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Al APPLICATIONS IN X RA-RACTIODHARACTERIZATION

Pedro VERSERNA

Universidad Polit®cngeni de? d3ec 8§ @eandtar, ®iTdeecs8imnagee, d ek
de M®xicdc o, Me

pedrovera.upt@gmailicom

ABSTRACT his paper presents the results and variations obtained using artificial intelligence in the
process of phase characterizaticralgydKfraction, as well as the results of the characterization of

the synthesized material. The novelty is the apprprisséile using Al, were compared the results
using three different Artificial Intelligences. The synthesis was carried out via mechanochemical
methods using the precursor mateFa¢salRd COF, followed by 7 hours of millingraédronal
characterization, a Bruker diffractometer was used, along with EVA software and the ICDD PDF2+
database. The Al information was compared with traditional method find variations, but in the genel

of profile was satisfactory.

KeywordsAl incharacterization of materials, X Ray Diffraction, iron chromium oxide, cromite,
generation PDF data with Al

INTRODUCTION

In recent decades, the use of the internet and information technologies has been making the work
easier. One of the internationdttvéth the highest demand and development is artificial intelligence,
as can be seen in the results presented in DITRENDIA, which show a projected growth from 96 in Z
to 1,847 in 2030 [1, 2]. In the case of research projects, this oftenlmdfezfitsanaie area of

materials characterization, as noted in the works of Meric Eren Cakar and Lizichen Chen et al. [3, 4
The provision of information by Al, along with information analysis and solution generation, has ma

possible to explore theptions as solutions [3, 4].

Apparently, thousands of researchers and professionals are increasingly generating technological
development and research projects, which could be perceived as a greater challenge for presenting
advances, given the Imigimber of publications on various topics year after year. However, social
trends, the emergence of new technologies such as Al, the lack of resources or their limitations, an

new trends in process changes allow for the creation of new reseaesh[6p@prtunit



In general terms, characterization tRagDiffraction requires a sample of the material, one must
also consider the type of radiation applied, the detector used, and the software that allows the data
saved. Additionally, a compatatabase containing reference patterns for the materials being
analyzed and software for analyzing the matches is necessary and preferably the identification of
possible elements from the periodic table present in the sample; this allows theretetieth to be ¢

and the phases present to be identified. All of the above entails a cost that not all higher education

institutions can afford or sustain.

This paper presents the approaches that can be achieved using artificial intelligence to aid the rese
process in material characterizatiofrana Biffraction [7]. With the appropriate options, these
approaches provide accurate results and facilitatenagaigjoBy comparing the results offered by
Claude, Chat GPT, and Gamma applications [g$dlO} a traditionally studied case that utilized

the ICDD database, aiaydiffractometer, and EVA software, a mechanochemical process is carried

out using FeF and GrCF,

1. METHODS ANS MATERIALS

To explore the opportunities offered by artificial intelligence, we have investigated in Spanish langu
its use in phase identification based on results obtaineddyodiffaackometer. The diffraction

profile is analyzed with the aid of arttBdigence, utilizing applications such as Gamma, ChatGPT,
and Claude; each provides its own solution, which is then compared with the identification performe
using specialized equipment and software in the traditional manner. This leaxgitmtbé identif

opportunities and the realization that current limitations.

The physical study begins witiphigi precursor materials from -Biiginieh, which areFBe

and GfCr, to identify the synthesis products after 7 hours of grindiegeg\armithFor

characterization, a Bruker D8 Advance diffractometer with copper radiation and a LINXEYE XE det:
was used, along with XRD software for reading the instrument data and EVA software for phase
identification.

2. RESULTS

This study is basedio®need to identify the current possibilities offered by artificial intelligence in the
use of webased information. It is based on the premise that the analysis of artificial intelligence and

published information may lead to an approximate answer.

The analysis is performed using three Al applications, all given the same instruction, which was as



follows: Based on the position of the peaks in the following figure, identify the phases present in the
copper radiation diffraction profile, usingioridroratthe web; the basis is oxygen, chromium, and
iron. The figure shows the diffraction profile obtained from mechanical milling. The analysis was

conducted in Spanish language.

1.1. GAMMA APP

The result provided by the Gamma application was: as follow

First, it identifies the observed peaks as shown in Figure 1. It then compares the results with the JC
data for the most common oxides ini @id-system, thereby determining the possible phases as
shown in Fig. 2 (Remember that the use dicaggolieae in Spanish).

Picos principales observados (20
aprox.)

o ~24.2° — reflexion de baja intensidad,
hombro

» ~29.8° — pico intenso, posiblemente reflejo
(220)

» ~33.1° — pico muy intenso, reflexion
dominante

Fig 1.

Fase 1: FeCr:0.

Espinela cromitica de hierro
JCPDS #34-0140

Sistema cubico, grupo
espacial Fd3m

Fig 2

It then presents the relationship between the peaks, the angles, and their correspondence to phase

a table, ultimately proposing®aGre203and (FedRDr as possibilities, presenting an analysis



based on peak widths that indicate micro defanthpossible nanoscale sizes; this peak width
analysis corresponds to the analysis performed on the particle size distribution and the
mechanochemical process.

Table 1 presents a comparison of the identification of phases.

Tab. 1Phasesdentified with Gamma

Gamma Analysis with EVA
application | and database of IC[

Fels FeOs
FeCsOy (F&.€C0.920s
(FeCp0s

The results show a certain degree of approximation, though they lack precision, which suggests the

synthesisccurred that resulted in a phase of iron chromium oxide.

1.2. CLAUDE APP

The pattern analysis (Cu KU radiiafAiga®d3 o a 1
41A50AB5R7B 482 d@nbd 22). These aiteaelliwithent i fi e
typical Fe and Cr oxides reported in databases such as ICDD/JCPDS, yielding the phases present
Table 2.

Tab. 2Phases identified with ChatGPT

ChatGPT Analysis with EVA
application | and database of IC[
Fels Fels
FeOu
FeCsOy (F&.£C0.9203
CrOs

It can be seen that the analysis shows a greater deviation in the result, which leads to greater

uncertainty and does not allow for a narrowing of the range of possible results.

1.3. CHATGPT APP

Using the collected data ansgual analysis of the diffractogram, the application was able to perform a
detailed phase identification, presenting the results in an organized graph shown in Fig. 3, which lis
hkl planes. It also presented a table showing the relationshipotetywaeaks, planes, and phases.

Fig. 3 shows the table of phases identified using the Claude application.
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(31m) ~— FeCr,0, cromita (espinela)
3540 JCPDS 34-0140 | Fd3m cubica
- o-Fe,O, hematita

JCPDS 33-0664 | R3c romboédrica
= Cr,0, eskolaita

(104)
3310

|

(220) (104)
3010 33.6°

(110)
362°
(51)
57.0°
1
(440)

(024) .‘(3"612'
4 4. 50
(024) 625

Intensidad (v.a.)

(400)
{02) 430°
(m) 7
1830
(214)
‘ ‘ 8510
15 20 25 30 35 40 45 50 55 60 65

28 (°) — CuKa (A =1.5406 A)

Fig. 3XRD profile developed by Claude

Tab. 3Phases identified with Claude

Claude Analysis with EVA
Applicayion | and database of IC[

FeOs FeOs
CrQOs
FeCsOy (F&.C10.9203

It can be observed that the analysis presents data indicating the presence of an iron chromium oxic
phase, which is correct; however, there are deviations in the phase characteristics. There is a differ
in the GO phase compared to the gamma analysis, which does not shd¥xtiphéseCr)

where the peaks identified as part ofth@l@se are present.

80

60

Intensidad 1o
3

40

20

(R Y Jﬁm

15 20° 25 30° a5 40° 45 50° 55 80° 85 70°
26 () Cuka

76 80°

(e12) 24.3° (1€4) 33.3° (118) 35.9° (€e6) 39.5° (113) 41.1°

(202) 43.8° (@24) 49.8° (116) 54.4°
(211) s6.6° (122) 57.9° (@18) 57.9° (214) 62.9° (3e0) 64.5°

(208) 70.0° (1010) 72.4° (220) 76.0°

Fig. 4XRD profile generatetFe® .40z phase.
One of the reasons the applicationsditewdthe (F&C0.420z phase is because it is not available

on the web; apparently, this is why they default teQhandeGO: phases, where they find a
similarity in the peak

| ocati ons ,its ksponeseg e r i
included the ability to generate phase diffraction profiles; therefore, it was requested to generate a

11



graph based on ROF0340412 and the structural information@u(B£%s. It calculated and
constructed the graph, whichgeriesl in Fig. 4.
This tool helps visualize and verify peaks when they are not available online, which aids in

characterization of materials; in the future, the databases available online will likely be expanded.

1.4. CHARACTERIZATION \OHTWARE AND DATABASE

The following presents the results obtained from phase identification using the ICDD database and
comparison software EVA, with the phagei{RECr shown in red and th&reghase in red

color, as can be seen in Fig. 5. It was the result obtained with traditional methodand the peaks. The
result generated by Atrtificial Intelligence showed the peaks in same angle as were idntified in Fig. £

10

8

6

4

[ T T T T T T

| .
P,
o1 _ -
T T Y T —
20 30 40

Fig. 5XRD profile evaluated bagedata ICDD

CONCLUSION

The study showed that Gammads artificial I nt
obtained result, allowing the user to determine that the synthesis occerhednmuanxygen

system (Fe®9r. With Claude, it was only possible to approximaiehtioeitcnxygen phase;

in both cases, & was identified, which is a step forward. One &f &lsad&ages is the
generation of diffracti on priclfcompaesifon,evbiant ai ni n
represents a significant advancement in characterization by making that information available. Ove
time, analysis will likely become easier due to improved functions and greater availability of data. Tl
information regarding nealessize and microdeformation provided by Gamma was accurate. Today
there are variations due to limitations of profiles of XRD in the web, but the generation of profiles wi

Claud app is a good to explore with Al.
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SOFTWARE STANDARDS AND METRICS IN MODERN SYSTEM DEVELOPMEN

A QUANTITATIVE APPRBA O QUALITY IMPROVEMENT
Graciela Margarita CETAQBIJANO, Pedro VERERNA?

Uni versidad Polit®cnica de Tec8maci2 Divisi - -n
Tec8mac, Estado de M®xico, M®xico
univ.gcetina@gmail E@@adrovera.upt@gmail‘com

ABSTRACTSoftware quality is a critical factor in the development of modern systems, especially in
areas such as mobile applications, web development, artificial intelligence, and the Internet of Thin
(IoT). The rapid growtiheftechnology industry has increased the need to ensure that software
products are reliable, efficient, and maintainable from the earliest stages of their lifecycle. This stud
analyzes the implementation of international qualitydsspeddictly CBIEC 25010 and
ISO/IEC/IEEE 1563fhd software metrics as tools to improve product quality and the efficiency of the
development process in academic projects. A quantitative model integrated into agile methodologie
proposed and evaluated using #atiorral design. The results show a reduction in defects of up to
30% and an improvement in productivity of 15 to 20%, which supports the systematic adoption of tt

practices.

Key wordssoftware metrics, software quality, ISO/IECXBOEC/IEEE 15939, IEEE 1061, agile
methodologies, DevOps, software engineering.

INTRODUCTION
Software development has evolved frorbasedfictivity, typical of the 1950s, into a highly

regulated and standardized engineering discipline [1][2].

The growing complexity of digital systems and recurring issues with quality, cost, éadl maintenance
tothesesal | ed fAsoftware crisis, o0 a phenomenon t}

guantitative metrics, and international standards [3][4][5].

Pressman points out that standards and metrics are the cornerstones of sciwaecg,alty a

they make it possible to objectively measure attributes that would otherwise be subjective [5]. Simil;
Fenton and Bieman state that no process improvement is possible without prior measurement, sinc
without quantitative data there asrsofbr making informed decisions [6]. Despite this academic
consensus, many organizaipadicularly small and medinet enterprigestill lack structured

models that integrate metrics and standards into their development cycle [7], [8].

In the edational setting, the situation is no different: students often do not perceive the practical

relevance of quality and continuous improvement until they enter professional practice. This gap

14



between theory and application constitutes one of the nans footiviststudy, which seeks to
demonstradethrough case studigmw the systematic application of standardized metrics optimizes

outcomes in both academic projects and professional development.

The primary objective of this study is to evaluptectiod thee joint implementation of process and
product metrics, aligned with the ISO/IEC 25010 [9] and ISO/IEC/IEEE 15939 [12] standards, withir
agile methodologies (Scrum and Kanban), using a correlational and quantitative research design.

1. THEORETICARAMEWORK

1.1 International standards for software quality and processes

ISO/IEC 2501(oftware Quality Model (SQuaRE)

The ISO/IEC 25010 standard is part of the SQuaRE (Software Quality Requirements and Evaluatio

family and defines the software pouaiity model currently in use internationally [9].

It establishes eight quality characteristics: functional adequacy, reliability, performance efficiency,
usability, security, compatibility, maintainability, and portability. Each charactelastic istbrok
subcharacteristics that can be measured using quantifiable indicators, making it the most widely us:

framework for defining, evaluating, and certifying software quality [10], [11].

ISO/IEC/IEEE 15939easurement Process

The ISO/IEC/IEEER3S standard specifies a structured process for defining, collecting, and analyzing
software metrics [12]. It outlines the activities and tasks required to implement the measurement
process in a systematic and repeatable manner, ensuring that itreddateatidteconsistent, and
comparable across projects. Its integration with ISO/IEC 25010 allows the quality attributes of the n

to be directly linked to operationalizable metrics [6].

ISO/IEC 12207oftware Life Cycle Processes

ThelSO/IEC 12207 standard defines the overall process framework for the software life cycle, cove
acquisition, development, maintenance, operation, and quality assurance [13]. It serves as the

foundation upon which other quality standards and rhetiticlsyapeoviding the organizational and

technical context in which these practices must be carried out.

ISO/IEC 1476450ftware maintenance

15



Complementing ISO/IEC 12207, the ISO/IEC 14764 standard regulates the software maintenance

process in its foarrhs: corrective, adaptive, perfective, and preventive [14]. Measuring metrics such

as the average time to fix errors and the density of residual defects is particularly relevant in this ph
of the life cycle, where intervention costs tend to bthhigbfiware lacks adequate

maintainability.
CMMI Capability Maturity Model Integration

The CMMI model, developed by the Software Engineering Institute (SEI) at Carnegie Mellon Univet
assesses the maturity ofsaarassfivelgvaelsalnitalat i ondés d
Repeatable, Defined, Quantitatively Managed, and Optimized [16]. Level 4 (Quantitatively Managec
particularly relevant to this study, as it establishes that statistical contrdltbf qugbesstscs

such as defedensity and test covedaigea necessary condition for managing projects with

predictable and consistent quality [16].

IEEE Standards

The IEEE publishes a set of complementary standards for software engineering. The IEEE 730 stat
governs software dgyassurance processes [17]; IEEE 829 establishes requirements for test
documentation; and IEEE 1061 provides a structured methodology for evaluating software quality
metrics, defining how to select, implement, analyze, and interpret these hmeetantewitbirat

project [15].

1.2 National Standards: Mexico and Latin America

In Mexico, the MoProSoft ddoehalized as the NMMSINY CE2005 standaddvas designed to

improve the competitiveness of software development companies, with asneati@makis on
mediunsized organizations [7]. The model organizes processes into three levels (Senior Manageme
Management, and Operations) and establishes quality criteria adapted to the national context. Galv
Li st a a-iares8dcumernt that madels as MoProSoft and its Latin American
derivativésincluding Competisoft (for Latin American SMEs) and MP$.Bfe (Baaipl

variants based on international standards such as CMMI and 1SO, but with a simplified structure th:
facilitates theirgation in organizations with limited resources [8].

1.3 Software Metrics: Classification and Key Indicators

Fenton and Bieman classify software metrics into three main categories based on the object of

measurement [6]: product metrics, process mepriogamdetrics. This taxonomy, presented in

16



Table 1, is the most widely accepted in the software engineering literature and aligns with the
measurement process defined in ISO/IEC/IEEE 15939 [12].

Table 1Classification of software metrics according to Fenton and Bieman

Metric type ‘ Description ’ Representative example

Evaluates attributes of the fini .
Product val .I ! . _— m Defect density per KLOC
software (functionality, reliability, us:

Measures the efficiency and perforr; Delivery time, defect rate

Process .
of the development process sprint

Manages compliance with scope,| Effort in persdwurs, cos

Project
) and cost per module

Within each category, there are speciici cat or s whose selection de
For this study, the metrics described in Table 2 were adopted, chosen for their proven validity ir
literature [6], [5] and their alignment with the quality attributes of ISO/IEC 25010 [9]:

Table 2Key metrics used in the model

Metric Definition l Formula l Purpose
Defect density Number of errors relative tc Defectos / LOC Assess produt
size of the software [6] quality
Test coverage Percentage of code evalu: Casos exec. Improve reliabilif

througlautomated tests [12] Total

Productivity Team efficiency in terms of ¢ LOC / Horas Measure
produced per unit of effort [¢ efficiency
Cyclomatic complexity Number of linearly indepent V( G) = | Maintainability

paths through the source c

[5]

Team velocity Story points completed PH/ Sprint Agile productivit
sprint in agile methodolog
[18]

Cyclomatic complexity, originally proposed by McCabe and formalized in the IEEE 1061 standard
measures the number of independent logical paths in a software module. Values between 1 and 1
considered to indicate low complexity and high niignteatads above 20 indicate code that is

difficult to test and maintain [5]. Test coverage, on the other hand, is directly related to system relia

17



studies have documented that coverage levels above 70% are associated with significant reductio

defect density in production [6].
2. PROBLEM STATEMENT

Despite the availability ofestblished international standards such as ISO/IEC 25010 [9] and
ISO/IEC/IEEE 15939 [12], the systematic adoption of quality metrics in development teams rern
limited. Pressman identifies that teams that do not implement formal measurement tend to repea
same mistakes in each project, increasing correction costs as the software life cycle progresses
Sommerville complements this perspective by rnibtnghbtberice of metrics generates projects with

high variability in their outcomes, making both planning and quality assurance more difficult [18].

In the academic context, this problem is even more pronounced: software engifreguegtyjudents
develop projects without applying formal metrics or referencing international standards, which limits
preparation for professional practice. Cort
prototyping projects, the absencequdlidy framework structured under ISO/IEC 25010 leads to
inconsistent and diffitu#tvaluate results [10].

Identified consequences:

Alncrease in software defect density, with correction costs that can multiply tenfold between the

development phase dmdproduction phase [5].
ARecurring delays in project delivery due to the absence of process tracking metrics [6].

ALow system maintainability, resulting from a lack of control over cyclomatic complexity and other
code structure indicators [15].

ALow endisersatisfaction with products that do not meet the usability and reliability attributes defins
in ISO/IEC 25010 [9], [11].

Research questioWhat is the impact of the systematic implementation of software standards an
metrics on product quality andfitierecy of the development process in modern systems projects?
3. HYPOTHESIS

General hypothesi§he systematic implementation of standards (ISO/IEC 25010 [9], ISO/IEC/IEEE
15939 [12]) and software metrics within agile methgigolbgaedly improves product quality and
the efficiency of the development process.

H1:The use of process metrics reduces software defect density [6].

18



H2:The application of quality standards increases system maintainability and reducesrthe average

correction time [9], [15].

H3:The integration of metrics into agile cycles improves team velacsgr aadisfadtion [18].
4. METHODOLOGY

4.1 Research approach and design

The study adopts a quantitative approach, which allows the vaesddedoobenobjectively
measured using numerical indicators. This approach is consistent with the recommendations of F¢
and Bieman, who establish that metrics must be evaluated through quantifiable methods to deter
their real impact on softwaadéityg6]. The design is descrguivelational: descriptive because it
characterizes the behavior of metrics before and after their implementation; correlational becau
analyzes the relationship between the application of metrics (indepehdewkt saftiare quality
(dependent variable), using the Pearson correlation coefficient.

4.2 Variables and operationalization

Variables are defined based on the measurement framework established by ISO/IEC/IEEE 1593¢
and the quality attributes@AESC 25010 [9]. Table 3 presents their operationalization.

Table 30perationalization of variables

Variable Dimension Indicator
Process Test Coverage %
Software metrics
(V) Process Team Productivity LOC / hour
Process Deployment Frequency Deployments / week
Product Defect Density Defects / LOC
S@Eie CUELE Product Error Correction Time Hours
(bv)
Product User Satisfaction Scale 15

19



4.3 Proposed methodological model

The model is structured isdigeential phases, designed to be replicable in any type of software project.

academic or professional:

APhase 1 Quality definition: the quality attributes relevant to the project are established, using t
ISO/IEC 25010 model [9] as reference (figcteradility, usability, maintainability, performance
efficiency).

APhase2Met ri cs selection: the most relevant pr
are identified, following the IEEE 1061 methodology [1SPHHEIHEEE 15939 measurement
process [12].

APhase 3 Data collection: data is obtained automatically through static analysis tools (SonarQub
version control systems (GitLab CI/CD), task managers (Jira Software), and unit test reports (J

Selenium)

APhase 4 Data analysis: descriptive statistical techniques and Pearson correlation are applied
guantify the relationship between process metrics (coverage, velocity) and product quality indic:

(defects, maintainability) [6].

APhase % Continuouisnprovement: based on the results, the process is fed back into each sprint,

generating an iterative cycle of learning and adjustment aligned with agile practices [18].

4.4 Case studies and sample

The model was applied to six university projects distributed across four technology areas: web
development, artificial intelligence (Al), Internet of Things (loT), and mobile applications. Each tean
worked under Scrum or Kanban methodology fortleedesprimts, incorporating metrics into

tracking boards and retrospective sessions.

This selection makes it possible to contrast the behavior of metrics across heterogeneous technolo
domains, highlighting both common patterns and the partiadardiesapée has been

documented in previous studies on the application of ISO/IEC 25010 in educational technology proj
[10], [11].

5. RESULTS

The results obtained across the six evaluated projects confirm the three hypothesis oriented forwar
The syematic integration of metradggned with ISO/IEC 25010 [9] and ISO/IEC/IEEE 5939 [12]
generated measurable and consistent improvements across all monitored quality and process

indicators. Table 4 summarizes the average values obtained athtbehttdsspoint.
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Table 4lmprovement indicators obtained after implementing the proposed model

Evaluated indicator Average value Observed impact
Test coverage 78 % Earlier error detection in each sprint

DerectiedlictioniperKLOG 30 % Lowefailure rate in production after tl

iterations
Team velocity increase +18 % Increase in stories completed per spi
Error correction time 25h Improvement in system maintainabili
User satisfaction 46/5.0 High perception of qualityuaadility
: : Strong positive relationship: higher n
Proces#Quality correlation (r) r=0.82 gp p-Nig

integration, lower defect density

The Pearson correlation (r = 0.82) between defect reduction and productivity increase indicates a s
positive relationship: teams that adopted metrics more rigorously simultaneously showed lower deft
density and higher development velocity. Ehssa@ssistent with the theoretical predictions of

Fenton and Bieman [6], who argue that continuous measurement acts as a feedback mechanism tt

accelerates team learning.

Table 5 breaks down results by project and technology area, showingrtiuefechsdbieiore

and after implementing the model in each case study:

Table 5Defect reduction by project and technology area

Project Technology Area [éee:‘iites Defects After Imprg;gment
Web Educational Web Developmen 45 20 55 %
Platform
Image classifier Artificial Intelligen 60 30 50 %
Monitoring system Internet of Things 50 25 50 %
School management Mobile Applicatior 38 17 55 %
App

Figures 1 and 2 visually illustrate the distribution of process and product meticeslamiong the
units studied, as well as a comparison of key indicators between the web development and artificial

intelligence projects, which represented the extremes of the range of results obtained.
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Unit 1:

jrclees  Academic Metrics e
in Software Projects

Report

. Team Velocity
=k Delivery

Compliance

+ Test Coverage
+ Defect Rate

SRS e
&- Usability Agile Methodologies - Reliability

ISO/IEC 25010

_.&._

« Maintainability / \ « Efficiency

‘ Defects/KLOC « Software Quality _pd( )
ResolutionTime - Reliability &

Unit 3:
QA & Testing

Fig. 1Map of the relationship between proet&s, product metrics, and the academic units
evaluated

Agile Project Metrics Comparison

vy Web Development B Artificial Intelligence
Process Metrics

ﬂ Team Velocity 25 Stories per Spnnt « Training Time 6 Hours per lteration
« Test Coverage 80% of Code N « Data Defects -40% Reduction
E- Tasa de Dates -35%en 3 IteracionesJ « Team Productivity +20%n Experiments

Producs de Producto

International Standards
(® - Usabilty 45/ 5 nTests f
Vi Efficiency <25 Load Time ISO/IEC 25010

« Maintainability 2.5 horas por Correccion \ 1SO/IEC 15939

Product Metrics

» Model Accuracy 92% Accuracy _((
» Reliability High Performence f.\
» Code Maintainability

'<

Proposed Standards

* UX Improvement & Fewer Defects J * * Robust and Reliable Model

71 Defect Reduction & Increased Efficiency v/

Fig. 2Comparison of Key Metrics Between Web Development and Atrtificial Intelligence Projects
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In web development projects, performance efficiency and usabititoietrarseristics of
ISO/IEC 25010d9%roved to be the most decisive indicators for user satisfaction (4.6/5.0). In Al
projects, model reliability and code maintainabdityrearer weight, which aligns with the findings

of Fern8ndez Jarr2n on the application of 1S
6. DISCUSSION

The results presented are consistent with the body of evidence accumulated in thersodtware engine
literature. The 30% reduction in defects per KLOC obtained in this study is comparable to the range
reported by Fenton and Bieman in organizations that implement test coverage metrics above 70% |
Similarly, the 18% increase in team velosityitditime productivity improvements documented by

Sommerville in agile environments that incorporate sprint tracking metrics [18].

CMMI Level®Quantitatively Manajezbtablishes that statistical process control is a hecessary
condition for achieviregmtable quality [16]. The results of this study suggest that even small teams,
without formal certification, can achieve behaviors characteristic of that maturity level by adopting a

bounded set of weslected metrics integrated into their agile cycles

Cort®s Rojas documents, in the Mexican educa
25010 significantly increases the coherence between quality requirements and delivered artifacts [1
The results of the present study reinforcediigtacoand add the quantitative dimension: not only
does qualitative coherence improve, but defects are reduced and correction time is optimized.

It is important to note, however, that the implementation of metrics is not without challenges. Resist
tochange, the lack of a measurement culture, and the difficulty of selecting the minimum set of rele
metrics are recurring obstacles identified in teams in training. As Fenton and Bieman warn,
measurement overlédatat is, the collection of datesthat uised to make deciiacen erode

productivity and generate skepticism toward quality practices [6]. For this reason, the proposed mot
prioritizes a reduced set ofitmgact metrics, selected based on the specific objectives of each

project.

Fromthe perspective of technology trends, the integration of CI/CD (continuous integration and
continuous deployment) tools with static analysisdfatébrias SonarQadbespresents the

most efficient path to automating metrics collection andamsyangnt for the team. This trend is
aligned with modern DevOps practices and the continuous improvement approach promoted by bot
ISO/IEC 12207 [13] and the CMMI model [16].
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CONCLUSION

This study confirms that the systematic implementation ofl gnawkss ametrics, aligned with

ISO/IEC 25010 standards and ISO/IEC/IEEE 15939 , significantly improves software quality and th
efficiency of the development team. The three hypotheses put forward were validated: a 30% reduc
in defect density waswied, a decrease in error correction time to an average of 2.5 hours as an
indicator of improved maintainability, and an 18% increase in team velocity with a user satisfaction
score of 4.6/5.0.

International standadds particular ISO/IEC 25010 , ISEEE 15939 and IEEEdQ@bvide
the structural framework needed to apply metrics in a viable, repeatable, and comparable manner
across projects. Agile methodologies, in turn, offer the flexible environment that allows those metric

be integratedimm t he devel opment cycle without disru

For the Mexican educational context, models such as MoProSoft represent an accessible entry poi
into a quality culture, complementary to international standards. The combimageativkelsoth pe

0 local and internatiénalffers students and teams in training a solid, gradual framework that can be
applied from the very first academic projects.

As future work, it is proposed to extend the model to artificial intelligence andtsowigmvironme
domairspecific metrics (model accuracy, latency, energy consumption), as well as to validate the
model in organizations with different CMMI maturity levels with the aim of establishing graduated

adoption guidelines.
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RECONSTRUCTION OF ENGINE BLOCKS THRE&BJTGHGERNNDING- HIGH
DEMAND ENGINE MONOBLOCKS IN MEXICO: 1.6, 2.5, AND 1.8.

AL C¢ N TSANDODVADavid, D C MZ o @aniel'y VERASERNAedrd

1 Refacciones Servicio y Manteni miento Aut omotr
M®x i c o, M®x i co.

2 Universidad Polit®cnica de Tec8mac, Tec 81
servicioautomotrizstar@yahoo.codiamxunozdaniell8@gmail.pedrovera.upt@gmail.com

ABSTRACT his paper presents the recovery-dehigind engines from vehicles in Mexico,

showing the stbgstep process and equipment required to acheeddrighnce functionality of

the engines. The aim is to share the favorable results obtaimetharsdigagnce of activities,

and for this work to be of great help as a reference to contribute to reducing environmental impact,
applying trends in giving new uses to products, contributing to the recycling otpatts using low
equipment, and seekonge accessible to SMEs. This project was developed in a practical manner by
professional staff from the company Refacciones Servicio y Mantenimiento Automotriz STAR S de
de CV. Itis from this point of view that the authors, together withitime degaterao develop

this project for machine tool operators, which describes in detail, step by step, the process of one o
most common engine grinding jobs they perform, namely bedigeinditigdin implementing

technical and empiritzth as well as graphic examples of engines that have required this service. Th
purpose of this work was to provide a support guide for all those who are starting out in this area of
automotive sector. It is also hoped that it will serve asfethdisacklio already have experience

in this work and serve as a reference for them.

Key wordsmonoblock, grinding, rectificado, crankshaft, bancada, reconstruction
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INTRODUCTION

La reconstrucci-n o rect i f ieenebsectodaatonutoz dadoe s s
al servicio de manteni miento correctivo que

tipo de trabajos no tienden a ser tan conoci

Personas que ya cuentarcconrer t o grado de conoci mientos en

de este trabajo y |l a funci-n que realiza, es
conll eva | os trabajos de rectertbquelascieevaa 0 s on
tecnolog?2as han brindado m8s informaci- -n [ 2]
a esta 8rea est8n disponibles, pero es wuna r

todavza con e g umapde sabajohrmenos eigentesntransmitierydo l6so

conoci mentos de su trabajo de forma emp?ric

E I monobl ock es una pieza de hierro o alumin
interna, yaqueesteesalque@ que sostiene todo el tren alt
movi miento |ineal de un pist-n en un mMovi mi e

exot ®r mica, detonada de manera sembestiah [¥4

Dado al tipo de partes que se aloja en el mo
de un determinado tiempo de uso algunas de |
Un mantenimiento inadecuado oireorracs o del veh2cul o tambi ®n pu
en el motor, el cual conll evar2za a un manten

gue se abordara de m8s adel ante en este proy

En un motor la bancada es las@gperfici r cul ar donde se alojan | os
este se ubica en | a parte inferior del monob
|l a primera parte est8 unida al eanonoibd petkald,on
posteriormente la segunda parte son tapas desmontables ya sea individuales o unidas esto
dependiendo del tipo y marca del veh?2cul o, a
mediante unos tornillos que llevaran un detepairge apriete (torque) dependiendo de la marca y

model o del veh2culo [6].

El rectificado de la bancada del monoblock es un procedimiento de mecanizado que se realiza par
restaurar |l a circunferencia g¢éalYahneamedinamtée

i mpl ementaci-n de una mandrinadora |ineal, <c
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alojamiento de | a bancada coincidan con | as
forma una pel2cueulaagde aadei redluaicuel sSsesgmat e
cojinetes y cig¢efal, es por eso qgue | as med
nNo ser as?2 pueden causar probl emas gcetieyves en
generar desgaste prematuro de piezas, obseryv

posi bl e alcanzar una p®rdida de eficiencia vy
2 . METODOLOGCA, HERRAMI ENTAS Y MAQUI NARI A

Acontinuaci-n, se presenta | os pasos a segui
claridad al proceso desarrollado, posterior a ello se presentan los elementos y equipos utilizados.

2.1 METODOLOGCA
ElI trabajo fue dets2afrircod, aplroi meorno ed e m® valrov -c,i

proceso a seguir, se ejecut-, se valid- que

establecer como viable.

Este trabajo correspondédenacadioaes noreyanpliamegtea ci - n
di fundida, se enfocan m8s a | a investigaci - -n
informaci -n de referencia por otras personas

establecerestarutdade abaj o para cul minar en una repar at
repetidas ocasiones.

Para | o anterior se parti- de |l a necesidad d
abarcando tambi ® meAtodaci parde emomeltlooolk s mi
recepci - -n del monoblock y finalizando en su

A continuaci-n, se presenta el di agrama de |
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Identificacion
de monoblock

Valoracién de No aceptable

viavilidad

Aceptable

Area de
soldadura

Area de corte

No viable

Entfegaa] cen
cliente
FiguralDi agrama de | a.metodol og2a empl eada

|l denti ficaci-n del monobl ock
Al inicio del proceso se recibe el monobl ock
apoy8ndose en |l a documentaci-n disponible, o
magquinado de acuerdo a los datos del fabricante [8].
Val oraci -n de viabilidad
Se determina con base a una inspecci-n Vvisua
requi ere se traslada al 8rea de soldadura pa
estuviese en buenas condicpraes a a | 8rea de corte en | 2nea.
Crea de corte
En este proceso se realiz- preparaci-n y mon

del monoblock a trabajar, para con ello alcanzar las dimensiones y cortes requeridos.
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Crea de soldadur a

Encas de presentar desbastes excesivos y es Vi

integrar materi al medi ante este proceso con
Comprobaci -n

En este paso se real i za onasy tolmrandiasccorroborando que mp r
estas est®n bien de acuerdo a | o que marca e
Al mac®n y entrega al <cliente

En el al mac®n se reciben | os productos valid
recogerlo.

2.2. Instrumental

El saber reconocer bien tanto | a m8quina com
m8&8quina herramienta, ya que de eso depende e
costos en el proceso de mecanizadomawcentt i - n se refiere el i nstru
2.2.1. Barra

Como su nombre | o indica es una barra barren

transportar nuestra pieza de corte y servir

mecani zado, contando con dos tipos de barra
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Tablal.

Dat os de

Barra pequ

Distancia 160 cm

Di §metigl1. 1810
No. Barrenos| 10

Perno Allen 5/32 (4
prisionero mm)

Tabla2. Datos de barra gran

Barra grande

Distancia 186 cm

Di §met 1. 9860
No. Barrenos | 13

Perno Allen 5/32 (4
prisionero mm)
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2.2.2. CONOS

Sonuntipodee nt r ador es

de

hierro

cuya

aproximar el centrado de la bancada con referencia a la barra.

El 8r ea

\4‘
Figura 2. Conos tipo 2

de

d i § nde la bancada a restaurar y el tipo de barra a utilizar.

rectif

_

Figura 5Conos tipo 3

i C

ado

cuent a

con 4

Figural. Conos tipo 1

Figura 6Conos tipo 4

Tabla3. Datos de los conc

CONOS CENTRADORES
Tipo 1 Tipo 2 Tipo 3 Tipo 4
Barr a peql|Barragrande Barra grande Barra grande
I de bancgl de banc{l de banci{l de banc
1.8004000]|2.3Q06000|2.86806000|3.0608000

32

f unci

t

n

pos

e

de



2.2.3. PALPADOR

Es un indicador de basa magn®tica con el <cua

corte.

Antes de usar el palpador se requiere ajustarlo al tipo de barra con la que se va a trabajar, ya que
altenerudi 8metro diferente se modifica | a medi da

Barril de calibracion
| de 0" - 2.000"

caratula de reloj
de -20 @ 420 e
milesimas

L—— Base magnetica y
tuerca de ajuste

Figura 3. Partes del palpador
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I de bathcaedabarra= Altur a

Ejemplo.Urvan25(2 . 32109860= 0. 33

Tablad4F - r mul a para |

2.2.4. BURILES

Nuestra principal herramienta de mecanizado. Son unas cuchillas mayor metdenatjzadas en
para realizar varios tipos de cortes y desba
cuenta con varios tipos de buriles su uso en el rectificado de la bancada se implementara para dos
cosas, el corte circular de la bancadagaeloco maquinado de los cajones axiales donde van

montados los cojinetes axialediélunas

0. buriles

Buril c on p | Corte circular de la bancag
Buril con pastilla cuadradf Car eado del
Buril con corte izquierdo | Car eado del

SURIL CALZADO CORTE DERECHO

Njw(N =

BSURIL CALZADO CORTE I1ZQUIERDO
Tabla4. Tipo de burile

BURIL CALZADO PUNTA A 607

BURIL CALZADO PUNTA A 807

BURIL CALZADO PASTILLA CUADRADA

BURIL CALZADO CORTE DERECHO 15°

BURIL CALZADO CORTE IZQUIERDO 15°

Figura4. Tipo de buriles

Figura5. Buriles del taller
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2.2.5 COJINETES PARA BARRA

Son unos cilindros huecos, que van montados en las columnas de soporte de la barra, los cuales s

encargan de sostener la barra mientras esta se encuentra trabajando.

Se cuenta con dos pares de cojinetes para barra, esto debido a las dimensiones con las que cuent

cada barra.

Figura 7. Cojinetes para barra grande Figura6.Coj i netes par a

Cojinetes para| 1 exterior I interior
barra

Barra grande 3.343 1.971

Barra p 3.343 1.185

Tablab. Datos de cojinetes de be

2.2.6. CENTRADORES DE RELOJ

De igual forma que el APal pador o, son un tip
precisi-n |l a bancada del mot or, esta@as ir 8n
recorrer toda la circunferencia de las bancadas laterales, para que de esta manera el reloj indique -

tan descentrado se encuentra.

Una vez que se termina de centrar el motor se procede a comprobar el centrado del buril; dando la
medida completalyec amos que este toque en toda | a bail

al monoblock como la de las tapas (posteriormente rebajadas).
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Figura 8. Centradores de reloj

2.2.7. MICRDMETROS

Soninstrumentosde di ci - n con | os cuales se pueden de
precisi-n. Estos suelen venir en varias medi
interiores.

En el 8rea de rectificado,yaqueesulfaindispensalbleasu a mb o
uso para |l a obtenci-n de una correcta medici

Mi cr-metro de exteriores (arco)

Esta herramienta ®sta disefada de una for ma
l ectura se da en mil ®si mas de pulgadald, se ¢
18030240 30t c é)

Tope Husillo Tambor mévil

Paltanca
fijacion

Cuerpo Tambor fijo Trinquete

Ingmecafenix.com

Figura9.Par t es del mi cr -

FiguralOMi cr - metros ext
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Mi cr

La func
medi ant

cuent a

Mi cr - me

Este mi
empl ear
barr a,

empuj a

Mi cr - me

i
e

c

c

metro

0]

de

r-metr

resul

st §

n extremo

de

t

i nteriores

este instrumento

argami ento

s tipos de

resorte

o es el

a altamente

c des mtercamhiablels y cupetarcon wranmecaaisno geaasorte que

de | a

trompo

her r ami

ent a

haci a

de medi ci n e

de uno o ambos extr

mi cr metros interio

i mpl ementado en el rec
pr8ctico para | a o

el

megtprfac

ones. C
§metro
ya qu

Este micr-metro es Iimplansadpreai I
moment o de realizar m%l tiples medici
una punta ajustable, obteniendo el di
extremos terminen tocaadoiperficie del orificio.

Mi cr-metro T

Este micr-metro es el menos utilizado,
pero su uso se emplea en orificios

est §
extremo

tocando

ms8 s

as?

a

a

rgo acciona

superficie
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Figural3Mi cr - metr o de i nt Figural2Mi cr - metr o de

FigurallMi cr - metr o de i n
2.2.8. ABRAZADERAS

Son cuatro accesotoe mp | ement ari os de | a m8quina en for
de brindarle un tipo de aumento a nuestro buril, para poder realizar cortes a motores que cuenten ¢

una bancada muy grande.

A la abrazadera se le coloca el buriiy se calblad a que debe | |l evar col
de | a abrazadera, posteriormente | a abrazade
sujet8ndose mediante un tornillo All en.
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Figura 14 Abrazaderas

abrazadera 1 2 3 4

Tornillo Allen 5mm 6mm 6mm 8mm

Di 8§metr| 2.34| 2.75| 3.54] 4.53

Tabla6. Datos de las abrazade

2.2.9. EXTENSI DN

Es una flecha de acero con conexiones en ambos extremos capaz ddadurserplar hexra y

en el otro con | a m8quina, un accesorio corm
el rango de distancia recorrido por el buril
|l ejos |l a banrnd, ceamMoelseSrcaunde rceom dos extens
m8s | arga permite recorrer el buril a |l as ba
el brazo de |l a m8quina, | a exbamcadaiByenalguBos cor

casos pudiendo llegar a cortar a la bancada 2.

Nota: ambas extensiones son compatibles con la barra.
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Figura 15 Extensiones

2.2.10. CARPETA DE DATOS

Es una carpeta con |l a recopilaci-n de | as me
rectificado hasta ahora en el taller, para poder agilizar el proceso denectditadbeabuscar
datos e informaci-n del mot or que se ha iden

mot or en | a carpeta, se puede buscar su info

Figural6 Registro de motores del taller
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2.3 MAQUINARIA
A continsaaoitam, | a8 mB8@uinas utilizadas en el
2.3.1. MANDRINADORA LINEAL

Una mandr i nador éerramianta,dalcualess empleagparantr@bgjarican piezas de

gran envergadura y exalca iredal,i zzcaigyia- rprd en cd gratl

medi ante un desplazamiento |ineal, este tipo
sectores industriales debido a su gran efici
En el sector eawnttemomtcruipa dsasn enomnmroceso de

piezas, mayormente enfocado en el monoblock.

Figural7 Mandrinadora lineal
Para poder comprender de maner adesofsenlas mpl i a |

partes m8s relevantes.
a) Base cremallera

Es el soporte fijo de todo el equipo de | a m
extremos cada parte de | a m8quina, Imsei ndando
plana para un buen desplazamiento mediante una cremallera situada a un costado de uno de los ri

de desplazamiento.
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Figura 18 Base cremallera

b) Vigas

Son las estructuras que se encargan de soportar la trdngia ¢l gheso del monoblock,
dependiendo del tamafo de este se quitan o
estructuras. Pero en general su funci-n es

monoblock, para aviin posible movimiento inesperado.

Figura 19 Vigas

c) Puntillas
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Estas son las encargadas de sujetar al monoblock e impedir su movimiento al momento de realizal
maquinado, de igual forma estas sirvencpateaelb de la bancada del motor, a la vez que se van

apretando para ir sujetando el monoblock.

Cuentan con una tuerca de apriete de 15/16 y un tornillo de centrado de 3/4 por cada puntilla.

Figura 21 Puntilla vista lateral Figura2Q Puntilla

d) Columnas

Las columnas de soporte son las encargadas de cargar y mantener a una cierta altura de la barra,
encuentran situadas a los lados de las vigas sobre la base cremallera, @stastene b r i ndar
| ubricaci-n a | a barra al moment o que esta s

aceite.

Las columnas cuentan con varias palancas que se encargan de apretar y mover las partes de lam
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Perilla 1

Palancas 1

Perilla 2

—— ESCala

Palanca 2

Manivela

Llave

Palanca 3

Figura22 Partes de la columna
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Parte Funci - n
Palancas 1 Aprietan la barra para no gene
juego axial en el corte
Palanca 2 Aprieta | a col
la altura de la barra en el cor
Palanca 3 Fija la columna a la base y evit
desplazamiento
Perilla 1 Aprieta y sujeta los cojinetes d
barra
Perilla 2 Se encarga de desplazar de mg
axial la barra para su centrag
Manivela Es la encargada de ajustar la a
de las columnas
Llave Se encarga de desplazar por to
base a la columna
Escala Sirve para medir la altura de
columna

Tabla?. Partes de la columi

e) Motor el ®ctrico

La mandrinadora cuanta con un motor el ®ctric
potencia de giro al sistema de embrague de la barra y mediante unas poleas de doble ranura se pt

cambi ar el nes@meewnvlabareav ol uci o

Figura23Mot or el

Figura24dPol eas del m

45



Mot or el
Marca FIMET
Modelo M80A4
No. 1026132B
Tipo Tri f ¢
Voltaje 220
RPM 1680
f) Sistema de embrague
Este es un mecanismo que permite | a transmis

hacia un eje, controlando la marcha y la velocidad de giro.

En primera instanci

el

mot or el ®ctrico tran

doble ranura, con las cuales se selecciona el juego de revoluciones en el qugase desea traba

tipo 2

motor

electrico

tipo 1

sistema de
ambrague

Figura25Di agr ama d

el

Posteriormente mediante una serie de palancas y manivelas se configura la altura, el tipo de avanc

|l as revoluci ones, el

hacia | a barra, de

46

gir

est a

o, loramediainte tn@je ¢ardan y e |

manera dando inicio



1. Altura

La altura se ajusta mediante una manivela que se encuentra debajo del sistema de embrague, uni
su misma columna de soportégyakforma que las otras columnas esta cuanta con su escala para

medir la altura a la que se va a cortar la bancada.

2. Avance

La m8quina cuenta con una manivela y una pal

barra dependi gadosquéeéaomani veéacopermitirsg r

as2 que |l a barra se desplazar 8 dependiendo |
indicador de avance el cual est8 divido en 1
desplazamiento, determinamos que en una vuel
La palanca tiene |l a funci-n de iniciar el av

dependiendo como lo pida el corte, esta se encueatendnadipasos (C, D, E).

C. Colocando | a palanca a |l a izquierda | a ba

barra, obteniendo as?2 un avance r 8pido.

D. Colocando la palanca en medio el avance de la barra pasa a ser manual, oceipgrata la mani

realizar el desplazamiento.

E. Colocando | a palanca a | a derecha |l a barr

cortando por |l a mitad el avance r8pido y obt

Avance por

C 0. 007
D Neutral
E 0.001

Tabla8. Avance de la mandrinadora
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3. Revoluciones

Las revoluciones de | a m8quina se ajustan po
pasos de forma gradual brindando un mejor dastroistieas y la primera palanca cuenta con dos

extremos (A'y B).

Al seleccionar el lado A comenzamos con las primeras tres revoluciones a las que podemos acced

posteriormente cuando se cambia al |l ado B se

laz segunda palanca est8 dividida en tres pasc¢

seleccionar |l a revoluci-n con | a que vamos a

Nota: es importante determinar antes en qu®
esta manera es posible conocer que juegos de

Polea 1 Polea 2
Palancas
A B A B
| 90 340 100 390
1] 140 515 155 600
1] 216 816 252 960

Tabla9. Velocidad de giro denkndrinador:

4. El giro

Este es controlado por un interruptor el ®ctr
motor el ®ctrico e invertir el sentido del gi
Si se coloca el i nterruptoraesneeB h&wmeanol &, d
coloca en el numero 2 el sentido del giro se
nYamer o O se des energiza | a m8quina y |l a bar
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Figura 26 Inerruptor de encendido

5. Direcci -n

Esta se ajusta mediante | a i mplementaci- -n de
seleccionamos |l a direcci-n del avance que to
aladerecha, 0l ocando | a palanca en medio | a barra
avance.

Finalmente habiendo ajustado todas las partes de la mandrinadora, centrado el motor y configurad

sistema de embrague, procedemos a realizar el trabajaditede tiftancada del motor.

-

Figura27 Placa de esecificaciones de la maquina
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3. DESARROLLO DE ACTIVIDADES

E I presente trabajo presenta una gu2a que pe
haber comprobado que se alcanza un resultado favorable y funcional en el mantenimiento correcti
automotriz, validando oanayai@vena @suladoenfangidnal ¢ o ,
se espera est® disponible para profesionales
continuaci-n, se detalla el paso a paso que

VALORACION Y RECON@E&BDIMD DEL MOTOR

Para un maestr o mec8ni c éerramianta)ed imdortactaelipoder ( o p e
determinar el estado en el que se encuentra el motor y las causas que originaron su fallo, para que
esta maner a n o dsservicioegael piolzablamerde nareqigie el motop evitando

gastos innecesarios y reduciendo tiempos de entrega, ya que al realizar un mantenimiento correcti

tiene que tomar en cuenta ciertos puntos.

General mente cuando ano nmouforre sael g'ers vitieda ,d e e
a un conjunto de partes del tren alternativo
entre otros, sean partes que suelen dafarse

corretivo de ambas partes.

Val oraci -n
En el momento que |l ega un monoblock el oper
vi sual a este, en busca de alg¥%n tipo de des

sernecesarioeliraj o podr 2a aumentar en costo y tiemp

Lo primero que se revisara va a ser el estado en el que se encuentra la bancada, ya que este es
nuestro principal punto de inter®s sidndo el
monoblock y que estos no cuenten con fisuras, abrasiones, deformaciones exageradas o ranuras

las cuales se tenga que mandar a soldar y/o rellenar el motor.

Con respecto a las tapas si presentan un problema similar, normalmente se cambtem por unas de

motor y en algunos casos tambi ®n se mandan a
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Estos problemas nor mal mente suelen ser coacc

mantenimiento y sometimiento de altas revoluciones al motor constantemente, esto repercutiendo

directamente en | os cojinetes, piezas m-vile
Despu®s el operador debe revisar el estado e
muy com¥%bn que estos sufran sytenganiguegaesi - n con

rellenados para posteriormente ser maquinados en la mandrinadora.

Los cojinetes axiales tienen como funci - -n |

embrague hacia el motor, al momento de desacoplar el isgude envolante de inercia.

Las principales causas que pueden ocasionar este problema, es un embrague en mal estado 0 ma

armado, una mala |l ubricaci-n y un montado in

Figura30Caj - n axi al € Figura29Caj - n axi al (

Figura28Co mparaci -n
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Por %l timo, el operador rala thecamao gae tadasauentans p e c

con una buena presi-n, ya que estas tapas re
gue se pueda generar por el movi miento del ¢
latapa parapostt or ment e quitar el excedente de mat el

con respecto al monoblock.
Reconocimiento del motor

El distinguir el tipo de veh?2culo al cual 1| e

gue cada mea y motor cuentan con sus propias medidas, a veces suele ser algo complicado debid

a que general mente solo contamos con el mo n o
b¥%“sqgqueda, sin embargo podemds oolteen®rs Imug odha
centros y bielas del cig¢efal, 1l os cuales po
el mot or en | as tablas de referencia que mar

alojamiento es posible obtendatos del motor con referencia a las tablas pero al ser un solo dato

es un poco m8s complicado.

Al gunos motores suelen traer el |l ogo de I a m
con estos datos reduci mos oalt rragn ged dmotoihs gnBe
son el caso de las marcas Ford, Volkswagen y Nissan en algunos de sus motores.

La manera m8s eficiente de encontrar un mot o

caja de |l os cojinetes de bancada, imme | ocali z
inconveniente son | as marcas de | os cojinete
cat8l ogos y tablas, pero esto ya depende del

m8s comerciales Clevitres &exail enddPoavetra W%l tyicm

solo trae su n¥Ywmero de parte, sino tambi®n e

Figura 31 Tabla de especificaciones con sus respectivos"ddfirRESA"
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Figura 32 Tabla de especificaciones con sus respectivos"¢€jiBetas"

CENTRADO Y MAQUINADO

En el procesos de rectificado de bancada del motor es muy importante que los cortes de cada ban

est®n | o m8s alineado posible entre s2 y que
cortar, de igual formahayquérear que tanto | a m8quina c¢omo
en buen estado, evitando as? el riesgo de re

momento del montado y armado del motor.

Para esta parte denplmarnuealvigdentcomang eso ma pejs
comunes que llegan al taller para el rectificado de bancada.

-Nissan Tsuru 1.6 4 cil.

-Nissan Urvan 2.5 4 cil.

- Volkswagen Jetta 1.8 4 cil.

Llegando el motor el rectificador empezaraparlacai - n gener al, de | a cu
estado en el que se encuentra el mot or y as?
externo al corte en | 2nea.
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Figura 35 Monoblock de Jetta 1.8

Figura 33 Monoblock de Urvan 2.5

Un buen m®t odo para determinar si |l a bancada

col oc8ndol a d elabuarcada debmomoblack, gostaridorraeinte @m el calibrador de

| ainas se procede a insertar | as mencionadas
bancadas; en teor2a no debe existitae al g¥n ti
cual quiera de ellas, tal situaci-n indicar?2a
bancada y en el caso de que una | aina que pa
requerir8 de ser rellanadaemedi gpedasopodadar
perdida de presi-n de aceite, gQgqgue a su vez g
del <cig¢efTal

La bancada debe traer un acabado |liso sin ni

monoblock como las tapas, formandocungeceéncia casi perfecta.

=
=

Figura38Re vi si - Figura37.Re vi s i

54



Los cajones de | os cojinetes axiales deben d

axiales es cuandobamudadca wnlaasabaarsas nl atoenr d la

p®r di da del caj-n y un dafo al cig¢efal, ten
caj-n que se perdi-, posteriormente ser g8 magq
posi ble rellenado o refrentado del <cig¢efal

Figura39Caj - n deaenUWrewdrd ez

Un m®t odo para determinar una buena hol gur a
(clarodé ubri caci -n) con | ainas, se tomara como
insertando primero |l a de valor m8s pequefo |
esta tiene que entrar de manera libre de lo conteddrasd & si quiera entrara significa que el

juego axial es muy poco y se tendr2za que ref
|l uz adecuada o en su defecto cambiar | os coj

lana m8s grande y esta no tendr8 que pasar en

de pasar | ibremente esta nos indicarza que e
en | os cojinetes axitalsey, umnanamalra rli welsrgioc al@i
axiales, teniendo que rellenar el caj-n par a
axiales.

FiguradQRevi si - n de |
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En el proceso de rellenado de un monoblock de hierro se va a utilizar la soldad®rea por arco ®
SMAW (Shielded Metal Arc Weidsn@) | d a d u r acorcuo electeodoqutp8 44a2R)ale 1 a 4

el ectrodos dependiendo el 8rea a rellenar, u
varios cordones partiendo del centro decestashextremos para ir dando aumento de material, en

el caso del caj-n solo se realizara un cord-
por el cojinete axial y se | e colocaran dos

axiales se vayan a salir o girar [10].

Para un monoblock de aluminio se va a ocupar el poldestuce TIG (Tungsten Inter Gas)
utilizando de 1 a 2 varillas de aporte para soldadura (4043 1/8) ocupando la mayor cantidad para I
bancada y el m2 ni mo para rellenar el <caj-n d

en la tapa del meg@iara evitar que se giren los axiales utilizando un electrodo (utp8 44222) [10].

Figura4d2Caj - n de Tsuru

Figura4d3Caj - n de Jet't

Una vez terminada | a valoraci - -n ymoatarloenel | ena
|l as vigas y ajustamos |l a m8quina a | as di men
E I monobl ock se colocar8 de manera invertida

las vigas y la bancada en la parte de arriba, colocandolehtrealdoté a lado de la primera

columna.
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En algunos casos el monoblock trae puestas |
dificultando su centrado y teniendo que retirarlas en ocasiones para tener un buen desplazamiento

monoblock bee las vigas [11].

Figura4Gu2 as de monobl o Figura44Gu2? as de monobl

Se ajusta |l a m8quina de acuerdo al tipo de motor que
gue traen grabados | os cojinet eesl, nuoet oers ae nf olransa tsaeb |eansc
del fabricante, nuestro registro de motores y@a trabaj

gue necesitamos saber para poder cortar el motor.

Figura47 Cojinetes de Urvan 2.5 Figura46 Cojinetes de Jetta 1.8

Figura48 Cojinetes de Tsuru 1.6

Al no contar con el nYmer o de parte se reald@
datos que si podemos obtener del mot or, c€coOmo
dm@tros de |l os mufones de centro y bielas de
mot ores se pueden traer grabado | a marca y <c
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realizar | a comparaci - nnodse adrartoojsa no bltaesn itdaobsl ac:
cada uno de | os motores, de esta manera el m

tomar8 como referencia para realizar el <cort

2 ey

Figura50 Tsuru 1.6 montado en vic  Figura51 Urvan 2.5 montado en vigas ~ Figura49 Jetta 1.8 montado en vigas

Una vez arriba el mot or ajustamos |l a altura
luegpr ocederemos a insertar el extremo de | a b
primera columna, pasando por el medio de toda la bancada del motor hasta salir por el otro cojinet
l a otra columna, posteri apmerte ¢ opmoacegdar §
del motor esto en el caso del Ni ssan Tsuru 1
todas | as bancadas ya que |l as tapas est8n un
extrems del mot or para dar |l a alineaci-n que d:¢

Figura54 Montado de tapas de Tsuru 1.6
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Dado para tapa de Par de apriete
bancada (Torque)
Nissan Tsuru 1.6 I hexagonal o o P’
Nissan Urvan 2.5 Int. E-14 (e-torx) Cw +60A
Ext. 12mm hexagonal ¢’
Volkswagen Jetta 1.8 14mm hexagonal T You ¥

Los

Tabla

cojinetes

12Dat os

de | a ba

t ®cni cos

de | a

rra se

cambi

bancada

ar 8n

de mot o

depen

Nissan Urvan 2.5 utilizan la barra grande para el corte, pero el Nissan Tsuru 1.6 tiene que ocupar |

barra peque¢fYa, de e stesalconary mediaporsfaita de gspaciaentreilan ¢ o
barra y la bancada.
ElI' motor que tenga el di8&8metro de su bancada
pero de ser mayor el di 8metr o a magfareepaias mo Vv
el rectificado.
Urvan 2.5 Tsuru 1.6 Jetta 1.8
2.3210 2.1130 2.32309
Barra grande
1.9680 X X
Barra chica
1.1810 X

Tablal0S el ecci

-n del

tipo

de

barr a

El cambio del cojinete para la barra es muy sencillo, aflojando la perilla 1 se suelta la mitad de la b

que
par

pos

|l o sujeta
a as? t ene
i Cci n de u

, poster.i

ormente |

evant amos

esa

r ac @laa el cambid, estes cgjivejes auentbrecenuga p o d e

S0 que

y a

59

de no

col

ocar se

corre



l ubricaci -n en | a barra al moment o de estar

procederens a seguir con el centrado.

Figura 55 Pasos para cambiar cojinete de barra

Una vez insertada la barra y con el torque adecuado las tapas se aflojan, las palancas 1y 2, para
liberar el juego de las columpaderlo centrar evitando que la misma barra se llegue a inmovilizar

por esta acci - n.

Se debe cuidar en |l a barra que | a distancia
la necesaria para pasar por cada bancada del motor, de losoatrat e ndr 2 a que des
columnas como las vigas hacia un lado, brindando la distancia que necesita para realizar el corte y

medici -n de | a bancada.

sistema
de
embrague
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Posteriormenteseo | ocan | as cuatro puntillas en | as v
parte s-lida y estable del monobl ock, de ser
posiciones para que brinde estabilidad al momento de apretadaswynsejoergntrol del

centrado, una vez identificado los puntos de apriete del monoblock se acercaran las puntillas y

posteriormente despu®s de realizar el pri mer
Dado que el material que manejan los mototesidai ni o es muy fr 8gi |, s
tornill os de centrado unos protectores par a
mot ores de fierro no son tan necesarios, Vya

ejecida por las puntillas.

Figura 57 Protectores de puntillas

Es necesario colocar en ambos extremos del motor montados sobre la barra los conos, dando de ¢
forma el pri mer centrado con el cual se busc

se m2ni madey altimomemtdas puntillas demos el

Figura59. Conos montados en Urvan 2.5 Figura58 Conos montados en Jetta 1.8
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Una vez que ya se colocaron | os conos y se r
procederemos a colocar | as puntillas, cuidan
estable,del contrario ser8 m8s dif2cil el centradc¢
momento de ser trabajado. Para los puntos donde no se cuenta con una buena superficie para rec
l as puntillas, ahora hay qukricondacaunanasp@rr

en la cual apoyar las puntillas.

Figura 61 Placas para brindar estabilidad a las puntillas

Cuando |l as puntillas ya est8&8n colocadas y | o
se |l e dar8n 3 vueltas de apri et epuntllessonlas, | u
|l lave 15/ 16 y despu®s con |l a |Ilave 3/ 4 se pr

e ir sujetando el monoblock.

Figura 62 Pasos para ajustar puntillas
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Se procede a montar | os centradores de rel oj

Y%l tima bancada del monobl ock, posicionando |

chequemos que tan desalineada esta la bancada con respecto a la barra.

) 4

Figura63 Centradores de reloj

Medi ante estos centradores buscaremos | |l egar
bancada (arriba, abajo y a | os | adsmaswmjgue Conf o
se afloje la punta del lado opuesto para que de esa manera podamos desplazar el monoblock haci
|l ado m8s descompensado de | a bancada. Una ve
misma distancia con respecto a la barra, proceddbegandas columnas de la barra de 5 a 10

mi | ®si mas, con el objetivo de poder | i mpiar

abrasi -n no alcanzar2za a salir-r con |l a altur a

Posteriormente se procede a apdial joiego de palancas para inmovilizar el movimiento de las
columnas, siempre checando que no se pierda el centrado a los lados de la bancada y el
desplazamiento hacia abajo de 5 a 10 mil ®si m
estebie medi ante el uso del buril, se colocar 8§
de |l a bancada y se proceder8 a revisar que n
bancadas del monoblock y en la parte de abajstesdaipemta del buril, esto por el

desplazamiento hacia bajo que tienen las columnas, checando que de esta manera el corte limpie

8rea de | a bancada uni da al monobl ock.
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Figura 65 Pasos para inmovilizar columna Figuraé4ACompr obaci - n

En esta etapa hay que rebajar todas |l as tapa
motores Tsuru 1.6 Yy nJiemot al 51 .n8 |e®ss i nneacse saa rciaod ar

gue de | o contrario se puede correr el riesg

tapas a la mitad de corte o sin cortar.

Figura68 Tapa de Urvan 2.5
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Para las tapas del Tsuru 1.6 y Jettarl.8,geu i er e del uso de una m8qu
bancada, de esta forma logramos que nuestras tapas sean acortadas de manera uniforme, evitand
mal corte. Lo primero que vamos a revisar es la altura de todas las tapas mediante el uso del verni
despu®s se | e quitaran 15 mil ®si mas a cada t

de | a tapa en el % timo corte.

Figura7Q Altura de una tapa de bancada

Se sujeta |l a tapauaeh esaSpeqgiefatpredesankanpi
un indicador de caratula se alinean los extremos de la tapa para que su desbaste no termine

descompensado y una vez ya preparada | a tapa
mi | ®sicrmalsa parsada de | a piedra hasta consegui
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Figura7LCompar aci - n de t

Para laJrvan 2.5 es necesario realizar el proceso de careado o refrentado, ya que esta al ser una s
pieza requiere ser rebajada de manera wunifor
maquinado. La tapa cuenta damcunas dgumasntleas
la bancada al momento de montarla en el monoblock, por lo que es necesario retirarlas antes de

magquinar la pieza, para eso necesitaremos un machuelo de 1/2 el cual usaremos para hacerle una
cuerda i naserdnea laa ltasspaguy cuando parte del ma
tornillo de la bancada y un martillo de goma lo empujaremos por el lado contrario de la tapa hasta
sacarl o y con cuidado desenr osc aadeanogsu?laa. gu?2
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Figura73Torni Il l er2a y herramient a
Despu®s se monta | a tapa en el chuck del tor
la tapa, usaremos un matrtillo de gonaajparss t ar | as esquinas de | a t
distancia, posteriormente ponemos a girar la pieza y revisamos que esta no pierda el centrado, par

despu®s rebajar | as 15 mil ®si mas necesarias

Una vez ya rebajadas las tapas se procede a montarlas en el block para corroborar que nuestro bt
podr8 cortarlas de manera compl et a.

Figura74 Proceso para desbastar Tapa de Urvan 2.5
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Figura75 Tapa de Urvan 2.5 rebajada

Ya que todo ®ste preparado es necesari o magqu
haber sido rellenado con soldadura.

Para este procedimiento se ocupan dos tipos de buriles, uno de pastilla deadeatda y otro
derecho, para | a elaboraci -n de | a parte del

se utiliza el buril de pastilla cuadrada, con este buril se retira todo el exceso de soldadura hasta lle

la distancia que necesitaalg e T a | para tener una buena hol gl
de 3 a 4 mil ®simas menor que | a distancia qu
esto tomando en cuenta el grosomquege eam@aad$f co
directamente en contacto con | as caras | ater
con una |l uz mayor a 2 y menor a 7 mil ®si mas.

cuadrada y medi an tlaaltutague debaide lkevar este am podiex todar ehi n a
caj-n de acuerdo a | as medidas del <cojinete
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Figura78 Buril de pastilla cuadrada  Figura 77, Buril de corte derecho Figura76Bur i | de p

FORMULA I _Cojinceitie Baxir
2
EJEMPLO 2. 79001810
(Tsuru 1.6) 2
Al tura del b

TablallF - r mul a par a me

En el sistema de embrague se usar8 |l a pol ea

segunda palanca en el primer paso, posteriormente se embraga la barra al eje cardan y seleccions

unavance D (neutral), despu®s escogeremos el
para finalmente ir dando el avance de forma manual y de manera lenta con cuidado vamos a ir

metiendo cortes de 0.0040.

Figura79Maqui nado del
Una vez ya ma qbajalapadecexteiér detnigme, se nwmta en la barra el buril con

pastilla de corte derecho a | a misma distanc
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se van a 1ir metiendo cortes deobr 6€9dbi hadeh

permitiendo un buen paso de lubricaci-n en |
del cord-n de soldadura tenga alg%n contacto
libre.

Figura8lCaj - n axi al en mc FiguraBaCaj - n axi al en mor

Despu®s de maqui ncaorr teel ecnajl-2m,e as, e praeraal iezsa ou ne ¢

de pastilla cuadrada y de corte derecho por
|l a barra y con el <calibrador se dnenodada 8 | a a
altura final para no empezar con un corte fu
despu®s de cada corte a |l as bancadas, hast a
corte final.

primeros cortes
-15y-10

penultimo corte
-5

corte final
0 >

Figura82 Escala de cortes en el palpador

70



La configuraambragdel seirdtemaa dea ool ea 1, sel

secci-n Ay colocando |l a segunda en | a veloc
embragamos el sistema, |l uego encendeones | a m
del buril, wutilizando un avance r8pido | a te
Al moment o de estar cortando se ocupar8n | as
bancadas del mo n o b | o c kcuando al coetexse alice ien las bagpcadas ld e
y 2 ya que son | os puntos m8s al ejados del s
ocupar8 | a extensi-n chica, ya que en ocasio

para cortar tarlés bancadas 5y 4 como la 3.

En el primer corte el buril Yani camente corta
conforme aumente 5 mill ®surmals, destad tue ai ra8 card
en | as tapas. Una vez que se |l egue a 5 mil®

tapas, si no que ya empezara a tocar en medio de la otra mitad de la bancada.

Figura83 Escala de cortes en la bancada

En el momento quéwiil ya empieza a cortar ambas partes de la bancada, se procede a medir con e

mi cr-metro, determinado de manera exacta cua
completa del di 8metro de alojamiento de | a b
Ya par a esle Ylrtoicneod ec car tseubi rl e | as mil ®si mas
cambiaremos de posici-n | a palanca 2 a |l a ve
f0. 160 a | a bancada, mismo tr amoi aro-nmdet rses ,va
checando que el di8metro de | a bancada sea e
mi smo corte en | o que resta de | a bancada, e

de la bancada se vuelve a pasar ese mignem e@locidad 3, de esta manera se logra abrir de 2 a
3 mil ®simas m8s al di 8metro, de igual for ma
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necesite para terminar el corte. Se realiza de la misma manera este procedimiento a las bancadas

restare s, terminado as? el proceso de maqui nado.
CALIBRACION Y MEDICION

En | os buriles es posible utilizar dos instr
dependiendo del tipo de maqui nacdabragime seg Yana
el buril que se ocupe.

Buril de desbaste cuadrado o corte derecho

En primera instancia para el maqui nado del ¢
pri mero tenemos que det er mojinete axialcest@sldatosse el di
pueden encontrar en base a | as tablas de esp
es posible medir el caj-n o el cojinete medi
mismo dato, postari@nt e con | a i mpl e felht se obtienala altiea déla e c
buril.

Una vez que determinando la altura del buril, se debe utilizar el vernier situando al nonio a la medi
gue tenemos como altura, colocamos el seguro para svitaueya la escala y luego ocupando el
v8§stago de profundidad se va comparando con
barreno de la barra hasta que iguale su distancia, posteriormente con mucho cuidado vamos a apr:

el perno prisioner darreno con la llave Allen 5/32 para fijarlo y ya meter corte.

Para el resto del <caj:-n basta con i ngparaement a
poder cubrir todo el cord-n de soldadura sob
caj -n del cojinete axi al

Figura84Cal i braci -n de buril pal
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Buril de corte punta 8O0A

De igual forma que en el punto anterior lo primero que se necesita es obtemezstr@lburd,de
para esto es necesario saber cu8l es el di §m
podemos conseguir mediante el uso de |l as tab

h2=n6 W& N6 wipara determinar la altura

Antes de calibrar el buril hay que ajustar el palpador de acuerdo a la barra que se planea utilizar,

posicion8ndol o el barril de calibraci-n en 0
floja y el pal padmunteatr8edadrbg&®ndalmo sem |bajkla
indicador de caratula se eleve a 0, de esta
gue el tener un palpador mal ajustadaelafect a
barril de calibraci-n con | a altura que obtu
|l nsertaremos nuestro buril en unlpdd@yar eno de

ajustado con la medida, con cuidado vamos a sacar el buril y mediante la caratula del palpador se
a unas 15 mil ®si mas debajo de | a medida comp

posteriormente se Ismllegaa@codefisaubi r de 5 mil ®si

Figura8sCal i braci -n de buril p
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Medi ci - n

Para realizar | a comprobaci-n del <corte de |
primero se determina el di8metro total de | a
instrumentos de medici-n y el segundo se uti
cig¢écefal y metales montados obtendremos | a |
bancada.

Mi cr - metros

En este proceso de medici-n es necesario apo
resorte respectivamente, el micr-meénoeldeqgae
abarcar | a medida de | a bancada y para el mi
realizar una buena medici - n.

Figura8&Mi cr - met ros utilizados ¢

Una vez que nuestro buril ya pas:- por una pa
medir,sentoduci r 8 el micr-metro de resorte en un
cortada de la bancada, hay que revisar que este toque la parte de abajo de la bancada con su exti
fijo, ya que de | o contyakraomseeéei padsémn?2 aactrza
necesario aflojar el prisionero que mantiene sujeta la puntilla para que accione el resorte elevando

mi sma a | a parte s upvelvei apretar ellpasionkraparadijarlaycetratied | des
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mi metro de | a barra, se mide con labancadacr - met

reci ®n cortada.

Figura87Pr oceso de medi c

Plastigage

Para el uso de la herramienta plastigagmesario que se monten los cojinetes de la bancada que

se van a wutilizar, ya que para el uso de est

En primera instancia se realizar8 |l a |impiez
tene ninguna rebaba ya que esta puede causar problemas al momento de armar la bancada del mi
ocasionando qgue se dafen | os metales o | imit

libre.

Posteriormente se colocan los metales que van en la parte de la bancada del monoblock, estos se

identifican por contar con un ranurado y un

aceite formandobumaatpedb?2ell|l amaufjue del <cige¢efa
de bancada | os metales no cambian, pero gene
' imitando su funci-n a |l a de una pista donde

Figura 88 Proceso deraado de bancada
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La maycoorj?ianedees t ambi ®n cuentan con una mues (
determinar | a posici-n que |l evan y evitan u

funcionamiento.

Una vez ya colocados los cojinetes que vanena kgnoblee pr ocede a su | utk
para despu®s montar el cig¢efal evitando as?
cojinetes, ya que esto | os puede da¢far

e

Figura91 Armado de Jetta 1.8 Figura9Q Armado de Urvan 2.5 Figura89 Armado de Tsuru 1.6

Posteriormente ya monpteaddaoz oe |Ip ecqiugesfeof adle cloal otcia

cada muf-n de centro, siempre tomando como ¢
una buena |l ectura, luego se colocaran | os <co
sinaceiteene conjunto de | a bancada, siempre checs
se va a dar el torque requerido indicado en

ya que esta herramienta mecesataobfaepbascpt a

una buena medida del claro de lubricaci - n.

=

Figura92Pr oceso de i mpl ement
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En el punto siguiente se retiran |l as tapas Yy
es necesario comparar la escala que viene impresa en la envaaga dehmhtincho de la

zona aplastada, obteniendo as? |l a luz que ti

La holgura aceptable que debe ta@an&metmomatedr
muf-n, siendo general mente de 0.00150 a 0.00
gasolina y uno que otro di ®sel

—

Figura93Pr oceso de medi ci

TERMINADO

Una vez que ya se rectific- |l a medida y | uz
bancada, para verificar que el trabajo sea a
Primero se retira el pl atigage marcado en | o

cui dadosa evitando dafar al tentesserretiraadd, part e
cuidando de no dejar alg¥%n residuo o rebaba.

Despu®s se |l ubrican bien | os | ados expuestos

posteriormente montar las tapas de bancada en orden que lleva y con su respectivo torque.

Final mente, | a bancada debe contar con un gi

de torsi-n con nuestras manos Yy no debe tene
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Figura94 Monoblock de Urvan 2.5 terminado

De esta manera se concluye con el rectificad
punto pguunto todos los pasos que se deben de seguir al momento de realizar este tipo de servicio

correctivos a un motor de combusti -n interna

Medi ante | os datos obteni do s viabiidad del piocesodest i g a
rectificado, logrando recuperar las tolerancias originales de la bancada en repetidas ocasiones.
Presentando los resultados del proceso en las tres bancadas en las tablas 14, 15y 16.
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Nissan Tsuru 1.6 (4 cil.)
El veh&tscsehot opprobl emas en el sistema de | ub
ocasiono el dafo en |l a bancada
I Bancal| T Muf-n Claro de Holgura axial
cige¢eefqglubricac
Tolerancias del 2. 112 1. 967 0.001090] 0. 0@2®0 4
fabricante
Desgates del 2 . 114 1. 965 0. 005 se perd
Monoblock caj -n a
Monoblock 2. 112 1.9570 0. 00 2 0. 003
rectificado se recti
0.010

Tabla 14Resultados del monoblock Nissam 1.6

Nissan Urvan 2.5 (4 cil.)

El v e Ipresentolumpronto desgaste en los cojinetes por el tipo de trabajo que realiza la unidad
y un mal mantenimiento preventivo.
I Bancal| T Muf-n Claro de Holgura axial
cige¢eefqglubricac
Tolerancias del 2. 321 2 . 16 4 0.000020 0. 0M2®0¢
fabricante
Desgates del 2 . 322 2 ..163 0. 004 se perd
Monoblock caj -n a
Monoblock 2.321 2.163 0.002 0.004
rectificado
Tabla 15Resultados del monoblock Nigsam 2.5
Volkswagen Jetta 1.8 (4 cil.)
El veh?2culumm pradiscerethno el cojinete axial trasenr
I Bancal| T Muf-n Claro de Holgura axial
cige¢cefqglubricac
Tolerancias del 2 ..323 2 . 1 2 4 0.00160.0040 0. 03 ®OY
fabricante
Desgates del 2 . 324 2 .112 0. 00 5 se perd
Monoblock caj -n a
Monoblock 2.323 2.1040 0,002 0.003
rectificado se recti
0.020

Tabla 15Resultados del monob\éakswagen Jetta 1.8
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DIAGRAMA DE FLUJO

Recepcion del
monoblock

No requerido

Fequerido

Monoblock Monoblock
de de
fierro alumirio
Soldadura por Soldadura por
SMAW TIG
Area se
soldado v
rellenado
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Medicion de la
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Aprobado No aprobado

Identificar el
problema v
corregirlo
T
armado de la
bancada
Entrega del

monobloclk
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HOJA DE PROCESO

1A Recepci n d el Sehace elregistro del motory se le realiza una orden de
trabajo al cliente, posteriormente se traslada el motor a el
8§rea de maguinado corr g
2 A Reconocimiento Se deter mi na el |duepertenedee sev e
Y valoraci rectifica de acuerdo a las efpecif(ijca;:iones del fabricdante, |
posteriormente se revisa el estadof 2 si c o e
del monoblock cige¢efal y sus medi d
3 A Se necesita rellenado por En base a | a v a| Elmonoblockrequiere el
soldadura la bancada determinamos si servicio:
est8 o el caj n seguir paso 4A
servicio de rellenado por El monoblock no requiere
soldadura para ser maquinado el servicio:
seguir paso 6A
4 A Definir Dependiendo del material en el Fierro colado
el proceso que est § fundid se usa el proceso de
de soldadura se determinara el proceso de soldadura SMAW:
soldadura con el cual se va a seguir pas
rellenar Aluminio
se usa el proceso de
soldadura TIG:
seguir pas
5 A Crea de s ol Yaidentficados los puntos a soldary el tipo de soldadura se
y rellenado proceder 8 a riealnlteen aral oasp | niecda
hasta conseguir la cantidad suficiente de material para ser
magquinado
6 A Montaje y ajuste de Se sube el monobl ock a | a n
monoblock en la acuerdo a las especificaciones y dimensiones que tiene el
mandrinadora monoblock
7 A Centrado de bancada Mediante una serie de pasos se procede a realizar el
centrado de | a m8§quina con r
inmovilizando el monoblock
8 A Determinar el proceso La bancada de un monoblock La bancada cuenta con
para desbastar puede contar con dos tipos de tapas unidas:
t tapas, para estos casos el el desbaste se realizara
apas proceso de desbaste es en el torno:
diferente, dado por las seguir pas
dimensiones que manejan La bancada cuenta con
ambas se implementan dos tapas independientes:
m8quinas di f ¢ eldesbastese realizara
en la rectificadora de
tapas:
seguir pas
9A|Calibraci n d el Seprepararatodo el material Se maquinar a
de corte que se ocupa en el proceso de segurpaso 10
maquinadoyt ambi ®n s
nuestro instrumental de corte
dep ?ng d-' endo d Se magquinara la bancada:
quinar .
segurpaso 11
10/ Maquinado del Se realiza el maquinado del Se t er nmaquinard
caj-n del coji el caipl: n
lado rellenado por soldadura regresarpas o 9
mediante el uso de dos buriles
de desbaste
11,4 Maquinado de la bancada Sedainicioalft or t e émediante el@iso de un buril de

corte y posteriormente se le va aumentando la medida del
buril hasta |l egar al di 8§met

83



12 Medici - n de Previo y posterior a |l a real
la bancada con los dos tiposde micr - met r os par
si esta cuenta con el di 8meft
13 Comprobaci Se utilizara la herramienta Se present -
y plastigage para corroborar que problema en la holgura
revisi-n la bancada c_uente con Ig ylo mqwlldad del
holgura requerida y se revisa cige¢efal
gue el cig¢efal seguir pas
giro libre ya armado en el No se paégée
monoblock problema en la holgura
y/o movilidad del
cige¢cefTal
seguir pas
14 Identificar el Serealizarauna i nspe¢g Se realiz- |
problema y minuciosa de todas las partes correcci-n
corregirlo gue conforman la bancada para regresar paso 13A
encontrar el problema que le
est 8 af ect minad su
posible solwu
15/ Limpieza y armado Se realizar§ una limpieza de toda la bancada y las partes
de la que la conforman para finalmente armarla y ma_mdar el
bancada monobl ock a | a secci-n de
16/ Entrega Se le natificara al cliente que el servicio correctivo de su
del motor a concluido, para que pueda recogerlo
monoblock
ANEXO

Figura 98 Herramienta para Urvan 2.5

Figura97 Herramienta para Tsuru 1.6
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FiguraloéDesgaste del <caj - -r

Figura 105 Funcionamiento de
plastigage

Figura99 Motor V8 montadoparar t e en

Figura 100 Extensiones
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CONCLUSIONES

E I rectificado de motores sigue siendo muy p
de | a mec8nica automotriz, se alcanz- a desa
lograr un mayor alcance y con ello se logra comprender de mejor manera el proceso del rectificadc
bancada de un monoblock, para |l as personas (
impacto positivo a Iconocer la importancia de esteabpfod y soluciones bien definidad y

comprobadas para M®xico y Latinoam®rica prin

ElI trabajo permiti- identificar el proceso d
condiciones de inicio, logrando llevar al interesagioieni@s stapas del proceso (soldadura y

maquinado) describiendo el m®todo correcto d
final mente se realiz- |l a recopilaci-n de res

viabilidad comoungo de manteni miento correctivo para
bancada del motor.

Es por eso que |l a realizaci-n y divulgaci - -n
del rectificado automotriz, permitiendo forrmamunanci dad mej or prepar ada
informaci -n. Se espera que este trabajo siryv
empresas y talleres, ofreciendo un servicio
confiable.
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FIRST PASSAGES: PARENTS, CHILDREN,ANRANSITION INTO EARLY
CHILDHOOD EDUCATION IN MALTA
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ABSTRACTT he tansitiomto early childhood education is a significant emotional, social, and
developmental process for both children and their familiesmidtisonisxetidy, conducted in

Mal ta, explored parental exper icatorcteoughthé c hi |
| enses ofritedafasGagee p 8sesonficdystemtb eaeypsand Vygo
sociocultur#teory. Data were collected throughtagetired interviews with 15 parents and an

online questionnaire completedgayréits. The findings show that emotional preparation,

predictable routines, scaffolded support, and responsive communication with educators played an
important role in helping children adjust across the phases of separation, liminality, and incorporatic
Thsstudy also found that parents experienced their own parallel transition journeys, highlighting the
shared and relational nature of early educational transitions. These findings offer practical insights 1
early years educators, policymakers, anddaport professionals, particularly in culturally diverse

and smaficale educational contexts.

Key wordsearly childhood educatiatucational transitigresental experiengées opassage
(Arnold Van Gennemotional adjustméaimeschool collaboration

INTRODUCTION

The transition into early childhood educatio
life. It requires children to adjust to new environments, routines, and hélatsimstipseously
challenging parents to manage their own emotional responses and practical responsibilities (Peters
Roberts, 2015; Fabian & Dunlop, 2007). This process has increasingly become a central focus of
research, policy, and practice irckiddlyood education as transitions are now recognised as not only
developmental milestones for children but complex socioemotional processes involving multiple
stakeholders (Dockett & Perry, 2007; Margetts, 2002).

Although many children demonstrate enga&ilience, the transition to formal education can be
accompanied by emotional distress, separation anxiety, behavioural regression, and varying degre
adjustment difficulties (Ritanfman & Pianta, 2000; Theodotou, 2019). For othersyiegnsitions
become a gateway to positive socialisation, confidence building, cognitive stimtgation, and long

academic success when well suppaiéan 201Rarju et al., 2023). What is increasingly
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acknowledged is that transitions are not lineagnsaflyieixperienced. Rather, they are deeply
influenced by cultural, contextwual, and rela
(Dervin, 202680llars, 2020).

Despite a growing body of literature, a notable gap remains: rfaousstadigly on child

outcomes, institutional strategies, or educator perspectives, often overlooking the lived experiences
parents, who play a critical role both befor
This study directly eddes that gap, examining how parents perceive, interpret, and manage their
children’s transitions into early childhood education, guided by a robust theoretical framework.

1. THE CONTEXT OF EARLY CHILDHOOD EDUCATION IN MALTA

This study was conductediltaldl small island nation located in the Mediterranean Sea,

characterised by its unique cultural, historical, and educational landscape. Early childhood educatic
has gained significant importance in Maltese national policy over recent dechd#s, reflectin
international trends and local priorities to ensure accesgibléy lngdvision from an early age

(Sollars, 2020). In Malta, formal education often begins Zgesadyfhage, with children entering

childcare centres, kindergartepgesmhools before compulsory schooling.

Mal tabs early years sector is diverse, encon
varied pedagogical approaches ranging from more structured academic éaagedla to play
methodologies (THetou, 2020). Increasing cultural diversity, shifting family structures, and evolving
societal expectations present both opportunities and challenges for educators and parents. While tf
country has invested in professional development for earlitieens @nad curricular reforms

aimed at promoting holistic development (Sollars, 2020), parents still navigate varying institutional
practices, communication styles, and transition policies across settings. This makes Malta an instru
context for stying parental experiences of transition within a culturally complex yet relatively small

national system.

2. DEFINING TRANSITIONS IN EARLY CHILDHOOD EDUCATION

Transitions are broadly defined as periods of change in which children move frostamee context or

of life to another, requiring adjustment and adaptation to new environments, relationships, and rout
(Dockett & Perry, 2007). As Lehman et al. (2
process that occurs over time, not astashormove from one (p.®Wi ronment

early childhood education, transitions may include moving from home to childcare, from preschool t
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primary school, or even between classes within the same institution. These transitions are often
accompaied by both developmental and emotional demands that require effective support mechanis

to foster positive adaptation (Fabian & Dunlop, 2007).

Children undergoing transitions must manage separation from familiar caregivers, adapt to different
adult expations, form new peer relationships, and learn unfamiliar rules and réatiris®(Rimm

& Pianta, 200dargetts, 20PZ'he process can therefore evoke emotional reactions such as anxiety,
fear, or excitement while also triggering behavioural responses such as withdrawal, clinginess, or
behavioural regression (Fabian, 2012; Pianta & Cox, 1999). As Perry aiglir@tsidyasaqre

not isolated events but processes that unfold over time and vary in duration and complexity for eacl
child.

3. PARENTAL EXPERIENCES AND PERSPECTIVES ON TRANSITIONS

While much research focuses on children's emotional and beh@avsesrduregptransitions,
parentsod experiences are equally i1important.
school kindergarten marks an important rite of passage for children and their parents and plays a ci
role in later sablsuccess. Some of the positive consequences of successful adjustment include
development of positive peer relationships, cooperative relationships with teaehersoaral long
competence and {pcHRarentsioften expehehes bven mreietiesoas they

hand over caregiving responsibilities to tea
institutional expectations (Sollars, 2020; Peters, 2010). These emotional and cognitive processes
influence how parents suppoitth chi | dés transition and shape
and school (0O6Connor, 2013).

Several studies have found that parents who feel informed and supported by educators report grea
confidence in their cédhaxdluded erinsuffigiently inforrmed hay wh i |
experience heightened anxiety and dissatisfaction with the transition process (Dockett & Perry, 200
Price & Steed, 2Q.16ffective parental involvement prior to and during transitions has been associate
with letter child outcomes, suggesting that fostering streaigdubimpartnerships is a key factor in
facilitating positive transitions (Fabian & Dunlop, 2007; Sylva et al., 2004).

Parental concerns often f oc uationpanddevelopmentale n 6 s
readiness for formal learning (Harju et al., 2023; Perry et al., 2014). In addition, cultural expectation

and family circumstansash as work commitments, family structure, or previous educational
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experiencesan shape pareinperspectives and capacities to support traDsitioms2020
Sollars, 2020).

4. THEORETICAL FRAMEWORKS GUIDING THE STUDY

4. 1. ARNOLD VAN GENNEPOS RITES OF PASSAGE

Ce ne sont pas |l es rites dans | eur do®t
signi i cation essentielle et | eurs situat
| eur s®quence [é] afin de montrer comm
débagr ®gation, tant pr® i minaires que d
envue doéun but d®termin®. [€é&] Leur disp
sous |la multiplicit® des formes se ret
en puissance, une s®quence type : |l e s

(Van Gennep, 190R7¥b)
It is not the rites in their details that have interested us, but rather their essential
significance and their relative positions within ceremonial ensembles, their sequence

[ €] in order to show howaggregatiom bothes of
preliminary and definitive are situated in relation to one another toward a specific goal
[ €] Their typical arrangement i s every

forms, one always finds, whether consciously expressed typatal sequence:

the schema of the rites of passage.

(English translation by the author)
The principal theoretical framework guiding this studé e aikEinench ethnographer and
fol kl ori st Ar niitds dpasvage orighnally foenplaies to des@ilte @uUltural rituals
marking transitions between life stages. Van Gennep conceptualised transitions as a tripartite proce
consisting of sepamatiliminality, and incorporagparation involves detachment from a familiar
setting or rqlieminality represents aatween period of uncertainty and adjustaent
incorporation signifies the eventual integration into the new rolerir ¥avirGemeep (1960)
emphasi sed, fAinterest |lies not in the partic
positions within ceremonial wholes that i s,

pattern ofthet es ofp.l¥assageod

Several scholars have adapted this model to educational transitions, finding its structure useful for
analysing the emotional and social challenges children and parents face during periods of change
(Abeliovich, 20Fabian, 2@iHarju et al., 2023). This framework allows for a dynamic understanding

of transitions as evolving rather than instantaneous events.

Il n this study, Van Gennepds model is applied
c hi | dr e n 6stheg nayigate tin@asiticireosfornaal education. Each phase provides an

analytical lens to explore preparation, adjustment, and integration processes.
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42BRONFENBRENNERGO6S ECOLOGI CAL SYSTEMS THEORY

Br onf enbr ecologeaystesnsheotydilied informs this research by situating transitions
within interconnected environmental layers that influence child development: thbBiamcrosystem
encompasses direct relationships between children, parents, and educators; tivbioiesosystem
reflectsnteractions between these microsystéonexasnpleyarenteacher communication; the
exosystemwhichincludes external factors such as institutional policies or workplace demands; and tht

macrosystemhichencompasses cultural norms, values, and societal expectations.

Transitions are thus not i sol at ewkbafielatibbnain t he
and institutional influences. Parental experiences are situated within both microsystemic interaction
and broader macrosystemic expectations, including national education policies, cultural beliefs abo

readiness, and institutionaditiam practicadi¢holson, 2018ollars, 2020).

433 VYGOTSKY®dS SOCI OCULTURAL THEORY

Vy got s kspdosultufiiedry’a8lds a developmental dimension to understanding transitions by
highlighting the role of social interaction and scaffotding.iClellren do not navigate transitions
independently; rather, they rely on guidance from more knowledgsatiecaptéuensts,

educators, or peesho support their emotional regulation, language acquisition, and social integratiol
(Dockett &dry, 20QPrice & Steed, 2016).

The concept of scaffolding is particularly relevant to transition processes as parents and teachers c
construct supportive strategies that help children interpret and adapt to unfamiliar routines and
expectations (The@dnt2020). These interactions facilitate meakimgand serve to reduce

uncertainty during the liminal phase, strengthening children's capacity for successful incorporation i

new educational settings.

5. CURRENT GAPS IN RESEARCH

Despite extensivédnglarship on transitions, much of the literature rer@ng@thitd institution

centred, often neglecting parental voices as key agents in the transition process (Nicholson, 2018;
O6Connor, 2013). Whil e pol,itheemotonaferpergncesnt | y s
coping strategies, and perceptions of parents reraiplaret&rparticularly in specific cultural

contexts such as Malta.
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Moreover, although theoretical frameworks su
areincreasingly referenced, few studies offer integrated analyses that simultaneously apply these
lenses to both parental and child experiences. This study contributes to filling that gap by offering a
empirically grounded, theoretically rich exampetgmabiperspectives on early childhood

transitions.

6. AIM AND OBJECTIVES OF THE STUDY

The aim of this study is to explore how pare
early chil dhood e du crides opassageuramewark agtherpomay Van G

analytical lens.

The study addresses the followirng\esge
1 To examine how parents prepare their children for the transition into early educational settings.
9T To explore parentsd perceptions of childre
adjustment phase.
1 To identify when and how pasentsive their children have fully adapted.
1 To investigate the support strategies employed by parents and the role of educators during

transitions.

7.METHODS
7.1 RESEARCH DESIGN

This study employed a convergentmeiteats design (Creswell & PlakoZ047), integrating

both qualitative and quantitative data to provide a comprehensive exploration of parental experienc
during children's transitions into early childhood education. The use of mixed methods allowed for ii
dept h e x pl operaohal mamativesfwhilp also elentifysn§ broader patterns and trends

across a larger sample.

A mixeginethods approach was particularly suitesl tothd y 6 s aim of capturin
emotional experiences of parents and the more gerasjadiststd preparation, adjustment, and

support during transitions (Bryman, 2012). The qualitative strand allowed for rich, narrative account
parentso6 experiences, while the quantitative

dataregarding common experiences, emotional responses, and support strategies.
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7.2 PARTICIPANTS

The study involved two distinct but related samples. The qualitative saml6 uanesittext of

children aged between 3 and 7 years who participatstiuatsesdiinterviews. The sample

included both mothers and fathers, representing diverse family structures, employment statuses, ar
educational backgrounds. All participantsrer@segiahildren who had recently experienced a
transition into early childhood education settings, such as childcare centres, preschools, or
kindergartens. The children attended various types of institutions, including state, church, and

independent sdis in Malta.

The quantitative sample compxigetents who completed an online questionnaire distributed via
JotForm. Participants were recruited through convenience sampling, primarily via parental networks
social media platforms related tyeartyeducation. The questionnaire collected demographic
information, including parental age, develesf education c hi | ddés age at trans:s

early years institution attended.

While the sample was not intended to be fully répeadehatMaltese population, the combination
of diverse backgrounds allowed for the identification of common themes and variations across fami

contexts.

8. DATA COLLECTION PROCEDURES
8.1 QUALITATIVE DATA COLLECTION

Semsstructured interviews wereumed using a flexible interview guide specifically designed to
reflect the theoretical focus odtesopassage.si t i on
The interview guide explored parental experiences across four thematic areas:
1. SeparatiorP(eparation and First Days): How parents prepared their children and themselves for
the transition.
2. Liminality (Adjustment Period): Emotional and behavioural responses observed in children and
experienced by parents.
3. Incorporation (Settimgnd Belonging): Indicators of adaptation and integration into the
educational setting.
4. Support Systems: Perceptions of the role of parents and educators in facilitating successful

transitions.
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Interviews were conduetdter factface or via online video conferencing platforms, depending on
participant preference and GO¥/tBstrictions at the time. Each interview lasted approximately 30 to
45 minutes. All interviews wereraedio o r de d wi t h n¢ subseéqueatly jpaaseribesid6 c o

verbatim for analysis.

8.2 QUANTITATIVE DATA COLLECTION

The quantitative component of the study involved a structured online questionnaire developed usin
JotForm. The instrument included both closed-andespgoestionsdanas designed to gather

data across several key areas: demographic informationudi ng t he chil dés a
and type of institution attended; parental e
behavioural responsesngduthe transition period; the duration of the adjustment phase; strategies
empl oyed by parents to support their childre

school or educators.

The questionnaire \pdst testedith a small sample aépts (n=5) prior to full distribution to ensure
clarity and relevance. The final instrument includedlgikerns, multipl®ice questions, and

open comment boxes, enabling both quantitative analysis and limited qualitative elaboration.

9. DATA AALYSIS
9.1 QUALITATIVE ANALYSIS

Qualitative data were anal ysed ®Blysigghasehe mat i
approach. The analysis began with familiarisation with the data, followed by the generation of initial
codes. Subsequgnthemes were identified through the process of searching for patterns across the
coded data. These themes were then reviewed and refined to ensure coherence and relevance. Aff
this stage, themes were defined and named to accurately representéhaatataigs. Finally, a

complete report was produced, integrating the identified themes into the overall analysis.

Both inductive and deductive coding strategies were employed. Inductive coding allowed themes tc
emerge naturally from participant$'manee s, whi |l e deductive coding
framework to organise and interpret parental experiences systematically across the three phases o

transition. Coding was completed manually to ensure close engagement with the data.
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9.2 QUANTITATIVE ANALYSIS

Quantitative data were analysed descriptively using frequency distributions and percentages to ider
common patterns across the sample. Given the exploratory nature of the study and the sample size
inferential statistics weremotucted. Instead, descriptive statistics served to triangulate findings from
the qualitative interviews and offer an overview of parental experiences across the larger sample. A

guantitative analysis was performed manually; no statisticabso8R&f (@, Excel) was used.

10. RESULTS

The findings are pr es en tphadenodel df tansiBapayatidian Ge n
liminality, anidcorporation, alongside an emergent tsap@adfystems, which arose prominently

in both gglitative and quantitative data.

10.1. SEPARATION: PREPARATION AND INITIAL EMOTIONAL RESPONSES

Parents described multiple preparation strat
education settings. These ranged from structuredachateschool visits and information

sessions to more informal methods such as reading iptmksamdiereating predictable routines

at home (Participants 1, 3, 6, 7, 9, 10, 15). Several parents emphasised their awareness of the

importance of preipg their children emotionally and practically:

We visited the school a few times and introduced her to her teacher beforehand. We
also started talking about school in a very positive way to make it seem exciting rathe
than scary. (Participant 7)

Despite these efforts, many parents reported experiencing their own anxieties about the transition.
These emotional responses ranged from concern over whether their children would adjust socially 1
worries about being physically separated for e (fratticipants 1, 3, 5, 6, 10). As one mother

shared:

Although | kept telling my daughter how wonderful school would be, deep inside | felt
quite anxious about how she would manage without me. (Participant 1)

The quantitative data aligned with thedeemrAccording to questionnaire responses, 47% (n=24)
of parents reported feeling anxious prior to the transition, while 35% experienced mixed emotions o

excitement and concern.
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From the childrends per spe casowared Weilensoihd o n a | r

children demonstrated confidence and enthusiasm, others exhibited distress, particularly at mornin

dropoff. Parents reported frequent instances of crying, clinginess, and refusal to separate from

caregivers (Participants 3,10,9,3). Survey results showed that 58% of parents stated their child

was fia |little nervous but adjusted quickly, o
e

whi | .0 A small mi nority indicated ongoing d

A little nervous butdjusted quickly
Upset or anxious for a while

Still having difficulties

Very excited

Other

Fig. 1Ch i | firsdayenfotonakactions

The initial separation phase was described by many parents as emotionally intebsehut relatively
especially when preparation had been thorough and when cyitalealiygreduced to their

new setting.

10.2. LIMINALITY: THE ADJUSTMENT PERIOD

The liminal phasiee ambiguous period between initial entry and full adeptdédwide
variation in childrendés emotional, behaviour

observable behaviours and emotional shifts during this phase.
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Many parents @eed inconsistent behaviours at home, such as sudden outbursts, mood swings,
regressions in previously mastered behémi@xamptdeep disruptioasdbedwetting, and

increased dependence on caregivers (Participants 1, 4, 6, 7, 11, 13).

In the maings, he would be excited to see his friends, but by the evening, he became
very sensitive, needed constant cuddles, and sometimes would cry for no apparent
reason. (Participant 4)

Other parents mentioned somatic symptoms that appeared to c@ricansinath pleriod,
including stomach aches, headaches, and frequent complaints of being "sick" before school
(Participants 3, 6, 9, 12).

There were mornings when she complained of stomach pain; at first, we thought it wa

medical, but the doctor readsigé@ was linked to stress. (Participant 6)
Quantitative data supported these qualitative findings. Survey responses indicated that:

T 74% of parents observed mood changes.

1 56% reported disruptions in sleep patterns.

1 48% noted heightened clinginess atdnaindependence.

1 39% observed somatic complaints such as stomach aches or headaches.

70%

60%

50%

40%

30%

20%

10%

0%
Mood changes Disruptions in sleep Clinginess/refusal to Somatic Complaints
patterns attend

Fig. 2 Adjustmeumifficulties during tminaphase
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The duration of this liminal adjustment phase varied significantly. For some families, adaptation
occurred tatively quicklyithin a few weeks, while others required several months to reach a sense of
stability. Accordinghtequestionnaire results, 62% of parents reported that their children settled withir
1i 2 months, while approximately 28% indicated that their cBilor meeaadnths ttullyadjust.

10.3. INCORPORATION: SETTLING IN AND ADAPTATION

In the incorporatidrape, most parents identified clear indicators that their children had achieved
emotional stability, social integration, and comfort in their educational environment. Key signs inclut
enthusiastic discussions about school activities, growing indejpegdaoceing caffs, and

the development of peer relationships.

By the end of the first term, he had completely settled. He would wake up excited to g
to school and was always eager to share what he had learned that day. (Participant 2

For many pamts, the formation of friendships was particularly reassuring and strongly associated wit

their childbés sense of belonging (Participan

It was when she started talking about her friends and inviting them for playdates that |
realisedtee felt fully comfortable. (Participant 5)

Quantitatively, 82% of parents reported obse
after the transition period, suggesting a high degree of eventual successful incorporation for most

children in the sample.

10.4. SUPPORT SYSTEMS: PARENTAL AND EDUCATOR STRATEGIES

Across all transition stages, the presence of effective support systems emerged as a crucial factor i
shaping both parental and child experiences. Parents highlightaddb@irag@blishing
predictable routines at home, offering daily conversations about school, and employing creative too

such as visual schedules, countdown calendars, or storybooks about school life.

We used a calendar where she would cross gstuhéldgahool started. That

seemed to give her some sense of control. (Participant 9)

Survey responses revealed that:
1 79% of parents used daily conversations to prepare or reassure their child.

1 51% created predictable routines to ease the transition.
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1 42%utilised visual supports such as calendars, storybooks, or school visits.

‘ Parental Communication

' Predictable Routines

Fig. 3Parentadupporstrategiessedduringearlychildhoodransition

The role of educators was consistently emphasised as central to a smooth traradiiesh. Parents
teachers who demonstrated sensi toff routiney,ando c¢ hi

communicated regularly with families.

The daily updates from her teacher helped trenéer@nsty simple photo or
short message gave me@eamind. (Participant 1)

However, several parents also expressed that communication varied considerably across institutior
Some felt that more structured induction programmes or clearer communication protocols would ha

further reduced parental anfietrticipants 5, 7, 10).

The school could have offered more scheduled orientation sessions for parents, not j

for childreigParticipant 5)

These comments suggest variability in how schools and educators involve parents during the transi
period.

10.5. EMERGENT REFLECTIONS FROM PARENTS: TRANSITION AS A SHARED EXPERIENCE

A notable finding across many interviews was that parents often described the transition not only a
their childbés experience bightedtheisowasinultaaeousd f a mr

emotional adaptation:

| had to let go in stages, just like she had to. We both needed time to adjust.
(Participant 11)

This mutual adaptation echoes emerging literature that recognises transitions as dynamic processe

affectig all family membéiahjan & Dunlop, 208&rju et al., 2023). Several parents described a

100



parall el process of developing trust in the

and acceptance of new routines as part ohthr@ingition journey.

11. DISCUSSION

The aim of this study was to explore how parents experience and interpret their children's transition
into early chil dhood educ atrteeopassagetframewagks i n M
(1909) andfuetr i nf or me d becyglogiBaysieméheerolr rye ( mMeQr7®s and Vy
sociocultur#teory (1978). This section interprets the findings through these theoretical lenses while

situating the results within existing literature.

11.1UNDERSTANDING TRANSITIONS AS MULTILAYERED EMOTIONAL PROCESSES

The findings of this study underscore that transitions are not ginguévreiotsebut ongoing

emotional, behavioural, and cognitive processes affecting both children and peaa&ots. The sepa
phase revealed parent al preparation strategi
settings, yet parents themselves often described significant internal anxieties. This echoes previous
research noting that transitions invoNed parational adjustments for parents who often struggle

with the simultaneous demands of supporting their child while managing their own sense of loss,
uncertainty, and relinquished céabodit & Dunlop, 200icholson, 2018; Peters & Roberts,

2015)

Parental concerns observed in thisistlieing fears about separation, social adjustment, and
institutional practices e wi dely documented in transition
2013). As Riraufman and Pianta (2000) suggest,pa s ® emoti onal st ates
how they support their childrenés adjust ment

unintentional emotional signals that can shape children's own responses.

11. 2. VAN GENNEPOJ BHAREDIBESFLAE TRARSTEONS E :

Van Gennepo6s (1960) tripartite model provi de
experiences across separation, liminality, and incorporation phases. However, the findings also rev
that transitions mayaloaiays follow a clear, linear sequence. This is consistent with Harju et al. (2023
who observed that #Achildrends transitions in
cont i(on @3 Eome paents described cycles of adapigtiegrassion where children
displayed progress followed by temporary setpackaly when external stressais adlness

andchanges in routjdésrupted emerging stability.
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The liminal phase was particularly rich in emotional compts»atysétaeehfluctuating

behaviours, sleep disturbances, mood swings, and somatic complaints that align with existing rese:
highlighting this period of ambiguity as emotionally taxing for both children Babfliearegivers (
2012Margetts, 2002; Pary al ., 2014). Parents6é own copi ng
in shaping childrends capacity to tolerate u
Dunlop, 2007).

Meanwhilehe incorporation phase was marked by groairengagement, independence, and
confidence, echoing prior research suggesting that positive transitions often coincide with the
development of peer relationships and secure attachments to new educators (Harju et al., 2023;
Theodotou, 2020). Importgatignts often linked their own sense of security with observable signs of

their childbds successful i ncorporation.

11. 3. BRONFENBRENNEROS ECOLOGI CAL SYSTEMS: T

The findings also strongly reflect Bronfenbr
demonstrating how childrenés transitions unf
microsystem, involving parents, children, and gplagaitbis pitad role in shaping transitional

experiences. Direct interactions between par

safety and competence in the school environment.

At the mesosystem level, the quality of communication betweachurheraathed as a

consistent theme. Parents who received regular feedback and emotional reassurance from teacher
reported greater confidence and reducedafirdityg consistent with Price and Steed (2016) and
Sylva et al. (2004). Conversely,mer@s who felt excluded or insufficiently informed expressed
ongoing worries about their childds well bein

The macrosystem, including national policies, cultural expectations, and atsnetabtgrms

shaped parental expectations. In Maltafowhatschooling begins relatively early, parents

expressed concerns about developmental readiness and varying pedagogical approaches across
different providers (Sollars, 2020; Theodotou, 2019). Some parents noted that greater standardisati

transitio protocols across settings could reduce inconsistencies in parental experiences.

11. 4. VYGOTSKYO0S SOCI OCULTURAL LENS: SCAFFOL

Vygotskyodés (1978) emphasis on scaffolding wa

the trantion process. Parents employed numerous scaffolding strategies, including structured routin
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daily conversations, and visual tools like calendars and storybooks, which provided children with bc
emotional and cognitive preparation. These findimgstallyn Doc ket t and Perryao
parents act as O6bridging agentsd who medi at e

buffering emotional uncertainty.

Teachers also acted as significant scaffolding figures. Parentssisepliedtigzators who

demonstrated flexibility, emotional sensitivity, and proactive communication. The value of personali
support in reducing transition anxiety suppo
responsiveness is central twesstul adaptation. Importantly, scaffolding was most effective when
parents and educators worked col |l;akegr ati vely
principle in Vygotskyds mode]jTheodoig 2@ i al |l y me

11.5. PARENTS AS-RAVIGATORS IN TRANSITION JOURNEYS

One of the emergent contributions of this study is its clear positioning of pareméwigatacsve co

rather than passive obseroefs t heir chil dés transition journ
parallel transitions, negotiating not only t
institutional structures, roles, and relationships with educators. Thys isleahdeti o per 2 et
who found that fAthe frames used by the paren

children’s lives, balancing between staying at home and attending ECEC and adjusting to norms ar
r u l(pe30®

This dudransition experience reflects newer transition research that challenges the view of transitio
as solely chifdcused (Fabian & Dunlop, 2007; Harju et al., 2023). Instead, transitions involve entire

family systems that collectively negotiate emotiahand practical changes.

We both transitioned together. As she got used to school, | got used to not being with

her . It wasnodédt easy for either of wus a

Such narratives suggest that futureamgomsititices should explicitly acknowledge the family unit as

an interconnected system requiring mutual support during transitional periods.

12. PRACTICAL IMPLICATIONS FOR EARLY CHILDHOOD EDUCATION

Thsstudy offers several practical recommendations that may enhance transition practices for both

families and institutions:
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1 Structured orientation pragesnGradual induction days for both children and parents may
reduce anxieties prior to formal entry.

1 Hameschool communication protocols: Consistent, scheduled updates from educators help
reassure parents and foster trust during the early weeks.

1 Parental engagement in preparation: Encouraging parents to use routines, visual supports, and
childled discussis can provide children with a greater sense of predictability and agency.

1 Professional development for educators: Training teachers in emotionally sensitive transition
practices may improve both child and parent experiences.

1 Culturally responsive appesadhstitutions should remain flexible to account for cultural,

linguistic, and farsilyucture diversity (Dervin, 2020; Sollars, 2020).

These recommendations mirrepfaesice models advocated in prior literature (Price & Steed, 2016;
Sylva et al.0R4) while adding new emphasis on the shared, emotionally complex nature of parental

participation.

13. LIMITATIONS OF THE STUDY

Although the mixeethods design allowed for both depth and breadth, certain limitations should be
acknowledged. First, thea was geographically specific to Malta, which may limit the
generalisability of the findings to wider international contexts. Second, the-reparteel clatself
introduces potential subjectivity and bias in both the interview narrativasaine rggpsnses.

Third, while the sample size was sufficient for the exploratory nature of this study, it remains relative
small for making broad national claims. Finally, educator perspectives were not included, which ma
have offered further intdgigfio institutional transition practices. Nonetheless, these limitations also

present opportunities for future research to complement and extend the present findings.

14.DIRECTIONS FOR FUTURE RESEARCH

Several avenues for further investigation emerge from this study. Future research could include the
perspectives of educators, exploring how teachers experience and manage transitions, including th
views on paresthool partnerships. Longitudinaisstoay also prove valuable, offering insights into

both shoterm adaptation and loteen educational outcomes as children progress through their

educational trajectories. Further research could focus on vulnerable groups, including children with
speal educational needs, multilingual backgrounds, or those from migrant and minority families, wk
transition experiences may differ significan

combination of exi st iactgesandthe imdadt oftheGdvid n s et t i
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pandemic may have a disproportionately negative impact on children with identified SEND [Special
Educational Needs and Disabilities] and would therefore intensify existing educational inequalities &
endanger childré® s s c ho ol r e(a 649 Fughersores erasationd| comparisens 0

could explore how different national policy frameworks shape transition practices in varying cultural
contexts. Expanding research in these directions would striengitiedgbdase required to

support families and institutions in designing effective, inclusive, and contextually responsive transi

practices.

15. CONCLUSION

This study has offered a detailed exploration of how parents experience and iintergret éheircls
transitions into ear |y c htesbfEdsagefihmewdrkiatoagsideo n ,
Br onf e nebologicadystemsid s o r y a n dociotyltyrdieory. Byadapting a

convergent mixetkthods approacbmbining bothdapth interviews and questionnaire data, the
research has produced a nuanced account of how transitions unfold as emotional, relational, and

developmental processes.

The findings illustrate that transitions are not isolatiithensinal eventbut rather complex,
ongoing experiences shaped by both childrend
states of their parents. Parents actively prepare their children through structured routines, emotiona
reassurance, and pratficeparations, yet they simultaneously experience their own anxieties and

adaptations as part of this shared journey.

Van Gennepo6s (1909) framework effectively ca
also revealing that transitions malyags follow a strict linear sequence. Instead, as seen in the
liminal phase, children and parents often experience periods of emotional fluctuation before achievi

full incorporation into new educational settings.

Bronf en®r9ologecalmesl f urt her emphasised that c¢hi
within interconnected systems. The critical rolesohboheemmunication emerged consistently

across participants, with parental confidence closely tied to the level of edgcator sensitivit
responsiveness, and transparency. These mesosystemic relationships were often decisive in either

easing or complicating transition experiences.

Vy g o {1978)wdaosultur#eory illuminated how both parents and educators act as scaffolding

agentsgui di ng childrendés emotional regul ation a
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Parentsd6 use of visual aids, storytelling, a

the emotional attunement displayed by sens#itcgedu

Importantly, the study highlights that transitions affect not only children but entire families. Parents
described their own parallel transition journeys, gradually developing confidence in the new educati
system as their children adaptedyriR&Eog transitions as shared family experiences rather than

solely childentred events offers an important shift in how practitioners, policymakers, and researche
might approach transition planning.

Several practical implications emerge from thgsetfiedvalue of gradual induction programmes,
structured communication protocols, culturally sensitive support strategies, and continued professic
development for educators. These recommendations offer actionable insights that may enhance

transitioexperiences across diverse educational contexts.

While the studybés scope was geographically s
for broader international discussions on transition practices. By centring ,dtental voices
underrpresented in transition resgiisistudy adds depth to the growing recognition that successful
transitions depend on collaborative, sustained, and emotionally attuned partnerships between famil

and educational institutions.

Ultimately, supportiagsitions in early childhood requires attention not only to children's
developmental readiness but also to the emotional journeys of parents who stand beside them. Wh
both children and parents are supported as active participants in these fansitaios, thr

longterm educational engagement, wellbeing, and resilience is considerably strengthened.
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ABSTRACTThis qualitative study explores how primary music @dddtalta engage with the

inclusion of students with autism througlrisetomied interviews. Drawing on qualitative data from
semistructured interviews with fifteen teachers across state, church, and private schools, the reseat
examines teacheearedness, instructional strategies, observed student outcomes, collaborative
practices, and perceived institutional challenges.

Findings reveal that while most educators support inclusive values, few have received specific traini
teachingnusic to students with autism. Many rely on adaptive strategies developed through experier
including the use of structured routines, visual aids,-basehanivities, and flexible participation.
Teachers reported a range of positive outcoroelsryart emotional expression, focus, and social
engagement. However, these outcomes were often achieved in spite of systemic limitations, suc
insufficient planning time, lack of resources, and limited collaboration with support staff.

The study isformed by the neurodiversity paradigm, Universal Design for Learning, and sociocultu
theory. It contributes to an uadearched area by highlighting the perspectives of music educators
within a smallate, poliegriven inclusion system. Thedsmdnderscore the need for targeted training,

institutional support, and a broader recogni
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While focused on the Maltese context, the study raises issues relevant to wider international discus
on the idasion of neurodivergent learners in specialist subjects. Music can offer students with auti
meaningful opportunities for engagement, but such outcomes require structured, sustained, and
supported teaching practice.

Keywords:Inclusive musducation; autism spectrum disorder; Teacher perspectives; Neurodiversity
in classrooms; Universal Design for Learning (UDL)

INTRODUCTION

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterised by differences ir
social interactionymemunication, sensory processing, and repetitive behaviours. The prevalence of
autism has risen globally, leading to growing emphasis on inclusion within mainstream education. I
context, music education offers potential for meaningful engéigatadyntigoanhildren on the

autism spectrum, many of whom display strong auditory memory and sensitivity to sound patterns
(Ockelford, 2013; Schlaug et al., 2005).

Mal tadbs education system promotes agetlel usi on
integration of learners with diverse needs into mainstream classrooms. Learning Support Educators
(LSEs) are assigned to work with students who require individualised support. Music education is
compulsory in the primary curriculum and is Ogleiéned generalist teachers or itinerant music
specialists who may work across multiple schools. Although national policy encourages inclusive
practice, there is limited research on how music educators in Malta adapt their methods to
accommodate newedjent students, particularly those with autisriMZagiomt 2020).

Internationally, studies suggest that learners with autism often respond positively to music due to it:
predictability, repetition, and capacity-¥erlmadrexpression (Geretsemigdr, 2014; Lim, 2010). In
classroom settings, music can offer structured yet flexible opportunities for participation and interac
However, research also highlights challenges in implementing inclusive practices in music educatio
such as a lacktoaining, limited resources, and insufficient collaboration between educators and
support staff (Draper et al., 2024; Hourigan, 2009).

The majority of music education literature in autism contexts is clinical or therapeutic in nature, foct
on indivighl or smagjroup interventions delivered by trained music therapists. Less is known about
how generalist or scHi@sled music teachers engage students with autism within typical classroom
conditions. This gap is particularly apparent in smaiiengurisgliidalta, where structural and

logistical constraints influence how inclusion is enacte-dayabdays.

This study addresses that gap by exploring the experiences of 15 music educators teaching studen
with autism in Maltese primary sch@{amines their preparedness, teaching strategies,

observations of student outcomes, and perceptions of institutional support. The study addressed th:
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following research questions: How do Maltese primary music educators perceive and enact inclusic
students with autism?; What instructional strategies and institutional supports do they report using?
What challenges and outcomes do they observe in inclusive music teaching? The aim is to underst
how inclusion is operationalised in musiooiassom the perspective of the teachers involved. Ten
additional interviews were conducted for this paper, building on an earlier dissertation study, thereb
strengthening the data pool and allowing for deeper thematic analysis.

By foregrounding teacloére, this paper contributes to the broader discourse on inclusive education
and highlights musicbs role as a potenti al 11
contexspecific, they raise issues of relevance to inclusive practiadlypanelbding the need for

clearer policy implementation, specialised training, and a more systematic approach to resource
provision in music education. In this coateng musi@comes inseparable fmaking meaning

as students and teachersgmgashared experiences that support connection, expression, and

inclusive participation.

1.CONTEXAND LITERATURE REVIEW

Mal tads commit ment tioitsnationdl edscationgolieydwnichaencouages i s
the full participation of learners with disabilities in mainstream classrooms (Ministry for Education at
Employment, 2019). Students diagnosed with Autism Spectrum Disorder (ASD) are typically suppo
byLearning Support Educators (LSEs) and, where applicable, Inclusion Coordinators (INCOs), who
assist teachers in developing and delivering differentiated instruction. Despite this policy framework
implementation of inclusive practices remains arteearly in specialist subjects such as music
(ZammiMangion, 2020).

Music is a compulsory subject in the Maltese primary curriculum and is delivered either by generali
class teachers or itinerant music specialists. The nature of music tueadlying;dhaqg

movement, improvisation, auditory stimuli, and group interaction, can offer both opportunities and
challenges for children on the autism spectrum. While music often holds intrinsic appeal for learner
with autism due to its structurectpetitive elements (Heaton, 2009; Ockelford, 2013), its delivery in
group formats without sufficient adaptation may also lead to sensory overload or social withdrawal
(Darrow, 2008; Lim, 2010).

1.2. MUSIENDAUTISM: EVIDENCE FOR ENGAGEMENT

Internationhferature provides substantial evidence that music can positively affect communication,

behaviour, and emotional expression in autistic children. Studies such as Geretsegger et al. (2014)
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Boso et al. (2007) highlight the neurological responsitddesss with autism to musical input.

These responses may be attributed to the way music engages multiple brain regions simultaneousl|
promoting integration across auditory, motor, and affective domains (Koelsch, 2014; Schlaug et al.,
2005).

Kern and édidge (2006) demonstrated that structured music activities improved engagement and
reducedeffas k behaviour in students with auti sm,
support alternative modes of communication, especially for dmitkdrvental skills. These
findings are echoed in more recent work by R
enhancing brain connectivity and social motivation among children on the spectrum.

Although many of these studies focusiothenapy or clinical interventions, there is growing
recognition of musicdés role within education
music education distinct from therapy, has pedagogical value, especially when desggmed around stt
strengths. Similarly, Bunt and Stige (2014) emphasisenti@csdclonensions of participation,

noting that group mumsaking supports identity and connection in ways that extend beyond

therapeutic outcomes.

1.3. TEACHER PERSPECTIVE AND CLASBRABOMCE

Despite growing interest in inclusive music, research focused specifically on teacher perspectives
remains limited. A notable exception is Draper et al. (2024), who conducted inteagegvs with US
elementary music teachers. Their findiadjthagv@ost teachers supported inclusion but lacked

autisrspecific training and struggled with inconsistent access to classroom support.

These concerns are mirrored in Hourigands (2
informal stegiesandtdahde r r or when teaching students wit
My Bodyo project (2023) showed how teachers
exercises and rhythmic games, to accommodate sensory and attentomavezewithout

consistent training or institutional backing, such adaptations remain fragmented and reliant on indiv
effort.

The issue of preparedness is central to effective inclusion. Teachers frequently report receiving little
no trainingn how to support students with autism in music classrooms (Draper et al., 2024; Lim, 20
Many also highlight the lack of inclusive materials, such as visual aids, simplified scores, or senson
friendly instruments (Drye, 2024). A small numbes, sustudie Borg (2020), which focused on
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music therapy in a Maltese hospital context, suggest that educators can benefit from collaborative

models involving therapists or support staff.

1.4. PEDAGOGICAL FRAMEWORKS FOR INCLUDSION

To understand howsic can support inclusion, it is helpful to examine broader educational
frameworks. One such model is Universal Design for Learning (UDL), which encourages flexible
approaches to teaching by offering multiple means of engagement, represemsgion, and expr
(CAST, 2018). Music, by its nature, aligns well with these principles: it can be auditory, visual,

kinaesthetic, and emotional.

Furthermore, the neurodiversity paradigm challenbasetéfrestvs of autism and instead

emphasises difference aataral part of human variation (Singer, 1999; Armstrong, 2010). In music
education, this approach encourages teachers to build on the unique cognitive and sensory profiles
their students, rather than viewing autism solely as a barrier to participation.

Incorporating these frameworks into teacher training may help bridge the gap between policy and
practice. However, as Zaivaigion (2020) and others note, structural factors, including timetabling,
staffing models, and resource availability, coafieciethe consistency of inclusive implementation

in smaitate settings such as Malta.

1.5. SUMMARY

The reviewed literature supports the notion that music holds unique potential for engaging students
autism, both therapeutically and educatiowatlyer, realising this potential in mainstream

classrooms requires more than enthusiasm; it deperdsmedveellicators, accessible resources,

and institutional systems that facilktate co
established, further empirical research is needed to understand how music educators interpret, ada
and enact these policies in their daily teaching practice.

This study contributes to that effort by exploring the voices of music eduadin tsaveMalight
students with autism within inclusive settings. Their insights offer a grounded view of how inclusion
operates on the classroom floor, illuminating both the opportunities music provides and the gaps th:

remain.
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2. CONCEPTUAL FRAMEWORK

This study draws on three interrelated frameworks to guide its analysis of inclusive music teaching 1
students with autism: the neurodiversity paradigm, Universal Design for Learning (UDL), and
sociocultural theory.

2.1. NEURODIVERSITY PARADIGM

The neurdiversity framework challenges-blased models of autism, instead recognising

neurological differences as part of human variation (Singer, 1999; Armstrong, 2010). From this
perspective, autistic traits, such as sensory sensitivity, focusaddrgatests yecognition, are

viewed not solely as impairments but as cognitive differences that can be strengths in specific cont
Music, with its structural regularity, repetition, and potemebidrengumession, may align

particularly welthvsome of these strengths (Ockelford, 2013; Heaton, 2009).

This paradigm encourages educators to reframe their understanding of student behaviour and learr
styles. Rather than aiming to Onorleamihgi sebd6 st

environments that respect diverse ways of thinking and processing information. In the context of mt
education, this may involve flexible participation structures, sensory adaptations, or valuing alternat

forms of expression and communication

2.2. UNIVERSAL DESIGN FOR LEARNING (UDL)

UDL is an educational framework developed to support all learners by offering multiple means of
engagement, representation, and action (CAST, 2018). Its application in inclusive education is well
established, yiet integration into music teaching, particularly for students with autism, remains
underexplored.

In music classrooms, UDL may be realised through differentiated activities, varied instrument choic
visual supports, and opportunities for movemembaisaiion. These adaptations allow learners to
access the curriculum in ways that align with their individual profiles. Recent studies (e.g. Draper et
2024; Drye, 2024) suggest that many teachers already use such strategies infornaaity, even if they
not explicitly trained in UDL.

By aligning pedagogical choices with UDL principles, music educators can reduce barriers to
participation while maintaining high expectations for all students. This also supports learners with a

who may need alteivetvays of demonstrating understanding or engaging in classroom routines.
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2.3. SOCIOCULTURAL THEORY

Sociocultural theory, rooted in the work of Vygotsky (1978), emphasises the social nature of learnin
and the importance of cultural tools, such a®|aygolagls, and artefacts, in mediating
development. Music, as both a cultural practice and a form of social interaction, can be considered

powerful mediational tool in inclusive education.

For students with autism, musical participation may sedge &srasbcial connection, joint

attention, and shared meanadgng. Collaborative musiking activities, such as group rhythm
exercises or calidresponse tasks, create structured social contexts where learners can engage at
different levels ohgaexity (Geretsegger et al., 2014; Bunt & Stige, 2014). Within these settings,
teachers play a critical role in scaffolding interaction and modelling inclusive participation.
Together, these three frameworks offer a foundatienstanding the pedagogical and relational
dynamics at play in inclusive music classrooms. They support an approach that is not only adaptive
affirming, one that recognises and builds upon the capacities of all learners, including those on the
autisnspectrum. During the data analysis process, these frameworks informed the interpretation of
themes, particularly in identifying teacher practices aligned with UDL -inéenmodidersity

approaches, and socially mediated learning.

3.METHODOLOGY
3.1. RBEARCH DESIGN

This study employed a qualitative research design to explore the experiences of music educators w
have taught students with autism in Maltese primary schools. A phenomenological approach was
adopted to capture how teachers perceive asehseké their inclusive practice (Creswell and
Poth, 2018). The aim was not to generalise f
interpretations, strategies, and concerns when teaching music to learners with additional needs in

mainsiam settings.

3.2. PARTICIPANTS

Fifteen music educators participated in the study. Five were drawn from a previous dissertation stu
and ten were newly recruited. Participants were selected using purposive sampling to ensure that a
had experience teaching at least one studetismiin aumainstream primary school. They

represented a range of teaching backgrounds, including class teachers with musical responsibilities
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itinerant music specialists, and freelance music educators working within school programmes. Teac

experienceanged from three to over 20 years.

Participants were drawn from state, church, and private schools across Malta. Their teaching conte
varied in terms of institutional support, class sizes, and available resources. Most had some experie
collaboratingith Learning Support Educators (LSESs), but the frequency and depth of this collaborati
differed across cases.

3.3. DATA COLLECTION

Semistructured interviews were used as the primary method of data collection. Interviews lasted
approximately 30 to 48utes and were conducted either in person or via online platforms, depending
on the participant 6s -ecosdédavitheeonsertand BAtardrénscribed er v

verbatim for analysis.

The interview guide includedenmbed questionsamged under six thematic domains:

Professional background and preparedness
Teaching strategies and adaptations

=d  Observed outcomes in students with autism

=1 Collaboration with support staff and colleagues

Resources and institutional challenges
Reflections and recommendations for improvement

These domains were informed by both the previous study and existing literature on inclusive music

education (e.g. Draper et al., 2024; Hourigan, 2009).

3.4. ETHICAL CONSIDERATIONS

Ethical approval was obtained froelet@nt ethics committee prior to data collection. All participants
received an information sheet outlining the aims of the study and signed informed consent forms.
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Participation was voluntary, and individuals could withdraw at any stage witt@ut consequen

Anonymity was ensured, and all identifying details were removed from transcripts and reporting.

3.5. DATA ANALYSIS

Data were analysed using thematic analysis, followstgpmecgiel proposed by Braun and
Clarke (2006). Transcripts were regtentinies for familiarity before being coded inductively. Codes
were then grouped into potential themes, which were refined through iterative comparison and

alignment with the research questions.

The final themes included:

Teacher Preparedness and Experience

Adaptation and Flexibility in Practice

Student Engagement and Response

Institutional and Collaborative Factors

Resource Availability and Constraints

Teacher Reflections and Policy Recommendations

Although the analysisiwvast er pr et ati ve, care was taken to
meaning. Quotes were selected to illustrate key patterns while preserving individual voice and varia
3.6. TRUSTWORTHINESS

Several strategies were employed to ensurehinese/daricluding data triangulation between the
new and original samples, reflexive journaling by the primary researcher to address potential bias, :

peer debriefing with the second author to test and refine emerging themes.

This approach ensured Heafihdings were both grounded in the data and interpreted through a

transparent and reflective process.
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4.FINDINGS AND DISCUSSION

This section presents the findings from interviews with 15 music educators, structured under six
thematic categories. fftemes emerged inductively and were consistent across both the original and
new interview datasets. The discussion integrates relevant literature to contextualise teacher

perspectives and illuminate implications for inclusive music practice.

4.1. TEACHERREPAREDNESS AND EXPERIENCE

Most participants reported limited formal training related to autism or inclusive music pedagogy. Wt
several had attended general inclusion workshops or brief continuing professional development
sessions, few had receivedcrspiscific training tailored to working with students on the autism

spectrum.

Al 6ve picked up things from experience an
This mirrors the findings of Hourigan (2009) and Draper et al.n@@2éhatwhosic teachers
often rely on informal learning athéjob adaptation. Several teachers in the current study stated
that their confidence increased through direct experience, yet they also acknowledged gaps in their
initial preparedness.
Someparticipants expressed a desire for training that was practicatyridagstoamd sensitive
to the realities of miabdity group teaching. Their reflections align with research by Adamek and
Darrow (2018), who argue for targeted professiopat@@vinat integrates pedagogical and

neurodevelopmental insights.

4.2. TEACHING STRATEGIES AND ADAPTATIONS

Teachers described a wide range of strategies used to engage students with autism in music lessol
These included:
1 Structured routines (e.gdipt@ble lesson formats)
Visual supports (e.g., charts, cards;coaledrinstruments)
Tactile and movemeased activities (e.g., drumming, dancing, scarf work)

Simplification of content (e.g., adapting rhythms or using repetition)

= =4 =a -2

Choicéased partpation (e.g., allowing students to select instruments)
ARepetition and rhythm games are great. S
coded noteso (Teacher 7).

These strategies are consistent with principles of Universal Design for L&b#)gwGisBT,

promote multiple means of engagement and rep
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accessibility for learners with autism (Geretsegger et al., 2014; Lim, 2010). For example, movemen
based learning aligns with findings fiortheo o vi ng i n My Bodyo study,
embodied engagement in sustaining attention and regulating behaviour (2023).

A key observation across interviews was the importance of flexibility. Teachers noted that rigid less
plans often fadlavith neurodivergent learners. Instead, they advocated for adaptive teaching that

balanced structure with responsiveness.

4.3.STUDENT ENGAGEMENT AND OBSERMEIDMES

Educators reported that music had positive effects on many students withladyismtgpars of
emotional expression, focus, and confidence. Several described breakthroughs where students wh
typically avoided verbal interaction engaged through music.
AOne student who barely spokealsttharrdwghdum
(Teacher 2).
Teachers also observed that music suppertgtiiséidn and reduced anxiety for some learners,
echoing the findings of Ruiz et al. (2023) and Boso et al. (2007), who link musical activity with neur:
integration and affectigelst | i t y. Ot hers described how indi:
often through instruments or solo tasks.
A had a student who hated group work but | o
These accounts suggest that prasides a structured yet flexible environment in which students with
autism may engage on their own terms. Such findings indicate that music can support inclusive goz
when educators are empowered to adapt practice responsively. The findingsreapparh earl

music as an alternative communication channel (Brownell, 2002; Kern and Aldridge, 2006).

4.4 INSTITUTIONAL SUPPORT AND COLLABORATION

Teachers offered mixed accounts of the support they received. In some cases, collaboration with L.
and Inclusion Coordinators was described as productive and regular. Elsewhere, participants repor
feeling isolated, especially when teaching
teams.

AHonest!l vy, | tfreyelt ca asi kt foonr mhye lopwn.b ut s up.
Time constraints and scheduling conflicts were commonly cited as barriers to collaboration. Particif
noted that while LSEs were essential partners, joint planning was rarely feasihnle due to syst
pressures. These findings echo those of Draper et al. (2024) and Drye (2024), who highlight structt

rather than attitudinal barriers to inclusion.
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Teachers also raised concerns about inconsistent policies between schools, with some institutions
plecing strong emphasis on inclusion and others appearing less committedViA&s in@ammit 6 s

(2020) study, the variability in local implementation was seen as a source of tension.

4.5 RESOURCES AND CHALLENGES

Resource availability emerged as afcrticat or i nf |l uencing teacher so
music lessons. Frequently mentioned resources included:
1 Visual aids (e.g., charts, symbols)
1 Sensorgensitive instruments (e.g., soft drums, shakers)
1 Digital tools (e.g., iPads, music apps)
Howegr, many educators stated that they sourced these materials themselves, as schools did not
consistently provide them.
Al get creative €& beanbags, drums. 1 toés t
beforehando (Teacher 5).
Participants also repodi&ttulties in managing group dynamics, especially when balancing the needs
of neurodivergent learners with the rest of the class. Some expressed concern about fairness or bu
when support was limited.
The challenges identified are well documinaditeirature, with previous studies pointing to
inadequate training, lack of tailored materials, and insufficient planning time as persistent barriers (|
2010; Hourigan, 2009; Darrow, 2008).

4.6. REFLECTIONS AND RECOMMENDATIONS

Despite thehallenges, many participants expressed a strong belief in the potential of music as an
inclusive practice. Their reflections suggested a shared understanding that music could offer a uniq
and valuable entry point for engagement.

AMusi c gindesfrseaagdicm uate tahe same time. Thatoés
The reflections outlined above align with the recommendations presented in the following section. T
highlight recurring priorities across interviews, including the need for tarigstédticaiaing

planning time, and resourcing that reflects inclusive aims.

These suggestions align closely with proposals in the wider literature. For instance, Adamek and Di
(2018) argue for the embedding of inclusion training in music edesanbile@AST (2018)

and Armstrong (2010) advocate for systemic adoption of UDL principles.
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4.7. SUMMARY

Across all six themes, a consistent narrative emerges: music has clear potential to engage student:
autism, but effective inclusion depetmdmmg, resources, and institutional support. Teachers show
willingness and creativity, yet too often operate in systems that do not prioritise or adequately supp
inclusive practice. The findings echo international concerns while prowisiigt specifie i

Maltese context.

5.IMPLICATIONS AND RECOMMENDATIONS

The findings of this study highlight both the promise and the limitations of inclusive music educatior
students with autism in Maltese primary schools. Whildet@acistnagted commitment and

adaptability, their efforts were often constrained by structural, institutional, and pedagogical factors.
Drawing on the themes discussed, several implications and recommendations can be identified for

policy, practice, andriutesearch.

5.1. PROFESSIONAL TRAINING AND INITIAL TEACHER EDUCATION

A clear and recurring issue was the limited training received by music educators on how to support
learners with autism and other additional needs. Most participants had notausionntered
specific content during their initial teacher education, and few had accessed/teegedauing.
There is therefore a strong case for embeddirgpadaiticnstrategies within botbepvece and
ongoing professional developnimenishiould include:
1 Practical, classrcbased approaches to adapting music lessons
1 Collaboration techniques with Learning Support Educators and families
1 Awareness of sensory regulation and communication needs in music contexts
These recommendations grpated by international studies (e.g. Draper et al., 2024; Adamek and
Darrow, 2018) and align with calls for more consistent and specialised training within the field of

inclusive arts education.

5.2.EMBEDDING UNIVERSAL DESIGN FOR LEARNING IN MUSIC

While many teachers intuitively adopted inclusive practices, their approaches were often piecemeal
unsupported by formal frameworks. Universal Design for Learning (CAST, 2018) offers a suitable n
for building consistent inclusion into the structure of music education.
Training and curriculum development should encourage teachers to:

1 Provide multiple entry points to-makicg (e.g. movement, listening, visual symbols)
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1 Use flexible assessment pescti
1 Incorporate student voice and choice within lesson design
This approach would benefit not only students with autism but all learners, by reducing barriers to

participation and broadening the definition of musical success.

5.3. INSTITUTIONAL COLLABMAAND TIME ALLOCATION

A recurring theme in the data was the fragmented nature of collaboration between music educators
LSEs, and classroom teachers. When collaboration occurred, it was typically informal and reactive,
rather than planned or embeddetanl systems.
There is a need for:

1 Scheduled planning time between music teachers and LSEs

1 Clear communication channels across teaching teams

1 Schoalevel leadership to prioritise inclusion across the curriculum
As shown in studies such as Drye (2024) andviaagonit (2020), inclusion cannot rely solely on
individual goodwill. Systemic structures must facilitate coordinated and sustained support.

5.4. RESOURCES AND ENVIRONMENT

Participants frequently descailtexk of accessible resources, including visual aids, adapted
instruments, and sengoendly materials. This often led to frustration and personal expense. Policy
makers and school leaders should prioritise the provision of:

1 Visual and tactile leagyriools

1 Noisesensitive instruments

1 Digital applications for music and communication
Schools should also review the physical environment of music spaces, ensuring they are appropria
learners with sensory sensitivities. These adjustments domajaemviestment, but they do

require planning and commitment.

5.5. VALUING MUSIC WITHING INCLUSIVE POLICY

Finally, there was a perceived disconnect between inclusive education policies and the status of mt
within schools. Several participariatfatiusic was undervalued or treated as-anraztriar

concern, limiting its potential to contribute meaningfully to inclusion.

Given the evidence that music can support emotional regulation, communication, and social
participation (Geretsegger,&(l4; Ruiz et al., 2023), school and national policies should:

1 Recognise music education as a legitimate component of inclusion
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1 Include arts education in national guidelines for supporting neurodivergent learners

1 Encourage research dedelopment within inclusive music pedagogy

5.6. SUMMARY

Music educators are well placed to contribute to inclusive education, particularly for students with
autism, yet they require clearer support, better training, and stronger systemic alegsngnt. By add
these areas, schools can enhance not only access but also the quality of engagement and learning

outcomes for all students.

6. CONCLUSION

This study explored the experiences of fifteen music educators teaching students with autism in Ma
primay schools. Through samictured interviews, it examined how teachers navigate inclusion in
their practieconsidering their training, strategies, observations of student outcomes, institutional
support, and challenges encountered.

The findings indicttat while teachers often demonstrate creativity, flexibility, and commitment, they
operate in systems that do not consistently prioritise or resource inclusive music education. Most
participants reported limited formal training related to autienspamsl adaipted intuitively to

|l earnersdé6 needs, their approaches were typic
guidance. Collaboration with Learning Support Educators and classroom staff was described as
valuable, yet inconsigterften hindered by lack of time and systemic coordination.

Despite these limitations, teachers observed positive outcomes for many of their students with autis
These included improved engagement, emotional expression, and social interactiem alglusic was se
a medium that offered both structure and dparspeg® where students could participate in ways

not always possible in other classroom settings.

The studyés findings align with internationa
inclusion, particularly for neurodivergent learners (Geretsegger et al., 2014; Ockelford, 2013). Howe
realising this potential requires more than isolated acts of goodwill. It cliefahsygiem

embedded training, consistent accelsgptediresources, planned collaboration time, and a clear
recognition of musicdbs role within inclusion
This research contributes to anasearched area by examining the intersection of autism, music
education, and teacher experience indifie spatext of a small island education system. By
foregrounding the voices of educators, it provides grounded insights into the practical realities of
inclusive teaching. While the findings are based on the Maltese context, they hold redevance for bro

discussions on inclusive practice in specialist subjects.
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Future research may build on this study by examining student perspectives or exploring the impact
specific training interventions on teaching confidence and classro@omp@a@ines studies

across small states could also offer valuable insight into how local systems mediate the implementze
of inclusive education policies.

Music offers learners with autism a structured space for communication and partictpéion. Realising
potential requires sustained systemic investment in educator training, support structures, and inclus

resources.
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ABSTRACTT he integration of artificial intelligence into education has become one of the most
significant pedagogical transformations of receXigesmd .systems can provide personalized

support, rapid feedback, and reduce certain routine cognitive burdens. However, current discourse
primarily emphasizes efficiency and accessibility benefits, while significantly less attention is devote

the logterm effects of excessive cognitive delegation on competence development.

This paper proposes a pedagogical framework for designing-poespetgncaksisted

learning environments. Drawing on the literature of cognitive offloading,gute] u=sieasie

difficulties, and metacognition, the study examines which cognitive processes may involve pedagoc
risks when excessively delegated. Particular attention is given to problem decomposition, abstractic
independent debugging, refleetfeation, sustained attention, and productive cognitive effort.

The paper argues that the central challenge of educational Al integration is not the rejection or
restriction of technology, but the conscious definition of pedagogical delegstion boundari

particular, the study distinguishes between Al functioning as scaffolding, which supports learner
participation and cognitive development, and Al functioning as replacement, which may bypass
cognitively formative learning processes. Conseaquoartibyaddystems should be designed not

only for performance optimization, but also fotehm lsugtainability of human competencies.

Key wordsAtrtificial Intelligence in Education; Cognitive Offloading; Competence Preservation;

Metacognition; Puctlive Struggle

INTRODUCTION

Artificial intelligence is rapgdlyapingot only educational technologies, but also the cognitive

structure of learnitsglf Large language mollased systems such as ChatGPT, Gemini, and

Copilot no longer functioriymes information retrieval tools, but increasingly operate as active
cognitive partners capable of generating text, solving problems, constructing arguments, and simul:
complex reasoning processes. Current educational discourse, howevehasirexithem
efficiencyelated benefits of Al integration, including personalized support, rapid feedback, increasec

accessibility, and the automation of various learning processes [1].
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At the same time, growing attention has been directed towsrththefiogtions of delegating

cognitive processes to Al systems. Generative artificial intelligence does not merely store or display
information; it is increasingly capable of supporting or partially re pledangbggiigve

operations such ambysis, abstraction, reasoning, and evaluation [2]. In this sense, the current
transformation differs qualitatively from earlier forms of technological offloaditakswgh as note
calculators, or search engines. While previous technologiedgnmalérég enemory or

information access, generative Al systems increasingly externalize cognitive processing itself. Earli
debates surrounding digital technologies already raised concerns regarding the weakening of susta

attention, deep reading,rafidctive thinking in online environments [3].

Knowing the correct answer does not necessarily mean that meaningful learning has taken place.
Research in educational psychology and cognitive science has long emphasized that deep learning
fundamentallymbnds on productive cognitive effort, error correction, reflective verification, and
independent probisaiving. The theory of desirable difficulties argues that learning conditions which
initially appear slower, more effortful, or less efficiettuafgestmmger letlegm retention and

transfef4]. Consequently, cognitive effort should not necessarily be interpreted as an obstacle to
learning, but rather as one of its essential developmental conditions. At the same time, cognitive loz
theory sugges that excessive and unstructured mental overload may hinder learning efficiency,
particularly for novice learners [5]. Therefore, the pedagogical challenge is not the elimination of all
cognitive support, but the preservation of cognitively fonnatile efducing unnecessary

overload.

Similarly, the pedagogical concept of productive struggle highlights that meaningful mathematical a
problensolving activity requires a controlled level of cognitive challenge through which learners rem
capable of progressing autonomously [6]. The purpose of productive struggle is not the maximizatic
frustration, but the creation of cognitively formative situations in which learners actively construct
meaning, reflect on their reasoning procesgeadaalty build durable competencies [7].

From this perspective, the pedagogical problem of Al integration extends beyond technological or
ethical concerns and becomes deeply connected to the nature of cognitive development itself. If
learners consistgrdelegate processes that previously served as primary spaces of competence
formation, there is a risk that cognitively formative activity itself becomes diminished. Recent reseat
increasingly suggests that excessive Al dependence may contributéitalnbakeng, reduced

metacognitive control, and declining independersqxamdeabilities [1].
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This issue becomes patrticularly important in relation to metacognition. Effective learners are capab
monitoring their own understandindyigmaps in knowledge, and regulating their learning
strategie]. Al systems, however, often shorten or bypass precisely these reflective processes by
providing immediate answerstqueured reasoning, and automated problem solutions.

Consequemt, Al may reduce not only cognitive wor

engagement.

The aim of this paper is therefore to examine which forms of cognitive delegssistedithin Al

learning environments may involve pedagogical riskly. argeestithat the central challenge of
educational Al integration is not whether Al should be used, but rather how pedagogical boundaries
delegation should be defined. Drawing on the literature of cognitive offloading, productive struggle,
desirable ficulties, and metacognition, the paper seeks to propose a-poeseetamnge

pedagogical perspective that supports tieenfongaintenance of autonomous cognitive activity.

l. COGNITIVBELEGATIOIN EDUCATIONAL CONTEXTS

The concept of cognitive offloading refers to processes in which individuals delegate certain cogniti
operations to external toettinologiesr environmental supports in order to reduce mental workload
[9]. The phenomenon itself is not new. Hilmnahdavelopment can partly be interpreted as the
progressive externalization of cognitive burdens. Some philosophical approaches have even arguet
external cognitive tools may become functional extensions of the human mind itself [10]. Writing
systens, books, calculators, maps, and digital calendars all function as cognitive technologies that

extend human capabilities [11].

Traditional forms of cognitive offloading, however, were predominantly passive in nature. They stor
organized, or displaygdrmation, but did not directly replace reasoning processes themselves.
Generative Al systems differ substantially in this regard, functioning increasingly as active cognitive
mediators [12]. Rather than merely retrieving information, these systangsigeEmsa

synthesize sources, produce texts, decompose problems, and propose alternative solutions. In this
sense, generative Al changes not only how people access information, but also how cognitive work
is distributed.

The pedagogicagnifianceof this shift becomes particularly apparent when Al systems begin to
replace not only routine tasks, but alsehdgheognitive operations. Generative Al is already
capable of writing essays, generating program code, solving mathemdtsahiasksziag

scientific literature [2]. Consequently, delegation increasingly affects processes such as abstraction
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analytical reasoning, problem decomposition, and evaluation rather than #b@sely memory

operations.

At the same time, the literatumgnitive offloading emphasizes that externalization itself should not
automatically be considered harmful. Under certain conditions, offloading may be highly adaptive
because it frees cognis@urcefor more complex forms of thinking [12].| BEx¢ennsy aids and
organizational supports can significantly improve performance, particularly under conditions of high
cognitive load. Certain forms of Al assistance may become pedagogically counterproductive precis

because they remove cognitivelytif@stages from the learning process.

Problems emerge when offloedommesxcessive and persistently replaces cognitively formative
processes that previously functioned as central mechanisms of competence development. Several
studies suggest thatreas tend to owely on external supports, particularly when they possess

lower confidence in their own competencies [12]. Over time, such dependence may contribute to th

weakening of internal cognitive strategies and autonomous reasoning abilities.

Meacognition plays a particularly important role in this process. Metacognitive monitoring enables
learners to recognize knowledge gaps, regulate learning strategies, and determine when external
support is genuinely necessary [13]. Al systems, howeedy, cnagte an illusion of competence

in which | earners feel they Aunderstandod a p
solutions. This aligns with recent studies d

Alassisted emenments [14].

The classicpedagogicabncept of the Zone of Proximal Development (ZPD) defines learning as
occurring most effectively within a space where learners can progress with temporary external supy
[15]. Recent scholarship suggests, hdhgveermanently available Al assistance may

unintentionally undermine this developmental dynamic. dos Santos Jr. and Birdwell describe this
condition as the fizZone of No Developmento (Z
suppresses produetcognitive struggle and weakens genuine developmental growth [14]. In this
sense, the ZND concept represents a critical inversion of the original ZPD framework. While scaffol
within the ZPD is intended to gradually transfer cognitive reapknsithi@ydarner, permanently
available Al assistance may interrupt this transition. As a result, learners may remain in a state of
externally supported performance without fully internalizing the underlying cognitive processes

themselves.

130



One of the mamportant pedagogical challenges of contemporary Al integration is therefore
determining which forms of delegation support competence development and which may weaken it
Educational systems must decide not only how to increase efficiency andpealsorenvedo

preserve autonomous reasoning as an active human practice within learning processes.

I. COMPETENCIP®TENTIALLAT RISK

The pedagogical implications of codglitigationecome particularly significant when Al systems

begin to replacetmmly routine operations, but also cognitively formative learning activities.
Importantly, the concern is not that human competencies suddenly disappear through Al usage, bu
rather that opportunities for their active development and reinforcesnaily mhiayigjsh. From a
pedagogical perspective, competence development depends not only on successful task completio
but also on repeated engagement in cognitively demanding processes. When such processes are
consistently externalized, the develoguorestiah of learning activities may weaken over time.

A. Foundational Procedural Competencies

Certain foundational competencies are espdogple excessive cognitive delegation because

they rely heavily on repeated practice and procedural reinforcement. These include mental calculat
symbolic manipulation, syntactic fluency, and the automation of basic disciplinary operations. While
systera can significantly accelerate task completion in these areas, overreliance on automated
assistance may reduce opportunities for procedural consolidation.

This concern is not entirely new within educational research. Similar depatesesigrged
around calculators, spelling correction systems, and digital navigation technologies. However,
generative Al extends delegation beyond isolated operations and increasingly performs entire
procedural sequences autonomously. As a resuliniaomnplete tasks successfully without

sufficiently engaging in the underlying cognitive operations themselves.

The theory of desirabfécultiesuggests that procedural effort and repeated retrieval are not
obstacles to learning, but essential isathahdurable memory consolidation and transfer. Learning
conditions that initially appear slower or more effortful often producetstrongesritog

precisely because they require sustained cognitive engagement [4]. Consequently, the complete
automation of procedural activities may unintentionally reduce opportunities for strengthening

foundational competencies.
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B. HigherOrder Cognitive Competencies

Beyond procedural skillasgisted environments may alsoredfieebrder cognitive compdtsnc
such as abstraction, analytical reasoning, problem decomposition, model construction, and indeper
debugging. These competencies are particularly important because they enable learners not merel:

reproduce knowledge, but to structure, iateddransform information autonomously.

Generative Al systems increasingly perform many of these operations directly. They can propose
argumentative structures, decompose complex tasks into smaller components, generate explanatic
and even suggest reasgpmpathways. While such support may imprégavsperformance and
accessibility, it also raises important peda

participation.

Research on productive struggle emphasizes that meaningfiécelpuiment often emerges

through sustained engagement with uncertainty, partial failure, and iterative reasoning processes [€
Higheorder competencies develop not simply through exposure to correct solutions, but through ac
participation in tteasoning process itself. If learners consistently bypass these cognitively formative
stages through automated assistance, opportunities for developing autonomous reasoning strategie

may decrease.

This issue becomes especially relevant in domaigscaagpiex probleoiving, including
mathematics, programming, scientific reasoning, and academic writing. In such contexts, the
developmental value of learning frequently lies not only in the final solution, but in the cognitive

processes required tostrmiat it.

C. Metacognitive Competencies

Metacognitive competencies may represent one of the most sensitive areas affected by excessive .
dependence. Met acognition involves the | earn
guality, identkpowledge gaps, and regulate learning strategies [8]. These reflective processes are

essential for autonomous learning atertongtellectual independence.

Al systems, however, frequently provide highly fluent, coherent, and authoritatitemragponses tha
reduce the | earnerds need to engage in ref
increasingly rely on externally generated reasoning without sufficiently evaluating its validity, limita

or underlying assumptions. A studentlggngrated mathematical solutions, for example, may follow
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the procedural steps without recognizing conceptual misunderstandingasSstathdgadémic
writing may produce structurally coherent texts that learners are unable to ineleghereesely def
or critically evaluate. In programming contexts, automatic debugging tools may correct errors succes

whil e bypassing the | earnerdés own diagnostic

The problem is therefore not limited to factual errors or inpotsir&iecaudccurateg@herated

outputs may weaken metacognitive engagement if learners gradually shift from active evaluation to
passive acceptance of externally generated reasoning. Over time, learners may become less likely
guestion whether tigeyuinely understand a concept, whether alternative interpretations exist, or
whether a solution strategy is appropriate in a different context.

The literature on effort monitoring further suggests that learners often misinterpret cognitive ease a:
evidene of successful learning [16}assisted environments, the immediate availability of polished
explanations and solutions may strengthen this illusion of learning, particularly when learners no lor
experience the productive cognitive effoly bgsoalated with deeper understanding. The fluency

and confidence ofg&herated responses may therefore create a misleading sense of mastery despite

relatively shallow cognitive processing.

Recent discussions s ur r omilarlg wannghattpérreanemt®’ o ne o f
available assistance may gradually reduegusatéd reasoning and cognitive autonomy [14]. From

a pedagogical perspective, this raises important questions regarding how Al systems should be
designed to preserve theleatne r ef | ect i ve r o lsepponadtervirommentsh e | ¢
may therefore require mechanisms that actively encourage verification, justification, uncertainty

evaluation, and reflectiveassiissment rather than merely optimizing intms&diatapletion.
D. Cognitive Endurance and Sustained Attention

Another potentially affected domain involves cognitive endurance, including sustained attention, de
processing, persistence during uncertainty, and tolerance for cognitively demaryding tasks. Ma
educationally valuable activities require learners to maintain attention over extended periods while
working through incomplete understanding, temporary confusion, or itesativegproblem

processes.

Generative Al systems may unintentionallgxpdsaee to these cognitively effortful situations by

continuously shortening reasoning pathways and minimizing friction within the learning process.
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Although this often improves efficiency and user experience, it may simultaneously reduce opportul

for developing persistence and cognitive resilience.

The desirable difficulties framework highlights that learning effectiveness is frequently associated w
conditions that feel effortful and cognitively demadidnigrs].research on productinggk&r

argues that controlled cognitive difficulty is not merely tolerable, but developniéij&iliyfvaluable
educational systems increasingly optimize learning exclusively for speed, fluency, and immediate te
success, there is a risk that copritimative forms of sustained mental effort become progressively

marginalized.

From this perspective, the pedagogical challenge of Al integration extends beyond questions of
technological capability or instructional efficiency. It increasindig poeserveation of those
cognitive conditions through which durable competencies, reflective autonomy, and intellectual

resilience are developed.
[ll. PEDAGOGICAL BOUNDARIES OF DELEGATION

The preceding discussion suggests that the pedagogical enafielag@etdlligence in education

is not simply a question of technological adoption, but rather one of instructettaldodtnodary

this perspective, the central issue is not whether cognitive delegation should occur at all, but which
processemay be delegated without undermining competence development, and under what

pedagogical conditions such delegation remains developmentally beneficial.

Delegation itself is not necessarily pedagogically harmful. Educational systems have always relied
forms of scaffolding, mediation, and external support. In many cases, Al systems may significantly
improve accessibility, reduce unnecessary cognitive overload, and support learners during complex
tasks. The pedagogical problem therefore does not erassgadnoe itself, but from the

possibility that assistance becomes permanent, excessive, or developmentally indiscriminate.

One of the most important distinctions in this context is the difference between Al functioning as
scaffolding andfahctioning as replacement. Scaffolding traditionally refers to temporary support
structures that assist learners while gradually transferring cognitive responsibility back to them. Wit
Vygotskian pedagogy, scaffolding is considered effectivgepeargsatyis intentionally faded as
competence increafEs. Al systems, however, often risk becoming persistent cognitive substitutes

rather than temporary developmental supports.
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This distinction fundamentally changes the pedagogical roleyoMéadmalbgrimarily scaffolds
learning, it may support comprehension, feedback, exploration, and differentiated instruction while

preserving the | earnerds active cognitive pa

At the same time;a&tisted learning environments may alsodaepmrtonceptual engagement

under appropriate pedagogical conditions. By reducing excessive procedural burden, Al systems m
allow learners to allocate greater cognitive resources towedtdrhighsoning, conceptual

exploration, and creative gmednlving. Particularly for advanced learners, certain forms of cognitive

delegation may therefore enhance rather than diminish meaningful intellectual activity.

In contrast, when Al consistently replaces reasoning processes, learners maemgagasingly dis
from cognitively formative activities themselves. The developmental risk therefore lies not in
technological assistance alone, but in the gradual displacement of productive cognitive effort.
From a pedagogical perspective, several dimensiorespeciaiheimportant when defining

appropriate boundaries of delegation.

First, the timing of delegation matters significantly. Certain forms of Al assistance may be pedagogi
beneficial only after foundational competencies have already betrEestalaligbenation of

procedural or reasoning processes may reduce opportunities for initial competence consolidation. Ii
contrast, more advanced learners may benefit from Al support that allows them teofdeus on higher

conceptual challenges.

Secondthe developmental level of the learner must be considered. Younger learners and novices
typically require stronger engagement in foundational cognitive activities in order to develop stable
internal strategies. Excessive delegation during early davstagesemay therefore carry

different risks than delegation withinlexgiddgarning environments.

Third, the pedagogical purpose of Al usage must remain explicit. Al may support accessibility, feed
exploration, creativity, or different&itedtion, but these goals do not necessarily justify the full
replacement of cognitively formative processes. Educational design should therefore distinguish

between support that enhances learning and support that bypasses learning processes altogether.

Fourth, learners should remain in a position of evaluative and metacognitive control. Even when Al
systems generate solutions, explanations, or suggestions, the learner should still actively engage ir
verification, interpretation, and reflective judghmaritsi¢h involvement, the learning process risks

shifting from cognitive participation toward passive consumption of externally generated reasoning.
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These considerations suggest that educational Al integration requires-secsitipeteppeoach

raher than a purely efficiem@nted one. Current educational discourse often evaluates Al systems
primarily according to performance outcomes such as speed, accuracy, accessibility, or productivity
While these dimensions are undoubtedly impontaay, tloéyadequately capture the developmental

guality of learning processes themselves.

From the perspective of productive struggle and desirable difficulties, certain forms of cognitive effc
possess intrinsic pedagogical value precisely becausehineytoaturable competence formation

[3]. Consequently, not every cognitively demanding activity should necessarily be optimized away.
Some forms of difficulty may remain developmentally necessary even when technological shortcuts
available.

This sggests that competence preservation should become an explicit criterion of educational Al
design. Educational systems must increasingly determine not only what technology can do, but alsc

what learners should continue doing themselves as part ofimelbtngfutievelopment.
IV. TOWARDS COMPETEIREESERVING Al INTEGRATION

In the context of this paper, competence preservation refers to maintaining cognitively formative lec
participation within educational processes despite technologicallessistenegd.dbes not imply

resistance to automation itself, but rather the preservation of developmental cognitive engagement.

The pedagogical challenge of artificial intelligence is therefore not adequately addressed through s
oppositiosebetaweaem A Alavei dance. 0 I nstead, ec
be evaluated according to whether it preserves meaningful cognitive participation alongside technols
support.

A competengmeserving approach does not reject cogeijaaealtogether. Rather, it seeks to

ensure that-Aksisted learning environments continue to support autonomous reasoning, reflective
judgment, and durable cognitive competencies. Importantly, Al systems should support cognitive ac
without fylleliminating productive cognitive effort. Research on desirable difficulties and productive
struggle consistently demonstrates that certain forms of difficulty remain pedagogically valuable
because they require active mental engagement [4][6]. ¥Welea@yciive overload may hinder

learning, the complete removal of challenge may also weaken developmental growth.
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A second principle concerns the preservation of learner agency and evaluative control. Even when
systems provide explanations or ges@ratons, learners should remain actively involved in
interpretation, verification, and critical assessment. Otherwise, opportunities for metacognitive regu

and reflective monitoring may gradually decline.

The distinction between Al as scaféoldiAd as replacement becomes particularly important in this
context. Competemreserving integration favors forms of Al assistance that guide and structure
reasoning processes while still requiring meaningful learner participation. In ctmatest)ysystems
replace analytical or reflective activity may prodigcenstféidiency gains at the cost of reduced
longterm cognitive engagement. Some illustrative examples of -poegeetemgand

competeneeplacing forms of Al support are SmetmarTab. 1.

Tab. 1Examples of competepiaserving and competeapéacing

Al support in educational contexts

Potentially . '
N _ Potentially Competené&&eplacing A
Cognitive Process Competenc®reserving
Support
Al Support

_ graduated hints requirir] )
Procedural practice _ full automation
learner completion

Problem decomposition |guided scaffolding complete solution generation
Metacognitive reflection | reflective prompts passive answer consumption
Academic writing structural suggestions | fulltext generation

Debugging error localization automatic correction without reasd

Educationdll systems should therefore increasingly be evaluated according to questions such as:
1 Does the system support or bypass productive cognitive effort?

Does the learner remain in a reflective and evaluative role?

Which competencies continue to require active human participation?

Which processes are scaffolded, and which are fully automated?

= =4 =4 =2

Does the system preserve opportunities for uncertainty, reasoning, and independent probls

solving?
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These questions suggest the need for a more pedagogically differentiated understanding of Al
integration. Current discourse often frames Al pterasigficapability and performance: how

quickly systems generate answers, how accurately they solve problems, or how efficiently they
personalize instruction. However, pedagogical quality cannot be reduced entirely to efficiency metri
Educationally uable learning processes may sometimes require slower reasoning, iterative struggle

reflective correction, and sustained cognitive effort.

What counts as pedagogically appropriate Al support may therefore differ considerably across
disciplines, learnepplations, and developmental stages. Forms of delegation that are pedagogically
appropriate for advanced learners may be problematic for novices. Similarly, some domains may
tolerate higher levels of automation without substantial developmert#iéosselyHileavily on

active reasoning and procedural participation for competence formation.

Importantly, competence preservation should not be interpreted as resistance to innovation. Rather
represents an attempt to align technological intéidrétioader educational aims. The purpose of
education is not solely the production of immediate task success, but the development of learners
capable of autonomous reasoning, critical reflection, and independent intellectual activity. Al systen
may supprt these goals, but only if pedagogical design consciously preserves the developmental rol

of human cognitive engagement.

From this perspective, the future of educational Al may depend less on how powerfully systems cat
replace cognition, and moreoetiove ct i vely t hey can support | e

active cognitive role within the educational process.
CONCLUSION

Drawing on the literature of cognitive offloading, productive struggle, desirable difficulties, and
metacognition, thady proposehatthe central pedagogical challenge of Al integration concerns the
preservation of meaningful cognitive engagement. From this perspective, educationally valuable
learning processes should not automatically be optimized away siteglynodagicae shortcuts

become available. Certain forms of cognitive effort remain developmentally significant precisely bec

they contribute to autonomous reasoning, reflective judgmetet;nramckédiegtual resiliga{é].

The paper therefareroduced a competem@serving perspective on educational Al integration.
Rather than framing Al as either inherently beneficial or inherently harmful, this approach emphasiz
the importance of defining pedagogical boundaries of delegatiatexin ttesdistinction between
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Al as scaffolding and Al as replacement becomes particularly significant. \Winikensedffdlding
systems may guide reasoning, support reflection, and preserve learner participation, replacement
oriented systems rigkdssing cognitively formative stages of learning altogether [14][15]. In the long
term, the educational value of Al may depend less on immediate performance gains and more on

whether learners continue to participate actively in the reasoning pnddbssesdzehs.

Importantly, the purpose of compgtesesving Al integration is not to resist technological

innovation, but to align technological capabilities with broader educational aims. Education ultimate
concerns not only successful tasletompbut the development of learners capable of independent
thought, critical reflection, anctegelated reasoning. From this perspective, the future of educational
Al may depend less on replacing cognition and more on supporting humanttieuélopment wi
diminishing the formative role of cognitive engagement itself. Not every cognitively expensive proce
pedagogically unnecessary.

Future research should further investigate how copmpsénicey principles may be

operationalized across differd@ucational levels, disciplines, and instructional contexts. In particular,
empirical studies are needed to examine how varying degrees of cognitive delegation influence
metacognitive regulation, predmé&amg autonomy, and the development oftcdunpbtencies

over time [8][9]. The present study intentionally adopts a conceptual and theoretical perspective rat
than an empirical one. Future work may therefore examine -poaseetangé\l integration

through classrodmased case studies, lodgial observations, and disegplewfic instructional

experiments.
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ABSTRACT modifications of urban railway vehicles is one of possible manners to improve features
existing vehicles at the prstpadard for travelling and with the acceptable spent costs. Passenger ride
comfort in urban railway vehicles with an independent traction (DMU) is very important point of vie
assess the quality of urban railway vehicles. Body oscillatiores dwhigh\aefscle movements on

a railway track, affect the level of passenger ride comfort. Accelerations are the main consequen:
oscillations. The goal of the presented research is to asses passenger ride comfort in an urban ra
vehicle. The poisitthat an original suspension system equipped by steel coil spring is replaced by ¢
spring suspesnion system. The research is performed by means of simulation computations.
suggested to replace this suspension system in a DMU railwagg/éhicledimization process.

The passenger ride comfort is assessed by means of the ride ddmfBifiéshepoints in a vehicle

floor was chosen and two running speeds of 60 km/h and 80 km/h were chosen. Simulation comput:
were performed omagdway track section. It was found out, that the chosen air suspesnion systen
contributes to higher level of passenger ride comfort.

Key wordsrailway vehicle, ride comfort, simulation computations, suspension system
INTRODUCTION

Passenger railway transport is one mode of transport, which has certain advantages in comparisor
road transport. There are mainly lower air resistance, rolling resistance and higher axle load. Passt
railway transport is popular mainly duemafat,safety as well as relatively high speed of travelling
[1,2]. One of the main objectives in the field of passenger railway transport is developing the rai
vehocle, which are designed within the higher standards form the performanpassartgerview,

ride comfort point of view as well as protection of environment point of view. Hence, public intere
passenger railway transport also offers safety and comfort of urban railway elsictesf#uy.

research is to assess the sftéceplacement of original coil springs of the DMU railway vehicle by the
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air suspension system. Passenger ride comfort is evaluated by means of the selected ride comfort

marked alslvride comfort index on the vehicle body floor.

1. ASSESSMENT PASSENGER RIDE COMFORT

There are recognized two methods, which allow to assess passenger ride comfort from the vel
mechanical vibration point of view. There are namely the indirect method and the direct method.
indirect methods allow to analyzernapes ride comfort, when accelerations are measured in the chosen

points of the vehicle body. On the other hand, the direct method uses experimental tests and subije
feelings of passengers in the vehicle body. In principle, both methos neetetatlorsy%c In

case of the indirect method, accelerations in the selected points are measured by means of simul
computations. A great advantage of the indirect method is, that it is not necessary to perform expe
and timeonsuming real test&ie European standard EN 12299:2009 [6] contains more ride comfort
indices. They can be evaluated in a railway veNglgndéreof passenger ride comfort was chosen

for this research. It is passenger ride comfort index calculated on thidleehidleebdadosen DMU

urban railway vehicle is described in more detail in the next section. There were chosen fifteen poir
identification of accelerations. These locations were chosen for the first vehicle of the DMU in the ru
direction. Tiduvpassenger ride comfort index, which is mentioned above, is a number calculated bas
on the defined procedure. It expresses the level of passenger ride comfort. It is calculated based o
following formula [6]:

0 PO W ® ® 1)
wheretd ,® ,andd i the 95ercentage of accelerations measuredioh trel

a directions, respectivaly,i the weighting function fothadwdirectionsp 1 the weighting

function for the z direction.

Tab. 1A list of ranges of the calculated values of the passenger ride déf6it index

Range of ride comfort index Comfort level
Nwv< 1.5 Very comfortable
1. D25 Comfortable
2 . Bw<3.5 Average comfortable
3. w45 Uncomfortable
NvO 4.5 Very uncomfortable

The acceleration signals are proecessed in the Simpack Pastéitatedscs done by means of a

special implemented funcionality, at which, the needed mathematical functions are automaticly loac
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the selected acceleration signal. The resulting valuds, ofdigve are compared with the values

introduced in tB® standard [6] and these values are listed in Table 1.

2. A SIMULATION MODEL OF THE DMU RAILWAY VEHICLE

The main task of the research is assessment of passenger ride comfort in the DMU railway vehicle
point of the research is to assess, how a modified suspension system including an air spring will cont
to passenger ride comfort. The DMU ralligbey kreown as the 813 class was investigated. It is a
railway vehicle, which is an object of interest to modernized it in order to improve its reliability, effic
and passenger ride comfort. As it is equipped with an independent tracti@naggstem nbmp
electrified railway lines. The original railway vehicle and the modernized railway vehicle are shown i

1, at which, the original vehicle is equipped with a steel coil spring. It is supposed, that the fu

modernization of the vebmlgd include an air spring suspension.

Fig. 1.The DMU railway vehicle: a) an original model [7], b) the latest modernization of the vehicle |

The computational multibody model included only rigid bodies, which were interconnected by mas
visceelastic elements. Moreover, some special modelling elements, such as wheel/rail contact, bus
and similar were defined in the modekl&&iaelements simulated suspension system. Fig. 2 shows

an illustration of steel coil spring and an air spring and a schedneeaf ainepring model

considered in the Simpack software [9].

A simplified mathematical description oflthearair simg modelled in the Simpack software is as
follow is defined in the software documentation. The total volume consists of the airbag volume an

constant volume of the mounting [9]:
W 0w wa (2)

whereW 1 the airbag volunvg,i the mounting volume.
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The polytropic equation describes the relationship between a change in volume and a change in pre:

- — ®3)

wherepi the current value of pressure in the pirb#ltg initial pressundtially determined from

the nominal force and effective\@re#he initial volume of the airspring [9].

Vb
y "‘—-\—-\ A;;
—— 5 ey |2 o 7
‘:,7 =y tot
/U e 5 v;
——— ic Csé |__|L_, d d, L,
a) b) c)

Fig. 2An illustration of springs: a) a steel coil spring, b) an air spirng, c) a schieeae afra non

spring in the Simpack software [9].

3. RESEARCH RESULTS AND DISCUSSION

The simulation computations were performed for defined running conditions of the analysed DMU re
vehicle. It was running on a railway track, which geometry corresponds to a real Slovak railway se
Running speed of the DMU railway vehicletoviseseatlue of 60 km/h and 80 km/h. The results are
presented in a form of bar graphs. The DMU railway vehicle was simulated for coil spring and fc
spring. It means, that four graphs of the results are presented. It is an average runnisig speed, whi
for the chosen railway track. These results are depicted in Fig. 3. As it cam be seen for the run
conditions corresponding to the running speed of 60 km/h and coil springs the highest value of the
index is at the ends parts of the vehidighdst value is of 1.47 measured in the from left part of the
vehicle (Fig. 3a). In contrast, the lowest values are in the middle part of the vehicle, and the value
1.16 in the right side (Fig. 3a). When the results for air springs areasbiserseeh) jthat all values

are lower in comparison with coil springs (Fig. 3b). It is also possible to observe, that the distributi
ride comfort indices tends to similar trends as for the coil springs. Further, the higher running spee
to highevalues of the ride comfort index. This is possible to observe in Fig 3c and Fig. 3d. As it can
seen, the coil spring suspension system is not able to eliminate negative effects of vibrations as effec
as air springs. This is obvious by higles efahide comfort indices for coil springs (Fig. 3c) in

comparison with air springs (Fig. 3d).
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Fig. 3.The achieved results of simulation computations: a) coil springs, 60 km/h, b) air spring, 60 kn

c) coil springs, B®/h, d) air spring, 80 km/h.

Simulation computations showed that replacements of original steel coil springs by air springs in the
of the DMU railway vehicle has a potential to improve running properties regarding to passenger
comfort. The carifindeivvreached lower values for air springs for all cases in comparison with coll
springs. The future research will be focused on other dynamical simulation of the vehicle, mainly for
safety point of view. It is also necessary to investigate moraditiomisgi.eo for more running

speeds, railway sections as well as for various mass and load of the vehicle. Commissioning of

proposed modifications will require to perform number of real testing of the modified vehicle.

CONCLUSION

Railway vehiclesosid be able to provide sufficient level of passenger ride comfort as well as sufficie
running safety during mesars operation. This, the main task is to design suitable technical solutions
of modern railway vehicles. The presented researchgddatdelach task. Its main task was to

assess passenger ride comfort in a DMU railway vehicle, in which, original coil springs were consic
to be replaced by air springs. This suitability of this idea was assessed based on the level of passe

ride canfort. The examined DMU railway vehicle was considered in simulation computations. The re:

145



of the solved study prove a possible positive and potential of improvement of running propertie

replacement of original steel coil springs by air sprisipsisystem.
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ABSTRACTT he article highlights the features of determining the strength of an open wagon body w
braces in the frame during shunting collision. The presen@nsititeaeeseduction in the load on

the backbone beam when absorbing longitudinal loads. They are located between the rear stops ¢
automatic couplers and the vertical sheet of the pivot beam. The results of the calculations have pt
that such an ingpement is advisable. At the same time, the stress in the backbone beam is 2.7% low
than in a typical design. The conducted research will contribute to the creation of measures aime

improving the efficiency of the operation of railway cars.

Key word: open wagon, design improvement, structural strength, body stress state, railway transpo
INTRODUCTION

The accelerated pace of Ukraine's integration into the system of international transport corric
necessitates the adaptation of railway vemlesfabe leading transport industries, to work in market
conditions. To increase the competitiveness of freight wagons in operation, it is necessary to selec
optimal parameters of structural elements at the stage of their design andlealbsktiory tite
conditions of strength and reliability. The degree of replenishment of the wagons fleet in recent ye:
insignificant. This necessitates the introduction into operation of new technical solutions for impre
wagon bodies, technolofpesheir maintenance and repair, etc., which will allow maintaining the
technical condition of railway vehicles with the existing repair base.

The current state of the issue of improving the bodies of wagons was identified by analyzing publicz
in his area. Thus, in work [1], in order to improve the strength of the open wagon body, its manufa
from higlstrength steels was proposed. The advantages of using such steel in wagon construction
presented. The authors presented the resultszatiopticalculations regarding the choice of the

thickness of the wagon structural elements, provided that this grade of steel is used for their manufa
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However, the work does not contain an analysis ofdtraiststate of the wagon body, wubuidth

allow to identify the loading of the body shell taking into account the solution proposed by the autho

In the study highlighted in [2], the use of beams with corrugated walls as a profile for the backbone
of a car is justified. The restilise calculation of the wagon body for strength, as well as its modal
analysis, have proven that such an implementation is justified. However, this study was conducted c
example of a passenger car frame. That is, this work did not pahafeasibiity of implementing

such beams in the frame of an open Waguoprove the strength of the freight wagon frame, the work

[ 3] proposed creating its structure in the f

The justification of the proposed solution and the prospects for its use in freight wagon structure:s
presented. However, the authors did not consider the possibility of its use in the structures of open w
frames. In work [4], to improve thelséfrglight wagons, it is proposed to introduce new materials
with improved characteristics as the material of their structural components. The study was conduct
the example of magnesium alloys. It was proved that the use of such mateniai cohytributes

reducing the weight of the wagon, but also to improving its strength characteristics.

However, the authors did not consider the feasibility of introducing such materials for the manufact
the wagon frame. An analysis of the strudarralsnah new generation wagon bodies is given in [5].
The paper indicates the advantages of using new progressive materials for individual componen
wagon structures. These works do not consider the issues of impreséaginigestoactures of

wagon bodies to ensure their strength during shunting collisions. Measures to ibgaorng the load

structure of the universal open wagon body are given in [6].

To reduce the maximum equivalent stresses in the node of interaction of the battkbmne beam w

pivot, it is proposed to install reinforcing linings on the lower shelves of the backbone beam. It is imp
to note that such a solution allows for stress reduction in the backbone beam of the car frame i
cantilever part, and not in tthe ofinteraction with the pivot beam. The analysis of scientific publications
proves that the issue of improving wagon bodies to improve their durability in operation requires fu

research.

The purpose of the research is to create structuratcatopiang the strength of the open wagon
body in operation:
1 to propose solutions to improve the open wagon body to reduce its load in operation;

1 calculate the strength of the open wagon body.
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1. MATERIALS AND METHODS OF THE STUDY

The main hypothesithefstudy is that the use of braces in the frame will help reduce the load on the
backbone beam of the open wagon frame (Fig. 1). To confirm this hypothesis, a calculation was ma
the strength of the open wagon body with braces in the franveadtie mpelel-¥37 was chosen

as the prototype. The braces were madamfINo. 14.

The strength calculation was performed using the finite element method in the SolidWorks Simul
software package. The graginedytical method was used to determine the number of mesh elements.
Isoparametric tetrahedra were used as finite eldumdrds.of mesh elemevas 493357 and

number of nodes was 159910.

At the same time, the maximum element size was 80 mm, the minimum was 16 mm, the maximum &
ratio was 680.33, the percentage of elements with an aspect raid?ess tharkdn 10 26.3.
The minimum number of elements in a circle was 9, the ratio of increasing the size of elements c

finite element mech 1.8.

Fig. 2A cdculation diagram of the open wagon body.
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When compiling the model, welds in the interaction zones of individual parts were not considered.
structure elements between each other. The design scheme of the open wagon body (Fig. 2) cons
the following loads: vei@¢abngitudin®, on he vertical wall of the rear stop of the automatic coupler,
and the reacti®to the action of the |Bgdoressure from the strut bulk Baggzoal).

The model was fixed in the areas where the body rests on the running gear. The material
manudcturing the body is steel grade 09G2S, which has the permissible stress at this design mod
310.5 MPa [7].

2. RESEARCH RESULTS

The results of the calculation of the strength of the open wagon body are shown in Fig. 3. From
calculations performed, it can be concluded that the maximum The stresses in the body were 298.4
The dislocation of these stresses occurs in theedaekivoof the frame, namely between the rear
stops of the automatic couplers and the pivot beams.

These stresses are 3.9% lower than the permissible ones, which are 310.5 MPa, and also 2.7% |
than those operating in a typical body design. The aisplaceaments occur in the middle part of

the body and are 2.57 mm (Fig. 4). Therefore, the proposed implementation is effective.

It is important to note that its implementation is possible not only at the stage design, and moderniz
of wagons.

von Mises (MPa)
298.4

l 2735
. 2487
. 223.8
- 1989
L 1741
. 149.2
. 1243
. 995
746
49.7
24.9
0.0

Fig. 3The sressed state in the open wagon body.
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Fig. 4 Deflections of the open wagon structure

CONCLUSION

1. A solution is proposed to improve the open wagon body to reduce its load in operation. It is prof
to equip its frame with braces ta¢ctcthe rear stops of the autocouplers with the pivot beams. This

will allow partially unloading the backbone beam under the most unfavorable operating conditions.

2. A calculation was made for the strength of the open wagon body with baCEsamibgiframn
stresses in the open wagon body were 298.4 MPa and camc¢katbatekbone beam, namely in
the areas between the rear stops and the pivot beam. The calculated stresses are 3.9% lower tha

permissible ones and 2.7% lower thanctifagéea typical body structure.

The maximum displacements occur in the middle part of the body and are 2.57 mm. The results c

calculations proved the effectiveness of the implementation proposed improvement.
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ABSTRACT

Accurate shdagrm forecasting of particulate matter concentrations remains a challenging task due
the nonlinear and dynamic nature of atmospheric processes. This study proposes a hybrid deep lec
framework that integrates LongTsmoitlemory (LSTM) networks with an attention mechanism to

improve the prediction accuracy of PM10 and PM2.5 under rapidly changing and extreme environmn

conditions.

The model operates on multivariateetie® data that combine air gqua#gurements and
meteorological variables, enabling the extraction of complex temporal dependencies. The atter
mechanism dynamically assigns weights to input time steps, allowing the model to focus on the

informative temporal patterns and ntiitgglt@tations of standard recurrent architectures.

The proposed approach was evaluated against baseline models, including classical LSTM and N,
Experimental results demonstrate that theAtteSifish model achieves superior predictive
performancesducing RMSE for PM10 from 17.1 (standard LSTM) to 13.5, and for PM2.5 from 20.3
16.2. Additionally, the model improves the coefficient of def)rioatiOB( to 0.88 for PM10

and from 0.78 to 0.85 for PM2.5. Under extreme pollution tbendiigmsum relative error is
reduced from 21.3% to 5.6% for PM10 and from 25.1% to 8.4% for PM2.5, highlighting the robustne
the proposed method.

The results confirm that incorporating attention mechanisms significantly enhances both accuracy
stability of air quality forecasting models, while also improving interpretability through the analys
attention weights. The proposed framework provides a scalable and effective sioh&ion for real
environmental monitoring systems and suppovtddpendet of advanced deessipport tools in

Smart City applications.
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The novelty of this work lies in the integration of a temporally adaptive attention mechanism with ste
LSTM layers to enhance sensitivity to abrupt environmental chaggesugstdtimperformance

in extreme pollution scenarios.

Keywordsair quality forecasting, PM10, PM2.5, deep learning, {Iammn Shemiory (LSTM),
attention mechanism, 8erées prediction, environmental data, smog prediction, explainable artificial
intelligence (XAl).

1. INTRODUCTION

Air pollution forecasting has become a critical component of modern environmental management
public health protection strategies. Elevated concentrations of particulate matter, particularly PM1(
PM2.5, arstrongly associated with increased risks of respiratory and cardiovascular diseases, as v
as premature mortality. According to the World Health Organrieatioexpoisgre to air pollution
remains one of the leading environmental causes afdieath Wonsequently, the development of
reliable forecasting models is essential for early warning systems and infonaledglatisath

governmental and municipal levels.

In recent years, the rapid advancement of artificial intelligehcejittspéoeafield of deep learning,

has opened new possibilities for modeling complex environmental processes. Unlike traditional stat
approaches, deep learning models are capable of capturing nonlinear relationships and temp
dependencies peasin multivariate tseees data. This capability is particularly important in air quality
prediction, where pollutant concentrations depend on a combination of emission sources and dyn

meteorological conditions [1].

Among deep learning technigemsyrent neural networks (RNNs), and in particular H@ygiShort
Memory (LSTM) networks, have proven highly effective in processing sequential data [2]. LS
architectures are specifically designed to address the vanishing gradient proldemmaeidbling th
retain information over longer time horizons. This makesitfiethfaretbrecasting tasks in which

historical environmental conditions influence future pollutant levels.

However, despite their advantages, conventional LSTM modetgentayastuately capture
sudden fluctuations in air quality caused by rapid meteorological changes, such as temperature invel
or abrupt shifts in wind patterns. These limitations have motivated the integration of attention mechar

originally imttluced in the context of natural language processingsdrigs tiorecasting models
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[3]. The attention mechanism allows the model to dynamically assign different levels of importan

various time steps in the input sequence, thereby imppreitigtimotraccuracy and interpretability.

The aim of this study is to investigate the effectiveness of a hybrid LSTM model enhanced with an att
mechanism for skherim forecasting of PM10 and PM2.5 concentrations under dynamic and extrem
atmosphear conditions. The proposed approach is evaluated against baseline models, including
standard LSTM model and the NARX model architectures, with a particular focus on performance c

highrisk smog episodes.

Despite the growing interest in advangedeaeeng approaches for air quality forecasting, the
effectiveness of different modeling strategies varies significantly depending on data characteristics
environmental conditions. Therefore, a critical review of existing methods is néfyesisairy to iden

strengths and limitations, and to justify the need for further methodological improvements.
2. RELATED WORK

Air quality forecasting has been extensively studied using a wide range of statistical and machine les
techniques. Early approaete® primarily based on classical regression modelssaneéstime
analysis methods, such as ARIMA and autoregressive models. While these techniques provided ba:
predictive capabilities, they were often limited in their ability to captueperaldimeas énd

complex interactions between environmental variables.

With the development of machine learning, more advanced models such as Nonlinear Autoregre:
Network with Exogenous Inputs (NARX) were introduced for air quality predictid®. NARX mo
incorporate both past values of the target variable and external inputs, such as meteorological ¢
making them suitable for modeling dynamic environmental systems. However, their performance is

constrained by limited scalability and difficoéiguring lotegm temporal dependencies [4].

The emergence of deep learning significantly improved forecasting performance. In particular, Long
Term Memory (LSTM) networks have become a dominant approach forsmoele itzgatiches to

their ability to retain lbagn information and mitigate the vanishing gradient problem [2]. Numerous
studies have demonstrated the effectiveness of LSTM models in predicting PM2.5 and PN\

concentrations, especially when trained-sndrgavironmahtatasets [5].

To further enhance feature extraction, hybrid architectures combining convolutional and recurrent |

have been proposed. For exampld, £NWmodels leverage convolutional neural networks (CNNs)
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to capture spatial or local tempdtainsa which are then processed by LSTM layers to model
sequential dependencies. Such architectures have shown improved performance in scenarios where

spatial and temporal correlations are significant [6].

More recently, attention mechanisms havecbegorated into deep learning models to improve both
predictive accuracy and interpretability. Originally developed for natural language processing te
attention allows models to focus selectively on the most relevant parts of an infhe seqtetce. In

of air quality forecasting, attdrdaged LSTM models have demonstrated superior performance
compared to standard recurrent architectures, particularly in capturing abrupt changes in poli
concentrations [3], [7].

Furthermore, recent aesk trends indicate a shift toward more advanced architectures, such as
Transformdrased models, which rely entirely -attesgibn mechanisms and eliminate recurrence
altogether [8]. These models offer improved scalability and parallelitiaormedgoadpithem

suitable for largeale environmental data analysis.

Despite these advancements, challenges remain in accurately predicting air pollution under extrem
rapidly changing conditions. Many existing models still struggle witbssadu@usmt levels and

require further improvement in robustness and interpretability. This study addresses these limitatio
proposing a hybrid LSTM model with an attention mechanism, specifically designed to enha
performance in higgk smogcenarios.

The reviewed approaches highlight the evolution from classical statistical models to advanced ¢
learning architectures. However, they also reveal persistent challenges related to robustne
interpretability, and performance under extcktiomsoim response to these limitations, the following

section presents the data sources and methodological framework adopted in this study.
3. DATA AND METHODOLOGY
3.1. DATA SOURCES AND DESCRIPTION

The proposed study is based ontdggation of heterogeneous environmental and meteorological
datasets, enabling a comprehensive representation of air quality dynamics. The primary data sot
include measurements from distributed air quality monitoring stations and publicly availa

meteorological databases.
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The environmental dataset consists-gdiil@semeasurements of key pollutants, including PM10 and
PM2.5 concentrations, as well as auxiliary variables such as sulfuf) diodidér(fs@n dioxide
(N@r. Theseneasurements are typically collected at high temporal resolution, allowing the analysis

shorterm fluctuations and rapid pollution events.

In parallel, meteorological data were incorporated to capture atmospheric conditions influencing pol
dispesion. These variables include air temperature, relative humidity, atmospheric pressure, wind sp
and wind direction. The integration of meteorological and environmental variables is essential, a

pollution formation and accumulation are strenglgmdem weather dynamics [4].

While the integration of heterogeneous data sources provides a comprehensive representatio
environmental dynamics, raw datasets are often inconsistent and require appropriate preproces

before they can be effectinsgdg in machine learning models.

3.2. DATA PREPROCESSING

To ensure consistency and model readiness, the collected datasets underwent a series of preproce
steps. First, all data streams were temporally aligned to a uniform time grid. Misireyevalues, wh
common in sendmsed systems, were handled using interpolation techniques, including linea
interpolation for short gaps.

Subsequently, all features were normalized to a common scateaxsiogmahzation, defined as:

' L — Tmin
r —-————
Tmax Tmin

This transformatemsures numerical stability during model training and prevents dominance of featur

with larger value ranges.

A sliding window approach was applied to construct input sequences. Each input sample consists
fixed number of consecutive time stepsemapgeboth historical pollutant levels and meteorological
conditions. The model output corresponds to the predicted pollutant concentrations at the next time
enabling shagrm forecasting.

Once the data are properly aligned, cleaned, anchedansiey become suitable for input into
predictive models. The following section describes the architecture of the proposed deep learning r

designed to exploit these processesktigsedata.
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3.3. MODEL ARCHITECTURE

The predictive moddbased on a hybrid deep learning architecture that combines recurrent neura
networks with an attention mechanism. The core component is th&drond/|Shmanty (LSTM)

network, which is wseited for modeling sequential dependenciesendmuata

The architecture consists of the following components:

1 Input layeraccepts a thrdemensional tensor representing batch size, time steps, and feature
dimensions.

1 Stacked LSTM layetsvo consecutive LSTM layers are used to capture-tieoth ahdrt
longterm temporal dependencies. Each layer processes the sequential input and propagates
hidden states through time.

1 Attention layerimplemented following the concept introdutadiby Mechanism, this
component assigns adaptive weights to different time steps, allowing the model to focus on the
most informative parts of the input sequence [3].

1 Pooling layeraggregates the attentveighted outputs into a compact representation

1 Dense output layegenerates final predictions for PM10 and PM2.5 concentrations.

Architecture of the proposed hybridAt®hon model (Fig. 1). The inpwietiree data are
processed through stacked LSTM layers to capture temporal déffend#ectsn mechanism

assigns weights to relevant time steps, and the aggregated representation is passed to a dense lay
predicting PM10 and PM2.5 concentrations.

Densz Output
Input LSTM Layer 1 LSTM Layer 2 Attention (PM10, PM2.5)

Sequence

Figure 1Architecture of the proposed hybridAt&Hhkbn model.

The attentianechanism can be conceptually expressed as:

exp(er)
Oq == Ti
> 1 exp(ex)
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wherel] represents the attention weight for tirte astelp: is a learned relevance score. This

formulation enables the model to dynamically emphasize critical temporal features.

LSTM Layer

The LSTM network processes sequential data using gated mechanisms. At,gheh time step
following operations @@gormed:

fo=0(W; - [hy1, 2] + by)
iy = o(W; - [hy—1, 2] + b;)
C; = tanh(We - [hs_1, 2] + be)
Ci=fi-Cra+i- Gy
o =o(W, - [hy—1,x¢] + b,)

hy = oy - tanh(CY)

wherefi T forget gat@,i input gatex 1 output gat€; i cell stateyi hidden state

ATTENTION MECHANISM

To enhance temporal feature selection, an attention layer is applied over hidden states:

e, = vl tanh(Wyhy + by)

___ep(e)
Y expler)

T
c = E Cl’,l'h,!
t=1

wheretli attention weightd, context vector.

The final prediction is computed as:

ﬁzvvc‘cibc

The above equation represents the final output layer of the proposed model, where the predicted pol
concentrations are computed based on the contektaieeifrom the attention mechanism.
N a]-denotes the predicted output vector, typically representing the forecasted concentration
of PM10 and PM2.5.
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f cN aH-is thecontext vectgrwhich is a weighted sum of hidden states produced by the LSTM
layers. It aggregates the most relevant temporal information selected by the attention mechanis
7 WeN a2T His theweight matriof the fully connected (dense) layer, mapping the context vector
to the output space.
1 bN a2-is thebias vectarallowing the model to adjust predictions independently of the input

features.

Having defined the structure of the proposed modestghémwektes specifying the training strategy,

including the optimization process and learning configuration used to estimate model parameters.
3.4. TRAINING PROCEDURE

The model was trained using supervised learning with historicdljdativyeThaction is the mean
squared error (MSE), defined as:

1 T
MSE = — . — 1;)*
S n§,(y 9:)

i=1

Optimization was performed using the Adam optimizer, which combines adaptive learning rates

momentum to accelerate convergence [1].

To ensure robustness gaderalization, the dataset was divided into training, validation, and test
subsets. Additionally, multiple training runs were conducted to reduce the impact of random initializ

and improve reproducibility.

To objectively assess the effectivenéssti@ined model, appropriate evaluation metrics must be
defined. These metrics allow for quantitative comparison between different approaches and prc

insight into prediction accuracy.
3.5. EVALUATION METRICS

Model performance was evaluated usiagdstagdession metrics, including:
1 Root Mean Squared Error (RM&E)) measures prediction accuracy
T Coefficient of Determination (R]), indicat
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These metrics provide complementary insightsabsolubéherror magnitude and overall model fit.
With the methodology and evaluation criteria established, the next section presents the experim

results obtained using the proposed model and compares them with baseline approaches.
4. EXPERIMENTAL REB®
4.1. EVALUATION SETUP

To assess the effectiveness of the proposed hybrid model, a comprehensive experimental framewor
established. The dataset was divided into three subsets: training (70%), validation (15%), and te

(15%). This s@itsures both proper model learning and unbiased evaluation.

All models were trained multiple times to reduce the impact of random initialization and impr
reproducibility. The experiments were conducted usirapcel€&@®i6ed environment, ensuring

effitent training of deep neural networks.

The following models were compared:
1 the NARX model,
f astandard LSTM model,

1 the proposed LSTM with an attention mechanism.

Based on this experimental setup, the following metrics were used to quantitatividy evaluate m

performance.
4.2. EVALUATION METRICS
The predictive performance of the models was evaluated using standard regression metrics:

1 Root Mean Squared Error (RMSE):

1 n
— - L5802
RMSE d - ;(% )

M1 Coefficient of Determination (Rj):
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These metrics provide insightintp bothd i ct i on

the data.

4.3. QUANTITATIVE RESULTS

accuracy

and the

Table summarizes the performance of all evaluated models.

Model RMSE PM1 RMSE PM2| R | PIR] P

NARX 21.6 25.2 0.72 0.69

LSTM 17.1 20.3 0.81 0.78
LSTM + Attenti 13.5 16.2 0.88 0.85

The results clearly indicate that the proposed hybrid model outperforms baseline approaches acro
The RMSE

confirm better model fit.

metrics. reducti on i n demonstrates

While aggregated metrics provide an overall assessment of model performance, a more detailed an

of prediction dynamics is necessary to understand how the models behave over time.
4.4. TIMBSERIES PREDICTION ANALYSIS

Tofurther evaluate model performance, predicted pollutant concentrations were compared with a

measurements over selected time intervals.

Predicted vs Actual PM2.5

65

60 -

55 A

PM2.5 concentration

40 4

—— Actual
Predicted

35 A

60 80 100

Time

0 20 40

Figure 2Presents a representative prediction sequence for PM2:-bawrgrexiad.
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The hybrid model closellpws reavorld fluctuations, effectively capturing both gradual trends and
rapid spikes in pollution levels. In contrast, the standard LSTM model exhibits noticeable lag dt

sudden changes.

In addition to visual comparison of predicted andusstudlisamportant to examine the statistical

distribution of prediction errors to evaluate model reliability.
4.5. ERROR DISTRIBUTION ANALYSIS

To assess model reliability, prediction errors were analyzed usthgdestogaatization.

Error Distribution

16 A

14

12 ~

10

Frequency
©

-8 -6 -4 -2 0 2 4 6
Prediction Error

Figure JPresents the distribution of prediction errors for PM2.5.

The distribution is approximately symmetric and centered around zero, indicating that the model doe
systematically overestimate or underestimate pollutant concentrations. This sugygdizsetigood gen

performance.
4.6. PERFORMANCE UNDER EXTREME CONDITIONS

A key objective of this study was to evaluate model performancestismgdigisodes. Selected
ti me periods with elevatednaywed | uti on | evels

The results demonstrate a substantial improvement achieved byhseatt@od@h The reduction

in maximum error highlights its ability to respond effectively to sudden environmental changes.
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Table Zresents the maximum relative eegtréone conditions.

Model Max Error PM1] Max Error PM2
LSTM 21.3% 25.1%
LSTM + Attenti 5.6% 8.4%

Beyond accuracy under extreme conditions, understanding how the model arrives at its predictions

equally important, particulasbfetycritical applications.
4.7. INTERPRETATION OF ATTENTION MECHANISM

An additional advantage of the proposed model is its interpretability. By analyzing attention weight:
possible to identify which time steps contribute nustiottbe.

The analysis revealed that higher weights are typically assigned to nighttime and early morr

observations, which are known to play a critical role in smog formation due to atmospheric stability.
4.8. DISCUSSION OF RESULTS

Theexperimental results confirm that incorporating the Attention Mechanism significantly enhances

performance of LSTM models.

Key findings include:
1 improved prediction accuracy (lower RMSE),
M better model fit (higher RJ]),
1 superior robustness under exttenditions,
1 increased interpretability of predictions.

These advantages make the proposed model particularly sudabllfdept@yment in air quality

monitoring and early warning systems.

The results presented above provide a compretsuatienesf the proposed model. The following

section discusses their implications in a broader research and application context.
5. DISCUSSION

The experimental results presented in the previous section clearly demonstrate that the integration

Attetion Mechanism into the LSTM architecture leads to a substantial improvement in predict

164



performance for air quality forecasting tasks. This enhancement is particularly evident in scen:
characterized by rapid fluctuations in pollutant concevitergotraditional models often fail to

respond adequately.

One of the key advantages of the proposed hybrid model is its ability to dynamically assign importar
different time steps within the input sequence. Unlike standard LSTM netwoaksewigohatreat

inputs with equal significance, the atvasiohapproach selectively emphasizes the most relevant
observations. This capability is crucial in environmental systems, where destaim geriods
nighttime or early morning églay a digoportionately important role in smog formation due to

atmospheric stability and reduced air circulation.

The quantitative i mprovements observed in RN
enhances both accuracy and model generalmatowerMhe significant reduction in prediction error
under extreme conditions highlights the robustness of the proposed approach. In practical terms
means that the model is more reliable during critical pollution events, which is ¢issersdial for real

guality monitoring and early warning systems.

Another important aspect is the improved interpretability of the model. The analysis of attention we
provides insight into the internal decediorg process, aligning with the broader tes®atotvard

explainable artificial intelligence (XAl). In applications where model predictions influence public h
decisions, transparency is of paramount importance. The ability to identify which time steps contrik

most to a given predictionvals domai n experts to validate anc

From a computational perspective, the hybrditteSidh model maintains a reasonable level of
complexity. Although the addition of the attention layer increases tharaoraters othe overall

training time remains acceptable when using modern hardware accelerators such as GPUs. This it
the approach suitable for practical deploymenbnidregstems, including urban monitoring platforms
and Smart City infrastrestu

Despite these advantages, several limitations should be acknowledged. First, the model relies heav
the quality and availability of input data. Sensor errors, missing values, or inconsistencies in measure
frequency can negatively impaattfmediccuracy. Although preprocessing techniques mitigate these

issues, they do not fully eliminate the riskelatidaias.
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Second, the current model focuses oteshoitrecasting. While this is sufficient for immediate
decisiomaking, extendi the prediction horizon remains a challenge. Longer forecasting intervals

typically require more complex architectures or additional contextual data.

Finally, although the attention mechanism improves interpretability, it does not fully explain ca
reationships between variables. The model identifies correlations rather thaandefeticause
relationships, which should be considered when interpreting results.

Future research directions may include the exploration of -basedoancbitects, which rely

entirely on attention mechanisms and offer improved scalability [8]. Additionally, incorporating multir
dat® such as satellite imagery, traffic data, -gens@ted sensor datauld further enhance
predictive performance. Anotberiging direction is the development of hybrid peedittize

systems that not only forecast pollution levels but also trigger automated responses, such as ada

traffic control or ventilation management.

In summary, the findings confirm thedgbseqa hybrid model represents a significant step forward in
air quality forecasting. By combining high predictive accuracy, robustness, and interpretability, it pro

a solid foundation for the developmeniggimegation environmental monitgsiegns.

Based on the insights gained from both experimental evaluation and theoretical analysis, the final se

summarizes the key contributions of this study and outlines directions for future research.

6. CONCLUSION AND FUTURE WORK

This study presented a hybrid deep learning approacteifor ainaytiality forecasting, combining
Long Shoiterm Memongtworks with Attention Mechanisrhe proposed model was designed to
address the limitations of traditionasetie®e foresing methods, particularly in scenarios

characterized by rapid environmental changes and extreme pollution events.

The experimental results demonstrated that the integration of the attention mechanism signific:
improves prediction accuracy, asereflecby | ower RMSE values and h

the model exhibited superior robustness under extreme conditions, where accurate forecasting is
critical for public health protection. These findings confirm thmtsedeatditects are well

suited for modeling complex and dynamic environmental systems.
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An additional contribution of this work is the improved interpretability of the model. By analyzing atte
weights, it is possible to identify the most influential tinibesfpsliction process. This feature
aligns with the growing demand for transparency in artificial intelligence systems, particularly in dor

where model outputs support demiglong processes affecting human health and safety.

From an applicati@rgpective, the proposed model can serve as a core component of intelligent a
quality monitoring systems. Its ability to provide accumate str@tasts makes it suitable for
integration into early warning systems, Smart City platforms naentardewsisapport tools.

Such systems could enable proactive responses, including public alerts, traffic regulation, and ade
control of ventilation systems in public buildings.

Despite its advantages, the study also highlights severalrdneasnfiprovement. First, the current
model focuses on stemn forecasting horizons. Extending the prediction range anarledgym
term intervals remains an open research challenge and may require the incorporation of more adve

architectures additional contextual data.

Second, future work should explore the integration of multimodal data sources, such as satellite ime
traffic flow information, and data from mobile sensors. The inclusion of such heterogeneous data «
provide a moreraprehensive representation of environmental conditions and further enhance predicti

accuracy.

Another promising direction involves the adoption of Frassfdmedels, which rely entirely on
selfattention mechanisms and offer improved sealdbbigyallelization capabilities [8]. These

architectures may outperform recurrent models, especially when deadicgjevitatEsees.

Finally, the development of prededistere systems represents an important step toward practical
deploymenSuch systems would not only forecast air pollution levels but also automatically initia
mitigation strategies based on predicted conditions. This could significantly reduce population exp
to harmful pollutants and improve overall urban aampgditgent.

In conclusion, the proposed hybridAt&THton model provides an effective and scalable solution for
air quality forecasting. Its combination of accuracy, robustness, and interpretability makes it a st

candidate for reabrld applicat®and a valuable contribution to the field of environmental data science.
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ABSTRACTThis paper compares the performance of PID controllers with variable structure in terms

their performance in controlling a swdendstatic object with a transport delay, compared to the

performance of classical Pl control.

Based on simulation models of control systems with classical PID controllers and simulations of a s
with a PI_D controller with variable structure, it can be observed that using the modified struc
controllers yields waveforms with shorteticergrdd can also be concluded that the system with the

P1_D controller has lower overshoot and a much shorter settling time than the system with the
controller. The system with the PI controller exhibits large decaying oscillations, whilgtthe waveforn

the variable structure controller exhibits minimal and rapidly decaying oscillations.

After conducting simulation models of automatic control systems with PID controllers with vari
structure (PI_D), it can be concluded that using these sigmnif@ertly improves the quality of the
control system in terms of both settling time and overshoot, compared to classical Pl control. Even s¢
times smaller values of the regulation time were observed here for both PI_D.

Key wordsautomatic coakisystems, PID contrqliersCzontrollergontrollers with a changed
structure, programmable logic controllers

INTRODUCTION

Controllers are a crucial and essential device in industrial contRiosgstasoften require
maintaining pdefined, specifiperatingparameter valuegh the required accuracy and3ikitiéul
engineering use of controllers in production processes allows for increased efficiency, reduced er
consumption througtirogl utilization, and increased process autom@immuous signal control
systems, not only in industry, the most commonly used type of controller is th& BoDIdderoller.

said that controllers based on the PID algorithm are eteyfdléy/firstautomatic stabilizing device

was used by James Watt in 1788. Since then, the control algorithm, which has been modified many 1
essentially operates on the same priaddl® controller consists of three function@hpgrtan

be @scribed in a simplified maiiherfirst part is the proportional term (P), followed by the integral
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term (1), and the derivative termt{®)roportional term influences the signal rise time, the integral
term reduces the stesidye error to zernddhe derivative term ensures the system's ability to respond
to rapid signal changes. During the operation of a facility and the operation of the control system, c
elements related to the facility may change, affecting the initial valligspairémedimis. such

cases, controllers may not optimally affect the process or even cause sy3teenefmtabitigny

modified Pibased algorithms have been developed, creatingstwactabde controllers with
unconventional algorithfhese are not widely used, but they can be just as leffeetiam

situations, PI_D controllers are significantly superior to the commonly used classic PID control law |

Alphonsus [2, 3] and Namekar [4] presents a review on the applicatiomsblepiagc PLC

controllers.

The aim of this work and analysis is to examine an automatic control systensiniitt@aeariable

P1_D controller in terms of its performance under changes in the object's parameters, represented |
changes in its trarsiunction parameters, and under disturldariebsstructure Pl_D controllers.
Variabletructure P1_D controllers are PID controllers whose structure differs somewhat from that of
classic PID controller, causing them to differatethSuch controllers are used in specific cases

where conventional PID controllers are unable to provide adedUaite artinteolocuses on one
variablestructure PID controller: the P1_D controller.

All simulations of the control systems studied in this article were conducted in the Matlab/Symulik
environment [5]. The PI_D controller exhibits PI properties when the setpoint changes and PID
properties when the controlled variable chaSgesdi3.a PID controller, the PI_D controller

consists of three paftse proportional and integral parts are connected as in a Pl/Plheontroller.
derivative part, however, is connected directly to the feedback signal, not to the error, as in a stand:
PIDcontrolleFurthermore, the derivative part is subtracted, not added, as in a standard PID
controll€a].

_|_
_|_

Fig. 1PI1_Dcontroller structure

170



Zaklocenie

+

D 1/5.88 1; + 721 ! + 1
Step - 8.22s+1 62251

12 Integrator2 - P 1 Obiekt & Obickt 6 Obiekt 4 Scope3

1.47s
0.1s+1
D2

Fig.2. Automaticontrol system with a PI_D controller

The structure of the PI_D controller is shown in Fig. 1, and Fig. 2 shows the tested (simulated)
automatic control system for the object described by equation (1) using the PI_D controller in the
Matlab/Simulink environment.

1.CONTROL OBJECT AND ITS IIPEDATION

To investigate models of automatic control systems using the variable structure controllers and
unconventional control algorithms proposed in this artibEmnadwolosed pneumatic cascade
was selected as the control obfesbbject belongs to the group of static automation objects and is

of second ord@&arametric identification was performed using the Strejc method [6, 7].

o | J— @)

actual step response of the cascade
Gz

Pressure [bar]

4 | |
0 5 10 5 )
Time [s]

Fig.3.Comparison of the actual step responseasttde with the step response determined

based on the identified equivalent transfer function of the object.
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Fig. 3 compares the dynamic response of the identified inertial object, plotted from the model using

equation (1), with the experimental resptaised from tests of a seoatwr pneumatic cascade.

2. TESTING THE AUTOMATIC CONTROL SYSTEM WITH A PI_D CONTROLLER AND
CONTROLLER SETTINGS

The Pl and P1_D controller settings will be determined frorrNicadsegdmond law (stability
limit) [6Fig. 4 shows the Bode characteristic with the determined magnitude and phase margins.

Bode Diagram
Gm = 21.6 dB (at 0.534 rad/s), Pm = -180 deg (at 0 rad/s)

Magnitude (dB)
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Fig.4.Bode characteristic for the tested object

Using the determined modulus margin Kxigvd$, calculated:
20lo¢kr=21.6[dB],
8

Kcr=p TT =10.0212.023.

Knowing the critical d&ip we determine the oscillatiornTgigieom the controlled varigft)ef
the automatic control system with the P controller (Fig. &~Kith Baged on the obtained
oscillations (ngmenching), we read the oscillation period.

P+ 1 1
il W > S [
Stept - 6.225¢1 6.225+1

’—’ P2 Obiekt 1 Obiekt 2 Obiekt 3 Scopel

Fig.5.Diagram of an automatic control system with a P. controller
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Fig.6.Unguenched oscillations for a system with a P.controller

35

The oscillation timedetermined from Fig. 6 is 11.77 s. Then, kia@midys.and using the

second Ziegiblichols method [7], the controller settings were determined:

P:ke= 0 Kes=R01
Pl: k= 0 .KékB51, FTosA0. 85= 9. 85 ;
PID: k= 0 Kx@&A21, E 0 To5#A88s,d= 0 . Tos&B4s.

Pressure [bar]
w

20 40 60 80 100 120 140 160 180
Time [s]

Fig.7. Continuous inpignal
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Fig.8. Steptype disturbance signal

Figures 7 and 8 show two classic input signal waveforms used in testing the control system, as
described in Figures 5, 9, and 10. Figure 7 shows the forcing signal at the inpligoited system.

shows the disturbance signal acting directly on the system.

As shown in Figures 9 and 10, the control systems with both the PlI_D and PI controllers were subije
a step change in the setpoint and a step change in the ditarbetpoint stapplitude was 6

bar (Figure 7), and the disturbance amplitude wa$amdFigure &he step change in the

setpoint value occurregt@ts (at the start of the simulation), and the disturbance signal (disturbance)

occurred &100 s. The final simulation time for the systepr20@s.

Zakidcenie

>+
1/5.88 +
S »
| Integrator2 - P Obiekt 1
147s
0.1s+1
D
1

' b L 6 22541 é(
- 1 522541 Obiekt 2 Obiekt 3
P1 s *
1

Step

Obiekt 1

Integrator!

Fig.9. Diagram of an automatic control system with a P1_D controller (upper part of the diagram)

and a PI controller (lower part of the diagram)
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Fig.12 Comparison of Autom@datrol Systems with PI_D and PID Controllers.
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Fig. 11 compares the control results using PI_D controllers and the classic Pl controller as shown it
Fig.9.

Figure 12 compares control systems with a PI_D and PID controller. The Pl_Diaxggroller has a
overshoot than the PID controller, while the settling time of both systems is very similar. After reach

the setpoint, both controllers operate identically when a disturbance occurs.

CONCLUSION

Thispgpercompares the performance of PID centritiierariable structure in terms of their

performance when controlling a sex@rdstatic object with a transport delay, compared to the
performance of classical Pl control. The comprehensive analysis does not include the effect of char
in the paraeters of the controlled object. The effect of changing the parameters of the controlled obj
on the dynamic behavior of the regulated variable is of interest, as these values are used in controll

with unconventional algorithms.

Based on simulatiordais of control systems with a classical PID controller and simulations of the
system with a P1_D variable structure controller, it can be observed that using controllers with modi
structures resulted in shorter settling times. Similar conchesanasvoanhen assessing the

magnitude of the oversigeed on Fig. 11, among other things, it can be concluded that the system
with a PI_D controller has lower overshoot and a much shorter settling time than the system with a
controller. The systeith & PI controller exhibits large decaying oscillations, while the waveform with ¢

variable structure controller exhibits minimal and rapidly decaying oscillations.

After simulating automatic control systems with PID controllers with a vartabde iPted dieuc
concluded that using this type of controller significantly improves the quality of the control system's
performance in terms of both settling (regulation) time and overshoot, compared to conventional Pl
control (Fig. 11). A direct contlinsio this article suggests another direction for further analysis and
simulation. These should involve determining the impact of the plant parameters on the characteris

of systems using unconventional controllers.

Based on Fig. 11, it candeeluded that the system with a PI_D controller has lower overshoot and a
much shorter settling time than the system with a Pl controller. The system with a conventional Pl

controller exhibits large decaying oscillations.
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After conducting simulation motlalitomatic control systems with PID controllers with a variable
P1_D structure, it was found that using these controllers significantly improved the quality of the cor
system's operation, both in terms of settling time (regulation) anomypenstbtu,atassic Pl

control. The regulation time for the PI_D controller was even several times shorter.
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APPLICATION OF GROVER'S ALGORITHM TO THE 3SAT PROBLEM

TRONCZYRiot#

Akademi a GomUy Es k a, -Tashyndagiczaygh Nauk | nf or ma
ptronczyk@al.edu.pl

ABSTRACTThe SAT problem is a core challenge in computational complexity. With the rise of
guantum computing, new methods are being developed to apply quantum algodthms to NP
problems. This paper explores an approach using Grover's algorithm to address Boolean satisfiabil
We focus on the design of a quantum oracle capable of =tigfpizgnassignments. The

research also examines the limitations imposed by quantum gate implementation and the impact of

guantum speedup on system scalability.

Keywords:3SAT, Grover[1], Quantum computing, speedup
INTRODUCTION

Developed in 1996 by Lov Grover at Bell Labs, Grover's algorithm is a cornerstone of quantum
computing, providing a quadratic speedup for searching unstructured databases. While classical se
algorithms requirel time, averagingf¢ operations. Grover's algorithm achieves a complexity of
| W. . This efficiency is fundamentally driven by the mechanism of quantum amplitude amplificatic

which enhances the probability of measuring the target state.

This approach can be adapted to thrdd¥em by mapping the Boolean formula to an oracle

function, where the search space is treated as an unsorted database of potential assignments.

1. QUANTUMRACLE

The algorithm employs an oracle that identifies the target state by performingteoplabise flip. It
noted that while the algorithm assumes the existence of such an oracle, it does not specify its
construction; the oracle's implementation depends entirely on the specific problem instance. The
process begins with the preparation of a undgrossign of all possible qubit configurations. This
initialization method is characteristic of various quantum algorithms, including the Deutsch[2] and

Shor[3] algorithms.".
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2. CLASSICAL OPERATIONS ON QUANTUM COMPUTER

Quantum computers are universalsertbe of the Turing machine, meaning they are capable of
computing any function that is classically computable. Consequently, they are subject to the same
fundamental theoretical constraints, such as the halting problem. While classical grogramming relie
highlevel abstractions, quantum programming currently remains largely at the gate level; because r
level quantum programming languages have not yet reached the maturity of their classical countery
guantum computers programming is primauitfecbthrough the direct assembly of quantum gate

sequences.

The simplest example is the natural nUmberé€Each such number can be represented in binary

as the sum of powers of 2. For example:

PC Y T p G PG TG T G.

The binary representatiomeoitimber 12 is a sequence of bits that represent the coefficients of each

power of two:

PC ppmaT

In this case, four bits are needed to represent the number 12. In general, using a gegister of length

bits, we can representifferent values raggimom 0 @  p.

An analogous scheme can be used to represent numbers in a quantum register. We adopt the
convention that the least significant bit (LSB) is on the right. In the graphical representation of a
guantum circuit, the top line corresporedBitavith index 0. Thus, the number 12 (in binary notation

p p m)nwill be encoded in four qubits and written in keta rgptatiammas

qo
q1
g2 — X —
43— X —

Figurel Quantum circuit encoding 12 ( in binary popatm

There are at least two fundamental differences between quantum and classical (Boolean) logic. Fir:

guantum gates must be reversible. This means that there must be a unique correspondence betwe:
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theinput and output, which consequently requires that the number of input qubits equal the number

output qubits.

This contrasts with classical logic, where many operations aré foeegesiipée, most logic
gates take two argumentgeatodn only one, making it impossible to reconstruct the input state from

the output.

Another significant difference is the possibility of changing the basis. Quantum gates allow for
transformations of the state basis; for example, a computagrgideaside transformed into
a basis G's & This concept does not exist in classical logic, because logiealigial sl

limited to the setp , meaning that a similar change of basis is impossible.

When constructing quantumdiogitts, we can use a similar scheme, starting with the simplest

singlequbit gate and building quantum logic based on it.

Quantum gate Logical gate Quantum gate Logical gate
NOT XOR
a
a @ |”: }”) %a TP {i
= :
0} B—t o) & [8)
AND OR
Jex) ) a— |a) &b & |ex) a
aMb aVvbh
[b) [b) o |5) P P |6) :
4 ', )
)] 4 |a) A [B) 0 D—P |y v |B)
NAND NOR
y b @ |”-} & D ‘a.\ a
; S e ST e i v I een
[b) [6) ¢ ) @ @ ) ¢
Fa U Y I y \
10— @@y (la) A ) 10 & ~(la) v 15)

Figure2 Quantum gates

a) a)
|b) © D |b)

0) —D S B— |a) A |b)

|0) 7 S B— (an-b)

|0} E—P— (arb)V (a A —b)

Figure3 Quantum circuit for logical expression
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Consider a simple problem: finding the satisfying assignments for an OR function. Out of the four
possible input combinationAt fp p p,the solutions ame pp TP p. We shall construct a

guantum circuit consistirgn oracle and a diffusion operator.

OR

aux

» - HE-O1E

output 2

w 0 w l

Figured Grover circuit for OR problem

Executingthe circuit 1000 times we obtain following results:

0.33
0.309

0.32 4

0.287

o
N
B

Quasi-probability
o
>

0.074

o
=}
@

0.00 -

Figure5 Probability distribution

Thus, the probability odiobtg the correct result in a single trial is 91%. In classical brute force
method we have 75% probability of success.

3. HOW TO CALCULATE THE OPTIMAL NUMBER OF ITERATIONS IN GROVER'S ALGORITH!

Grover's algorithm works by rotating a state vectdwadiinie@sional subspace. This subspace is
spanned by two vectors:
1. A ABAThe superposition of altaayet states.

2. £ 1 I Ahe superposition of all target (correct) states.

181



Let0 be the total number of state® dnelthe number of target statesnifinéstate of the system

d a(the uniform superposition), can be expressed in terms ¢fitheak@gavith the "bad" states:

OEJl  —. Wheré¢ represents the amplitude of the target states in the initial superposition.

Each Grover iteration ¢timg of the Oracle and the Diffusion Operator) petairomsdad the
state vector by an angte ph this 2D plane.

After the preparation of the state, the vector is af aglatigido the "bad" axis. Witerations,

the angle of the state vector becomes: ¢Q p .

The goal is to rotate the state vector as close as possible to theQdrgadt/atisch corresponds

to an angle off¢ (90 degrees). To find dptimal number of iteraiwe set the final angle to

Y (&

¢Q A
P C

Now, we solve Tar
CEp .
o CJ
qC /C\f pp
g 4 F
T[] ¢

In most practical applications of Grover's algorithm, the number ofitasgetiustiate®saller than
the total number of statds L . ). This means the arfgie very small. For small angles, we can

use the approximatv&fl | .

Sinced Efi - T. hwecan substitufe - 7. into our equation:
. A
'Q W E
T 070 G

By simplifying, we arrive at the standard formula for the optimal number of iterations:

Q

-| >

5
5
4. SAT PROBLEM

The Boolean Satisfiability ProBleis the problem of determining if there exists an assignment of

truth values (True or False) to a set of variables that makes an entire logical formula evaluate to Trt
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The "3" in-SAT refers to the specific structure of the constr&ATE, tiné8rmula must be in

Conjunctive Normal Form (CNF), consisting of:

1. Variables? 2 @ I8 D (each can be True or False).
2. Literals: A variali®)(or its negation@ ).

3. Clauses: A group of literals joined by).OR $SAT, each clause must containyestaet
literals.

4. The Formula: All clauses are joined by)AND (

A 3SAT formula looks like thiS* @~ @ =~ w0~ o~ o Letd Tride
FahzkseTr.ue

w Formula
2y, N Y Y

W W W [ W W
True |False | True| Y 'O° 'O Y & 47 4

3-SAT is a cornerstone of computer science becausinigl®tP. This has two massive
implications:
1 HardnessThere is no known "fast" (polysioneahlgorithm to soh®A3. As the number of

variables grows, the time required to solve it grows exponentially (in the worst case) using curre
methods.

1 Universalitylf anyone ever finds a fast way to SMAe they will have simultaneously found a
fast way to solve every problem in the NP class.

5. SOLUTON WITH GROVER ALGORITHM

!
§
!

Consider the following probdemw ™

€
€
84
e
€
e

w w w 0”0 W W 0w w | o o | Res
True | True |[True |['Y 47 O Y| & & 4 Y|4 & 4 Y| T
True | True |Falsel Y 47 4 Y| & & & O |4 & 4 Y| F
True |False|True | Y & & Y| 'O 474 "Y|'Y4™ 4 Y| T
True |False|Falsel Y & 4 Y| 'O 47 & Y|'Y4™ & Y| T
False | True |[True | O 4~ & Y| 'Y 4™ 4 "Y|O & 4 Y| T
False | True |Falsef 'O 47 4 Y| 'Y & & Y| O & & O| F
False |False| True | 'O & & O| 'Y 474 "Y|'O 4~ 4 7Y| F
False | False| False] 'O & 4 °Y| 'Y 4~ & Y| O 4™ 4 Y| T

The probability of guessing the result is 5/8, which is 63%. With the quantum approach, for one stej
Grover's algorithm, this probability increases to 74%.
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For two iterations of Grovedsilgn we can increase the probability of guessing the correct result to
86%

S 3414

s l 1 e '7‘
x - l —-E -
[=0i] >

. om

. oo

& °

measure 2 $0 . =

Figure6 Quantum Circuit with one iteration

Figure7 Probability distribution after 1000 shots

CONCLUSIONS

The primary conclusion is that Grover's algorithm provides a quadratic speedup rather than an
exponential one. While a classicaldiogtesearch for@a&pture assignment tadkes time,
Grover'slgorithm reduces this tq 7 . This means that while the quantum approach is

significantly faster, it does not "break” the compexkyiofd n t he same way t ha
breaks RSA (which provides an exponential speedup). Tieenaiokl&imdamentally difficult

even for quantum computers.

A critical bottleneck is the cost of the Oracle. To use Grover's algorithm, one mustS#plement the 3

constraints as a quantum circuit (the Oracle).
1 As the number of variall¢sa(d clausdg ) increases, the complexity of the quantum circuit

required to evaluate t#&A3 formula grows significantly.
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