Actualmente, se desarrollan nuevos materiales para eliminar contaminantes en aguas residuales,
combinando materieas para mejorar sus propiedades individuales. En este capitulo se describe la
obtencién del compdésito de 6xido de zinc (ZnO) y carbdn, el ZnO se sintetizé por electrdlisis, afiadiendo
café molido usado (CMU) al medio electrolitico, finalmente se calcth®e®d0 AC dur ante 30
sintetizo y caracterizo ZnO, carbén (C) y el composito. Por Microscopia Electrénica de Barrido se
encontré que el ZnO se deposita en los poros del carbon; por Espectroscopia de Infrarrojo se identificaron
enlaces asociados e@rbén y ZnO; en Difraccién de Rayos X se obtiene un difractograma con menor
intensidad comparado con el de ZnO (JFB3%451), debido a que se sintetiza carbon amorfo; en
Espectroscopial-RAMAN se detectaron enlaces caracteristicos de ambos materiatesnerte el

punto isoeléctrico del composito es 7.3, esto permitira trabajar la sorcion en sistemas neutros.

Elaboracion del compésito base Carbon/ZnO sintesis y su caracterizacion

Sintesis
C, ZnO, CMU/Zn(OH),,C/ZnO

c e PH(T)
aracterizacién Zn0: 9.1
Morfolégica: MEB C/Zn0: 7.3

Quimica: EED, IRFT, Raman
Fisica: DRX
Superficial: pH(I)

Compdsito, CMU, C/ZnO
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Introduction & Definition of the problem

Water pollution has increased with population growth; therefore, neswmnatives for wastewater
treatment are being sougiddriguez O. M. J., 202,1with the synthesis of new materials that can be
used as catalysts in photocataly&isdnar 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@d g o d z i e | ¢ z),dColon.RA201B ItRchemital,
mechanical, optical, adsorption, and electrical properties can be improved when supported by inorganic
substanceskides and hydroxides) or organic substanbé&shfnood A. A. H. A.,202BKo god zi e c z
R.A., 2013.

For examp¢, 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, por
volume, performance and chemical stability, among other factars(i I., 2023, (Grima O. C., 201}

(Cesano, 2003 (Vasquez G.N.F., 2024It can be synthesised from renewable sources due to its low
cost, easy availaliy, 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 sawtksut wood, fruit pits, cattle

bones, cotton stalks, chicken feathers, rice husks, Etethamilan E., 2099 (Hongying Q., 2018

(Njewa J. B., 202

Used ground coffee is considered a precursor rich in lignocellulosic material; that is, it is a
material wth a higher amount of carborifedondo F. E., 2092 (Rhodes D.H., 2007 This paper
studies the synthesis and characterisation of cashpported 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
characterisatin. 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: Defindfahe 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 ¢tedes, 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 coffes 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 muffladeiand 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/fn30 minutes with magtie 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
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https://www.mdpi.com/1996-1944/7/4/2833
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https://www.sciencedirect.com/science/article/abs/pii/S101060300700398X
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https://www.tandfonline.com/doi/pdf/10.1080/03081079008935080
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Synthesis of the uncalcined compas 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 (NacCl
+ coffee waste), working at a current density of 260 mA/cm? 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 skmp calcined at 400 °C to obtain zinc oxide/coffee
grounds.

Characterisation techniques

Thermogravimetric analysis (TGA)

The TGA study was performed with a TGMA 5 thermogravimetric analyser, manufactured by
Termogravimetric Analyzer Instruments,upbed 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 Brutagr tdicroprobe. The
SEM was operated in high vacuum aeowith 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 (FTIRATR)

The equipment used was a PerEimer FT model 2000 il\TR mode. The scans were performed in
approximately 40 s, in the wavelength range from 4000 to 530 cm

Raman spectroscopy

The RAMAN analysis was performed with Horiba Joni YveRaman equipment, model XploraPlus,
using a soliestate laser ad= 532 nm, with a maximum power of 2.5 mW on the sample surface. A 1200
I’/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 Xray diffractometer was used, obitaig a diffraction pattern in a range of 20°
to 80° in 2l 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 calcioegbosite 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 wasund that this can be done at 311 to 452 ECSayed Khater, 2034
(Suwimon Thowphan, 2002sincethe 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 ZnONoura A.M., 2019, (D.S. Dmitriev, 202k


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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Thermogravimetric Aalysis (TGA) of CMU

Source: Own Elaboratior

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 elemetal 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 tleatdihbon 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). (Figure 2(b)) has agglomerated particle growth. When calcined, ZnO is obtained (Figure 2(e)),
which ontinues to be agglomerated partic#en 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 ancpores 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 du
to the fact that the carbon is obtained from used coffee grounds. When performing electrolysis to obtain
Zr(OH). supported in coffee in a saline medium, #ghements 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, CI, K and Ca is due to several washings of the uncalcined material (Table
1). It should be noted that the electrosynthes& @H).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 matéi&. Pmitriev, 202} (Dalia Isabel
Garcia Salings2029

Mapping allows us to observe how zincaiis 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 répiaited.
Hugo Castrejon Sanchez, 2021
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Table 1
Results of elemntal analysis by Energy Dispersive Spectroscopy
Elements 2 It -

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 Elaboratior
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Figure 3

Mapping by SEM C (yellow) and Zn (purple).
Source(Victor Hugo Castrejon Sanchez, 202

Fourier Transform Infrared Spectroscopy in Total Attenuated Reflectance Mode (IRFFATR)

FT-ATR spectroscopy was performealanalyse the functional groups of the precursor materials (used
coffee grounds, carbon, ZnO, uncalciti@d Zn ( OH) composite) and the c
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/Zh(@td) calcind
composite (C/ZnO) (Figure 4).

Figure 4 (a) corresponds to SCG and shows signals for the functional grélips 2929, 2869,
874 and 815 cry C=0 at 1747 crh; C=C at 1658 and 1448 efinand GO at 1039 cr; all of these
signals are attributed to SCGrpzcaeCastro, 201) (L. F. Ballesteros, 2034

For C (Fig. 4(b)), a band attributatitearomatic groups such as C=0 at 1560'cGN at 1188
cml, C-O at 1039 cm, and GH at 874 and 815 cthcan be observed. The ZnO precursor is shown in
Figure 4(c). The spectrum shows a C=0 band at 1560dera to CQ and is similar to that obtaindsy
WU et al., 2010 for zinc oxidéd@peng Wu, 2010

In Figure 4 (d), the spectrum of the compound before calcination (precursor) can be seen, showing
a bond vibration at 3413 ctn This signal isassociated with the presence of Zn(@H)apeng Wu,
2010, which is a precursor of ZnO. Other functional groups can also be observetifat 2029, 2869,
874, and 815 cry C=0 at 1747 cnh;, C=C a 1658 and 1448 cthy and GO at 1039 crt (OrozcoCastro,
2019. All of these bands are attributable to SCG.

After calcination, ZnO supported on C is obtained (Bi{g)). The spectrum shows a small signal
corresponding to the-® 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 8 impossible to observe the signal located at 446 corresponding to ZnOQo, Win
Mawhlaing, 200Y. Some authors use the signal located at 538 tonmdentify it (Ruiz Peralta, 2007
(C.M. MartinezHernandez, 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 byPRralta Ruiz Peralta, 2007 C/ZnO
was synthesised by Tawfik A. Saleh et al., and the IR spectrum of the compound was(Saidledr.
A.,2015.
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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 9% JE203 (&), 332 (3Enr-E2), 388 (A(TO)), 410 (&(TO)),
437 (En), ~550 (A(LO)), and 588 cm (E1(TO)), corresponding to the wurtzitgpe hexagonal
structure. This phase has been reported in applications such as photocatalysis and sdtarigells; .(
2015 (Decremps F., 2002(Venkatesha T., 20)2(Mauro A.D., 2017, (B. H. Bairamov, 19883

The Raman spectrum of all carbbased mateais, including CA, shows diverse behaviour in
the range of 80@000 cm, in which the G and D bands (or peaks) are found around-1680 cmt
and 1350 cm respectively, for excitation with visible light. If UV irradiation is used, a T band will
appear ear 1060 cm, (Ferrari A., 200%, (Ferrari, A. C., 200p, (Ferrari A., 200).

In the case of our composite after heat treatment, it is possible to observe the D band at ~1380

cmt and the G band at ~1590 €nthese signals confirm the presence of a carbonaceous material in the
C/ZnOcomposite.
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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
tredment are amorphous materials, so it was not possible to identify any crystalline phase in their
diffractograms
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The peaks identified by Rawal et al, 2018 cannot be defined, except for one present at 23.03 on
the & scale, which corresponds to the (0,0,2) plane of graphite carbon, a dominant and common
characteristic of amphous carbons. (Figure 6 (c))

To identify ZnO, JCPDS card 36451 was used. It can be seen that the peak with the highest
intensity coincides with that shown in the obtained diffractogf&ngure 6 (b)) E. N. Jiménezarcia,
20149).

For the uncalcined composite, Zn(QH)CPDS card 38385) was expected to be observed,;
however, it was not possible to identify it because the amount of coffee present in the uncalcined
composite iggreater 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 ¢&t8136an be
found, mostly conciding with those reported. A lower intensity was observed with respect to the zinc
oxide diffractogram, due to the presence of carbon in the composite (Figurere &)JimerzGarcia,
20149).

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 igration
a simple technique used for metal oxidésjéna Preoanin, 1998
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Figure 7
Precursor and composite FOOT:
(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 poifBal (Figure 7(c)), the uncalcined composite (Zn (&¢dffee
grounds) has a pH(l) 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 sud@oenoxnd
reduction reactions in the presence of the products of water hydroly€i5,add OH(Borrell Toémas,
2018
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The reported isoelectrimmt of ZnO is in two ranges, one from 8.5 to 9.01 and the second from
8.7 t0 10.3. The pH(l) obtained in this study is in the second range. Theheege pH is interpreted as
meaning that the surface charge on the material is neutral, where the pheiadea 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 pogedtial (pH
and more psitive if the pH is lower than pi&; 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 forhgdhese 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. {fashni, 202)) (Lab, Academia, 20295

Conclusion

The synthesis and characterisation of a composite material made it possible to evaluate that the compounc
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 comg. 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. Thiswas 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 Heattreated composite

DRX X-ray diffraction

EED Dispersive Energy Spectroscopy
IRFT-ATR Fourier Transform Infrared Spectroscopy withtdl Attenuated Reflectance Mo«
MEB Scanning Electron Microscopy.
PHpzc Zeta Potential

PIE Isoelectric Point

SCG Spent Coffee Grounds

SCG /Zn(OH)  Composite without heat treatment
ZnO Zinc Oxide
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Abstract

Teleworking has become a key working model since the C@\Ppandemic, generating significant
transformations in organizations. The objective of this study is to analyze the otigamizinpacts of

the forced implementation of teleworking from a systemic perspective. A qualitativexpernimental,
crosssectional study was conducted based on stmctured interviews with ten organizational actors
who performed activities unddre 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 asudleh
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 shobllunderstood 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 |

| Objectives | | Methodology | | Contribution |
Analyze the organizational impacts result| | Qualitative, norexperimenal, crosssectionall | Teleworking is conceptualized as a systel
from the forced implementation research; senstructured interviews (n=10| |transformation that simultaneously reconfigul
teleworking from a systemic perspective. analysis using ATLAS.ti 9. structures, processes, coordination mechani

and the organizatiohsalue chain.

o

.’ . ATLASA9

g ==

Telework; Organizational change; Systemic approach

Resumen

El teletrabajo se consolidd6 como una modalidad laboral clave a partir de la pandemia porX®QVID
geneando transformaciones significativas en las organizaciones. El objetivo del presente estudio es
analizar los impactos organizacionales derivados de la implementacion forzada del teletrabajo desde una
perspectiva sistémica. Se desarroll6 una investigacidlitattiva, no experimental y de corte transversal,
basada en entrevistas semiestructuradas aplicadas a diez actores organizacionales que desempefiab
actividades bajo la modalidad de teletrabajo. El andlisis de la informacion se realiz6 medianterel softwa
ATLAS.ti 9, lo que permitié identificar categorias emergentes relacionadas con la estructura
organizacional, los mecanismos de comunicacién y coordinacion, la capacidad adaptativa y la cadena de
valor. Los resultados evidencian que el teletrabajo amio® una perturbacion sistémica que generé
procesos de desestabilizacion inicial, seguidos de dinamicas de adaptacién, reorganizacion sociotécnica
y aprendizaje organizacional. Se concluye que el teletrabajo debe comprenderse como una
transformacion sistéica que impacta de manera integral los subsistemas organizacionales, mas alla de
un cambio operativo o tecnoldgico.

| Cambios en las organizaciones como resultado de la implementacién del teletrabajo: un enfoque sistémico |

| Objetivos | | Metodologia | | Contribucion |

Analizar los impactos organizativ Investigacion cualitativa, no experimental El teletrabajo se conceptualiza como
derivados de la implementacion forzosa transversal; entrevistas semiestructuradas (nq | transformacién sistémica que reconfig
teletrabajo desde una perspectiva sistémi | andlisis con ATLAS.ti 9. simultineamente las estructuras, los proce
los mecanismos de coordinacién y la caden
g valor organizativa.

¢ .ﬂ
=0 QQ

.’ . ATLAS9
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Teletrabajo, enfoque sistémico, organizaciones, transformacion organizacional, TIC
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Introduction

From a systemic perspective, organisations can be understood as open and complex systems thal
constantly interact with their em@anment, 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. Althaigihehomenon took on
unprecedented relevance during the CO\Mpandemic, when its implementation became a necessary
condition for operational continuitydodder, 2020Katsabian, 2020Kodama, 202)) it had previously

been addressed in the literature as an orgammsdtstrategy for dynamic and changing environments
(Gentilin, 2020).

The accelerated adoption ¢éleworking since the health emergency began has driven its
expansion, particularly in transnational companies and knowdedgesive organisations, forcing a
rethinking of traditional work organisation schemeledder, 2020BelzuneguiEraso & ErreGarces
2020;Katsabian, 2020Kodama, 202)) From a systemic perspective, this modality represents not only
an operational change, but also a structurabigigon that affects organisational subsystems, demanding
adjustments in the environmenbrker relationship, coordination mechanisms and information flows
(Ayyagari, Grover & Purvis, 20)1In this praess, 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 woikinggh, 202).

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 asabiated
improvements in the webeing and work adjustment of individudtlsodder, 202 However, from a
systemic perspective, these effects cannot be analysed in isolation, as oogehigesrformance
depends on the interaction between the individual, group and organisational levels. In thiSeaigsrd,
and Kurland (2002jvarn of the need to consider the impactdedéworking 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 ainis 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 forlesdantption
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 iegented; 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 recenghenomenon, 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 regécating 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 recognisedsaone of its main precursorGgntilin, 2020).

Over time, teleworking has been the subject oftiplel theoretical and empirical review3gjley
& Kurland, 2002 Blount, 2015 Messenger & Gschwind, 2016entilin, 2020 Santana & Cobo, 2020
approached from different perspectives. Among the most recurrent are ttussdfon the social sphere,
particularly the workfamily relationship Galvez et al., 202Kossek et al., 20)5as well as its analysis
as a form of social innovation aimed at labour inclusiemésto & Bernardino, 20})9In the Latin
Americancontext, studies have been developed focusing on the labour and legal frameworks that regulate
this modality, both in MexicoJiménez & Pérez, 20)@nd in other countries such as Spain, Argentina
and Colombia$ierra, D19 Gentilin, 2020 Ayala Bolafnos et al. 202&ego Foresti, 2026
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In Mexico, teleworking is formally regulated in Article 330of the Federal Labour Law, where
itisdefnedaa f orm of subordinate work organisation
activities in places other than the employer's establishments... using primarily information and
communication technologies for contact and command between the workierraed e mpAtticdey e r 6
330-A). In accordance with this definition, labour legislation itself establishes the concept of information
and communication t ec hnorvieeg inkastrucfure,h&tyworkss software,h e
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
technologicatomponents that enable the creation, modification, storage, protection and retrieval of that
informationd (Federal 1188)bour Law [LFT], 2022, i

The health crisis caused by COVII represented a turning point in the adoption of teleworking.
Facedwith the need to ensure employee safety and maintain economic continuity, organisations were
forced to migrate to this mode of working at an accelerated pader(o-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
(BelzuneguiEraso & ErreGarcés, 2020

This process of forced implementation showed that teleworking not only involves an operational
change, but also a more d@aching organisational transformation,ttwiimplications 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 territoria@evelopment@allardo & Whitacre, 2013

In the field of organisational research, various authors have addressed the issues associated with
its implementationsuch as performance management, coordination and cob#nle(s et al., 2001
Infante et al., 2018Silva-C et al., 201Q Studies have also been conducted from the perspective of
organisational psycholog¥{fuentesLeiton, 202() and occupational healtivipntreuil & Lippel, 2003
Valero-Pacheco & Riafi@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 makeditficult to objectively measure productivity, due to the diversity of
organisational and contextual variables involveddnen & Kok, 2014Groen et al., 2018 azekami,
202QNakrogiend. et al ., 2019

A significant part of the research has focused on analysing the advantages and disadvantages of
teleworking from anndividual perspectiveGadecki et al., 2098In this regard, communicatiofdy,
2017 Muioz Zapata et al., 2013ilva-C et al., 201pand leadership/{ojcak et al., 201,6Kappelman
et al.,, 201) have been identified as key organisational factimat influence the success of its
implementation. Likewise, it has been pointed out that teleworking requires a high degree of self
management and selfrection on the part of worker®i(iller & Niessen, 2019 as well as management
styles in line with this modalityKwon et al., 201® According toBaruch and Nicholson (1997the
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 internakspolici
(Blount, 2019%; (3) the home and family, considering economic and family conditi®asi¢h, 200}
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 organisationalepspective, 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 costiatoh; and for workers, an
alternative associated with the search for autonomy and freeddnerftesLeiton, 202(. However,

when this modality is adopted associal distancing measure, organisations experience significant
changes, starting with job profiles, process flows, communication methods and, in general, the
organisational and management structidel{uneguiEraso & ErreGarces, 2020Kawashima et al.,

2020 Bojovic et al., 202)) 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 envimment, 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 understogdtasicdransformation that
reconfigures organisational subsystems

Table 1
Systemic postulates for the analysis of teleworking

Theory Autor Principle

General  System{ Ludwig von | Organisations are organised wholes, where

Theory Bertalanffy relationships between the elements are decisive for
functioning and performance.

The systemic Norbert Wiener Organisational changes must be analysed taking

approach. account interdependencies, feedback loops and

Cybernetic linear dynamics. Social and organisational systems

perspective regulated through communication, control and feedh
mechanisms.

Law of Requisite| W. Ross Ashby A system can only manage the complexity of

Variety environment if it develops internal mechanisrithvan
equivalent level of variety.

Sociotechnical Eric Trist Organisations are made up of a technical system g

Theory social system that must be optimised together.

Systemglynamics | Jay W. Forrester Structural changes generate patterns of orgaoist
behaviour over time.

Soft  Systems Peter Checkland Complex organisational phenomena must be anal

Methodology considering the perceptions and meanings of the a
involved.

Source: Prepared internally based &ertalanffy(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; socitechnical theory emphasises the joint optimisation of social and technical systems;
system dynamics explains how structural changes generate patftdreisaviour 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 manneconstitutes 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, alfoivs 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-axparimental, crossectional design,

which is relevantor 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 erpes 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 medi@gwell & Creswell, 201;8HernandezSampieri

& Mendoza, 2018 This approach is mainlysed 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 acctsthe target population is limited or complé&é¢swell & Creswell,

2018 HernandezSampieri & Mendoza, 20)8 due to geographical dispersion and organisational
restrictions on identification and contact. The sample included both operational teleworkers and people
with managment functions, which allowed for the incorporation of different organisational perspectives.

Data collection andnalisis

Semistructured interviews were used as the main technique. The interviews were conducted during
September and October 2021, t@iised 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, EAT, E5G, E6T, E7G, E8G, E9G and E10T.

Results

The analysis of the interviews shows that the forced implementidtiefeworking 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)-$ecdmical reorganisation and
reduction of bureaucracy; and (e) changes in the organisational value chain.

a) Telewaking 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 clganYou 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 thetedms( E1 0 T) .

From a management perspective, the gradual incatiparof indicators and monitoring mechanisms can
be observed:

dndicators are already being generated. But that's okay. They are part of a normal evolution with
the structural changes in the compar{i£8G). But there is a list of deliverables and comments,
extensions. So you have to have a clear idea of what activities you have t¢ ({3i@¢r
In some cases, the formal structure remained stable, while the changes focused on the form of interaction:
Or'he organisational structure remains the sarhe,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 Skype ( E6 T) .

b) Reconfiguration of communication, coordination and control mechnisms

The results show a profound transformation of communication systems, which became the main
mechanism of organisational regulation during teleworking. From a managerial perspective:

aCommunication was an important factor in establishing and beihg ta work and maintain a
work rhythm that we managed to maintain during this périod( E8 G) .
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At the operational level, communication intensified, especially at the beginning:

dt was being in constant communication with them by phone, coordinatingeéogepractically
being glued to the phone all the time, talking, talking, talking( E1 T ) .

The intensive use of ICT also generated frustration in the face of technological failures:

&uddenly, my Internet connection would fail a lot... | had to be pedpas | have my phone,
my computer, my data, | have everything connécted E1 T ) .

The overload of meetings appears to be a critical element:
"l could have up to eight conferences in a single day. So that ends up being stre§sfu(td®3 T ) .
Some partigpgants emphasise the need to make communication more effective:

dt'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 worthWiiE2G).

At the same time, a paradigshift is emerging regarding the value of faodace work:

O0rhe main challenge is that it's not faiweface, and at first you have to change your paradigm
that work only works when you're in front of pe@ple ( E7 G) .

Finally, trust and commitment are higghted as conditions for functioning:
Orhere was trust, communication... | think the commitment wasthefe E 8 G) .
C) Adaptive capacity

The interviewees report individual and domestic adjustments to enable working conditions, such as the
reorganisation fospace at home:

d had to take over half of the dining room in the house to set up myboffifeE 8 G) .
A gradual stabilisation of teleworking practices can be observed:

6lt was very diffi for me i n telalestarted r st
rtua

doing it vi

The digitisation of processes and the adoption of platforms are becoming established as mechanisms for
adaptation:

Everything is digital... | had to compile all that information... and send it to them on arpiétfo
(E4T).

Collective learning made it possible to sustain complex activities:
ONe've had expotransporte... we've done everything virually E4 T ) .
And tensions are emerging over the return to-fadace schemes:

Right now, | think it's going to Weard for all ofustogobaék ( E7 G) .
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d) Sociotechnical reorganisation and reduction of bureaucracy
Participants identify that coordination was supported by digital agendas and calendars:

dn the end, coordination was done through an agenda... the@utalendar had to be opén
(E8G).

There is also recognition of a lack of organisational preparation for a total migration:
O0r'he company was not prepared forthat ( E9 G) .
Limitations of teleworking in physical activities are pointed out:
Or'here are pysical things that you cannot manage with telewoiking( E9 G) .
Despite this, a gradual adaptation is reported:
d got used to it in a year and a half... it has been quite beadablé E1 0 T ) .
e) Systemic changes in the organisational value chain
The testimores highlight the interdependence of functions and results:

ONe are all part of a value chain in the company... if one of us fails, the whole chain is éffected
(E2G).

Permanent availability is associated with performance:

drour colleagues and the datr look for you... you have to be on the lookout for the confputer
(E4T).

And remote work is linked to financial results:
drhat someone is doing a job that translates into a financial i@sul{ E7 G) .
Discussion

The results of the study confirm thattforced implementation of teleworking during the COMID
pandemic constituted a systemic transformation in organisations, rather than a simple operational or
technological change. From the perspective of General Systems Theory, organisations ar@d@sersto
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 seas&irical evidence shows that teleworking acted as an
external disturbance that simultaneously iotpd the structural, technological, and human subsystems,
confirming the interdependent nature of the organisational sy&erta(anffy, 1963

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 motibcomplex 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 hoosgeneo
nor immediate, reinforcing the idea that organisational changes emerge frdmeawrand contextual
dynamics.

From a cybernetic perspectivgiener (1961)the results show a profound transformation of
communication, control, and feedback mechanisms. The replacement-té-face contact with ICT
mediated interactions reconfigured organisational regulation systems, gshiitn emphasis from
hierarchical control to schemes based on constant communication, trust, anebessdtsnonitoring.
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However, as the participants' experiences reveal, this intensification of communication also
generated undesirable effects, sucmagting 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 imbalancdsarather t
stability.

In relation to the Law of Required Varietyghby (1956)the results show that organisations were
forced to expand theiinternal 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 redefinitraoriofroutines. Empirical evidence
suggests that, in cases where the organisation managed to increase its adaptivé ¢chpagify process
digitisation, training, and flexibility the system achieved a new functional equilibrium. Conversely,
technologicabr structural limitations revealed the inability of some subsystems to absorb the complexity
of the environment.

From a socigechnical theory perspectiverist (1981) the results confirm that teleworking
simultaneously modified the technical system and the social system. The accelerated introduction of
digital platforms transformed work proses, 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 workameatabiguity of roles,
and the exclusion of activities that require physical presence. These findings reinforce thecboooal
approach that technological optimisation, without a balanced redesign of the social system, can generate
organisational tesions.

For its part, Systems Dynami€srrester (1961)allows us to interpret the changes observed in
the value chain as the result of feedbadkicstires 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 Methodoltiggckland (1981 showing that
teleworking was interpreted differently by organisational actors, depending on their role, experience and
context. Perceptianof 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 tarattly influence the way the system
reorganises itself.

Overall, the discussion allows us to affirm that teleworking, particularly when implemented in a
forced manne(BelzuneguiEraso & ErreGarcés (2020)Bojovic et al. (2020)CifuentesLeiton, 2020
Hodder, (2020)Katsabian, (2020 Kawashima et al. (2028hould be analysed as a process of systemic
transformation, whose effects manifest themselves at multiple organisational levels and through
emerging dynamicsThe 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 simultaneowstyder 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 geougtiuctured
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 reconfiguregttunctioning 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 readj@sient. 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, codi@inand control mechanisms
were profoundly transformed. The replacement of faeiace control with schemes based on trust,
delegation and the achievement of results modified the traditional dynamics of supervision, although it
also generated tensionsasiated with work overload, stress and the blurring of the boundaries between
personal and working life.

It is also concluded that teleworking led to a sdeichnical reconfiguration, in which the
accelerated digitisation of processes and the intemsigption 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 i
activities that require physical presence.

Finally, the results confirm that the effects of teleworking are emerging arithean, impacting
the organisational value chain and reinforcing the interdependence between the different actors. In short,
thechapter 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 literatureitmpnipgs
teleworking as a systemic phenomenon, beyond traditional approaches focused on the individual or
technology. The articulation between General Systems Theory, cyberneticsiesbaigal theory,
system dynamics and complex adaptive systems afloman 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 dynamhicd) 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 processiat 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 strateigs 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 tedesign 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 impliesa chinge
in leadership and supervision styles.

From a management perspective, the results suggest that teleworking should be integrated as part
of a longterm organisational strategy, considering hybrid models that recognise the limitations of remote
work in faceto-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 wellbeiptactices that accompany the systemic transformation of
work, in order to strengthen organisational sustainability and performance in highly uncertain
environments.
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