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AI APPLICATIONS IN X RAY DIFFRACTION CHARACTERIZATION  

Pedro VERA-SERNA1 

Universidad Polit®cnica de Tec§mac, Divisi·n de Ingenier²as, Centro de Ingenier²a Avanzada, Tec§mac, Estado 

de M®xico, Mexico1 

pedrovera.upt@gmail.com1 

ABSTRACT: This paper presents the results and variations obtained using artificial intelligence in the 

process of phase characterization by X-ray diffraction, as well as the results of the characterization of 

the synthesized material. The novelty is the approximation possible using AI, were compared the results 

using three different Artificial Intelligences. The synthesis was carried out via mechanochemical 

methods using the precursor materials FeϜOϝ and CrϜOϝ, followed by 7 hours of milling. For traditional 

characterization, a Bruker diffractometer was used, along with EVA software and the ICDD PDF2+ 

database. The AI information was compared with traditional method find variations, but in the generation 

of profile was satisfactory. 

Keywords: AI in characterization of materials, X Ray Diffraction, iron chromium oxide, cromite, 
generation PDF data with AI 

INTRODUCTION 

In recent decades, the use of the internet and information technologies has been making the work 

easier. One of the international trends with 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 2021 

to 1,847 in 2030 [1, 2]. In the case of research projects, this often offers certain benefits in the 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 AI, along with information analysis and solution generation, has made it 

possible to explore these options 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 new 

advances, given the high number of publications on various topics year after year. However, social 

trends, the emergence of new technologies such as AI, the lack of resources or their limitations, and 

new trends in process changes allow for the creation of new research opportunities [5, 6]. 
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In general terms, characterization using X-Ray Diffraction 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 to be 

saved. Additionally, a comparison database 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 the match to be correlated 

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 research 

process in material characterization via X-Ray Diffraction [7]. With the appropriate options, these 

approaches provide accurate results and facilitate decision-making. By comparing the results offered by 

Claude, Chat GPT, and Gamma applications [8, 9, 10], based on a traditionally studied case that utilized 

the ICDD database, an X-ray diffractometer, and EVA software, a mechanochemical process is carried 

out using FeϜOϝ and CrϜOϝ, 

1. METHODS ANS MATERIALS 

To explore the opportunities offered by artificial intelligence, we have investigated in Spanish language 

its use in phase identification based on results obtained from an X-ray diffractometer. The diffraction 

profile is analyzed with the aid of artificial intelligence, utilizing applications such as Gamma, ChatGPT, 

and Claude; each provides its own solution, which is then compared with the identification performed 

using specialized equipment and software in the traditional manner. This leads to the identification of 

opportunities and the realization that current limitations. 

The physical study begins with high-purity precursor materials from Sigma-Aldrich, which are FeϜOϝ 

and CrϜOϝ, to identify the synthesis products after 7 hours of grinding in a high-energy mill. For 

characterization, a Bruker D8 Advance diffractometer with copper radiation and a LINXEYE XE detector 

was used, along with XRD software for reading the instrument data and EVA software for phase 

identification. 

2. RESULTS 

This study is based on the need to identify the current possibilities offered by artificial intelligence in the 

use of web-based 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 AI applications, all given the same instruction, which was as 
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follows: Based on the position of the peaks in the following figure, identify the phases present in the 

copper radiation diffraction profile, using information from the 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 follows: 

First, it identifies the observed peaks as shown in Figure 1. It then compares the results with the JCPDS 

data for the most common oxides in the FeïCrïO system, thereby determining the possible phases as 

shown in Fig. 2 (Remember that the use of applications were in Spanish). 

 

Fig 1. 

 

 

Fig 2 

 

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

a table, ultimately proposing FeCrϜOϞ, Fe2O3 and (FeCr)ϜOϝ as possibilities, presenting an analysis 
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based on peak widths that indicate micro deformations and possible 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. 1. Phases identified with Gamma 

Gamma 
application  

Analysis with EVA 
and database of ICDD 

Fe2O3 Fe2O3 

FeCr2O4 (Fe0.6Cr0.4)2O3 

(FeCr)2O3 

 

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

synthesis occurred that resulted in a phase of iron chromium oxide. 

 
1.2. CLAUDE APP 

The pattern analysis (Cu KŬ radiation, ɚ å 1.5406 ¡) identifies main peaks around ~24ï25Á, 33ï36Á, 

41Á, 49ï50Á, 54ï55Á, 62ï64Á, and ~72ï75Á (2ɗ). These are identified as matching  quite well with 

typical Fe and Cr oxides reported  in databases such as ICDD/JCPDS, yielding the phases presented in 

Table 2.  

Tab. 2. Phases identified with ChatGPT 

ChatGPT 
application  

Analysis with EVA 
and database of ICDD 

Fe2O3 Fe2O3 

Fe3O4 

FeCr2O4 (Fe0.6Cr0.4)2O3 

Cr2O3 

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 and a visual 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 lists the 

hkl planes. It also presented a table showing the relationship between angles, peaks, planes, and phases. 

Fig. 3 shows the table of phases identified using the Claude application. 
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Fig. 3. XRD profile developed by Claude 

Tab. 3. Phases identified with Claude 

Claude 
Applicayion 

Analysis with EVA 
and database of ICDD 

Fe2O3 Fe2O3 

Cr2O3 

FeCr2O4 (Fe0.6Cr0.4)2O3 

 

It can be observed that the analysis presents data indicating the presence of an iron chromium oxide 

phase, which is correct; however, there are deviations in the phase characteristics. There is a difference 

in the CrϜOϝ phase compared to the gamma analysis, which does not show the (FeCr)ϜOϝ phase, 

where the peaks identified as part of the CrϜOϝ phase are present.  

 

 
Fig. 4. XRD profile generated to (Fe0.6Cr0.4)2O3 phase. 

One of the reasons the applications do not detect the (Fe0.6Cr0.4)2O3 phase is because it is not available 

on the web; apparently, this is why they default to the FeCr2O4 and Cr2O3 phases, where they find a 

similarity in the peak locations. However, in this study, while exploring Claudeôs solutions, its responses 

included the ability to generate phase diffraction profiles; therefore, it was requested to generate  a 
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graph based on PDF-00-034-0412 and the structural information for (Fe0.6Cr0.4)2O3. It calculated and 

constructed the graph, which is presented in Fig. 4. 

This tool helps visualize and verify peaks when they are not available online, which aids in the 

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

1.4. CHARACTERIZATION WITH SOFTWARE AND DATABASE 

The following presents the results obtained from phase identification using the ICDD database and 

comparison software EVA, with the phase (FeϚ.ϠCrϚ.Ϟ)ϜOϝ shown in red and the FeϜOϝ phase in red 

color, as can be seen in Fig. 5. It was the result obtained with traditional methodand the peaks. The 

result generated by ArtificiaI Intelligence showed the peaks in same angle as were idntified in Fig. 4. 

 

Fig. 5. XRD profile evaluated with basedata ICDD 

CONCLUSION 

The study showed that Gammaôs artificial intelligence detected two phases that closely matched the 

obtained result, allowing the user to determine that the synthesis occurred in an iron-chromium-oxygen 

system (FeCr)ϜOϝ. With Claude, it was only possible to approximate the iron-chromium-oxygen phase; 

in both cases, FeϜOϝ was identified, which is a step forward. One of Claudeôs advantages is the 

generation of diffraction profiles containing information on the phaseôs chemical composition, which 

represents a significant advancement in characterization by making that information available. Over 

time, analysis will likely become easier due to improved functions and greater availability of data. The 

information regarding nanoscale size 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 with 

Claud app is a good to explore with AI. 
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SOFTWARE STANDARDS AND METRICS IN MODERN SYSTEM DEVELOPMENT: 

A QUANTITATIVE APPROACH TO QUALITY IMPROVEMENT 

Graciela Margarita CETINA-QUIJANO, Pedro VERA-SERNA1,2 

Universidad Polit®cnica de Tec§mac, Divisi·n de Ingenieros, Centro de Ingenier²a Avanzada,1,2 
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univ.gcetina@gmail.com1, pedrovera.upt@gmail.com2 

ABSTRACT: Software 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 Things 

(IoT). The rapid growth of the technology industry has increased the need to ensure that software 

products are reliable, efficient, and maintainable from the earliest stages of their lifecycle. This study 

analyzes the implementation of international quality standardsðspecifically ISO/IEC 25010 and 

ISO/IEC/IEEE 15939ðand software metrics as tools to improve product quality and the efficiency of the 

development process in academic projects. A quantitative model integrated into agile methodologies is 

proposed and evaluated using a correlational 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 these 

practices. 
 
Key words: software metrics, software quality, ISO/IEC 25010, ISO/IEC/IEEE 15939, IEEE 1061, agile 
methodologies, DevOps, software engineering. 
 

INTRODUCTION 

Software development has evolved from a craft-based activity, 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, and maintenance led 

to the so-called ñsoftware crisis,ò a phenomenon that drove the adoption of systematic methodologies, 

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

Pressman points out that standards and metrics are the cornerstones of software quality assurance, as 

they make it possible to objectively measure attributes that would otherwise be subjective [5]. Similarly, 

Fenton and Bieman state that no process improvement is possible without prior measurement, since 

without quantitative data there is no basis for making informed decisions [6]. Despite this academic 

consensus, many organizationsðparticularly small and medium-sized enterprisesðstill lack structured 

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

In the educational 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 
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between theory and application constitutes one of the main motivations for this study, which seeks to 

demonstrateðthrough case studiesðhow the systematic application of standardized metrics optimizes 

outcomes in both academic projects and professional development. 

The primary objective of this study is to evaluate the impact of the joint implementation of process and 

product metrics, aligned with the ISO/IEC 25010 [9] and ISO/IEC/IEEE 15939 [12] standards, within 

agile methodologies (Scrum and Kanban), using a correlational and quantitative research design. 

1. THEORETICAL FRAMEWORK 

1.1 International standards for software quality and processes 

ISO/IEC 25010 ï Software Quality Model (SQuaRE) 

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

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

It establishes eight quality characteristics: functional adequacy, reliability, performance efficiency, 

usability, security, compatibility, maintainability, and portability. Each characteristic is broken down into 

sub-characteristics that can be measured using quantifiable indicators, making it the most widely used 

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

ISO/IEC/IEEE 15939 ï Measurement Process 

The ISO/IEC/IEEE 15939 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 the data obtained is valid, consistent, and 

comparable across projects. Its integration with ISO/IEC 25010 allows the quality attributes of the model 

to be directly linked to operationalizable metrics [6]. 

ISO/IEC 12207 ï Software Life Cycle Processes 

The ISO/IEC 12207 standard defines the overall process framework for the software life cycle, covering 

acquisition, development, maintenance, operation, and quality assurance [13]. It serves as the 

foundation upon which other quality standards and metrics are built, by providing the organizational and 

technical context in which these practices must be carried out. 

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

process in its four forms: 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 phase 

of the life cycle, where intervention costs tend to be higher if the software lacks adequate 

maintainability. 

CMMI ï Capability Maturity Model Integration 

The CMMI model, developed by the Software Engineering Institute (SEI) at Carnegie Mellon University, 

assesses the maturity of an organizationôs development processes across five levels: Initial, 

Repeatable, Defined, Quantitatively Managed, and Optimized [16]. Level 4 (Quantitatively Managed) is 

particularly relevant to this study, as it establishes that statistical control of processesðthrough metrics 

such as defect density and test coverageðis a 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 standard 

governs software quality assurance 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 metrics within the context of a 

project [15]. 

1.2 National Standards: Mexico and Latin America 

In Mexico, the MoProSoft modelðformalized as the NMX-I-059-NYCE-2005 standardðwas designed to 

improve the competitiveness of software development companies, with an emphasis on small and 

medium-sized organizations [7]. The model organizes processes into three levels (Senior Management, 

Management, and Operations) and establishes quality criteria adapted to the national context. Galvis-

Lista and S§nchez-Torres document that models such as MoProSoft and its Latin American 

derivativesðincluding Competisoft (for Latin American SMEs) and MPS.BR (Brazil)ðare regional 

variants based on international standards such as CMMI and ISO, but with a simplified structure that 

facilitates their adoption 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 metrics, and project metrics. This taxonomy, presented in 
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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 1. Classification of software metrics according to Fenton and Bieman 

Metric type Description Representative example 

Product 
Evaluates attributes of the finished 

software (functionality, reliability, usability) 
Defect density per KLOC 

Process 
Measures the efficiency and performance 

of the development process 

Delivery time, defect rate per 

sprint 

Project 
Manages compliance with scope, time, 

and cost 

Effort in person-hours, cost 

per module 
 

Within each category, there are specific indicators whose selection depends on the projectôs objectives. 

For this study, the metrics described in Table 2 were adopted, chosen for their proven validity in the 

literature [6], [5] and their alignment with the quality attributes of ISO/IEC 25010 [9]: 
 

Table 2. Key metrics used in the model 

Metric Definition Formula Purpose 

Defect density Number of errors relative to the 

size of the software [6] 

Defectos / LOC Assess product 

quality 

Test coverage Percentage of code evaluated 

through automated tests [12] 

Casos exec. / 

Total 

Improve reliability 

Productivity Team efficiency in terms of code 

produced per unit of effort [6] 

LOC / Horas Measure 

efficiency 

Cyclomatic complexity Number of linearly independent 

paths through the source code 

[5] 

V(G) = E ī N + 2P Maintainability 

Team velocity Story points completed per 

sprint in agile methodologies 

[18] 

PH / Sprint Agile productivity 

 

Cyclomatic complexity, originally proposed by McCabe and formalized in the IEEE 1061 standard [15], 

measures the number of independent logical paths in a software module. Values between 1 and 10 are 

considered to indicate low complexity and high maintainability; values above 20 indicate code that is 

difficult to test and maintain [5]. Test coverage, on the other hand, is directly related to system reliability: 
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studies have documented that coverage levels above 70% are associated with significant reductions in 

defect density in production [6]. 

2. PROBLEM STATEMENT 

Despite the availability of well-established international standards such as ISO/IEC 25010 [9] and 

ISO/IEC/IEEE 15939 [12], the systematic adoption of quality metrics in development teams remains 

limited. Pressman identifies that teams that do not implement formal measurement tend to repeat the 

same mistakes in each project, increasing correction costs as the software life cycle progresses [5]. 

Sommerville complements this perspective by noting that the absence 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 engineering students frequently 

develop projects without applying formal metrics or referencing international standards, which limits their 

preparation for professional practice. Cort®s Rojas documents that even in educational technology 

prototyping projects, the absence of a quality framework structured under ISO/IEC 25010 leads to 

inconsistent and difficult-to-evaluate results [10]. 

Identified consequences: 

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

development phase and the production phase [5]. 

Å Recurring delays in project delivery due to the absence of process tracking metrics [6]. 

Å Low system maintainability, resulting from a lack of control over cyclomatic complexity and other 

code structure indicators [15]. 

Å Low end-user satisfaction with products that do not meet the usability and reliability attributes defined 

in ISO/IEC 25010 [9], [11]. 
 

Research question: What is the impact of the systematic implementation of software standards and 

metrics on product quality and the efficiency of the development process in modern systems projects? 

3. HYPOTHESIS 

General hypothesis: The systematic implementation of standards (ISO/IEC 25010 [9], ISO/IEC/IEEE 

15939 [12]) and software metrics within agile methodologies significantly improves product quality and 

the efficiency of the development process. 
 

H1: The use of process metrics reduces software defect density [6]. 
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H2: The application of quality standards increases system maintainability and reduces the average error 

correction time [9], [15]. 

H3: The integration of metrics into agile cycles improves team velocity and end-user satisfaction [18]. 

4. METHODOLOGY 

4.1 Research approach and design 

The study adopts a quantitative approach, which allows the variables of interest to be objectively 

measured using numerical indicators. This approach is consistent with the recommendations of Fenton 

and Bieman, who establish that metrics must be evaluated through quantifiable methods to determine 

their real impact on software quality [6]. The design is descriptive-correlational: descriptive because it 

characterizes the behavior of metrics before and after their implementation; correlational because it 

analyzes the relationship between the application of metrics (independent variable) and software 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 15939 [12] 

and the quality attributes of ISO/IEC 25010 [9]. Table 3 presents their operationalization. 
 

Table 3. Operationalization of variables 

Variable Dimension Indicator Unit of Measurement 

Software metrics 

(IV) 

Process Test Coverage % 

Process Team Productivity LOC / hour 

Process Deployment Frequency Deployments / week 

Software quality 

(DV) 

Product Defect Density Defects / LOC 

Product Error Correction Time Hours 

Product User Satisfaction Scale 1ï5 
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4.3 Proposed methodological model 

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

academic or professional: 

Å Phase 1 ï Quality definition: the quality attributes relevant to the project are established, using the 

ISO/IEC 25010 model [9] as reference (functionality, reliability, usability, maintainability, performance 

efficiency). 

Å Phase 2 ï Metrics selection: the most relevant process and product metrics for the projectôs objectives 

are identified, following the IEEE 1061 methodology [15] and the ISO/IEC/IEEE 15939 measurement 

process [12]. 

Å Phase 3 ï Data collection: data is obtained automatically through static analysis tools (SonarQube), 

version control systems (GitLab CI/CD), task managers (Jira Software), and unit test reports (JUnit, 

Selenium). 

Å Phase 4 ï Data analysis: descriptive statistical techniques and Pearson correlation are applied to 

quantify the relationship between process metrics (coverage, velocity) and product quality indicators 

(defects, maintainability) [6]. 

Å Phase 5 ï Continuous improvement: 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 (AI), Internet of Things (IoT), and mobile applications. Each team 

worked under Scrum or Kanban methodology for three two-week sprints, incorporating metrics into 

tracking boards and retrospective sessions.  

This selection makes it possible to contrast the behavior of metrics across heterogeneous technology 

domains, highlighting both common patterns and the particularities of each area, as has been 

documented in previous studies on the application of ISO/IEC 25010 in educational technology projects 

[10], [11]. 

5. RESULTS 

The results obtained across the six evaluated projects confirm the three hypothesis oriented forward. 

The systematic integration of metrics ðaligned with ISO/IEC 25010 [9] and ISO/IEC/IEEE 15939 [12]ð 

generated measurable and consistent improvements across all monitored quality and process 

indicators. Table 4 summarizes the average values obtained at the close of the third sprint. 
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Table 4. Improvement indicators obtained after implementing the proposed model 

Evaluated indicator Average value Observed impact 

Test coverage 78 % Earlier error detection in each sprint 

Defect reduction per KLOC 30 % 
Lower failure rate in production after three 

iterations 

Team velocity increase +18 % Increase in stories completed per sprint 

Error correction time 2.5 h Improvement in system maintainability 

User satisfaction 4.6 / 5.0 High perception of quality and usability 

ProcessðQuality correlation (r) r = 0.82 
Strong positive relationship: higher metrics 

integration, lower defect density 
  

The Pearson correlation (r = 0.82) between defect reduction and productivity increase indicates a strong 

positive relationship: teams that adopted metrics more rigorously simultaneously showed lower defect 

density and higher development velocity. This result is consistent with the theoretical predictions of 

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

accelerates team learning. 

Table 5 breaks down results by project and technology area, showing the reduction in defects before 

and after implementing the model in each case study: 
 

Table 5. Defect reduction by project and technology area 

Project Technology Area 
Defects 

Before 
Defects After 

Improvement 

(%) 

Web Educational 

Platform 

Web Development 45 20 55 % 

Image classifier Artificial Intelligence 60 30 50 % 

Monitoring system Internet of Things 50 25 50 % 

School management 

App 

Mobile Applications 38 17 55 % 

 

Figures 1 and 2 visually illustrate the distribution of process and product metrics among the academic 

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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Fig. 1. Map of the relationship between process metrics, product metrics, and the academic units 

evaluated 

 

 

Fig. 2. Comparison of Key Metrics Between Web Development and Artificial Intelligence Projects 
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In web development projects, performance efficiency and usability metrics ðsub-characteristics of 

ISO/IEC 25010 [9]ð proved to be the most decisive indicators for user satisfaction (4.6/5.0). In AI 

projects, model reliability and code maintainability carried greater weight, which aligns with the findings 

of Fern§ndez Jarr²n on the application of ISO/IEC 25010 in complex computational systems [11]. 

6. DISCUSSION 

The results presented are consistent with the body of evidence accumulated in the software engineering 

literature. The 30% reduction in defects per KLOC obtained in this study is comparable to the ranges 

reported by Fenton and Bieman in organizations that implement test coverage metrics above 70% [6]. 

Similarly, the 18% increase in team velocity aligns with the productivity improvements documented by 

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

CMMI Level 4 ðQuantitatively Managedð establishes that statistical process control is a necessary 

condition for achieving predictable 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 well-selected metrics integrated into their agile cycles. 

Cort®s Rojas documents, in the Mexican educational context, that structuring projects under ISO/IEC 

25010 significantly increases the coherence between quality requirements and delivered artifacts [10]. 

The results of the present study reinforce that conclusion and 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. Resistance 

to change, the lack of a measurement culture, and the difficulty of selecting the minimum set of relevant 

metrics are recurring obstacles identified in teams in training. As Fenton and Bieman warn, 

measurement overload ðthat is, the collection of data that is not used to make decisionsð can erode 

productivity and generate skepticism toward quality practices [6]. For this reason, the proposed model 

prioritizes a reduced set of high-impact metrics, selected based on the specific objectives of each 

project. 

From the perspective of technology trends, the integration of CI/CD (continuous integration and 

continuous deployment) tools with static analysis platforms ðsuch as SonarQubeð represents the 

most efficient path to automating metrics collection and making it transparent for the team. This trend is 

aligned with modern DevOps practices and the continuous improvement approach promoted by both 

ISO/IEC 12207 [13] and the CMMI model [16]. 
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CONCLUSION 

This study confirms that the systematic implementation of process and product metrics, aligned with 

ISO/IEC 25010 standards  and ISO/IEC/IEEE 15939 , significantly improves software quality and the 

efficiency of the development team. The three hypotheses put forward were validated: a 30% reduction 

in defect density was obtained, 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 standards ðin particular ISO/IEC 25010 , ISO/IEC/IEEE 15939  and IEEE 1061ð provide 

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 metrics to 

be integrated into the development cycle without disrupting the teamôs workflow. 

For the Mexican educational context, models such as MoProSoft  represent an accessible entry point 

into a quality culture, complementary to international standards. The combination of both perspectives 

ðlocal and internationalð offers 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 and IoT environments with 

domain-specific 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 THROUGH ON-SITE GRINDING OF HIGH-

DEMAND ENGINE MONOBLOCKS IN MEXICO: 1.6, 2.5, AND 1.8. 
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servicioautomotrizstar@yahoo.com.mx , diazmunozdaniel18@gmail.com , pedrovera.upt@gmail.com  

ABSTRACT: This paper presents the recovery of high-demand engines from vehicles in Mexico, 

showing the step-by-step process and equipment required to achieve high-performance functionality of 

the engines. The aim is to share the favorable results obtained, indicating the sequence 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 of parts using low-cost 

equipment, and seeking to be 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 RL 

de CV. It is from this point of view that the authors, together with the organization, decided to develop 

this project for machine tool operators, which describes in detail, step by step, the process of one of the 

most common engine grinding jobs they perform, namely bed grinding (in-line cutting), implementing 

technical and empirical data as well as graphic examples of engines that have required this service. The 

purpose of this work was to provide a support guide for all those who are starting out in this area of the 

automotive sector. It is also hoped that it will serve as feedback for those who already have experience 

in this work and serve as a reference for them. 

Key words: monoblock, grinding, rectificado, crankshaft, bancada, reconstruction 
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INTRODUCTION 

La reconstrucci·n o rectificado de motores siempre ha sido un §rea clave en el sector automotriz, dado 

al servicio de mantenimiento correctivo que se brinda a los veh²culos, pero desafortunadamente este 

tipo de trabajos no tienden a ser tan conocidos como lo es un servicio de mec§nica general [1]. 

Personas que ya cuentan con cierto grado de conocimientos en la materia tiene destreza o bien noci·n 

de este trabajo y la funci·n que realiza, es por eso que toda la informaci·n correspondiente a lo que 

conlleva los trabajos de rectificado no son tan com¼n encontrarlos, si bien es cierto que las nuevas 

tecnolog²as han brindado m§s informaci·n [2], mejores equipos y datos m§s precisos correspondientes 

a esta §rea est§n disponibles, pero es una realidad que en muchos talleres rectificadores cuentan 

todav²a con equipos, herramientas y formas de trabajo menos eficientes, transmitiendo los 

conocimientos de su trabajo de forma emp²rica a las nuevas generaciones [3]. 

El monoblock es una pieza de hierro o aluminio, el cual es fundamental en un motor de combusti·n 

interna, ya que este es el cuerpo que sostiene todo el tren alternativo, cuya funci·n es transformar el 

movimiento lineal de un pist·n en un movimiento giratorio del cig¿e¶al por medio de una reacci·n 

exot®rmica, detonada de manera secuencial dentro de los cilindros en las c§maras de combusti·n [4]. 

Dado al tipo de partes que se aloja en el monoblock y la funci·n que esta tiene, es normal que despu®s 

de un determinado tiempo de uso algunas de las piezas sufran alg¼n tipo de desgaste o deformaci·n. 

Un mantenimiento inadecuado o incorrecto uso del veh²culo tambi®n pueden ser causantes de un fallo 

en el motor, el cual conllevar²a a un mantenimiento correctivo siendo m§s espec²fico ñcorte en l²neaò y 

que se abordara de m§s adelante en este proyecto [5]. 

En un motor la bancada es la superficie circular donde se alojan los cojinetes y va montado el cig¿e¶al, 

este se ubica en la parte inferior del monoblock y est§ constituido por dos partes. Dividida por la mitad, 

la primera parte est§ unida al monoblock donde se montar§n la mitad de cojinetes y el cig¿e¶al, 

posteriormente la segunda parte son tapas desmontables ya sea individuales o unidas esto 

dependiendo del tipo y marca del veh²culo, aqu² van a ir el resto de cojinetes y sostendr§n el cig¿e¶al 

mediante unos tornillos que llevaran un determinado par de apriete (torque) dependiendo de la marca y 

modelo del veh²culo [6].  

El rectificado de la bancada del monoblock es un procedimiento de mecanizado que se realiza para 

restaurar la circunferencia y alineaci·n del alojamiento de los cojinetes del cig¿e¶al; mediante la 

implementaci·n de una mandrinadora lineal, con la cual se busca que las medidas del di§metro de 
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alojamiento de la bancada coincidan con las que estableci· el fabricante, ya que en la bancada se 

forma una pel²cula de aceite la cual se encargara de reducir el desgate y la fricci·n que hay entre los 

cojinetes y cig¿e¶al, es por eso que las medidas de la bancada requieren ser muy precisas, ya que de 

no ser as² pueden causar problemas graves en el funcionamiento del motor, presentar fugas de acetite, 

generar desgaste prematuro de piezas, observarse perdida de presi·n de aceite, con lo anterior es 

posible alcanzar una p®rdida de eficiencia y hasta un posible da¶o del motor [7]. 

2. METODOLOGĊA, HERRAMIENTAS Y MAQUINARIA 

A continuaci·n, se presenta los pasos a seguir en la metodolog²a implementada con el fin de dar 
claridad al proceso desarrollado, posterior a ello se presentan los elementos y equipos utilizados. 

2.1 METODOLOGĊA 

El trabajo fue desarrollado con el m®todo cient²fico, primero se observ·, se identific·, se estableci· el 

proceso a seguir, se ejecut·, se valid· que fuera funcional, se repiti· en varias ocasiones, permiti®ndolo 

establecer como viable.  

Este trabajo corresponde a la investigaci·n experimental, la cual en ocasiones no es ampliamente 

difundida, se enfocan m§s a la investigaci·n tradicional. Sin embargo, en este trabajo se inici· con 

informaci·n de referencia por otras personas, pero se fueron encontrando hallazgos que permitieron 

establecer esta ruta de trabajo para culminar en una reparaci·n exitosa en la Unidad Econ·mica en 

repetidas ocasiones.  

Para lo anterior se parti· de la necesidad de documentar el proceso que lleva el rectificado de bancada, 

abarcando tambi®n m®todos para el reconocimiento y valoraci·n de monoblocks, partiendo de la 

recepci·n del monoblock y finalizando en su entrega [8].  

A continuaci·n, se presenta el diagrama de la metodolog²a ocupada.  
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Figura 1. Diagrama de la metodolog²a empleada. 

Identificaci·n del monoblock 

Al inicio del proceso se recibe el monoblock, se realiza la identificaci·n y la caracterizaci·n del mismo, 

apoy§ndose en la documentaci·n disponible, obteniendo la informaci·n y datos requeridos para su 

maquinado de acuerdo a los datos del fabricante [8].  

Valoraci·n de viabilidad 

Se determina con base a una inspecci·n visual el estado en el que se encuentra el monoblock y si es 

requiere se traslada al §rea de soldadura para resanar partes perdidas de este, de lo contrario si 

estuviese en buenas condiciones pasa al §rea de corte en l²nea. 

Ćrea de corte 

En este proceso se realiz· preparaci·n y montaje de la m§quina de acuerdo con las especificaciones 

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



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

30 

Ćrea de soldadura 

En caso de presentar desbastes excesivos y es viable su reparaci·n mediante soldadura, se procede a 

integrar material mediante este proceso con est§ndares de alta resistencia y calidad.  

Comprobaci·n 

En este paso se realiza una medici·n y comprobaci·n de dimensiones y tolerancias, corroborando que 

estas est®n bien de acuerdo a lo que marca el fabricante. 

Almac®n y entrega al cliente 

En el almac®n se reciben los productos validados y aprobados en espera de que llegue el cliente a 

recogerlo. 

2.2. Instrumental   

El saber reconocer bien tanto la m§quina como sus herramientas es fundamental para el operador de 

m§quina herramienta, ya que de eso depende el buen trabajo que se realiza, reduciendo tiempos y 

costos en el proceso de mecanizado a continuaci·n se refiere el instrumental utilizado. 

2.2.1. Barra 

Como su nombre lo indica es una barra barrenada de acero in oxidable, cuya funci·n es la de 

transportar nuestra pieza de corte y servir como una flecha/eje que trazara la direcci·n y sentido del 

mecanizado, contando con dos tipos de barra en el §rea de rectificado. 
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Barra peque¶a 

Distancia 160 cm 

Di§metro 1.181ò 

No. Barrenos  10 

Perno 

prisionero 

Allen 5/32 (4 

mm) 

Tabla 1. Datos de barra peque¶a. 

Barra grande  

Distancia 186 cm 

Di§metro 1.986ò 

No. Barrenos  13 

Perno 

prisionero 

Allen 5/32 (4 

mm) 

Tabla 2. Datos de barra grande 

Figura  2. Barra de corte peque¶a 

Figura  3. Barra de corte grande 
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2.2.2. CONOS 

Son un tipo de centradores de hierro cuya funci·n en el proceso de rectificado es al de sujetar y 

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

El §rea de rectificado cuenta con 4 tipos de conos, los cuales ser§n implementados tomando en cuenta 

di§metro de la bancada a restaurar y el tipo de barra a utilizar. 

 

 

 

 

 

 

 

 

 

CONOS CENTRADORES 

Tipo 1 Tipo 2 Tipo 3 Tipo 4 

Barra peque¶a 

Ï de bancada  

1.800ò-2.400ò 

Barra grande 

Ï de bancada 

2.300ò-2.900ò 

Barra grande 

Ï de bancada 

2.800ò-3.500ò 

Barra grande 

Ï de bancada  

3.000ò-5.200ò 

Tabla 3. Datos de los conos 

Figura  2. Conos tipo 2 Figura  1. Conos tipo 1 

Figura  5. Conos tipo 3 Figura  6. Conos tipo 4 
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2.2.3. PALPADOR 

Es un indicador de basa magn®tica con el cual se va a calibrar la altura del buril para realizar el debido 

corte. 

Antes de usar el palpador se requiere ajustarlo al tipo de barra con la que se va a trabajar, ya que estas 

al tener un di§metro diferente se modifica la medida a la que se calibran los buriles. 

 

 

 

Figura  3. Partes del palpador 
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2.2.4. BURILES 

Nuestra principal herramienta de mecanizado. Son unas cuchillas mayor mente utilizadas en tornos, 

para realizar varios tipos de cortes y desbastes a piezas de metal, aunque en el §rea de rectificado se 

cuenta con varios tipos de buriles su uso en el rectificado de la bancada se implementara para dos 

cosas, el corte circular de la bancada y el careado o maquinado de los cajones axiales donde van 

montados los cojinetes axiales (medialunas).  

 

 

 

 

Ï de bancada - Ï de barra= Altura de buril 

Ejemplo. Urvan 2.5 (2.321ò ï 1.986ò= 0.335ò)   

Tabla 4. Tipo de buriles 

No.    buriles 

2 Buril con punta a 80Á Corte circular de la bancada  

3 Buril con pastilla cuadrada Careado del caj·n del axial 

2 Buril con corte izquierdo  Careado del caj·n del axial  

Tabla 4. F·rmula para la altura de buril  

Figura  4. Tipo de buriles 

Figura  5. 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 se 

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 cuenta 

cada barra. 

 

 

 

 

 

 

2.2.6. CENTRADORES DE RELOJ  

De igual forma que el ñPalpadorò, son un tipo de indicadores de reloj con los cuales se va a centrar a 

precisi·n la bancada del motor, estos ir§n montados en la barra y por medio de una aguja se va a 

recorrer toda la circunferencia de las bancadas laterales, para que de esta manera el reloj indique que 

tan descentrado se encuentra.  

Una vez que se termina de centrar el motor se procede a comprobar el centrado del buril; dando la 

medida completa y checamos que este toque en toda la bancada del motor, tanto las que est§n unidas 

al monoblock como la de las tapas (posteriormente rebajadas). 

Cojinetes para 

barra  

Ï exterior Ï interior  

Barra grande 3.343ò 1.971ò 

Barra peque¶a 3.343ò 1.185ò 

Tabla 5. Datos de cojinetes de barra 

Figura  7. Cojinetes para barra grande Figura  6. Cojinetes para barra peque¶a 
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2.2.7. MICRĎMETROS 

Son instrumentos de medici·n con los cuales se pueden determinar el tama¶o de un objeto con mayor 

precisi·n. Estos suelen venir en varias medidas y se dividen en dos tipos micr·metros, exteriores e 

interiores. 

En el §rea de rectificado se implementa ambos tipos de micr·metros, ya que resulta indispensable su 

uso para la obtenci·n de una correcta medici·n. 

Micr·metro de exteriores (arco)  

Esta herramienta ®sta dise¶ada de una forma para obtener las dimensiones exteriores de una pieza, su 

lectura se da en mil®simas de pulgada y se cuenta con varios micr·metros de diferentes medidas (0-1ò, 

1ò-2ò, 2ò-3ò, 3ò-4ò etcé) 

 

Figura  8. Centradores de reloj 

Figura  10. Micr·metros exteriores del taller 
Figura  9. Partes del micr·metro de exterior 
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Micr·metro de interiores 

La funci·n de este instrumento de medici·n es la obtenci·n del di§metro de los orificios de las piezas 

mediante el alargamiento de uno o ambos extremos de la herramienta. En el §rea de rectificado se 

cuenta con tres tipos de micr·metros interiores.  

Micr·metro de resorte  

Este micr·metro es el implementado en el rectificado de bancada, ya que por su tama¶o y modo de 

emplear resulta altamente pr§ctico para la obtenci·n de la medida de los cortes sin que estorbe la 

barra, est§ constituido por varias partes intercambiables y cuneta con un mecanismo de resorte que 

empuja un extremo de la herramienta hacia el otro punto de la bancada, obteniendo as² su di§metro.       

Micr·metro de trompo 

Este micr·metro es implantado en el rectificado de cilindros, dado a su precisi·n y practicidad al 

momento  de realizar m¼ltiples mediciones. Consta de dos piezas verticales unidas por una rosca con 

una punta ajustable, obteniendo el di§metro mediante el desenroscado de las piezas hasta que ambos 

extremos terminen tocando la superficie del orificio. 

Micr·metro T  

Este micr·metro es el menos utilizado, ya que resulta m§s dif²cil obtener con ®l una medida exacta, 

pero su uso se emplea en orificios sumamente peque¶os o de dif²cil acceso para los otros micr·metros, 

est§ constituido por tres extremos de manera perpendicular formando una T, esta al aflojarse del 

extremo m§s largo acciona un mecanismo de resorte expandiendo los otros dos extremos restantes, 

tocando as² la superficie del orificio. 
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2.2.8. ABRAZADERAS  

Son cuatro accesorios complementarios de la m§quina en forma de dona, cuya funci·n principal es la 

de brindarle un tipo de aumento a nuestro buril, para poder realizar cortes a motores que cuenten con 

una bancada muy grande. 

A la abrazadera se le coloca el buril y se calibra la medida que debe llevar correspondiente al di§metro 

de la abrazadera, posteriormente la abrazadera se monta encima de la barra abraz§ndola y 

sujet§ndose mediante un tornillo Allen. 

 

Figura  13. Micr·metro de interiores con resorte Figura  12. Micr·metro de interiores en T 

Figura  11. Micr·metro de interiores de trompo 
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2.2.9. EXTENSIĎN 

Es una flecha de acero con conexiones en ambos extremos capaz de unirse por un lado con la barra y 

en el otro con la m§quina, un  accesorio complementario de la m§quina, cuya funci·n es la de ampliar 

el rango de distancia recorrido por el buril, cuando el brazo de la m§quina ya no puede desplazar m§s 

lejos la barra, en el §rea de rectificado se cuenta con dos extensiones de diferente medida, la extensi·n 

m§s larga permite recorrer el buril a las bancadas 1 y 2 que son las que normalmente no se llegar²a con 

el brazo de la m§quina, la extensi·n m§s corta solo se emplea en el corte de la bancada 3 y en algunos 

casos pudiendo llegar a cortar a la bancada 2. 

 

Nota: ambas extensiones son compatibles con la barra. 

abrazadera 1 2 3 4 

Tornillo Allen 5mm 6mm 6mm 8mm 

Di§metro  2.347ò 2.756ò 3.545ò 4.532ò 

Tabla 6. Datos de las abrazaderas 

Figura  14. Abrazaderas 
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2.2.10. CARPETA DE DATOS 

Es una carpeta con la recopilaci·n de las medidas de la bancada de todos los motores que se han 

rectificado hasta ahora en el taller, para poder agilizar el proceso de rectificado al momento de buscar 

datos e informaci·n del motor que se ha identificado para trabajar, en caso de no tener registrado el 

motor en la carpeta, se puede buscar su informaci·n en alguna de las tablas t®cnicas disponibles. 

 

Figura  15. Extensiones 

Figura  16.  Registro de motores del taller 
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2.3 MAQUINARIA 

A continuaci·n, se presentan las m§quinas utilizadas en el proceso establecido en la metodolog²a.  

2.3.1. MANDRINADORA LINEAL 

Una mandrinadora lineal es una m§quina-herramienta, la cual se emplea para trabajar con piezas de 

gran envergadura y exactitud, cuya principal funci·n es la realizaci·n de cortes en forma circular 

mediante un desplazamiento lineal, este tipo de m§quinas normalmente son empleadas en diversos 

sectores industriales debido a su gran eficiencia, versatilidad y alta precisi·n. 

En el sector automotriz son com¼nmente ocupadas en el proceso de fabricaci·n y reparaci·n de 

piezas, mayormente enfocado en el monoblock. 

 

Para poder comprender de manera m§s amplia la mandrinadora, a continuaci·n, se describen las 

partes m§s relevantes. 

a) Base cremallera 

Es el soporte fijo de todo el equipo de la mandrinadora lineal, su principal funci·n es sostener por los 

extremos cada parte de la m§quina, brindando la misma altura de partida para las piezas y una base 

plana para un buen desplazamiento mediante una cremallera situada a un costado de uno de los rieles 

de desplazamiento. 

Figura  17. Mandrinadora lineal 
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b) Vigas  

Son las estructuras que se encargan de soportar la carga y distribuir el peso del monoblock, 

dependiendo del tama¶o de este se quitan o se dejan unas vigas de aumento con las que vienen estas 

estructuras. Pero en general su funci·n es la de brindar un soporte en el cual se pueda cargar y fijar el 

monoblock, para evitar un posible movimiento inesperado. 

 

 

 

 

c) Puntillas  

Figura  18. Base cremallera 

Figura  19. Vigas 
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Estas son las encargadas de sujetar al monoblock e impedir su movimiento al momento de realizar el 

maquinado, de igual forma estas sirven para el centrado 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. 

 

 

d) Columnas  

Las columnas de soporte son las encargadas de cargar y mantener a una cierta altura de la barra, se 

encuentran situadas a los lados de las vigas sobre la base cremallera, estas tambi®n le brindan una 

lubricaci·n a la barra al momento que esta se encuentra girando mediante unos dispensadores de 

aceite.  

Las columnas cuentan con varias palancas que se encargan de apretar y mover las partes de la misma. 

 

 

 

 

Figura  21. Puntilla vista lateral Figura  20. Puntilla 
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Figura  22. Partes de la columna 
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e) Motor el®ctrico 

La mandrinadora cuanta con un motor el®ctrico de 220 volts, el cual es el encargado de transmitir la 

potencia de giro al sistema de embrague de la barra y mediante unas poleas de doble ranura se puede 

cambiar el n¼mero revoluciones al que va la barra.  

 

 

Parte  Funci·n  

Palancas 1 Aprietan la barra para no generar 
juego axial en el corte   

Palanca 2 Aprieta la columna para que no vari® 
la altura de la barra en el corte    

Palanca 3 Fija la columna a la base y evita su 
desplazamiento  

Perilla 1 Aprieta y sujeta los cojinetes de la 
barra  

Perilla 2 Se encarga de desplazar de manera 
axial la barra para su centrado  

Manivela  Es la encargada de ajustar la altura 
de las columnas  

Llave  Se encarga de desplazar por toda la 
base a la columna   

Escala  Sirve para medir la altura de la 
columna   

Tabla 7. Partes de la columna 

Figura  24. Poleas del motor el®ctrico 

Figura  23. Motor el®ctrico 
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f) Sistema de embrague  

Este es un mecanismo que permite la transmisi·n e interrupci·n de energ²a mec§nica de un motor 

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

En primera instancia el motor el®ctrico transmite la fuerza de giro mediante una banda y dos poleas de 

doble ranura, con las cuales se selecciona el juego de revoluciones en el que se desea trabajar. 

 

 

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

las revoluciones, el giro, la direcci·n y el acoplamiento de la fuerza del motor mediante un eje cardan 

hacia la barra, de esta manera dando inicio al procedimiento de corte en l²nea. 

 

 

Motor el®ctrico  

Marca  FIMET 

Modelo M80A4 

No. 1026132B 

Tipo Trif§sico  

Voltaje 220 

RPM 1680 

Figura  25. Diagrama del motor el®ctrico 
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1. Altura  

La altura se ajusta mediante una manivela que se encuentra debajo del sistema de embrague, unida a 

su misma columna de soporte y de igual forma 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 m§quina cuenta con una manivela y una palanca con las cuales pueden controlar el avance de la 

barra dependiendo que opci·n escojamos. La manivela  permitir§ realizar un avance de forma manual, 

as² que la barra se desplazar§ dependiendo los giros que le demos a la manivela y ya que est§ tiene un 

indicador de avance el cual est§ divido en 18 partes, cada una equivalente a 0.0040ò en 

desplazamiento, determinamos que en una vuelta completa de la manivela la barra  avanza 0.0720ò 

La palanca tiene la funci·n de iniciar el avance autom§tico, ya sea un avance lento o avance r§pido 

dependiendo como lo pida el corte, esta se encuentra dividida en tres pasos (C, D, E). 

C. Colocando la palanca a la izquierda la barra consigue un avance de 0.0030ò por cada giro de la 

barra, obteniendo as² un avance r§pido. 

D. Colocando la palanca en medio el avance de la barra pasa a ser manual, ocupando la manivela para 

realizar el desplazamiento. 

E. Colocando la palanca a la derecha la barra consigue un avance de 0.0015ò por cada giro de la barra, 

cortando por la mitad el avance r§pido y obtenido as² un avance lento. 

 

 

 

 

 

 

 

Avance por revoluci·n  

C 0.0030ò 

D Neutral  

E 0.0015ò 

Tabla 8. Avance de la mandrinadora 
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3. Revoluciones  

Las revoluciones de la m§quina se ajustan por medio de dos palancas, las cuales se dividen en seis 

pasos de forma gradual brindando un mejor control de las mismas 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 acceder, 

posteriormente cuando se cambia al lado B se puede trabajar con las revoluciones m§s altas. 

La segunda palanca est§ dividida en tres pasos (I, II, III), de esta forma es posible terminar de 

seleccionar la revoluci·n con la que vamos a trabajar.  

Nota: es importante determinar antes en qu® tipo de polea est§ trabajando el motor el®ctrico, ya que de 

esta manera es posible conocer que juegos de revoluciones tendr§ el sistema de embrague. 

 

 

 

 

 

 

4. El giro 

Este es controlado por un interruptor el®ctrico de tres pasos, el cual es el encargado de energizar el 

motor el®ctrico e invertir el sentido del giro del mismo. 

Si se coloca el interruptor en el n¼mero 1, el sentido del giro de la barra ser§ hacia la derecha y si se 

coloca en el numero 2 el sentido del giro ser§ hacia la izquierda, pero dejando el interruptor en el 

n¼mero 0 se des energiza la m§quina y la barra no gira hacia ning¼n lado. 

 

 

 

Palancas 

Polea 1 Polea 2 

A B A B 

I 90 340 100 390 

II 140 515 155 600 

III 216 816 252 960 

Tabla 9. Velocidad de giro de la mandrinadora 
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5. Direcci·n 

Esta se ajusta mediante la implementaci·n de una palanca de tres pasos y de manera muy sencilla 

seleccionamos la direcci·n del avance que tomara la barra, solamente movi®ndola hacia la izquierda o 

a la derecha, colocando la palanca en medio la barra no determina direcci·n alguna evitando su 

avance.  

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

sistema de embrague, procedemos a realizar el trabajo de rectificado de la bancada del motor. 

 

 

 

Figura  26. Interruptor de encendido 

Figura  27. Placa de especificaciones de la maquina 
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3. DESARROLLO DE ACTIVIDADES 

El presente trabajo presenta una gu²a que permite transmitir el conocimiento alcanzado despu®s de 

haber comprobado que se alcanza un resultado favorable y funcional en el mantenimiento correctivo 

automotriz, validando el m®todo cient²fico, ya que repitiendo una y otra vez el resultado es funcional y 

se espera est® disponible para profesionales y personas que van iniciando en este sector. A 

continuaci·n, se detalla el paso a paso que ha resultado adecuado para los motores analizados.  

VALORACION Y RECONOCIMIENTO  DEL MOTOR 

Para un maestro mec§nico o rectificador (operador de m§quina-herramienta) es importante el poder 

determinar el estado en el que se encuentra el motor y las causas que originaron su fallo, para que de 

esta manera no se realizarle alg¼n tipo de servicio que probablemente no requiere el motor, evitando 

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

tiene que tomar en cuenta ciertos puntos. 

Generalmente cuando un motor se desv²ela, se amarra o sufre alg¼n tipo de da¶o interno, suele afectar 

a un conjunto de partes del tren alternativo, por lo que es com¼n que la bancada del motor y el cig¿e¶al 

entre otros, sean partes que suelen da¶arse de manera simult§nea, generando el mantenimiento 

correctivo de ambas partes. 

Valoraci·n 

En el momento que llega un monoblock el operador tiene que realizar una breve inspecci·n de manera 

visual a este, en busca de alg¼n tipo de desperfecto que no afecte al proceso de rectificado, ya que de 

ser necesario el trabajo podr²a aumentar en costo y tiempo para el mec§nico. 

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 siendo el §rea a rectificar, checamos que se vean bien f²sicamente el 

monoblock y que estos no cuenten con fisuras, abrasiones, deformaciones exageradas o ranuras por 

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 cambian por unas de otro 

motor y en algunos casos tambi®n se mandan a soldar o rellenar. 
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Estos problemas normalmente suelen ser coaccionados por falta de una buena lubricaci·n, mal 

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

directamente en los cojinetes, piezas m·viles del monoblock y cabeza de cilindros. 

Despu®s el operador debe revisar el estado el que se encuentran los cajones de los axiales, ya que es 

muy com¼n que estos sufran una abrasi·n con los mismos cojinetes axiales y tengan que ser 

rellenados para posteriormente ser maquinados en la mandrinadora.  

Los cojinetes axiales tienen como funci·n limitar el juego axial que se genera por la fuerza ejercida del 

embrague hacia el motor, al momento de desacoplar el disco de embrague y el volante de inercia. 

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

armado, una mala lubricaci·n y un montado incorrecto de los cojinetes axiales. 

 

Figura  30. Caj·n axial en buen estado Figura  29. Caj·n axial en mal estado 

Figura  28. Comparaci·n de tapas 
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Por ¼ltimo, el operador realizara una inspecci·n a las tapas de bancada, checando que todas cuenten 

con una buena presi·n, ya que estas tapas requieren estar bien sujetas para evitar alg¼n tipo de juego 

que se pueda generar por el movimiento del cig¿e¶al; de lo contrario se procede a soldar una orilla de 

la tapa para posteriormente quitar el excedente de material soldado e ir ajustando la presi·n de la tapa 

con respecto al monoblock. 

Reconocimiento del motor 

El distinguir el tipo de veh²culo al cual le pertenece el motor que se va a trabajar es muy importante ya 

que cada marca y motor cuentan con sus propias medidas,  a veces suele ser algo complicado debido 

a que generalmente solo contamos con el monoblock y el cig¿e¶al teniendo pocas referencias para su 

b¼squeda, sin embargo podemos obtener los datos del motor con el di§metro de los mu¶ones de 

centros y bielas del cig¿e¶al, los cuales por si solos suelen ser de mucha ayuda al momento  de buscar 

el motor en las tablas de referencia que marca el fabricante, de igual forma con el di§metro de 

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

es un poco m§s complicado. 

Algunos motores suelen traer el logo de la marca y el cilindraje grabados en el monoblock y cig¿e¶al, 

con estos datos reducimos el rengo de b¼squeda para poder encontrar el motor m§s r§pido, como lo 

son el caso de las marcas Ford, Volkswagen y Nissan en algunos de sus motores. 

La manera m§s eficiente de encontrar un motor siempre ser§ con el n¼mero de parte que viene en la 

caja de los cojinetes de bancada, se localiza de manera m§s r§pida y precisa el motor, el ¼nico 

inconveniente son las marcas de los cojinetes ya que cada marca manejan sus propios c·digos, 

cat§logos y tablas, pero esto ya depende del mec§nico y la marca que m§s le guste trabajar, siendo las 

m§s comerciales Clevite, Sealed Power, Glyco, Mopar y Moresa siendo esta ¼ltima una marca que no 

solo trae su n¼mero de parte, sino tambi®n el nombre de los veh²culos y sus marcas que las usan. 

Figura  31. Tabla de especificaciones con sus respectivos cojinetes "MORESA" 
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CENTRADO Y MAQUINADO 

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

est®n lo m§s alineado posible entre s² y que la m§quina est® preparada para el tipo de motor que va a 

cortar, de igual forma hay que revisar que tanto la m§quina como todos sus accesorios se encuentren 

en buen estado, evitando as² el riesgo de realizar un mal corte que posiblemente bloquee el cig¿e¶al al 

momento del montado y armado del motor. 

Para esta parte del manual se tomar§ como ejemplo y evidencia tres tipos de motores, siendo los m§s 

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 empezara por la valoraci·n general, de la cual se determinara el 

estado en el que se encuentra el motor y as² poder descartar problemas que conlleven a un trabajo 

externo al corte en l²nea. 

 

Figura  32. Tabla de especificaciones con sus respectivos cojinetes "CLEVITE" 
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Un buen m®todo para determinar si la bancada requiere el servicio correctivo es mediante una escala, 

coloc§ndola de manera horizontal en la bancada del monoblock, posteriormente con el calibrador de 

lainas se procede a insertar las mencionadas de 0.0003ò a 0.0005ò entre la escala y cada una de las 

bancadas; en teor²a no debe existir alg¼n tipo de tolerancia pero si llegase a pasar libremente 

cualquiera de ellas, tal situaci·n indicar²a que el motor es considerado apto para un rectificado de 

bancada y en el caso de que una laina que pasara fuera de un valor mayor a 0.0010ò la bancada 

requerir§ de ser rellenada mediante soldadura, de lo contrario el cig¿e¶al podr²a tener vibraciones y 

perdida de presi·n de aceite, que a su vez generar²a desgaste prematuro en los cojinetes de centros 

del cig¿e¶al.   

La bancada debe traer un acabado liso sin ning¼n tipo de deformaci·n, abrasi·n o ranurado tanto el 

monoblock como las tapas, formando una circunferencia casi perfecta.  

Figura  34. Monoblock de Tsuru 1.6 Figura  35. Monoblock de Jetta 1.8 

Figura  33. Monoblock de Urvan 2.5 

Figura  38. Revisi·n de Urvan 2.5 Figura  37. Revisi·n de Jetta 1.8  Figura  36. Revisi·n de Tsuru 1.6  
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Los cajones de los cojinetes axiales deben de estar en buen estado, ya que el fallo m§s com¼n de los 

axiales es cuando sufren una abrasi·n con la bancada y las caras laterales del cig¿e¶al provocando la 

p®rdida del caj·n y un da¶o al cig¿e¶al, teniendo que rellenar mediante soldadura toda el §rea del 

caj·n que se perdi·, posteriormente ser§ maquinado para la recuperaci·n del caj·n del cojinete axial y 

posible rellenado o refrentado del cig¿e¶al [9]. 

 

Un m®todo para determinar una buena holgura axial de la bancada es mediante la comprobaci·n de luz 

(claro de lubricaci·n) con lainas, se tomara como referencia las de dimensiones de 0.0002ò y 0.0007ò, 

insertando primero la de valor m§s peque¶o justo entre la cara lateral del cig¿e¶al y el cojinete axial, 

esta tiene que entrar de manera libre de lo contrario si se atora o ni si quiera entrara significa que el 

juego axial es muy poco y se tendr²a que refrentar las caras del cig¿e¶al o el caj·n, para que tenga la 

luz adecuada o en su defecto cambiar los cojinetes axiales, posteriormente se proceder§ a insertar la 

laina m§s grande y esta no tendr§ que pasar entre el cojinete axial y la cara lateral del cig¿e¶al, ya que 

de pasar libremente esta nos indicar²a que el juego axial es excesivo ocasionando desgaste prematuro 

en los cojinetes axiales, una mala lubricaci·n de estos y un mayor riesgo de abrasi·n de los cojinetes 

axiales, teniendo que rellenar el caj·n para darle mayor altura o en su defecto cambiar los cojinetes 

axiales. 

Figura  39. Caj·n de Urvan 2.5 antes/despu®s 

Figura  40. Revisi·n de la holgura axial 
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En el proceso de rellenado de un monoblock de hierro se va a utilizar la soldadura por arco el®ctrico 

SMAW (Shielded Metal Arc Welding) ñsoldadura convencionalò  con un electrodo (utp8 44222) de 1 a 4 

electrodos dependiendo el §rea a rellenar, utilizando la mayor cantidad para una bancada, realizando 

varios cordones partiendo del centro de esta hacia los extremos para ir dando aumento de material, en 

el caso del caj·n solo se realizara un cord·n lo suficientemente grueso cubriendo toda el §rea da¶ada 

por el cojinete axial y se le colocaran dos puntos en la cara de la tapa da¶ada para evitar que los 

axiales se vayan a salir o girar [10]. 

Para un monoblock de aluminio se va a ocupar el proceso de soldadura TIG  (Tungsten Inter Gas) 

utilizando de 1 a 2 varillas de aporte para soldadura (4043 1/8) ocupando la mayor cantidad para la 

bancada y el m²nimo para rellenar el caj·n del axial, de igual forma procedemos a colocar dos puntos 

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

 

 

Una vez terminada la valoraci·n y el rellenado de bancada del monoblock, procedemos a montarlo en 

las vigas y ajustamos la m§quina a las dimensiones que tiene el monoblock. 

El monoblock se colocar§ de manera invertida, dejando la cara de los cilindros a bajo, montada sobre 

las vigas y la bancada en la parte de arriba, colocando el frente del monoblock a lado de la primera 

columna. 

Figura  42. Caj·n de Tsuru 1.6 rellenado  Figura  41. Caj·n de Urvan 2.5 rellenado 
 

Figura  43. Caj·n de Jetta 1.8 rellenado 
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En algunos casos el monoblock trae puestas las gu²as de la cabeza, esto en los Volkswagen y Nissan, 

dificultando su centrado y teniendo que retirarlas en ocasiones para tener un buen desplazamiento del 

monoblock sobre las vigas [11]. 

 

Se ajusta la m§quina de acuerdo al tipo de motor que se va a trabajar. Se tomar§ como dato principal el n¼mero de parte 

que traen grabados los cojinetes, de esa forma se encuentran  m§s f§cil los datos del motor en las tablas de especificaci·n 

del fabricante, nuestro registro de motores ya trabajados o  en los cat§logos de las marcas [12], este dato nos brinda todo lo 

que necesitamos saber para poder cortar el motor.  

 

Al no contar con el n¼mero de parte se realiza la b¼squeda en las tablas y cat§logos en base a los 

datos que si podemos obtener del motor, como lo pueden ser el di§metro de alojamiento de la bancada, 

di§metros de los mu¶ones de centro y bielas del cig¿e¶al, n¼mero/alineaci·n de cilindros y en algunos 

motores se pueden traer grabado la marca y cilindrada del veh²culo, posteriormente se procede a 

Figura  45. Gu²as de monoblock de Tsuru 1.6 Figura  44. Gu²as de monobloc de Jetta 1.8  

Figura  47. Cojinetes de Urvan 2.5 Figura  46. Cojinetes de Jetta 1.8 

Figura  48. Cojinetes de Tsuru 1.6 
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realizar la comparaci·n de datos obtenidos con los datos que nos arrojan las tablas y cat§logos de 

cada uno de los motores, de esta manera el motor que m§s coincida con nuestros datos ser§ el que se 

tomar§ como referencia para realizar el corte. 

 

Una vez arriba el motor ajustamos la altura de las columnas, aline§ndolas con la bancada del motor, 

luego procederemos a insertar el extremo de la barra con la conexi·n al cardan por el cojinete de la 

primera columna, pasando por el medio de toda la bancada del motor hasta salir por el otro cojinete de 

la otra columna, posteriormente se proceder§ a dar el par de apriete (torque) a la primera y ¼ltima tapa 

del motor esto en el caso del Nissan Tsuru 1.6 y Volkswagen Jetta 1.8, para el Nissan Urvan 2.5 ser§n 

todas las bancadas ya que las tapas est§n unidas en una sola pieza, de esta manera centraremos a los 

extremos del motor para dar la alineaci·n que debe llevar el corte [12]. 

 

Figura  50. Tsuru 1.6 montado en vigas Figura  51. Urvan 2.5 montado en vigas Figura  49. Jetta 1.8 montado en vigas  

Figura  53. Montado de tapas de Jetta 1.8 Figura  52. Montado de tapas de Urvan 2.5 

Figura  54. Montado de tapas de Tsuru 1.6 
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Tabla 12. Datos t®cnicos de la bancada de motores 

Los cojinetes de la barra se cambiar§n dependiendo el motor, por ejemplo, el Volkswagen Jetta 1.8 y el 

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

barra peque¶a, de esta manera se evitan inconvenientes al cortar y medir por falta de espacio entre la 

barra y la bancada.  

El motor que tenga el di§metro de su bancada menor a 2.300ò requerir§ el uso de la barra peque¶a, 

pero de ser mayor el di§metro a este mismo valor se podr§ implementar el uso de la barra grande para 

el rectificado. 

 

 

 

Tabla 10. Selecci·n del tipo de barra 

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

que lo sujeta, posteriormente levantamos esa mitad dej§ndola recargada en el otro lado de la columna 

para as² tener acceso a los cojinetes y poder realizar el cambio, estos cojinetes cuentan con una 

posici·n de uso ya que de no colocarse correctamente, se corre el riesgo de no tener una buena 

 

 

 

Dado para tapa de 
bancada 

Par de apriete 
(Torque) 

Nissan Tsuru 1.6 İ hexagonal στ ὥ σψȾ  

Nissan Urvan 2.5 Int. E-14 (e-torx) ςωȾ +60Á  

Ext. 12mm hexagonal ςπȾ  

Volkswagen Jetta 1.8 14mm hexagonal τχ ὥ υπȾ  

 Urvan 2.5 

2.321ò 

Tsuru 1.6 

2.113ò 

Jetta 1.8 

2.323ò 

Barra grande 

1.968ò X 
 

X 
Barra chica 

1.181ò 

 
X 
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lubricaci·n en la barra al momento  de estar trabajado, ya una vez colocados los cojinetes adecuados 

procederemos a seguir con el centrado. 

 

 

 

Una vez insertada la barra y con el torque adecuado las tapas se aflojan, las palancas 1 y 2, para 

liberar el juego de las columnas y poderlo centrar evitando que la misma barra se llegue a inmovilizar 

por esta acci·n. 

Se debe cuidar en la barra que la distancia de los barrenos donde se monta el buril y el micr·metro sea 

la necesaria para pasar por cada bancada del motor, de lo contrario se tendr²a que desplazar tanto las 

columnas como las vigas hacia un lado, brindando la distancia que necesita para realizar el corte y 

medici·n de la bancada. 

Figura  55. Pasos para cambiar cojinete de barra 
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Posteriormente se colocan las cuatro puntillas en las vigas cuidando que estas est®n apuntando una 

parte s·lida y estable del monoblock, de ser necesario se le puede colocar calzas o placas en ciertas 

posiciones para que brinde estabilidad al momento de apretarlas y se tenga un mejor control del 

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

posteriormente despu®s de realizar el primer centrado procederemos a apretarlos.  

Dado que el material que manejan los motores de aluminio es muy fr§gil, se necesita colocar a los 

tornillos de centrado unos protectores para evitar da¶ar el monoblock al momento de centrarlo. En 

motores de fierro no son tan necesarios, ya que estos motores tienden a ser m§s resistentes a la fuerza 

ejercida por las puntillas. 

 

 

Es necesario colocar en ambos extremos del motor montados sobre la barra los conos, dando de esta 

forma el primer centrado con el cual se buscara que la desalineaci·n del motor con respecto a la barra 

se m²nima y al momento de utilizar las puntillas demos el ¼ltimo centrado.  

Figura  56. Diagrama de posici·n del monoblock 

Figura  57. Protectores de puntillas 

Figura  59. Conos montados en Urvan 2.5  Figura  58. Conos montados en Jetta 1.8 
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Una vez que ya se colocaron los conos y se redujo la desalineaci·n que hay entre bancada y barra 

procederemos a colocar las puntillas, cuidando que cada una de estas apoye en un lugar s·lido y 

estable, de lo contrario ser§ m§s dif²cil el centrado del monoblock y puede que este se mueva al 

momento de ser trabajado. Para los puntos donde no se cuenta con una buena superficie para recargar 

las puntillas, ahora hay que colocar unas peque¶as placas de acero para brindar una superficie s·lida 

en la cual apoyar las puntillas. 

 

Cuando las puntillas ya est§n colocadas y los tornillos de centrado estas retrocedidos completamente 

se le dar§n 3 vueltas de apriete a estos, luego se apretar§n la tuerca de sujeci·n de las puntillas con la 

llave 15/16 y despu®s con la llave 3/4 se procede a apretar los tornillos de centrado de manera paralela 

e ir sujetando el monoblock. 

 

 

Figura  60. Conos montados en Tsuru 1.6 Figura  61. Placas para brindar estabilidad a las puntillas 

Figura  62. Pasos para ajustar puntillas 
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Se procede a montar los centradores de reloj sujet§ndolos de la barra y coloc§ndolos en la primera y 

¼ltima bancada del monoblock, posicionando la aguja en la orilla de la bancada para que de esta forma 

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

 

Mediante estos centradores buscaremos llegar a una alineaci·n m§s precisa en los 4 puntos de la 

bancada (arriba, abajo y a los lados). Conforme apretemos una punta de centrado ser§ necesario que 

se afloje la punta del lado opuesto para que de esa manera podamos desplazar el monoblock hacia el 

lado m§s descompensado de la bancada. Una vez teniendo los cuatro puntos de la bancada a una 

misma distancia con respecto a la barra, procederemos a bajar las columnas de la barra de 5 a 10 

mil®simas, con el objetivo de poder limpiar toda el §rea de la bancada que por deformaci·n, desbaste o 

abrasi·n no alcanzar²a a salir con la altura inicial de las columnas.  

 Posteriormente se procede a apretar todo el juego 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®simas de las columnas, luego se corrobora que el centrado 

este bien mediante el uso del buril, se colocar§ en la barra con la altura correcta para cortar el di§metro 

de la bancada y se proceder§ a revisar que nuestro buril pase rallando a los lados de cada una de las 

bancadas del monoblock y en la parte de abajo se incruste la punta del buril, esto por el 

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

§rea de la bancada unida al monoblock. 

 

 

Figura  63. Centradores de reloj 
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En esta etapa hay que rebajar todas las tapas de bancada en la m§quina para desbastar tapas; en los 

motores Tsuru 1.6 y Jetta 1.8 es necesario rebajar m²nimo 15 mil®simas a cada una de las tapas, ya 

que de lo contrario se puede correr el riesgo de que el buril no corte bien toda el §rea de estas, dejando 

tapas a la mitad de corte o sin cortar. 

 

 

Figura  65. Pasos para inmovilizar columna  Figura  64. Comprobaci·n del centrado 

Figura  67. Tapas de Tsuru 1.6 Figura  66. Tapas de Jetta 1.8 

Figura  68. Tapa de Urvan 2.5 
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Para las tapas del Tsuru 1.6 y Jetta 1.8, se requiere del uso de una m§quina para desbastar tapas de 

bancada, de esta forma logramos que nuestras tapas sean acortadas de manera uniforme, evitando un 

mal corte. Lo primero que vamos a revisar es la altura de todas las tapas mediante el uso del vernier, 

despu®s se le quitaran 15 mil®simas a cada tapa, m²nimo para que el buril pueda limpiar toda el §rea 

de la tapa en el ¼ltimo corte. 

 

 

 

Se sujeta la tapa en una peque¶a prensa la cual est§ enfrente de una piedra de desbaste, por medio de 

un indicador de caratula se alinean los extremos de la tapa para que su desbaste no termine 

descompensado y una vez ya preparada la tapa encendemos la m§quina y le iremos metiendo dos 

mil®simas por cada pasada de la piedra hasta conseguir las 15 mil®simas. 

 

 

Figura  69. Placa para tapa doble de Tsuru 1.6 

Figura  70. Altura de una tapa de bancada  
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Para la Urvan 2.5 es necesario realizar el proceso de careado o refrentado, ya que esta al ser una sola 

pieza requiere ser rebajada de manera uniforme, por lo cual se implementar§ el uso del torno para su 

maquinado. La tapa cuenta con unas gu²as las cuales cumplen la funci·n de mantener la alineaci·n de 

la bancada al momento  de montarla en el monoblock, por lo que es necesario retirarlas antes de 

maquinar la pieza, para eso necesitaremos un machuelo de 1/2 el cual usaremos para hacerle una 

cuerda interna a las gu²as de la tapa y cuando parte del machuelo este adentro de la gu²a, con un 

tornillo de la bancada y un martillo de goma lo empujaremos por el lado contrario de la tapa hasta 

sacarlo y con cuidado desenroscaremos la gu²a del machuelo, realizando lo mismo a cada gu²a. 

 

Figura  72. Proceso de desbaste para  tapas de Tsuru 1.6 y Jetta 1.8  

Figura  71. Comparaci·n de tapas rebajadas  



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

67 

 

Despu®s se monta la tapa en el chuck del torno y con ayuda del indicador de caratula vamos a centrar 

la tapa, usaremos un martillo de goma para ajustar las esquinas de la tapa dej§ndolas a la misma 

distancia, posteriormente ponemos a girar la pieza y revisamos que esta no pierda el centrado, para 

despu®s rebajar las 15 mil®simas necesarias a la tapa de bancada.    

Una vez ya rebajadas las tapas se procede a montarlas en el block para corroborar que nuestro buril si 

podr§ cortarlas de manera completa. 

 

 

Figura  73. Torniller²a y herramienta para la bancada de Urvan 2.5 

Figura  74. Proceso para desbastar Tapa de Urvan 2.5 
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Ya que todo ®ste preparado es necesario maquinar primero el caj·n del cojinete axial, esto en caso de 

haber sido rellenado con soldadura. 

Para este procedimiento se ocupan dos tipos de buriles, uno de pastilla cuadrada y otro de corte 

derecho, para la elaboraci·n de la parte del caj·n donde descansara el cojinete de juego axial, para ello 

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

la distancia que necesita el cig¿e¶al para tener una buena holgura axial. La medida ideal tiene que ser 

de 3 a 4 mil®simas menor que la distancia que hay entre las caras laterales del mu¶·n de bancada, 

esto tomando en cuenta el grosor de ambos cojinetes axiales, ya que estos ser§n los que estar§ 

directamente en contacto con las caras laterales del mu¶·n y por lo tanto es importante que cuenten 

con una luz mayor a 2 y menor a 7 mil®simas. Posteriormente se requiere montar el buril de pastilla 

cuadrada y mediante la ecuaci·n se determina la altura que debe de llevar este para poder cortar el 

caj·n de acuerdo a las medidas del cojinete axial. 

 

 

 

 

Figura  75. Tapa de Urvan 2.5 rebajada 
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En el sistema de embrague se usar§ la polea 1 seleccionando la primera palanca en el lado A y la 

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

un avance D (neutral), despu®s escogeremos el giro de la barra de acuerdo al sentido de corte del buril, 

para finalmente ir dando el avance de forma manual y de manera lenta con cuidado vamos a ir 

metiendo cortes de 0.004ò. 

Una vez ya maquinado el caj·n se rebaja la parte exterior del mismo, se monta en la barra el buril con 

pastilla de corte derecho a la misma distancia que el resto del cord·n de soldadura y de la misma forma 

FORMULA Ï Cojinete Axial ï Ï Barra 

2 
EJEMPLO 
(Tsuru 1.6)  

2.790ò ï 1.181ò 

2 
Altura del buril= 0.804ò 

Tabla 11. F·rmula para maquinar el caj·n axial 

Figura  78. Buril de pastilla cuadrada  Figura  77. Buril de corte derecho Figura  76. Buril de punta  a 80Á 

Figura  79. Maquinado del caj·n axial 
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se van a ir metiendo cortes de 0.004ò hasta que la mitad del cojinete axila pueda sobresalir del caj·n, 

permitiendo un buen paso de lubricaci·n en los canales de los cojinetes axiales y evitando que parte 

del cord·n de soldadura tenga alg¼n contacto con el cig¿e¶al provocando que este no cuente con giro 

libre. 

 

 

Despu®s de maquinar el caj·n, se realiza un corte en l²nea, para esto es necesario cambiar los buriles 

de pastilla cuadrada y de corte derecho por un buril de punta de 80Á, este se colocara en un barreno de 

la barra y con el calibrador se le dar§ la altura al buril, la cual tiene que ser 15 mil®simas menor a la 

altura final para no empezar con un corte fuerte y posteriormente se subir§ la altura 5 mil®simas 

despu®s de cada corte a las bancadas, hasta llegar a la medida completa y de esta forma meter el 

corte final.  

 

Figura  81. Caj·n axial en monoblock de fierro  Figura  80. Caj·n axial en monoblock de aluminio 

Figura  82. Escala de cortes en el palpador 
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La configuraci·n del sistema de embrague ser§ con la polea 1, seleccionando la primer palanca en la 

secci·n A y colocando la segunda en la velocidad 3, despu®s se conecta la barra al eje cardan y 

embragamos el sistema, luego encendemos la m§quina seleccionado el giro seg¼n el sentido de corte 

del buril, utilizando un avance r§pido la tercera palanca se colocara en la secci·n C. 

Al momento de estar cortando se ocupar§n las extensiones para darle un mayor alcance a todas las 

bancadas del monoblock, la extensi·n grande, se ocupar§ cuando el corte se realice en las bancadas 1 

y 2 ya que son los puntos m§s alejados del sistema de embrague; para la bancada 3 a veces se 

ocupar§ la extensi·n chica, ya que en ocasiones la distancia que se extiende la flecha es suficiente 

para cortar tanto las bancadas 5 y 4 como la 3. 

En el primer corte el buril ¼nicamente cortar§ la parte de en medio de las tapas y de esta manera 

conforme aumente 5 mil®simas de altura a cada corte del buril, este se ir§ ampliando el §rea rectificada 

en las tapas. Una vez que se llegue a 5 mil®simas de la medida final, el buril ya no solo cortara las 

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

 

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

micr·metro, determinado de manera exacta cuantas mil®simas le faltan al buril para cortar la medida 

completa del di§metro de alojamiento de la bancada. 

Ya para el ¼ltimo corte se procede a subirle las mil®simas que le hagan falta a nuestro buril y 

cambiaremos de posici·n la palanca 2 a la velocidad 1, con la cual se va a dejar cortar un tramo de 

ñ0.160 a la bancada, mismo tramo donde se va a realizar la medici·n con nuestros 2 micr·metros, 

checando que el di§metro de la bancada sea el correcto y posteriormente se vuelve a dejar ir ese 

mismo corte en lo que resta de la bancada, en caso de que el corte no hay abierto completo el di§metro 

de la bancada se vuelve a pasar ese mismo corte en velocidad 3, de esta manera se logra abrir de 2 a 

3 mil®simas m§s al di§metro, de igual forma al mismo buril se le puede subir las mil®simas que 

Figura  83. Escala de cortes en la bancada 
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necesite para terminar el corte. Se realiza de la misma manera este procedimiento a las bancadas 

restantes, terminado as² el proceso de maquinado. 

CALIBRACION Y MEDICION 

En los buriles es posible utilizar dos instrumentos de medici·n para darle la altura requerida, esto 

dependiendo del tipo de maquinado que se va a realizar ya que cambia el m®todo de calibraci·n seg¼n 

el buril que se ocupe. 

Buril de desbaste cuadrado o corte derecho 

En primera instancia para el maquinado del caj·n se requiere obtener la altura del buril, para lo cual 

primero tenemos que determinar cu§l es el di§metro total del caj·n o cojinete axial, estos datos se 

pueden encontrar en base a las tablas de especificaciones o cat§logos de las marcas, de igual forma 

es posible medir el caj·n o el cojinete mediante el uso de un instrumento de medici·n para conseguir el 

mismo dato, posteriormente con la implementaci·n de la ecuaci·n h= 
z  ɀ z

 se obtiene la altura del 

buril.  

Una vez que determinando la altura del buril, se debe utilizar el vernier situando al nonio a la medida 

que tenemos como altura, colocamos el seguro para evitar que se mueva la escala y luego ocupando el 

v§stago de profundidad se va comparando con el buril mientras este se va sacando sacando del 

barreno de la barra hasta que iguale su distancia, posteriormente con mucho cuidado vamos a apretar 

el perno prisionero del barreno con la llave Allen 5/32 para fijarlo y ya meter corte. 

Para el resto del caj·n basta con incrementarle a nuestro buril las mil®simas que sean necesarias para 

poder cubrir todo el cord·n de soldadura sobrante y de esta forma poder cortar la parte exterior del 

caj·n del cojinete axial.  

 

Figura  84. Calibraci·n de buril para maquinado de caj·n axial 
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Buril de corte punta 80Á 

De igual forma que en el punto anterior lo primero que se necesita es obtener la altura de nuestro buril, 

para esto es necesario saber cu§l es el di§metro de alojamiento de nuestra bancada, el cual lo 

podemos conseguir mediante el uso de las tablas o cat§logos y posteriormente utilizaremos la ecuaci·n 

h2= ὄɲὥὲ ὄɲὥὶ para determinar la altura. 

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

posicion§ndolo el barril de calibraci·n en 0 y aflojando la tuerca de ajuste, una vez que la tuerca esta 

floja y el palpador est§ libre vamos a bajar su punta recarg§ndola en la barra hasta que la aguja del 

indicador de caratula se eleve a 0, de esta manera no se tendr§n problemas al momento  de usarlo, ya 

que el tener un palpador mal ajustado afecta a la calibraci·n del buril, posteriormente se posicionara el 

barril de calibraci·n con la altura que obtuvimos mediante la ecuaci·n. 

Insertaremos nuestro buril en un barreno de la barra y encima de este se colocar§ el palpador ya 

ajustado con la medida, con cuidado vamos a sacar el buril y mediante la caratula del palpador se deja 

a unas 15 mil®simas debajo de la medida completa y se aprieta su peno para iniciar el corte, 

posteriormente se le van a subir de 5 mil®simas hasta llegar al corte final. 

 

 

Figura  85. Calibraci·n de buril para rectificado de bancada  
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Medici·n  

Para realizar la comprobaci·n del corte de la bancada se ocupa dos procesos de medici·n, con el 

primero se determina el di§metro total de la bancada una vez terminado el corte, mediante el uso de 

instrumentos de medici·n y el segundo se utilizar§ como comprobaci·n de la medida, ya con el 

cig¿e¶al y metales montados obtendremos la luz que hay entre el mu¶·n del cig¿e¶al y el metal de la 

bancada. 

Micr·metros 

En este proceso de medici·n es necesario apoyarse de dos micr·metros los cuales son de arco y 

resorte respectivamente, el micr·metro de arco debe contar con un rango de medici·n en el que pueda 

abarcar la medida de la bancada y para el micr·metro de resorte se necesita ajustarlo para poder 

realizar una buena medici·n. 

 

Una vez que nuestro buril ya pas· por una parte de la bancada con la medida final procedemos a 

medir, se introducir§ el micr·metro de resorte en un barreno de la barra y se insertara en el §rea ya 

cortada de la bancada, hay que revisar  que este toque la parte de abajo de la bancada con su extremo 

fijo, ya que de lo contrario se podr²a calzar con la misma barra y la medida ser²a err·nea, luego es 

necesario aflojar el prisionero que mantiene sujeta la puntilla para que accione el resorte elevando esta 

misma a la parte superior de la bancada, despu®s se vuelve a apretar el prisionero para fijarla y retirar el 

Figura  86. Micr·metros utilizados en el rectificado de bancada 
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micr·metro de la barra, se mide con el micr·metro de arco consiguiendo as² la medida de la bancada 

reci®n cortada. 

 

Plastigage 

Para el uso de la herramienta plastigage es necesario que se monten los cojinetes de la bancada que 

se van a utilizar, ya que para el uso de esta herramienta se requiere del armado del cig¿e¶al. 

En primera instancia se realizar§ la limpieza de todas las bancadas y sus tapas, estas no deber§n de 

tener ninguna rebaba ya que esta puede causar problemas al momento de armar la bancada del motor, 

ocasionando que se da¶en los metales o limitando la movilidad del cig¿e¶al al no contar con un giro 

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 orificio por el cual la vena de lubricaci·n va a suministrar el 

aceite formando una pel²cula que recubra todo el mu¶·n del cig¿e¶al. En algunos casos para las tapas 

de bancada los metales no cambian, pero generalmente son lisos y no cuentan con alg¼n tipo de canal, 

limitando su funci·n a la de una pista donde circulara el aceite.  

Figura  87. Proceso de medici·n de bancada 

Figura  88. Proceso de armado de bancada 
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La mayor²a de cojinetes tambi®n cuentan con una muesca de ubicaci·n, la cual es importante para 

determinar la posici·n que llevan y evitan un desplazamiento axila o rotativo cuando el motor est§ en 

funcionamiento. 

Una vez ya colocados los cojinetes que van en el monoblock, se procede a su lubricaci·n con aceite 

para despu®s montar el cig¿e¶al evitando as² que los mu¶ones tengan un contacto en seco con los 

cojinetes, ya que esto los puede da¶ar. 

 

 

Posteriormente ya montado el cig¿e¶al colocaremos un pedazo peque¶o de la tira del platigage en 

cada mu¶·n de centro, siempre tomando como gu²a la direcci·n del mismo cig¿e¶al para contar con 

una buena lectura, luego se colocaran los cojinetes restantes en las tapas y se proceder§ a ensamblar 

sin aceite en el conjunto de la bancada, siempre checando el orden y posici·n de las tapas, para esto 

se va a dar el torque requerido indicado en la ficha t®cnica, esta actividad se realiza con mucho cuidado 

ya que esta herramienta necesita que las piezas m·viles mantengan una sola posici·n para obtener 

una buena medida del claro de lubricaci·n. 

Figura  91. Armado de Jetta 1.8 Figura  90. Armado de Urvan 2.5 Figura  89. Armado de Tsuru 1.6 

Figura  92. Proceso de implementaci·n del plastigage 
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En el punto siguiente se retiran las tapas y el plastigage se tendr§ que haber deformado, en este punto 

es necesario comparar la escala que viene impresa en la envoltura del platigage con el ancho de la 

zona aplastada, obteniendo as² la luz que tiene el motor. 

La holgura aceptable que debe tener un motor es de 1 mil®sima por cada pulgada de di§metro del 

mu¶·n, siendo generalmente de 0.0015ò a 0.002ò el claro de lubricaci·n que llevan los veh²culos a 

gasolina y uno que otro di®sel. 

 

TERMINADO 

Una vez que ya se rectific· la medida y luz de nuestra bancada, se procede a realizar el armado de la 

bancada, para verificar que el trabajo sea adecuado y no muestre alg¼n inconveniente. 

Primero se retira el platigage marcado en los cojinetes y mu¶ones del cig¿e¶al esto de una manera 

cuidadosa evitando da¶ar alguna de las partes, mediante unos trapos y solventes se van retirando, 

cuidando de no dejar alg¼n residuo o rebaba.  

Despu®s se lubrican bien los lados expuestos de los mu¶ones de centro del cig¿e¶al, para 

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

Finalmente, la bancada debe contar con un giro libre del cig¿e¶al al momento de aplicarle una fuerza 

de torsi·n con nuestras manos y no debe tener un juego axial excesivo. 

 

Figura  93. Proceso de medici·n del plastigage 
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De esta manera se concluye con el rectificado de una bancada (corte en l²nea) habiendo abarcado 

punto por punto todos los pasos que se deben de seguir al momento de realizar este tipo de servicios 

correctivos a un motor de combusti·n interna (Urvan 2.5, Tsuru 1.6 y Jetta 1.8) [13, 14]. 

Mediante los datos obtenidos en la investigaci·n se comprob· y determino la viabilidad del proceso de 

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, 15 y 16. 

 

 

 

 

Figura  96. Monoblock de Jetta 1.8 terminado  Figura  95. Monoblock de Tsuru 1.6 terminado 

Figura  94. Monoblock de Urvan 2.5 terminado 
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Tabla 14. Resultados del monoblock Nissan Tsuru 1.6 

Nissan Urvan 2.5 (4 cil.) 
El veh²culo presento un pronto desgaste en los cojinetes por el tipo de trabajo que realiza la unidad 
y un mal mantenimiento preventivo. 

 Ï Bancada Ï Mu¶·n de 
cig¿e¶al 

Claro de 
lubricaci·n (Luz) 

Holgura axial   

Tolerancias del 
fabricante 

2.321ò 2.164ò 0.001ò-0.002ò 0.002ò-0.005ò 

Desgates del 
Monoblock 

2.322ò 2.163ò 0.004ò se perdi· el 
caj·n axial 

Monoblock 
rectificado 

2.321ò 2.163ò 0.002ò 0.004ò 

 

 

 

 

 

 

Nissan Tsuru 1.6 (4 cil.) 
El veh²culo presento problemas en el sistema de lubricaci·n, siendo esta la principal raz·n que 
ocasiono el da¶o en la bancada   

 Ï Bancada Ï Mu¶·n de 
cig¿e¶al 

Claro de 
lubricaci·n (Luz) 

Holgura axial   

Tolerancias del 
fabricante 

2.112ò 1.967ò 0.001ò-0.003ò 0.002ò-0.004ò 

Desgates del 
Monoblock 

2.114ò 1.965ò 0.005ò se perdi· el 
caj·n axial 

Monoblock 
rectificado 

2.112ò 1.957ò  
se rectific· en 

0.010 

0.002ò 0.003ò 

Volkswagen Jetta 1.8 (4 cil.) 

El veh²culo presento un da¶o en el cojinete axial trasero, esto por un embrague en mal estado  

 Ï Bancada Ï Mu¶·n de 
cig¿e¶al 

Claro de 
lubricaci·n (Luz) 

Holgura axial   

Tolerancias del 
fabricante 

2.323ò 2.124ò 0.001ò-0.004ò 0.003ò-0.005ò 

Desgates del 
Monoblock 

2.324ò 2.112ò 0.005ò se perdi· el 
caj·n axial 

Monoblock 
rectificado 

2.323ò 2.104ò  
se rectific· en 

0.020 

0.002ò 0.003ò 

Tabla 15. Resultados del monoblock Nissan Urvan 2.5  

Tabla 15. Resultados del monoblock Volkswagen Jetta 1.8  
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DIAGRAMA DE FLUJO 
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   HOJA DE PROCESO   

1Á Recepci·n del motor Se hace el registro del motor y se le realiza una orden de 
trabajo al cliente, posteriormente se traslada el motor a el 

§rea de maquinado correspondiente 

2Á Reconocimiento  
Y valoraci·n  

del monoblock 

Se determina el tipo de veh²culo al que pertenece y se 
rectifica de acuerdo a las especificaciones del fabricante,  
posteriormente se revisa el estado f²sico de la bancada, 

cig¿e¶al y sus medidas. 

3Á Se necesita rellenado por 
soldadura   

En base a la valoraci·n f²sica de 
la bancada determinamos si 
est§ o el caj·n axial requiere del 

servicio de rellenado por 
soldadura para ser maquinado 

El monoblock requiere el 
servicio: 

seguir paso 4Á 

El monoblock no requiere 
el servicio: 

seguir paso 6Á 

4Á Definir  
el proceso  

de soldadura  

Dependiendo del material en el 
que est§ fundido el monoblock 
se determinara el proceso de 
soldadura con el cual se va a 

rellenar    

Fierro colado 
se usa el proceso de 

soldadura SMAW: 
seguir paso 5Á 

Aluminio 
se usa el proceso de 

soldadura TIG: 
seguir paso 5Á 

5Á Ćrea de soldado  
y rellenado  

Ya identificados los puntos a soldar y el tipo de soldadura se 
proceder§ a rellenarlos mediante la aplicaci·n de cordones, 
hasta conseguir la cantidad suficiente de material para ser 

maquinado 

6Á Montaje y ajuste de 
monoblock en la 

mandrinadora  

Se sube el monoblock a la m§quina y esta se ajusta de 
acuerdo a las especificaciones y dimensiones que tiene el 

monoblock 

7Á Centrado de bancada Mediante una serie de pasos se procede a realizar el 
centrado de la m§quina con respecto a la barra de corte e ir 

inmovilizando el monoblock 

8Á Determinar el proceso  
para desbastar 

 tapas 

La bancada de un monoblock 
puede contar con dos tipos de 

tapas, para estos casos el 
proceso de desbaste es 
diferente, dado por las 

dimensiones que manejan 
ambas se implementan dos 
m§quinas diferentes   

La bancada cuenta con 
tapas unidas: 

el desbaste se realizara 
en el torno: 
seguir paso 9Á 

La bancada cuenta con 
tapas independientes: 

el desbaste se realizara 
en la rectificadora de 

tapas: 
seguir paso 9Á 

9Á Calibraci·n de la herramienta 
de corte 

Se preparara todo el material 
que se ocupa en el proceso de 
maquinado y tambi®n se calibra 

nuestro instrumental de corte 
dependiendo del §rea a 

maquinar 

Se maquinara caj·n axial: 
seguir paso 10Á 

Se maquinara la bancada: 
seguir paso 11Á 

10Á Maquinado del caj·n axial Se realiza el maquinado del 
caj·n del cojinete axial en el 
lado rellenado por soldadura 

mediante el uso de dos buriles 
de desbaste 

Se termin· de maquinar 
el caj·n axial: 

regresar paso 9Á 

11Á Maquinado de la bancada  Se da inicio al ñcorte en l²neaò mediante el uso de un buril de 
corte y posteriormente se le va aumentando la medida del 
buril hasta llegar al di§metro correspondiente de la bancada 
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ANEXO 

 

12Á Medici·n de la bancada  Previo y posterior a la realizaci·n del ultimo corte se medir§ 
la bancada con los dos tipos de micr·metros para determinar 
si esta cuenta con el di§metro establecido por el fabricante 

13Á Comprobaci·n  
y  

revisi·n  

Se utilizara la herramienta 
plastigage para corroborar que 

la bancada cuente con la 
holgura requerida y se revisa 
que el cig¿e¶al cuente con un 

giro libre ya armado en el 
monoblock 

Se present· alg¼n 
problema en la holgura 

y/o movilidad del 
cig¿e¶al: 

seguir paso 14Á 

No se present· alg¼n 
problema en la holgura 

y/o movilidad del 
cig¿e¶al: 

seguir paso 15Á 

14Á Identificar el  
problema y  
corregirlo 

Se realizara una inspecci·n 
minuciosa de todas las partes 

que conforman la bancada para 
encontrar el problema que le 
est§ afectando y determinar  su 

posible soluci·n 

Se realiz· la respectiva 
correcci·n del problema: 

regresar paso 13Á 

15Á Limpieza y armado  
de la  

bancada 

Se realizar§ una limpieza de toda la bancada y las partes 
que la conforman para finalmente armarla y mandar el 
monoblock a la secci·n de trabaos terminados 

16Á Entrega  
del 

monoblock 

Se le notificara al cliente que el servicio correctivo de su 
motor a concluido, para que pueda recogerlo 

Figura  98. Herramienta para Urvan 2.5 Figura  97. Herramienta para Tsuru 1.6 
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Figura  102. Herramienta para Jetta 1.8 
Figura  101. Dispensadores de aceite por goteo 

Figura  106. Desgaste del caj·n axial de Urvan 2.5. 

Figura  105. Funcionamiento de 
plastigage 

Figura  104. Mandrinadora 

Figura  103. Tapa doble del Tsuru 1.6 

Figura  100. Extensiones 
Figura  99. Motor V8 montado para corte en l²nea 
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CONCLUSIONES 

El rectificado de motores sigue siendo muy poco conocido a comparaci·n de otras §reas en el sector 
de la mec§nica automotriz, se alcanz· a desarrollar una soluci·n con im§genes de gran calidad permite 
lograr un mayor alcance y con ello se logra comprender de mejor manera el proceso del rectificado de 
bancada de un monoblock, para las personas que empiezan en esta §rea, de igual forma se gener· un 
impacto positivo a lconocer la importancia de este tipo de trabajos y soluciones bien definidad y 
comprobadas para M®xico y Latinoam®rica principalmente. 

El trabajo permiti· identificar el proceso desde la recepci·n del monoblock, la valoraci·n de las 
condiciones de inicio, logrando llevar al interesado a las siguientes etapas del proceso (soldadura y 
maquinado) describiendo el m®todo correcto de la realizaci·n de estas actividades para el lector y 
finalmente se realiz· la recopilaci·n de resultados del proceso antes mencionado determinado su 
viabilidad como un tipo de mantenimiento correctivo para los veh²culos que sufren un da¶o severo en la 
bancada del motor. 

Es por eso que la realizaci·n y divulgaci·n de este tipo de trabajos ayuda a dar una mayor exposici·n 
del rectificado automotriz, permitiendo formar una comunidad mejor preparada y con acceso m§s 
informaci·n. Se espera que este trabajo sirva de apoyo en la capacitaci·n de nuevo personal para las 
empresas y talleres, ofreciendo un servicio con toma de descisiones informadas y capacitaci·n 
confiable. 
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ABSTRACT: The transition into early childhood education is a significant emotional, social, and 

developmental process for both children and their families. This mixed-methods study, conducted in 

Malta, explored parental experiences of childrenôs transition into early childhood education through the 

lenses of Van Gennepôs rites of passage, Bronfenbrennerôs ecological systems theory, and Vygotskyôs 

sociocultural theory. Data were collected through semi-structured interviews with 15 parents and an 

online questionnaire completed by 51 parents. 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 incorporation. 

This study 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 for 

early years educators, policymakers, and family support professionals, particularly in culturally diverse 

and small-scale educational contexts. 

Key words: early childhood education, educational transitions, parental experiences, rites of passage 
(Arnold Van Gennep), emotional adjustment, home-school collaboration 

INTRODUCTION 

The transition into early childhood education represents one of the first significant changes in a childôs 

life. It requires children to adjust to new environments, routines, and relationships while simultaneously 

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 in early childhood 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 remarkable resilience, the transition to formal education can be 

accompanied by emotional distress, separation anxiety, behavioural regression, and varying degrees of 

adjustment difficulties (Rimm-Kaufman & Pianta, 2000; Theodotou, 2019). For others, transitions may 

become a gateway to positive socialisation, confidence building, cognitive stimulation, and long-term 

academic success when well supported (Fabian, 2012; Harju et al., 2023). What is increasingly 

mailto:farrugia.sim@gmail.com
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acknowledged is that transitions are not linear nor universally experienced. Rather, they are deeply 

influenced by cultural, contextual, and relational factors that shape children's and familiesô experiences 

(Dervin, 2020; Sollars, 2020). 

Despite a growing body of literature, a notable gap remains: many studies focus heavily on child 

outcomes, institutional strategies, or educator perspectives, often overlooking the lived experiences of 

parents, who play a critical role both before and during transitions (Nicholson, 2018; OôConnor, 2013). 

This study directly addresses 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 conducted in Malta; a small island nation located in the Mediterranean Sea, 

characterised by its unique cultural, historical, and educational landscape. Early childhood education 

has gained significant importance in Maltese national policy over recent decades, reflecting both 

international trends and local priorities to ensure accessible, high-quality provision from an early age 

(Sollars, 2020). In Malta, formal education often begins as early as 3 years of age, with children entering 

childcare centres, kindergartens, or preschools before compulsory schooling. 

Maltaôs early years sector is diverse, encompassing state, church, and private providers, each offering 

varied pedagogical approaches ranging from more structured academic curricula to play-based 

methodologies (Theodotou, 2020). Increasing cultural diversity, shifting family structures, and evolving 

societal expectations present both opportunities and challenges for educators and parents. While the 

country has invested in professional development for early years practitioners and 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 instructive 

context for studying 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 from one context or stage 

of life to another, requiring adjustment and adaptation to new environments, relationships, and routines 

(Dockett & Perry, 2007). As Lehman et al. (2001) argue, ñtransition must be conceptualized as a 

process that occurs over time, not as a short-term move from one environment to the nextò (p. 6). In 

early childhood education, transitions may include moving from home to childcare, from preschool to 
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primary school, or even between classes within the same institution. These transitions are often 

accompanied by both developmental and emotional demands that require effective support mechanisms 

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

Children undergoing transitions must manage separation from familiar caregivers, adapt to different 

adult expectations, form new peer relationships, and learn unfamiliar rules and routines (Rimm-Kaufman 

& Pianta, 2000; Margetts, 2002). The 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 et al. (2014) argue, transitions are 

not isolated events but processes that unfold over time and vary in duration and complexity for each 

child. 

3. PARENTAL EXPERIENCES AND PERSPECTIVES ON TRANSITIONS 

While much research focuses on children's emotional and behavioural responses during transitions, 

parentsô experiences are equally important. As Lehman et al. (2001) explain, ñthe transition into public 

school kindergarten marks an important rite of passage for children and their parents and plays a critical 

role in later school success. Some of the positive consequences of successful adjustment include 

development of positive peer relationships, cooperative relationships with teachers, and long-term social 

competence and academic achievementò (p. 5). Parents often experience their own anxieties as they 

hand over caregiving responsibilities to teachers, question their childôs readiness, and negotiate 

institutional expectations (Sollars, 2020; Peters, 2010). These emotional and cognitive processes 

influence how parents support their childôs transition and shape the relational climate between home 

and school (OôConnor, 2013). 

Several studies have found that parents who feel informed and supported by educators report greater 

confidence in their childôs adjustment, while those who feel excluded or insufficiently informed may 

experience heightened anxiety and dissatisfaction with the transition process (Dockett & Perry, 2007; 

Price & Steed, 2016). Effective parental involvement prior to and during transitions has been associated 

with better child outcomes, suggesting that fostering strong home-school partnerships is a key factor in 

facilitating positive transitions (Fabian & Dunlop, 2007; Sylva et al., 2004). 

Parental concerns often focus on childrenôs emotional wellbeing, social integration, and developmental 

readiness for formal learning (Harju et al., 2023; Perry et al., 2014). In addition, cultural expectations 

and family circumstances, such as work commitments, family structure, or previous educational 
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experiences, can shape parental perspectives and capacities to support transitions (Dervin, 2020; 

Sollars, 2020). 

4. THEORETICAL FRAMEWORKS GUIDING THE STUDY 

4.1. ARNOLD VAN GENNEPõS RITES OF PASSAGE 

Ce ne sont pas les rites dans leur d®tail qui nous ont int®ress®, mais bien leur 
signification essentielle et leurs situations relatives dans des ensembles c®r®moniels, 
leur s®quence [é] afin de montrer comment les rites de s®paration, de marge et 
dôagr®gation, tant pr®liminaires que d®finitifs, se situent les uns par rapport aux autres 
en vue dôun but d®termin®. [é] Leur disposition tendancielle est partout la m°me, et 
sous la multiplicit® des formes se retrouve toujours, soit exprim®e consciemment, soit 
en puissance, une s®quence type : le sch®ma des rites de passage. 
(Van Gennep, 1909, p.275) 
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 
[é] in order to show how the rites of separation, of margin, and of aggregation, both 
preliminary and definitive are situated in relation to one another toward a specific goal. 
[é] Their typical arrangement is everywhere the same, and beneath the multiplicity of 
forms, one always finds, whether consciously expressed or latent, a typical sequence: 
the schema of the rites of passage. 
(English translation by the author) 

The principal theoretical framework guiding this study is DutchïGermanïFrench ethnographer and 

folklorist Arnold Van Gennepôs (1909) rites of passage, originally formulated to describe cultural rituals 

marking transitions between life stages. Van Gennep conceptualised transitions as a tripartite process 

consisting of separation, liminality, and incorporation: separation involves detachment from a familiar 

setting or role, liminality represents an in-between period of uncertainty and adjustment, and 

incorporation signifies the eventual integration into the new role or environment. Van Gennep (1960) 

emphasised, ñinterest lies not in the particular rites but in their essential significance and their relative 

positions within ceremonial wholes that is, their order,ò noting that ña typical pattern always recurs: the 

pattern of the rites of passageò (p. 191). 

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, 2018; Fabian, 2012; Harju et al., 2023). This framework allows for a dynamic understanding 

of transitions as evolving rather than instantaneous events. 

In this study, Van Gennepôs model is applied to examine how parents perceive their own and their 

childrenôs experiences as they navigate the transition into formal education. Each phase provides an 

analytical lens to explore preparation, adjustment, and integration processes. 
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4.2. BRONFENBRENNERõS ECOLOGICAL SYSTEMS THEORY 

Bronfenbrennerôs (1979) ecological systems theory further informs this research by situating transitions 

within interconnected environmental layers that influence child development: the microsystem which 

encompasses direct relationships between children, parents, and educators; the mesosystem which 

reflects interactions between these microsystems as, for example, parent-teacher communication; the 

exosystem which includes external factors such as institutional policies or workplace demands; and the 

macrosystem which encompasses cultural norms, values, and societal expectations. 

Transitions are thus not isolated within the childôs experience but shaped by a complex web of relational 

and institutional influences. Parental experiences are situated within both microsystemic interactions 

and broader macrosystemic expectations, including national education policies, cultural beliefs about 

readiness, and institutional transition practices (Nicholson, 2018; Sollars, 2020). 

4.3. VYGOTSKYõS SOCIOCULTURAL THEORY 

Vygotskyôs (1978) sociocultural theory adds a developmental dimension to understanding transitions by 

highlighting the role of social interaction and scaffolding in learning. Children do not navigate transitions 

independently; rather, they rely on guidance from more knowledgeable others, such as parents, 

educators, or peers, who support their emotional regulation, language acquisition, and social integration 

(Dockett & Perry, 2007; Price & Steed, 2016). 

The concept of scaffolding is particularly relevant to transition processes as parents and teachers co-

construct supportive strategies that help children interpret and adapt to unfamiliar routines and 

expectations (Theodotou, 2020). These interactions facilitate meaning-making and serve to reduce 

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

new educational settings. 

5. CURRENT GAPS IN RESEARCH 

Despite extensive scholarship on transitions, much of the literature remains child-centred or institution-

centred, often neglecting parental voices as key agents in the transition process (Nicholson, 2018; 

OôConnor, 2013). While policies frequently stress parental involvement, the emotional experiences, 

coping strategies, and perceptions of parents remain under-explored, particularly in specific cultural 

contexts such as Malta. 
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Moreover, although theoretical frameworks such as Van Gennepôs, Bronfenbrennerôs, and Vygotskyôs 

are increasingly 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 an 

empirically grounded, theoretically rich examination of parental perspectives on early childhood 

transitions. 

6. AIM AND OBJECTIVES OF THE STUDY 

The aim of this study is to explore how parents experience and interpret their childrenôs transitions into 

early childhood education using Arnold Van Gennepôs rites of passage framework as the primary 

analytical lens. 

The study addresses the following objectives: 

¶ To examine how parents prepare their children for the transition into early educational settings. 

¶ To explore parentsô perceptions of childrenôs emotional and behavioural responses during the 

adjustment phase. 

¶ To identify when and how parents perceive their children have fully adapted. 

¶ 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 convergent mixed-methods design (Creswell & Plano Clark, 2017), integrating 

both qualitative and quantitative data to provide a comprehensive exploration of parental experiences 

during children's transitions into early childhood education. The use of mixed methods allowed for in-

depth exploration of parentsô personal narratives while also identifying broader patterns and trends 

across a larger sample. 

A mixed-methods approach was particularly suited to this studyôs aim of capturing both the subjective 

emotional experiences of parents and the more generalisable aspects of preparation, adjustment, and 

support during transitions (Bryman, 2012). The qualitative strand allowed for rich, narrative accounts of 

parentsô experiences, while the quantitative strand complemented these insights by offering descriptive 

data regarding common experiences, emotional responses, and support strategies. 
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7.2. PARTICIPANTS 

The study involved two distinct but related samples. The qualitative sample consisted of 15 parents of 

children aged between 3 and 7 years who participated in semi-structured interviews. The sample 

included both mothers and fathers, representing diverse family structures, employment statuses, and 

educational backgrounds. All participants were parents of children 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 schools in Malta. 

The quantitative sample comprised 51 parents who completed an online questionnaire distributed via 

JotForm. Participants were recruited through convenience sampling, primarily via parental networks and 

social media platforms related to early years education. The questionnaire collected demographic 

information, including parental age, gender, level of education, childôs age at transition, and the type of 

early years institution attended. 

While the sample was not intended to be fully representative of the Maltese population, the combination 

of diverse backgrounds allowed for the identification of common themes and variations across family 

contexts. 

8. DATA COLLECTION PROCEDURES 

8.1. QUALITATIVE DATA COLLECTION 

Semi-structured interviews were conducted using a flexible interview guide specifically designed to 

reflect the theoretical focus on transition stages derived from Van Gennepôs (1909) rites of passage. 

The interview guide explored parental experiences across four thematic areas: 

1. Separation (Preparation 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 (Settling in and 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 conducted either face-to-face or via online video conferencing platforms, depending on 

participant preference and COVID-19 restrictions at the time. Each interview lasted approximately 30 to 

45 minutes. All interviews were audio-recorded with participantsô consent and subsequently transcribed 

verbatim for analysis. 

8.2. QUANTITATIVE DATA COLLECTION 

The quantitative component of the study involved a structured online questionnaire developed using 

JotForm. The instrument included both closed and open-ended questions and was designed to gather 

data across several key areas: demographic information, including the childôs age, parental background, 

and type of institution attended; parental emotions prior to the transition; childrenôs emotional and 

behavioural responses during the transition period; the duration of the adjustment phase; strategies 

employed by parents to support their children; and parentsô perceptions of support provided by the 

school or educators. 

The questionnaire was pilot tested with a small sample of parents (n=5) prior to full distribution to ensure 

clarity and relevance. The final instrument included Likert-scale items, multiple-choice questions, and 

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

9. DATA ANALYSIS 

9.1. QUALITATIVE ANALYSIS 

Qualitative data were analysed using thematic analysis, following Braun and Clarkeôs (2017) six-phase 

approach. The analysis began with familiarisation with the data, followed by the generation of initial 

codes. Subsequently, themes 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. After 

this stage, themes were defined and named to accurately represent the data's core meanings. 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 to 

emerge naturally from participants' narratives, while deductive coding applied Van Gennepôs (1960) 

framework to organise and interpret parental experiences systematically across the three phases of 

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 identify 

common patterns across the sample. Given the exploratory nature of the study and the sample size, 

inferential statistics were not conducted. Instead, descriptive statistics served to triangulate findings from 

the qualitative interviews and offer an overview of parental experiences across the larger sample. All 

quantitative analysis was performed manually; no statistical software (e.g., SPSS, R, Excel) was used. 

10. RESULTS 

The findings are presented following Van Gennepôs (1909) three-phase model of transition, separation, 

liminality, and incorporation, alongside an emergent theme of support systems, which arose prominently 

in both qualitative and quantitative data. 

10.1. SEPARATION: PREPARATION AND INITIAL EMOTIONAL RESPONSES 

Parents described multiple preparation strategies before their childrenôs entry into early childhood 

education settings. These ranged from structured activities such as school visits and information 

sessions to more informal methods such as reading books, role-play, and creating predictable routines 

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

importance of preparing 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 rather 

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 to 

worries about being physically separated for the first time (Participants 1, 3, 5, 6, 10). As one mother 

shared: 

Although I kept telling my daughter how wonderful school would be, deep inside I felt 

quite anxious about how she would manage without me. (Participant 1) 

The quantitative data aligned with these narratives. According to questionnaire responses, 47% (n=24) 

of parents reported feeling anxious prior to the transition, while 35% experienced mixed emotions of 

excitement and concern. 
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From the childrenôs perspective, emotional reactions during the first days also varied. While some 

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

drop-off. Parents reported frequent instances of crying, clinginess, and refusal to separate from 

caregivers (Participants 3, 7, 9, 10, 13). Survey results showed that 58% of parents stated their child 

was ña little nervous but adjusted quickly,ò whereas 29% reported their child was ñupset or anxious for a 

while.ò A small minority indicated ongoing distress. 

 
 A little nervous but adjusted quickly 

 Upset or anxious for a while 

 Still having difficulties 

 Very excited 

 Other 

Fig. 1. Childrenôs first-day emotional reactions. 

The initial separation phase was described by many parents as emotionally intense but relatively brief, 

especially when preparation had been thorough and when children were gradually introduced to their 

new setting. 

10.2. LIMINALITY: THE ADJUSTMENT PERIOD 

The liminal phase, the ambiguous period between initial entry and full adaptation, revealed wide 

variation in childrenôs emotional, behavioural, and physiological responses. Parents reported both 

observable behaviours and emotional shifts during this phase. 



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

98 

Many parents described inconsistent behaviours at home, such as sudden outbursts, mood swings, 

regressions in previously mastered behaviours, for example sleep disruptions and bedwetting, and 

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

In the mornings, 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 coincide with the transition period, 

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 was 

medical, but the doctor reassured us it was linked to stress. (Participant 6) 

Quantitative data supported these qualitative findings. Survey responses indicated that: 

¶ 74% of parents observed mood changes. 

¶ 56% reported disruptions in sleep patterns. 

¶ 48% noted heightened clinginess and emotional dependence. 

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

 

Fig. 2. Adjustment difficulties during the liminal phase. 
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The duration of this liminal adjustment phase varied significantly. For some families, adaptation 

occurred relatively quickly, within a few weeks, while others required several months to reach a sense of 

stability. According to the questionnaire results, 62% of parents reported that their children settled within 

1ï2 months, while approximately 28% indicated that their child needed 3 or more months to fully adjust. 

10.3. INCORPORATION: SETTLING IN AND ADAPTATION 

In the incorporation phase, most parents identified clear indicators that their children had achieved 

emotional stability, social integration, and comfort in their educational environment. Key signs included 

enthusiastic discussions about school activities, growing independence during morning drop-offs, and 

the development of peer relationships. 

By the end of the first term, he had completely settled. He would wake up excited to go 

to school and was always eager to share what he had learned that day. (Participant 2) 

For many parents, the formation of friendships was particularly reassuring and strongly associated with 

their childôs sense of belonging (Participants 3, 5, 8, 11, 13). 

It was when she started talking about her friends and inviting them for playdates that I 

realised she felt fully comfortable. (Participant 5) 

Quantitatively, 82% of parents reported observable improvements in their childôs mood and confidence 

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 in 

shaping both parental and child experiences. Parents highlighted the importance of establishing 

predictable routines at home, offering daily conversations about school, and employing creative tools 

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

We used a calendar where she would cross out the days until school started. That 

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

Survey responses revealed that: 

¶ 79% of parents used daily conversations to prepare or reassure their child. 

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

 

Fig. 3. Parental support strategies used during early childhood transition. 

The role of educators was consistently emphasised as central to a smooth transition. Parents valued 

teachers who demonstrated sensitivity to childrenôs emotions, maintained flexible drop-off routines, and 

communicated regularly with families. 

The daily updates from her teacher helped tremendously ð even a simple photo or 

short message gave me peace of mind. (Participant 1) 

However, several parents also expressed that communication varied considerably across institutions. 

Some felt that more structured induction programmes or clearer communication protocols would have 

further reduced parental anxiety (Participants 5, 7, 10). 

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

for children. (Participant 5) 

These comments suggest variability in how schools and educators involve parents during the transition 

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 as 

their childôs experience but as a shared family transition. Parents highlighted their own simultaneous 

emotional adaptation: 

I 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 processes 

affecting all family members (Fabian & Dunlop, 2007; Harju et al., 2023). Several parents described a 

Parental Communication

Predictable Routines

Visual Support
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parallel process of developing trust in the educational institution, confidence in their childôs capabilities, 

and acceptance of new routines as part of their own transition journey. 

11. DISCUSSION 

The aim of this study was to explore how parents experience and interpret their children's transitions 

into early childhood education settings in Malta, guided by Van Gennepôs rites of passage framework 

(1909) and further informed by Bronfenbrennerôs ecological systems theory (1979) and Vygotskyôs 

sociocultural theory (1978). This section interprets the findings through these theoretical lenses while 

situating the results within existing literature. 

11.1. UNDERSTANDING TRANSITIONS AS MULTILAYERED EMOTIONAL PROCESSES 

The findings of this study underscore that transitions are not singular, one-time events but ongoing 

emotional, behavioural, and cognitive processes affecting both children and parents. The separation 

phase revealed parental preparation strategies designed to ease childrenôs entry into new educational 

settings, yet parents themselves often described significant internal anxieties. This echoes previous 

research noting that transitions involve parallel emotional adjustments for parents who often struggle 

with the simultaneous demands of supporting their child while managing their own sense of loss, 

uncertainty, and relinquished control (Fabian & Dunlop, 2007; Nicholson, 2018; Peters & Roberts, 

2015). 

Parental concerns observed in this study, including fears about separation, social adjustment, and 

institutional practices, are widely documented in transition literature (Perry et al., 2014; OôConnor, 

2013). As Rimm-Kaufman and Pianta (2000) suggest, parentsô emotional states may directly influence 

how they support their childrenôs adjustment, with highly anxious parents potentially transmitting 

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

11.2. VAN GENNEPõS RITES OF PASSAGE: PHASED BUT FLUID TRANSITIONS 

Van Gennepôs (1960) tripartite model provided a useful organising framework for analysing parental 

experiences across separation, liminality, and incorporation phases. However, the findings also reveal 

that transitions may not always follow a clear, linear sequence. This is consistent with Harju et al. (2023) 

who observed that ñchildrenôs transitions in ECEC comprise various permutations of discontinuities and 

continuitiesò (p. 735). Some parents described cycles of adaptation and regression where children 

displayed progress followed by temporary setbacks, especially when external stressors, such as illness 

and changes in routine, disrupted emerging stability. 
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The liminal phase was particularly rich in emotional complexity. Parents observed fluctuating 

behaviours, sleep disturbances, mood swings, and somatic complaints that align with existing research 

highlighting this period of ambiguity as emotionally taxing for both children and caregivers (Fabian, 

2012; Margetts, 2002; Perry et al., 2014). Parentsô own coping strategies during this phase were critical 

in shaping childrenôs capacity to tolerate uncertainty and gradually settle into new routines (Fabian & 

Dunlop, 2007). 

Meanwhile, the incorporation phase was marked by growing social engagement, 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). Importantly, parents often linked their own sense of security with observable signs of 

their childôs successful incorporation. 

11.3. BRONFENBRENNERõS ECOLOGICAL SYSTEMS: THE INFLUENCE OF CONTEXT 

The findings also strongly reflect Bronfenbrennerôs (1979) ecological systems perspective, 

demonstrating how childrenôs transitions unfold within multilayered environmental systems. The 

microsystem, involving parents, children, and educators, played a pivotal role in shaping transitional 

experiences. Direct interactions between parents and educators were central to parentsô perceptions of 

safety and competence in the school environment. 

At the mesosystem level, the quality of communication between home and school emerged as a 

consistent theme. Parents who received regular feedback and emotional reassurance from teachers 

reported greater confidence and reduced anxiety; a finding consistent with Price and Steed (2016) and 

Sylva et al. (2004). Conversely, some parents who felt excluded or insufficiently informed expressed 

ongoing worries about their childôs wellbeing. 

The macrosystem, including national policies, cultural expectations, and societal norms, also subtly 

shaped parental expectations. In Malta, where formal schooling 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 standardisation of 

transition protocols across settings could reduce inconsistencies in parental experiences. 

11.4. VYGOTSKYõS SOCIOCULTURAL LENS: SCAFFOLDING THE TRANSITION 

Vygotskyôs (1978) emphasis on scaffolding was evident in both parental and educator roles throughout 

the transition process. Parents employed numerous scaffolding strategies, including structured routines, 
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daily conversations, and visual tools like calendars and storybooks, which provided children with both 

emotional and cognitive preparation. These findings align with Dockett and Perryôs (2007) argument that 

parents act as óbridging agentsô who mediate childrenôs adjustment by interpreting new contexts and 

buffering emotional uncertainty. 

Teachers also acted as significant scaffolding figures. Parents frequently praised educators who 

demonstrated flexibility, emotional sensitivity, and proactive communication. The value of personalised 

support in reducing transition anxiety supports Fabian and Dunlopôs (2007) assertion that educator 

responsiveness is central to successful adaptation. Importantly, scaffolding was most effective when 

parents and educators worked collaboratively, reinforcing one anotherôs support strategies; a key 

principle in Vygotskyôs model of socially mediated learning (Sylva et al., 2004; Theodotou, 2020). 

11.5. PARENTS AS CO-NAVIGATORS IN TRANSITION JOURNEYS 

One of the emergent contributions of this study is its clear positioning of parents as active co-navigators, 

rather than passive observers, of their childôs transition journey. Several parents described their own 

parallel transitions, negotiating not only their childôs wellbeing but their own adaptation to new 

institutional structures, roles, and relationships with educators. This is echoed by Peltoperª et al. (2023) 

who found that ñthe frames used by the parents to discuss the children's transitions were stabilising the 

children's lives, balancing between staying at home and attending ECEC and adjusting to norms and 

rulesò (p. 306). 

This dual transition experience reflects newer transition research that challenges the view of transitions 

as solely child-focused (Fabian & Dunlop, 2007; Harju et al., 2023). Instead, transitions involve entire 

family systems that collectively negotiate emotional, social, and practical changes. 

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

her. It wasnôt easy for either of us at first, but we adapted side by side. (Participant 11) 

Such narratives suggest that future transition practices should explicitly acknowledge the family unit as 

an interconnected system requiring mutual support during transitional periods. 

12. PRACTICAL IMPLICATIONS FOR EARLY CHILDHOOD EDUCATION 

This study offers several practical recommendations that may enhance transition practices for both 

families and institutions: 
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¶ Structured orientation programmes: Gradual induction days for both children and parents may 

reduce anxieties prior to formal entry. 

¶ Home-school communication protocols: Consistent, scheduled updates from educators help 

reassure parents and foster trust during the early weeks. 

¶ Parental engagement in preparation: Encouraging parents to use routines, visual supports, and 

child-led discussions can provide children with a greater sense of predictability and agency. 

¶ Professional development for educators: Training teachers in emotionally sensitive transition 

practices may improve both child and parent experiences. 

¶ Culturally responsive approaches: Institutions should remain flexible to account for cultural, 

linguistic, and family-structure diversity (Dervin, 2020; Sollars, 2020). 

These recommendations mirror best-practice models advocated in prior literature (Price & Steed, 2016; 

Sylva et al., 2004) while adding new emphasis on the shared, emotionally complex nature of parental 

participation. 

13. LIMITATIONS OF THE STUDY 

Although the mixed-methods design allowed for both depth and breadth, certain limitations should be 

acknowledged. First, the sample was geographically specific to Malta, which may limit the 

generalisability of the findings to wider international contexts. Second, the reliance on self-reported data 

introduces potential subjectivity and bias in both the interview narratives and questionnaire responses. 

Third, while the sample size was sufficient for the exploratory nature of this study, it remains relatively 

small for making broad national claims. Finally, educator perspectives were not included, which may 

have offered further insight into 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 their 

views on parent-school partnerships. Longitudinal studies may also prove valuable, offering insights into 

both short-term adaptation and longer-term educational outcomes as children progress through their 

educational trajectories. Further research could focus on vulnerable groups, including children with 

special educational needs, multilingual backgrounds, or those from migrant and minority families, whose 

transition experiences may differ significantly. Consistent with Bakopoulou (2022) notes, ñthe 

combination of existing variability in settingsô transition practices and the impact of the Covid-19 
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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 and 

endanger childrenôs school readiness even furtherò (p. 649). Furthermore, cross-national comparisons 

could explore how different national policy frameworks shape transition practices in varying cultural 

contexts. Expanding research in these directions would strengthen the knowledge base required to 

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

practices. 

15. CONCLUSION 

This study has offered a detailed exploration of how parents experience and interpret their childrenôs 

transitions into early childhood education, applying Van Gennepôs rites of passage framework alongside 

Bronfenbrennerôs ecological systems theory and Vygotskyôs sociocultural theory. By adopting a 

convergent mixed-methods approach, combining both in-depth 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 isolated or one-dimensional events, but rather complex, 

ongoing experiences shaped by both childrenôs individual developmental needs and the emotional 

states of their parents. Parents actively prepare their children through structured routines, emotional 

reassurance, and practical preparations, yet they simultaneously experience their own anxieties and 

adaptations as part of this shared journey. 

Van Gennepôs (1909) framework effectively captured the phased nature of these experiences, while 

also revealing that transitions may not always follow a strict linear sequence. Instead, as seen in the 

liminal phase, children and parents often experience periods of emotional fluctuation before achieving 

full incorporation into new educational settings. 

Bronfenbrennerôs (1979) ecological model further emphasised that childrenôs transitions are embedded 

within interconnected systems. The critical role of home-school communication emerged consistently 

across participants, with parental confidence closely tied to the level of educator sensitivity, 

responsiveness, and transparency. These mesosystemic relationships were often decisive in either 

easing or complicating transition experiences. 

Vygotskyôs (1978) sociocultural theory illuminated how both parents and educators act as scaffolding 

agents, guiding childrenôs emotional regulation and adjustment through intentional support strategies. 
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Parentsô use of visual aids, storytelling, and consistent routines reflects this scaffolding process, as does 

the emotional attunement displayed by sensitive educators. 

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 educational 

system as their children adapted. Recognising transitions as shared family experiences rather than 

solely child-centred events offers an important shift in how practitioners, policymakers, and researchers 

might approach transition planning. 

Several practical implications emerge from these findings: the value of gradual induction programmes, 

structured communication protocols, culturally sensitive support strategies, and continued professional 

development for educators. These recommendations offer actionable insights that may enhance 

transition experiences across diverse educational contexts. 

While the studyôs scope was geographically specific to Malta, the emerging themes are highly relevant 

for broader international discussions on transition practices. By centring parental voices, often 

underrepresented in transition research, this study adds depth to the growing recognition that successful 

transitions depend on collaborative, sustained, and emotionally attuned partnerships between families 

and educational institutions. 

Ultimately, supporting transitions in early childhood requires attention not only to children's 

developmental readiness but also to the emotional journeys of parents who stand beside them. When 

both children and parents are supported as active participants in these transitions, the foundation for 

long-term educational engagement, wellbeing, and resilience is considerably strengthened. 
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ABSTRACT: This qualitative study explores how primary music educators in Malta engage with the 

inclusion of students with autism through semi-structured interviews. Drawing on qualitative data from 

semi-structured interviews with fifteen teachers across state, church, and private schools, the research 

examines teacher preparedness, instructional strategies, observed student outcomes, collaborative 

practices, and perceived institutional challenges. 

Findings reveal that while most educators support inclusive values, few have received specific training on 

teaching music to students with autism. Many rely on adaptive strategies developed through experience, 

including the use of structured routines, visual aids, movement-based activities, and flexible participation. 

Teachers reported a range of positive outcomes, particularly in emotional expression, focus, and social 

engagement. However, these outcomes were often achieved in spite of systemic limitations, such as 

insufficient planning time, lack of resources, and limited collaboration with support staff. 

The study is informed by the neurodiversity paradigm, Universal Design for Learning, and sociocultural 

theory. It contributes to an under-researched area by highlighting the perspectives of music educators 

within a small-state, policy-driven inclusion system. The findings underscore the need for targeted training, 

institutional support, and a broader recognition of musicôs role within inclusive education. 
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While focused on the Maltese context, the study raises issues relevant to wider international discussions 

on the inclusion of neurodivergent learners in specialist subjects. Music can offer students with autism 

meaningful opportunities for engagement, but such outcomes require structured, sustained, and well-

supported teaching practice. 

Key words: Inclusive music education; 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 in 

social interaction, communication, sensory processing, and repetitive behaviours. The prevalence of 

autism has risen globally, leading to growing emphasis on inclusion within mainstream education. In this 

context, music education offers potential for meaningful engagement, particularly for children on the 

autism spectrum, many of whom display strong auditory memory and sensitivity to sound patterns 

(Ockelford, 2013; Schlaug et al., 2005). 

Maltaôs education system promotes inclusion through national policy frameworks that encourage the 

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 delivered by either 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 neurodivergent students, particularly those with autism (Zammit-Mangion, 2020). 

Internationally, studies suggest that learners with autism often respond positively to music due to its 

predictability, repetition, and capacity for non-verbal expression (Geretsegger et al., 2014; Lim, 2010). In 

classroom settings, music can offer structured yet flexible opportunities for participation and interaction. 

However, research also highlights challenges in implementing inclusive practices in music education, 

such as a lack of training, 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, focusing 

on individual or small-group interventions delivered by trained music therapists. Less is known about 

how generalist or school-based music teachers engage students with autism within typical classroom 

conditions. This gap is particularly apparent in smaller jurisdictions like Malta, where structural and 

logistical constraints influence how inclusion is enacted on a day-to-day basis. 

This study addresses that gap by exploring the experiences of 15 music educators teaching students 

with autism in Maltese primary schools. It examines their preparedness, teaching strategies, 

observations of student outcomes, and perceptions of institutional support. The study addressed the 
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following research questions: How do Maltese primary music educators perceive and enact inclusion for 

students with autism?; What instructional strategies and institutional supports do they report using?; and 

What challenges and outcomes do they observe in inclusive music teaching? The aim is to understand 

how inclusion is operationalised in music classrooms from the perspective of the teachers involved. Ten 

additional interviews were conducted for this paper, building on an earlier dissertation study, thereby 

strengthening the data pool and allowing for deeper thematic analysis. 

By foregrounding teacher voice, this paper contributes to the broader discourse on inclusive education 

and highlights musicôs role as a potential medium for meaningful engagement. While the findings are 

context-specific, they raise issues of relevance to inclusive practice more broadly, including the need for 

clearer policy implementation, specialised training, and a more systematic approach to resource 

provision in music education. In this context, making music becomes inseparable from making meaning, 

as students and teachers engage in shared experiences that support connection, expression, and 

inclusive participation. 

1. CONTEXT AND LITERATURE REVIEW 

Maltaôs commitment to inclusive education is reflected in its national education policy, which encourages 

the full participation of learners with disabilities in mainstream classrooms (Ministry for Education and 

Employment, 2019). Students diagnosed with Autism Spectrum Disorder (ASD) are typically supported 

by Learning Support Educators (LSEs) and, where applicable, Inclusion Coordinators (INCOs), who 

assist teachers in developing and delivering differentiated instruction. Despite this policy framework, the 

implementation of inclusive practices remains uneven, particularly in specialist subjects such as music 

(Zammit-Mangion, 2020). 

Music is a compulsory subject in the Maltese primary curriculum and is delivered either by generalist 

class teachers or itinerant music specialists. The nature of music teaching, frequently involving 

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 learners 

with autism due to its structured and repetitive 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. MUSIC AND AUTISM: EVIDENCE FOR ENGAGEMENT 

International literature provides substantial evidence that music can positively affect communication, 

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

These responses may be attributed to the way music engages multiple brain regions simultaneously, 

promoting integration across auditory, motor, and affective domains (Koelsch, 2014; Schlaug et al., 

2005). 

Kern and Aldridge (2006) demonstrated that structured music activities improved engagement and 

reduced off-task behaviour in students with autism, while Brownell (2002) noted musicôs capacity to 

support alternative modes of communication, especially for children with limited verbal skills. These 

findings are echoed in more recent work by Ruiz et al. (2023), who explored music therapyôs role in 

enhancing brain connectivity and social motivation among children on the spectrum. 

Although many of these studies focus on music therapy or clinical interventions, there is growing 

recognition of musicôs role within educational contexts. Adamek and Darrow (2018) argue that inclusive 

music education distinct from therapy, has pedagogical value, especially when designed around student 

strengths. Similarly, Bunt and Stige (2014) emphasise the socio-musical dimensions of participation, 

noting that group music-making supports identity and connection in ways that extend beyond 

therapeutic outcomes. 

1.3. TEACHER PERSPECTIVE AND CLASSROOM PRACTICE 

Despite growing interest in inclusive music, research focused specifically on teacher perspectives 

remains limited. A notable exception is Draper et al. (2024), who conducted interviews with US-based 

elementary music teachers. Their findings reveal that most teachers supported inclusion but lacked 

autism-specific training and struggled with inconsistent access to classroom support. 

These concerns are mirrored in Houriganôs (2009) study, which found that music educators often rely on 

informal strategies and trial-and-error when teaching students with autism. Similarly, the ñGrooving in 

My Bodyò project (2023) showed how teachers intuitively modified activities, such as movement 

exercises and rhythmic games, to accommodate sensory and attentional needs. However, without 

consistent training or institutional backing, such adaptations remain fragmented and reliant on individual 

effort. 

The issue of preparedness is central to effective inclusion. Teachers frequently report receiving little or 

no training on how to support students with autism in music classrooms (Draper et al., 2024; Lim, 2010). 

Many also highlight the lack of inclusive materials, such as visual aids, simplified scores, or sensory-

friendly instruments (Drye, 2024). A small number of studies, such as 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 how music 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, representation, and expression 

(CAST, 2018). Music, by its nature, aligns well with these principles: it can be auditory, visual, 

kinaesthetic, and emotional. 

Furthermore, the neurodiversity paradigm challenges deficit-based views of autism and instead 

emphasises difference as a natural part of human variation (Singer, 1999; Armstrong, 2010). In music 

education, this approach encourages teachers to build on the unique cognitive and sensory profiles of 

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 Zammit-Mangion (2020) and others note, structural factors, including timetabling, 

staffing models, and resource availability, continue to affect the consistency of inclusive implementation 

in small-state settings such as Malta. 

1.5. SUMMARY 

The reviewed literature supports the notion that music holds unique potential for engaging students with 

autism, both therapeutically and educationally. However, realising this potential in mainstream 

classrooms requires more than enthusiasm; it depends on well-trained educators, accessible resources, 

and institutional systems that facilitate collaboration. While Maltaôs inclusive policy landscape is well-

established, further empirical research is needed to understand how music educators interpret, adapt, 

and enact these policies in their daily teaching practice. 

This study contributes to that effort by exploring the voices of music educators in Malta who have taught 

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 that 

remain. 
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2. CONCEPTUAL FRAMEWORK 

This study draws on three interrelated frameworks to guide its analysis of inclusive music teaching for 

students with autism: the neurodiversity paradigm, Universal Design for Learning (UDL), and 

sociocultural theory. 

2.1. NEURODIVERSITY PARADIGM  

The neurodiversity framework challenges deficit-based 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, focused interests, and pattern recognition, are 

viewed not solely as impairments but as cognitive differences that can be strengths in specific contexts. 

Music, with its structural regularity, repetition, and potential for non-verbal expression, may align 

particularly well with some of these strengths (Ockelford, 2013; Heaton, 2009). 

This paradigm encourages educators to reframe their understanding of student behaviour and learning 

styles. Rather than aiming to ónormaliseô students with autism, teachers are invited to create learning 

environments that respect diverse ways of thinking and processing information. In the context of music 

education, this may involve flexible participation structures, sensory adaptations, or valuing alternative 

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, yet its integration into music teaching, particularly for students with autism, remains 

underexplored. 

In music classrooms, UDL may be realised through differentiated activities, varied instrument choices, 

visual supports, and opportunities for movement and improvisation. These adaptations allow learners to 

access the curriculum in ways that align with their individual profiles. Recent studies (e.g. Draper et al., 

2024; Drye, 2024) suggest that many teachers already use such strategies informally, even if they are 

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 autism 

who may need alternative ways 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 learning 

and the importance of cultural tools, such as language, symbols, and artefacts, in mediating 

development. Music, as both a cultural practice and a form of social interaction, can be considered a 

powerful mediational tool in inclusive education. 

For students with autism, musical participation may serve as a bridge for social connection, joint 

attention, and shared meaning-making. Collaborative music-making activities, such as group rhythm 

exercises or call-and-response tasks, create structured social contexts where learners can engage at 

different levels of complexity (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 foundation for understanding the pedagogical and relational 

dynamics at play in inclusive music classrooms. They support an approach that is not only adaptive but 

affirming, one that recognises and builds upon the capacities of all learners, including those on the 

autism spectrum. During the data analysis process, these frameworks informed the interpretation of 

themes, particularly in identifying teacher practices aligned with UDL, neurodiversity-informed 

approaches, and socially mediated learning. 

3. METHODOLOGY  

3.1. RESEARCH DESIGN 

This study employed a qualitative research design to explore the experiences of music educators who 

have taught students with autism in Maltese primary schools. A phenomenological approach was 

adopted to capture how teachers perceive and make sense of their inclusive practice (Creswell and 

Poth, 2018). The aim was not to generalise findings, but to provide a detailed account of educatorsô 

interpretations, strategies, and concerns when teaching music to learners with additional needs in 

mainstream settings. 

3.2. PARTICIPANTS  

Fifteen music educators participated in the study. Five were drawn from a previous dissertation study, 

and ten were newly recruited. Participants were selected using purposive sampling to ensure that all 

had experience teaching at least one student with autism in a mainstream 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. Teaching 

experience ranged from three to over 20 years. 

Participants were drawn from state, church, and private schools across Malta. Their teaching contexts 

varied in terms of institutional support, class sizes, and available resources. Most had some experience 

collaborating with Learning Support Educators (LSEs), but the frequency and depth of this collaboration 

differed across cases. 

3.3. DATA COLLECTION 

Semi-structured interviews were used as the primary method of data collection. Interviews lasted 

approximately 30 to 45 minutes and were conducted either in person or via online platforms, depending 

on the participantôs preference. Each interview was audio-recorded with consent and later transcribed 

verbatim for analysis. 

The interview guide included open-ended questions organised under six thematic domains: 

 

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 from the relevant ethics committee prior to data collection. All participants 

received an information sheet outlining the aims of the study and signed informed consent forms. 

Professional background and preparedness

Teaching strategies and adaptations

Observed outcomes in students with autism

Collaboration with support staff and colleagues

Resources and institutional challenges

Reflections and recommendations for improvement
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Participation was voluntary, and individuals could withdraw at any stage without consequence. 

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

3.5. DATA ANALYSIS 

Data were analysed using thematic analysis, following the six-step model proposed by Braun and 

Clarke (2006). Transcripts were read multiple times 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: 

 

Although the analysis was interpretative, care was taken to remain close to participantsô language and 

meaning. Quotes were selected to illustrate key patterns while preserving individual voice and variation. 

3.6. TRUSTWORTHINESS 

Several strategies were employed to ensure trustworthiness, including data triangulation between the 

new and original samples, reflexive journaling by the primary researcher to address potential bias, and 

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

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

transparent and reflective process. 

 

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
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4. FINDINGS AND DISCUSSION  

This section presents the findings from interviews with 15 music educators, structured under six 

thematic categories. The themes 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. TEACHER PREPAREDNESS AND EXPERIENCE 

Most participants reported limited formal training related to autism or inclusive music pedagogy. While 

several had attended general inclusion workshops or brief continuing professional development 

sessions, few had received music-specific training tailored to working with students on the autism 

spectrum. 

ñIôve picked up things from experience and talking with LSEsé but no real trainingò (Teacher 1). 

This mirrors the findings of Hourigan (2009) and Draper et al. (2024), who note that music teachers 

often rely on informal learning and on-the-job adaptation. Several teachers in the current study stated 

that their confidence increased through direct experience, yet they also acknowledged gaps in their 

initial preparedness. 

Some participants expressed a desire for training that was practical, classroom-oriented, and sensitive 

to the realities of mixed-ability group teaching. Their reflections align with research by Adamek and 

Darrow (2018), who argue for targeted professional development that 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 lessons. 

These included: 

¶ Structured routines (e.g., predictable lesson formats) 

¶ Visual supports (e.g., charts, cards, colour-coded instruments) 

¶ Tactile and movement-based activities (e.g., drumming, dancing, scarf work) 

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

¶ Choice-based participation (e.g., allowing students to select instruments) 

ñRepetition and rhythm games are great. Some students love using boomwhackers or colour-

coded notesò (Teacher 7). 

These strategies are consistent with principles of Universal Design for Learning (CAST, 2018), which 

promote multiple means of engagement and representation. They also reflect literature on musicôs 
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accessibility for learners with autism (Geretsegger et al., 2014; Lim, 2010). For example, movement-

based learning aligns with findings from the ñGrooving in My Bodyò study, which emphasised the role of 

embodied engagement in sustaining attention and regulating behaviour (2023). 

A key observation across interviews was the importance of flexibility. Teachers noted that rigid lesson 

plans often failed with neurodivergent learners. Instead, they advocated for adaptive teaching that 

balanced structure with responsiveness. 

4.3. STUDENT ENGAGEMENT AND OBSERVED OUTCOMES  

Educators reported that music had positive effects on many students with autism, particularly in terms of 

emotional expression, focus, and confidence. Several described breakthroughs where students who 

typically avoided verbal interaction engaged through music. 

ñOne student who barely spoke started humming along in class. It felt like a breakthroughò 

(Teacher 2). 

Teachers also observed that music supported self-regulation and reduced anxiety for some learners, 

echoing the findings of Ruiz et al. (2023) and Boso et al. (2007), who link musical activity with neural 

integration and affective stability. Others described how individual students found ótheir voiceô in music, 

often through instruments or solo tasks. 

ñI had a student who hated group work but loved solo singing. Thatôs where he excelledò (Teacher 6). 

These accounts suggest that music provides a structured yet flexible environment in which students with 

autism may engage on their own terms. Such findings indicate that music can support inclusive goals 

when educators are empowered to adapt practice responsively. The findings support earlier research on 

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 LSEs 

and Inclusion Coordinators was described as productive and regular. Elsewhere, participants reported 

feeling isolated, especially when teaching music in a óspecialistô capacity with limited contact with class 

teams. 

ñHonestly, I feel a bit on my own. I try to ask for help, but support is limitedò (Teacher 4). 

Time constraints and scheduling conflicts were commonly cited as barriers to collaboration. Participants 

noted that while LSEs were essential partners, joint planning was rarely feasible due to systemic 

pressures. These findings echo those of Draper et al. (2024) and Drye (2024), who highlight structural 

rather than attitudinal barriers to inclusion. 



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

121 

Teachers also raised concerns about inconsistent policies between schools, with some institutions 

placing strong emphasis on inclusion and others appearing less committed. As in Zammit-Mangionôs 

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

4.5. RESOURCES AND CHALLENGES  

Resource availability emerged as a critical factor influencing teachersô capacity to implement inclusive 

music lessons. Frequently mentioned resources included: 

¶ Visual aids (e.g., charts, symbols) 

¶ Sensory-sensitive instruments (e.g., soft drums, shakers) 

¶ Digital tools (e.g., iPads, music apps) 

However, many educators stated that they sourced these materials themselves, as schools did not 

consistently provide them. 

ñI get creative é beanbags, drums. Itôs tricky when I donôt know much about a student 

beforehandò (Teacher 5). 

Participants also reported difficulties in managing group dynamics, especially when balancing the needs 

of neurodivergent learners with the rest of the class. Some expressed concern about fairness or burnout 

when support was limited. 

The challenges identified are well documented in the literature, with previous studies pointing to 

inadequate training, lack of tailored materials, and insufficient planning time as persistent barriers (Lim, 

2010; Hourigan, 2009; Darrow, 2008). 

4.6. REFLECTIONS AND RECOMMENDATIONS  

Despite the challenges, 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 unique 

and valuable entry point for engagement. 

ñMusic gives structure and freedom at the same time. Thatôs why it worksò (Teacher 6). 

The reflections outlined above align with the recommendations presented in the following section. They 

highlight recurring priorities across interviews, including the need for targeted training, institutional 

planning time, and resourcing that reflects inclusive aims. 

These suggestions align closely with proposals in the wider literature. For instance, Adamek and Darrow 

(2018) argue for the embedding of inclusion training in music education courses, while CAST (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 students with 

autism, but effective inclusion depends on training, resources, and institutional support. Teachers show 

willingness and creativity, yet too often operate in systems that do not prioritise or adequately support 

inclusive practice. The findings echo international concerns while providing specific insight into the 

Maltese context. 

5. IMPLICATIONS AND RECOMMENDATIONS 

The findings of this study highlight both the promise and the limitations of inclusive music education for 

students with autism in Maltese primary schools. While teachers demonstrated 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, and future research. 

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 not encountered inclusion-

specific content during their initial teacher education, and few had accessed targeted in-service training. 

There is therefore a strong case for embedding autism-specific strategies within both pre-service and 

ongoing professional development. This should include: 

¶ Practical, classroom-based approaches to adapting music lessons 

¶ Collaboration techniques with Learning Support Educators and families 

¶ Awareness of sensory regulation and communication needs in music contexts 

These recommendations are supported 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 and 

unsupported by formal frameworks. Universal Design for Learning (CAST, 2018) offers a suitable model 

for building consistent inclusion into the structure of music education. 

Training and curriculum development should encourage teachers to: 

¶ Provide multiple entry points to music-making (e.g. movement, listening, visual symbols) 



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

123 

¶ Use flexible assessment practices 

¶ 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 COLLABORATION AND 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 embedded in school systems. 

There is a need for: 

¶ Scheduled planning time between music teachers and LSEs 

¶ Clear communication channels across teaching teams 

¶ School-level leadership to prioritise inclusion across the curriculum 

As shown in studies such as Drye (2024) and Zammit-Mangion (2020), inclusion cannot rely solely on 

individual goodwill. Systemic structures must facilitate coordinated and sustained support. 

5.4. RESOURCES AND ENVIRONMENT  

Participants frequently described a lack of accessible resources, including visual aids, adapted 

instruments, and sensory-friendly materials. This often led to frustration and personal expense. Policy-

makers and school leaders should prioritise the provision of: 

¶ Visual and tactile learning tools 

¶ Noise-sensitive instruments 

¶ Digital applications for music and communication 

Schools should also review the physical environment of music spaces, ensuring they are appropriate for 

learners with sensory sensitivities. These adjustments do not require major investment, 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 music 

within schools. Several participants felt that music was undervalued or treated as an extra-curricular 

concern, limiting its potential to contribute meaningfully to inclusion. 

Given the evidence that music can support emotional regulation, communication, and social 

participation (Geretsegger et al., 2014; Ruiz et al., 2023), school and national policies should: 

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

¶ Encourage research and development 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 alignment. By addressing 

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 Maltese 

primary schools. Through semi-structured interviews, it examined how teachers navigate inclusion in 

their practiceðconsidering their training, strategies, observations of student outcomes, institutional 

support, and challenges encountered. 

The findings indicate that 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 autism, and while some adapted intuitively to 

learnersô needs, their approaches were typically developed through trial and error rather than structured 

guidance. Collaboration with Learning Support Educators and classroom staff was described as 

valuable, yet inconsistentðoften hindered by lack of time and systemic coordination. 

Despite these limitations, teachers observed positive outcomes for many of their students with autism. 

These included improved engagement, emotional expression, and social interaction. Music was seen as 

a medium that offered both structure and opennessða space where students could participate in ways 

not always possible in other classroom settings. 

The studyôs findings align with international literature that emphasises musicôs potential as a tool for 

inclusion, particularly for neurodivergent learners (Geretsegger et al., 2014; Ockelford, 2013). However, 

realising this potential requires more than isolated acts of goodwill. It calls for system-level changes: 

embedded training, consistent access to adapted resources, planned collaboration time, and a clear 

recognition of musicôs role within inclusion policy. 

This research contributes to an under-researched area by examining the intersection of autism, music 

education, and teacher experience in the specific context 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 relevance for broader 

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 of 

specific training interventions on teaching confidence and classroom outcomes. Comparative studies 

across small states could also offer valuable insight into how local systems mediate the implementation 

of inclusive education policies. 

Music offers learners with autism a structured space for communication and participation. Realising this 

potential requires sustained systemic investment in educator training, support structures, and inclusive 

resources. 
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ABSTRACT: The integration of artificial intelligence into education has become one of the most 

significant pedagogical transformations of recent years. AI-based 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 devoted to 

the long-term effects of excessive cognitive delegation on competence development. 

This paper proposes a pedagogical framework for designing competence-preserving AI-assisted 

learning environments. Drawing on the literature of cognitive offloading, productive struggle, desirable 

difficulties, and metacognition, the study examines which cognitive processes may involve pedagogical 

risks when excessively delegated. Particular attention is given to problem decomposition, abstraction, 

independent debugging, reflective verification, sustained attention, and productive cognitive effort. 

The paper argues that the central challenge of educational AI integration is not the rejection or 

restriction of technology, but the conscious definition of pedagogical delegation boundaries. In 

particular, the study distinguishes between AI functioning as scaffolding, which supports learner 

participation and cognitive development, and AI functioning as replacement, which may bypass 

cognitively formative learning processes. Consequently, educational systems should be designed not 

only for performance optimization, but also for the long-term sustainability of human competencies. 

Key words: Artificial Intelligence in Education; Cognitive Offloading; Competence Preservation; 

Metacognition; Productive Struggle 

INTRODUCTION 

Artificial intelligence is rapidly reshaping not only educational technologies, but also the cognitive 

structure of learning itself. Large language modelïbased systems such as ChatGPT, Gemini, and 

Copilot no longer function merely as information retrieval tools, but increasingly operate as active 

cognitive partners capable of generating text, solving problems, constructing arguments, and simulating 

complex reasoning processes. Current educational discourse, however, primarily emphasizes the 

efficiency-related benefits of AI integration, including personalized support, rapid feedback, increased 

accessibility, and the automation of various learning processes [1]. 
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At the same time, growing attention has been directed toward the long-term implications of delegating 

cognitive processes to AI systems. Generative artificial intelligence does not merely store or display 

information; it is increasingly capable of supporting or partially replacing higher-order cognitive 

operations such as analysis, abstraction, reasoning, and evaluation [2]. In this sense, the current 

transformation differs qualitatively from earlier forms of technological offloading such as note-taking, 

calculators, or search engines. While previous technologies primarily externalized memory or 

information access, generative AI systems increasingly externalize cognitive processing itself. Earlier 

debates surrounding digital technologies already raised concerns regarding the weakening of sustained 

attention, deep reading, and reflective 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 

fundamentally depends on productive cognitive effort, error correction, reflective verification, and 

independent problem-solving. The theory of desirable difficulties argues that learning conditions which 

initially appear slower, more effortful, or less efficient often produce stronger long-term retention and 

transfer [4]. 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 load 

theory suggests 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 formative effort while reducing unnecessary 

overload. 

Similarly, the pedagogical concept of productive struggle highlights that meaningful mathematical and 

problem-solving activity requires a controlled level of cognitive challenge through which learners remain 

capable of progressing autonomously [6]. The purpose of productive struggle is not the maximization of 

frustration, but the creation of cognitively formative situations in which learners actively construct 

meaning, reflect on their reasoning processes, and gradually build durable competencies [7]. 

From this perspective, the pedagogical problem of AI integration extends beyond technological or 

ethical concerns and becomes deeply connected to the nature of cognitive development itself. If 

learners consistently delegate processes that previously served as primary spaces of competence 

formation, there is a risk that cognitively formative activity itself becomes diminished. Recent research 

increasingly suggests that excessive AI dependence may contribute to weaker critical thinking, reduced 

metacognitive control, and declining independent problem-solving abilities [1]. 
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This issue becomes particularly important in relation to metacognition. Effective learners are capable of 

monitoring their own understanding, identifying gaps in knowledge, and regulating their learning 

strategies [8]. AI systems, however, often shorten or bypass precisely these reflective processes by 

providing immediate answers, pre-structured reasoning, and automated problem solutions. 

Consequently, AI may reduce not only cognitive workload, but also the learnerôs metacognitive 

engagement. 

The aim of this paper is therefore to examine which forms of cognitive delegation within AI-assisted 

learning environments may involve pedagogical risks. The study argues that the central challenge of 

educational AI integration is not whether AI should be used, but rather how pedagogical boundaries of 

delegation should be defined. Drawing on the literature of cognitive offloading, productive struggle, 

desirable difficulties, and metacognition, the paper seeks to propose a competence-preserving 

pedagogical perspective that supports the long-term maintenance of autonomous cognitive activity. 

I. COGNITIVE DELEGATION IN EDUCATIONAL CONTEXTS 

The concept of cognitive offloading refers to processes in which individuals delegate certain cognitive 

operations to external tools, technologies, or environmental supports in order to reduce mental workload 

[9]. The phenomenon itself is not new. Human cultural development can partly be interpreted as the 

progressive externalization of cognitive burdens. Some philosophical approaches have even argued that 

external cognitive tools may become functional extensions of the human mind itself [10]. Writing 

systems, 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 stored, 

organized, or displayed information, but did not directly replace reasoning processes themselves. 

Generative AI systems differ substantially in this regard, functioning increasingly as active cognitive 

mediators [12]. Rather than merely retrieving information, these systems generate arguments, 

synthesize sources, produce texts, decompose problems, and propose alternative solutions. In this 

sense, generative AI changes not only how people access information, but also how cognitive work itself 

is distributed. 

The pedagogical significance of this shift becomes particularly apparent when AI systems begin to 

replace not only routine tasks, but also higher-order cognitive operations. Generative AI is already 

capable of writing essays, generating program code, solving mathematical tasks, and summarizing 

scientific literature [2]. Consequently, delegation increasingly affects processes such as abstraction, 
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analytical reasoning, problem decomposition, and evaluation rather than merely memory-based 

operations. 

At the same time, the literature on cognitive offloading emphasizes that externalization itself should not 

automatically be considered harmful. Under certain conditions, offloading may be highly adaptive 

because it frees cognitive resources for more complex forms of thinking [12]. External memory aids and 

organizational supports can significantly improve performance, particularly under conditions of high 

cognitive load. Certain forms of AI assistance may become pedagogically counterproductive precisely 

because they remove cognitively formative stages from the learning process. 

Problems emerge when offloading becomes excessive and persistently replaces cognitively formative 

processes that previously functioned as central mechanisms of competence development. Several 

studies suggest that learners tend to over-rely on external supports, particularly when they possess 

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

weakening of internal cognitive strategies and autonomous reasoning abilities. 

Metacognition 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]. AI systems, however, may easily create an illusion of competence 

in which learners feel they ñunderstandò a problem while merely accessing externally generated 

solutions. This aligns with recent studies discussing the phenomenon of the ñillusion of learningò within 

AI-assisted environments [14]. 

The classical pedagogical concept of the Zone of Proximal Development (ZPD) defines learning as 

occurring most effectively within a space where learners can progress with temporary external support 

[15]. Recent scholarship suggests, however, that permanently available AI assistance may 

unintentionally undermine this developmental dynamic. dos Santos Jr. and Birdwell describe this 

condition as the ñZone of No Developmentò (ZND), a learning state in which constant assistance 

suppresses productive cognitive struggle and weakens genuine developmental growth [14]. In this 

sense, the ZND concept represents a critical inversion of the original ZPD framework. While scaffolding 

within the ZPD is intended to gradually transfer cognitive responsibility back to the learner, permanently 

available AI 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. 
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One of the most important pedagogical challenges of contemporary AI 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 and performance, but also how to 

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

II. COMPETENCIES POTENTIALLY AT RISK 

The pedagogical implications of cognitive delegation become particularly significant when AI systems 

begin to replace not only routine operations, but also cognitively formative learning activities. 

Importantly, the concern is not that human competencies suddenly disappear through AI usage, but 

rather that opportunities for their active development and reinforcement may gradually diminish. From a 

pedagogical perspective, competence development depends not only on successful task completion, 

but also on repeated engagement in cognitively demanding processes. When such processes are 

consistently externalized, the developmental function of learning activities may weaken over time. 

A. Foundational Procedural Competencies 

Certain foundational competencies are especially vulnerable to excessive cognitive delegation because 

they rely heavily on repeated practice and procedural reinforcement. These include mental calculation, 

symbolic manipulation, syntactic fluency, and the automation of basic disciplinary operations. While AI 

systems 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 debates emerged previously 

around calculators, spelling correction systems, and digital navigation technologies. However, 

generative AI extends delegation beyond isolated operations and increasingly performs entire 

procedural sequences autonomously. As a result, learners may complete tasks successfully without 

sufficiently engaging in the underlying cognitive operations themselves. 

The theory of desirable difficulties suggests that procedural effort and repeated retrieval are not 

obstacles to learning, but essential mechanisms of durable memory consolidation and transfer. Learning 

conditions that initially appear slower or more effortful often produce stronger long-term retention 

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. Higher-Order Cognitive Competencies 

Beyond procedural skills, AI-assisted environments may also affect higher-order cognitive competencies 

such as abstraction, analytical reasoning, problem decomposition, model construction, and independent 

debugging. These competencies are particularly important because they enable learners not merely to 

reproduce knowledge, but to structure, interpret, and transform information autonomously. 

Generative AI systems increasingly perform many of these operations directly. They can propose 

argumentative structures, decompose complex tasks into smaller components, generate explanations, 

and even suggest reasoning pathways. While such support may improve short-term performance and 

accessibility, it also raises important pedagogical questions concerning the learnerôs active cognitive 

participation. 

Research on productive struggle emphasizes that meaningful cognitive development often emerges 

through sustained engagement with uncertainty, partial failure, and iterative reasoning processes [6]. 

Higher-order competencies develop not simply through exposure to correct solutions, but through active 

participation in the reasoning process itself. If learners consistently bypass these cognitively formative 

stages through automated assistance, opportunities for developing autonomous reasoning strategies 

may decrease. 

This issue becomes especially relevant in domains requiring complex problem-solving, 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 to construct it. 

C. Metacognitive Competencies 

Metacognitive competencies may represent one of the most sensitive areas affected by excessive AI 

dependence. Metacognition involves the learnerôs ability to monitor understanding, evaluate reasoning 

quality, identify knowledge gaps, and regulate learning strategies [8]. These reflective processes are 

essential for autonomous learning and long-term intellectual independence. 

AI systems, however, frequently provide highly fluent, coherent, and authoritative responses that may 

reduce the learnerôs need to engage in reflective verification. As a consequence, learners may 

increasingly rely on externally generated reasoning without sufficiently evaluating its validity, limitations, 

or underlying assumptions. A student using AI-generated mathematical solutions, for example, may follow 
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the procedural steps without recognizing conceptual misunderstandings. Similarly, AI-assisted academic 

writing may produce structurally coherent texts that learners are unable to independently defend, revise, 

or critically evaluate. In programming contexts, automatic debugging tools may correct errors successfully 

while bypassing the learnerôs own diagnostic reasoning process. 

The problem is therefore not limited to factual errors or inaccurate outputs. Even accurate AI-generated 

outputs may weaken metacognitive engagement if learners gradually shift from active evaluation toward 

passive acceptance of externally generated reasoning. Over time, learners may become less likely to 

question whether they genuinely 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 as 

evidence of successful learning [16]. In AI-assisted environments, the immediate availability of polished 

explanations and solutions may strengthen this illusion of learning, particularly when learners no longer 

experience the productive cognitive effort typically associated with deeper understanding. The fluency 

and confidence of AI-generated responses may therefore create a misleading sense of mastery despite 

relatively shallow cognitive processing. 

Recent discussions surrounding the ñZone of No Developmentò similarly warn that permanently 

available assistance may gradually reduce self-regulated reasoning and cognitive autonomy [14]. From 

a pedagogical perspective, this raises important questions regarding how AI systems should be 

designed to preserve the learnerôs reflective role within the learning process. AI-supported environments 

may therefore require mechanisms that actively encourage verification, justification, uncertainty 

evaluation, and reflective self-assessment rather than merely optimizing immediate task completion. 

D. Cognitive Endurance and Sustained Attention 

Another potentially affected domain involves cognitive endurance, including sustained attention, deep 

processing, persistence during uncertainty, and tolerance for cognitively demanding tasks. Many 

educationally valuable activities require learners to maintain attention over extended periods while 

working through incomplete understanding, temporary confusion, or iterative problem-solving 

processes. 

Generative AI systems may unintentionally reduce exposure 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 opportunities 

for developing persistence and cognitive resilience. 

The desirable difficulties framework highlights that learning effectiveness is frequently associated with 

conditions that feel effortful and cognitively demanding [4]. Similarly, research on productive struggle 

argues that controlled cognitive difficulty is not merely tolerable, but developmentally valuable [4][6]. If 

educational systems increasingly optimize learning exclusively for speed, fluency, and immediate task 

success, there is a risk that cognitively formative forms of sustained mental effort become progressively 

marginalized. 

From this perspective, the pedagogical challenge of AI integration extends beyond questions of 

technological capability or instructional efficiency. It increasingly concerns the preservation of those 

cognitive conditions through which durable competencies, reflective autonomy, and intellectual 

resilience are developed. 

III. PEDAGOGICAL BOUNDARIES OF DELEGATION 

The preceding discussion suggests that the pedagogical challenge of artificial intelligence in education 

is not simply a question of technological adoption, but rather one of instructional boundary-setting. From 

this perspective, the central issue is not whether cognitive delegation should occur at all, but which 

processes may 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 on 

forms of scaffolding, mediation, and external support. In many cases, AI systems may significantly 

improve accessibility, reduce unnecessary cognitive overload, and support learners during complex 

tasks. The pedagogical problem therefore does not emerge from assistance 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 AI functioning as 

scaffolding and AI functioning as replacement. Scaffolding traditionally refers to temporary support 

structures that assist learners while gradually transferring cognitive responsibility back to them. Within 

Vygotskian pedagogy, scaffolding is considered effective precisely because it is intentionally faded as 

competence increases [15]. AI systems, however, often risk becoming persistent cognitive substitutes 

rather than temporary developmental supports. 
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This distinction fundamentally changes the pedagogical role of technology. When AI primarily scaffolds 

learning, it may support comprehension, feedback, exploration, and differentiated instruction while 

preserving the learnerôs active cognitive participation. 

At the same time, AI-assisted learning environments may also support deeper conceptual engagement 

under appropriate pedagogical conditions. By reducing excessive procedural burden, AI systems may 

allow learners to allocate greater cognitive resources toward higher-order reasoning, conceptual 

exploration, and creative problem-solving. Particularly for advanced learners, certain forms of cognitive 

delegation may therefore enhance rather than diminish meaningful intellectual activity. 

In contrast, when AI consistently replaces reasoning processes, learners may increasingly disengage 

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 dimensions become especially important when defining 

appropriate boundaries of delegation. 

First, the timing of delegation matters significantly. Certain forms of AI assistance may be pedagogically 

beneficial only after foundational competencies have already been established. Early automation of 

procedural or reasoning processes may reduce opportunities for initial competence consolidation. In 

contrast, more advanced learners may benefit from AI support that allows them to focus on higher-order 

conceptual challenges. 

Second, the 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 developmental stages may therefore carry 

different risks than delegation within expert-level learning environments. 

Third, the pedagogical purpose of AI usage must remain explicit. AI may support accessibility, feedback, 

exploration, creativity, or differentiated instruction, 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 AI 

systems generate solutions, explanations, or suggestions, the learner should still actively engage in 

verification, interpretation, and reflective judgment. Without such 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 AI integration requires a competence-sensitive approach 

rather than a purely efficiency-oriented one. Current educational discourse often evaluates AI systems 

primarily according to performance outcomes such as speed, accuracy, accessibility, or productivity. 

While these dimensions are undoubtedly important, they may not adequately capture the developmental 

quality of learning processes themselves. 

From the perspective of productive struggle and desirable difficulties, certain forms of cognitive effort 

possess intrinsic pedagogical value precisely because they contribute to durable 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 are 

available. 

This suggests that competence preservation should become an explicit criterion of educational AI 

design. Educational systems must increasingly determine not only what technology can do, but also 

what learners should continue doing themselves as part of meaningful intellectual development. 

IV. TOWARDS COMPETENCE-PRESERVING AI INTEGRATION 

In the context of this paper, competence preservation refers to maintaining cognitively formative learner 

participation within educational processes despite technological assistance. The concept does 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 simple 

opposition between ñAI useò and ñAI avoidance.ò Instead, educational AI integration should increasingly 

be evaluated according to whether it preserves meaningful cognitive participation alongside technological 

support. 

A competence-preserving approach does not reject cognitive delegation altogether. Rather, it seeks to 

ensure that AI-assisted learning environments continue to support autonomous reasoning, reflective 

judgment, and durable cognitive competencies. Importantly, AI systems should support cognitive activity 

without fully eliminating 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]. While excessive cognitive 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 AI 

systems provide explanations or generate solutions, learners should remain actively involved in 

interpretation, verification, and critical assessment. Otherwise, opportunities for metacognitive regulation 

and reflective monitoring may gradually decline. 

The distinction between AI as scaffolding and AI as replacement becomes particularly important in this 

context. Competence-preserving integration favors forms of AI assistance that guide and structure 

reasoning processes while still requiring meaningful learner participation. In contrast, systems that fully 

replace analytical or reflective activity may produce short-term efficiency gains at the cost of reduced 

long-term cognitive engagement. Some illustrative examples of competence-preserving and 

competence-replacing forms of AI support are summarized in Tab. 1. 

Tab. 1. Examples of competence-preserving and competence-replacing  

AI support in educational contexts 

Cognitive Process 

Potentially 

Competence-Preserving 

AI Support 

Potentially Competence-Replacing AI 

Support 

Procedural practice 
graduated hints requiring 

learner completion 
full automation 

Problem decomposition guided scaffolding complete solution generation 

Metacognitive reflection reflective prompts passive answer consumption 

Academic writing structural suggestions full text generation 

Debugging error localization automatic correction without reasoning 

Educational AI systems should therefore increasingly be evaluated according to questions such as: 

¶ 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?  

¶ Does the system preserve opportunities for uncertainty, reasoning, and independent problem-

solving?  
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These questions suggest the need for a more pedagogically differentiated understanding of AI 

integration. Current discourse often frames AI primarily in terms of capability 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 metrics. 

Educationally valuable learning processes may sometimes require slower reasoning, iterative struggle, 

reflective correction, and sustained cognitive effort. 

What counts as pedagogically appropriate AI support may therefore differ considerably across 

disciplines, learner populations, 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 developmental loss, while others rely heavily on 

active reasoning and procedural participation for competence formation. 

Importantly, competence preservation should not be interpreted as resistance to innovation. Rather, it 

represents an attempt to align technological integration with broader 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. AI systems 

may support these goals, but only if pedagogical design consciously preserves the developmental role 

of human cognitive engagement. 

From this perspective, the future of educational AI may depend less on how powerfully systems can 

replace cognition, and more on how effectively they can support learning while maintaining the learnerôs 

active cognitive role within the educational process. 

CONCLUSION 

Drawing on the literature of cognitive offloading, productive struggle, desirable difficulties, and 

metacognition, the study proposed that the central pedagogical challenge of AI integration concerns the 

preservation of meaningful cognitive engagement. From this perspective, educationally valuable 

learning processes should not automatically be optimized away simply because technological shortcuts 

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

they contribute to autonomous reasoning, reflective judgment, and long-term intellectual resilience [4][6]. 

The paper therefore introduced a competence-preserving perspective on educational AI integration. 

Rather than framing AI as either inherently beneficial or inherently harmful, this approach emphasizes 

the importance of defining pedagogical boundaries of delegation. In this context, the distinction between 
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AI as scaffolding and AI as replacement becomes particularly significant. While scaffolding-oriented AI 

systems may guide reasoning, support reflection, and preserve learner participation, replacement-

oriented systems risk bypassing cognitively formative stages of learning altogether [14][15]. In the long 

term, the educational value of AI may depend less on immediate performance gains and more on 

whether learners continue to participate actively in the reasoning processes behind those gains. 

Importantly, the purpose of competence-preserving AI integration is not to resist technological 

innovation, but to align technological capabilities with broader educational aims. Education ultimately 

concerns not only successful task completion, but the development of learners capable of independent 

thought, critical reflection, and self-regulated reasoning. From this perspective, the future of educational 

AI may depend less on replacing cognition and more on supporting human development without 

diminishing the formative role of cognitive engagement itself. Not every cognitively expensive process is 

pedagogically unnecessary. 

Future research should further investigate how competence-preserving principles may be 

operationalized across different educational levels, disciplines, and instructional contexts. In particular, 

empirical studies are needed to examine how varying degrees of cognitive delegation influence 

metacognitive regulation, problem-solving autonomy, and the development of durable competencies 

over time [8][9]. The present study intentionally adopts a conceptual and theoretical perspective rather 

than an empirical one. Future work may therefore examine competence-preserving AI integration 

through classroom-based case studies, longitudinal observations, and discipline-specific instructional 

experiments. 
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ABSTRACT: A modifications of urban railway vehicles is one of possible manners to improve features of 

existing vehicles at the proper standard 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 view to 

assess the quality of urban railway vehicles. Body oscillations, which arise during vehicle movements on 

a railway track, affect the level of passenger ride comfort. Accelerations are the main consequence of 

oscillations. The goal of the presented research is to asses passenger ride comfort in an urban railway 

vehicle. The point is, that an original suspension system equipped by steel coil spring is replaced by air 

spring suspesnion system. The research is performed by means of simulation computations. It is 

suggested to replace this suspension system in a DMU railway vehicle during its modernization process. 

The passenger ride comfort is assessed by means of the ride comfort index NMV. Fifieen points in a vehicle 

floor was chosen and two running speeds of 60 km/h and 80 km/h were chosen. Simulation computations 

were performed on a railway track section. It was found out, that the chosen air suspesnion system 

contributes to higher level of passenger ride comfort. 

Key words: railway vehicle, ride comfort, simulation computations, suspension system 

INTRODUCTION 

Passenger railway transport is one mode of transport, which has certain advantages in comparison with 

road transport. There are mainly lower air resistance, rolling resistance and higher axle load. Passenger 

railway transport is popular mainly due to its comfort, 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 railway 

vehocle, which are designed within the higher standards form the performance pont of view, passenger 

ride comfort point of view as well as protection of environment point of view. Hence, public interest in 

passenger railway transport also offers safety and comfort of urban railway vehicles [3,4]. The aim of this 

research is to assess the effects of replacement 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 index 

marked as NMV ride comfort index on the vehicle body floor. 

1. ASSESSMENT OF PASSENGER RIDE COMFORT 

There are recognized two methods, which allow to assess passenger ride comfort from the vehicle 

mechanical vibration point of view. There are namely the indirect method and the direct method. The 

indirect methods allow to analyze passenger 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 subjective 

feelings of passengers in the vehicle body. In principle, both methos need to know accelerations [5]. In 

case of the indirect method, accelerations in the selected points are measured by means of simulation 

computations. A great advantage of the indirect method is, that it is not necessary to perform expensive 

and time-consuming real tests. The European standard EN 12299:2009 [6] contains more ride comfort 

indices. They can be evaluated in a railway vehicle. The NMV index of passenger ride comfort was chosen 

for this research. It is passenger ride comfort index calculated on the vehicle body floor. The chosen DMU 

urban railway vehicle is described in more detail in the next section. There were chosen fifteen points for 

identification of accelerations. These locations were chosen for the first vehicle of the DMU in the running 

direction. The NMV passenger ride comfort index, which is mentioned above, is a number calculated based 

on the defined procedure. It expresses the level of passenger ride comfort. It is calculated based on the 

following formula [6]: 

ὔ φϽ ὥ ὥ ὥ     (1) 

where: ὥ , ὥ , and ὥ  ï the 95-percentage of accelerations measured in the ὼ, ώ and 

ᾀ directions, respectively, ὡ  ï the weighting function for the ὼ and ώ directions, ὡ  ï the weighting 

function for the z direction. 

Tab. 1. A list of ranges of the calculated values of the passenger ride comfort index NMV [6]. 

Range of ride comfort index Comfort level 

NMV < 1.5 Very comfortable 

1.5 Ò NMV < 2.5 Comfortable 

2.5 Ò NMV < 3.5 Average comfortable 

3.5 Ò NMV < 4.5 Uncomfortable 

NMV Ó 4.5 Very uncomfortable 

The acceleration signals are proecessed in the Simpack PostProcessor module. It is done by means of a 

special implemented funcionality, at which, the needed mathematical functions are automaticly loaded to 
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the selected acceleration signal. The resulting values of the NMV index are compared with the values 

introduced in the EN 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. The 

point of the research is to assess, how a modified suspension system including an air spring will contribute 

to passenger ride comfort. The DMU railway vehicle known 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, efficiency 

and passenger ride comfort. As it is equipped with an independent traction system, it operates on non-

electrified railway lines. The original railway vehicle and the modernized railway vehicle are shown in Fig. 

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

modernization of the vehicle could include an air spring suspension.  

  

a) b) 

Fig. 1. The DMU railway vehicle: a) an original model [7], b) the latest modernization of the vehicle [8]. 

The computational multibody model included only rigid bodies, which were interconnected by massless 

visco-elastic elements. Moreover, some special modelling elements, such as wheel/rail contact, bushing 

and similar were defined in the model. Visco-elastic elements simulated suspension system. Fig. 2 shows 

an illustration of steel coil spring and an air spring and a scheme of a non-linear air spring model 

considered in the Simpack software [9].  

A simplified mathematical description of the non-linear air spring modelled in the Simpack software is as 

follow is defined in the software documentation. The total volume consists of the airbag volume and the 

constant volume of the mounting [9]:  

ὠ ὠᾀ ὠ ᾀ ὠ    (2) 

where: Vb ï the airbag volume, Vm ï the mounting volume. 
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The polytropic equation describes the relationship between a change in volume and a change in pressure: 

 (3) 

where: p ï the current value of pressure in the airbag, p0 ï the initial pressure initially determined from 

the nominal force and effective area, Vt0 ï the initial volume of the airspring [9]. 

  
 

a) b) c) 

Fig. 2. An illustration of springs: a) a steel coil spring, b) an air spirng, c) a scheme of a non-linear air 

spring in the Simpack software [9]. 

3. RESEARCH RESULTS AND DISCUSSION 

The simulation computations were performed for defined running conditions of the analysed DMU railway 

vehicle. It was running on a railway track, which geometry corresponds to a real Slovak railway section. 

Running speed of the DMU railway vehicle was set to the value 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 for air 

spring. It means, that four graphs of the results are presented. It is an average running speed, which is 

for the chosen railway track. These results are depicted in Fig. 3. As it cam be seen for the running 

conditions corresponding to the running speed of 60 km/h and coil springs the highest value of the NMV 

index is at the ends parts of the vehicle. The highest 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 is of 

1.16 in the right side (Fig. 3a). When the results for air springs are observed, it can be seen, that all values 

are lower in comparison with coil springs (Fig. 3b). It is also possible to observe, that the distribution of 

ride comfort indices tends to similar trends as for the coil springs. Further, the higher running speed led 

to higher values of the ride comfort index. This is possible to observe in Fig 3c and Fig. 3d. As it can be 

seen, the coil spring suspension system is not able to eliminate negative effects of vibrations as effectively 

as air springs. This is obvious by higher values of ride comfort indices for coil springs (Fig. 3c) in 

comparison with air springs (Fig. 3d).  
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a) b) 

  

c) d) 

Fig. 3. The achieved results of simulation computations: a) coil springs, 60 km/h, b) air spring, 60 km/h, 

c) coil springs, 80 km/h, d) air spring, 80 km/h. 

Simulation computations showed that replacements of original steel coil springs by air springs in the bogie 

of the DMU railway vehicle has a potential to improve running properties regarding to passenger ride 

comfort. The comfort index NMV reached lower values for air springs for all cases in comparison with coil 

springs. The future research will be focused on other dynamical simulation of the vehicle, mainly form the 

safety point of view. It is also necessary to investigate more running conditions, i.e. for more running 

speeds, railway sections as well as for various mass and load of the vehicle. Commissioning of the 

proposed modifications will require to perform number of real testing of the modified vehicle. 

CONCLUSION 

Railway vehicles should be able to provide sufficient level of passenger ride comfort as well as sufficient 

running safety during many-years operation. This, the main task is to design suitable technical solutions 

of modern railway vehicles. The presented research also belonged to such task. Its main task was to 

assess passenger ride comfort in a DMU railway vehicle, in which, original coil springs were considered 

to be replaced by air springs. This suitability of this idea was assessed based on the level of passenger 

ride comfort. The examined DMU railway vehicle was considered in simulation computations. The results 
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of the solved study prove a possible positive and potential of improvement of running properties by 

replacement of original steel coil springs by air spring suspension system. 
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ABSTRACT: The article highlights the features of determining the strength of an open wagon body with 

braces in the frame during shunting collision. The presence of braces ensures a reduction in the load on 

the backbone beam when absorbing longitudinal loads. They are located between the rear stops of the 

automatic couplers and the vertical sheet of the pivot beam. The results of the calculations have proven 

that such an improvement is advisable. At the same time, the stress in the backbone beam is 2.7% lower 

than in a typical design. The conducted research will contribute to the creation of measures aimed at 

improving the efficiency of the operation of railway cars. 

Key words: open wagon, design improvement, structural strength, body stress state, railway transport 

INTRODUCTION 

The accelerated pace of Ukraine's integration into the system of international transport corridors 

necessitates the adaptation of railway veicles, as one of the leading transport industries, to work in market 

conditions. To increase the competitiveness of freight wagons in operation, it is necessary to select the 

optimal parameters of structural elements at the stage of their design and calculation, while observing the 

conditions of strength and reliability. The degree of replenishment of the wagons fleet in recent years is 

insignificant. This necessitates the introduction into operation of new technical solutions for improving 

wagon bodies, technologies for their 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 publications 

in this area. Thus, in work [1], in order to improve the strength of the open wagon body, its manufacture 

from high-strength steels was proposed. The advantages of using such steel in wagon construction are 

presented. The authors presented the results of optimization calculations regarding the choice of the 

thickness of the wagon structural elements, provided that this grade of steel is used for their manufacture. 
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However, the work does not contain an analysis of the stress-strain state of the wagon body, which would 

allow to identify the loading of the body shell taking into account the solution proposed by the authors.  

In the study highlighted in [2], the use of beams with corrugated walls as a profile for the backbone beam 

of a car is justified. The results of the 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 on the 

example of a passenger car frame. That is, this work did not pay attention to the feasibility of implementing 

such beams in the frame of an open wagon. To improve the strength of the freight wagon frame, the work 

[3] proposed creating its structure in the form of ñegg cratesò.  

The justification of the proposed solution and the prospects for its use in freight wagon structures are 

presented. However, the authors did not consider the possibility of its use in the structures of open wagon 

frames. In work [4], to improve the strength of freight wagons, it is proposed to introduce new materials 

with improved characteristics as the material of their structural components. The study was conducted on 

the example of magnesium alloys. It was proved that the use of such material contributes not only to 

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 manufacture of 

the wagon frame. An analysis of the structural materials of new generation wagon bodies is given in [5]. 

The paper indicates the advantages of using new progressive materials for individual components of 

wagon structures. These works do not consider the issues of improving the load-bearing structures of 

wagon bodies to ensure their strength during shunting collisions. Measures to improve the load-bearing 

structure of the universal open wagon body are given in [6].  

To reduce the maximum equivalent stresses in the node of interaction of the backbone beam with the 

pivot, it is proposed to install reinforcing linings on the lower shelves of the backbone beam. It is important 

to note that such a solution allows for stress reduction in the backbone beam of the car frame in its 

cantilever part, and not in the node of interaction with the pivot beam. The analysis of scientific publications 

proves that the issue of improving wagon bodies to improve their durability in operation requires further 

research. 

The purpose of the research is to create structural solutions to improve the strength of the open wagon 

body in operation: 

¶ to propose solutions to improve the open wagon body to reduce its load in operation;  

¶ calculate the strength of the open wagon body. 
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1. MATERIALS AND METHODS OF THE STUDY 

The main hypothesis of the study 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 made for 

the strength of the open wagon body with braces in the frame. The open wagon model 12-757 was chosen 

as the prototype. The braces were made of I-beams No. 14.  

The strength calculation was performed using the finite element method in the SolidWorks Simulation 

software package. The graphical-analytical method was used to determine the number of mesh elements. 

Isoparametric tetrahedra were used as finite elements. Number of mesh elements was 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 aspect 

ratio was 680.33, the percentage of elements with an aspect ratio less than 3 ï 25.7, more than 10 ï 26.3. 

The minimum number of elements in a circle was 9, the ratio of increasing the size of elements of the 

finite element mech 1.8. 

 

Fig. 1. A spatial model of the open wagon body. 

 

Fig. 2. A calculation 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. body 

structure elements between each other. The design scheme of the open wagon body (Fig. 2) considers 

the following loads: vertical Rv, longitudinal Rp on the vertical wall of the rear stop of the automatic coupler, 

and the reaction Rp to the action of the load Rp, pressure from the strut bulk cargo Rrozp (coal). 

The model was fixed in the areas where the body rests on the running gear. The material for 

manufacturing the body is steel grade 09G2S, which has the permissible stress at this design mode of 

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 the 

calculations performed, it can be concluded that the maximum The stresses in the body were 298.4 MPa. 

The dislocation of these stresses occurs in the backbone beam of 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% lower 

than those operating in a typical body design. The maximum displacements 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 modernization 

of wagons. 

 

Fig. 3. The stressed 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 proposed 

to equip its frame with braces that connect the 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 braces in the frame. The maximum 

stresses in the open wagon body were 298.4 MPa and concentrated in the backbone beam, namely in 

the areas between the rear stops and the pivot beam. The calculated stresses are 3.9% lower than the 

permissible ones and 2.7% lower than those acting in a typical body structure.  

The maximum displacements occur in the middle part of the body and are 2.57 mm. The results of the 

calculations proved the effectiveness of the implementation proposed improvement. 
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ABSTRACT 

Accurate short-term forecasting of particulate matter concentrations remains a challenging task due to 

the nonlinear and dynamic nature of atmospheric processes. This study proposes a hybrid deep learning 

framework that integrates Long Short-Term Memory (LSTM) networks with an attention mechanism to 

improve the prediction accuracy of PM10 and PM2.5 under rapidly changing and extreme environmental 

conditions. 

The model operates on multivariate time-series data that combine air quality measurements and 

meteorological variables, enabling the extraction of complex temporal dependencies. The attention 

mechanism dynamically assigns weights to input time steps, allowing the model to focus on the most 

informative temporal patterns and mitigate the limitations of standard recurrent architectures. 

The proposed approach was evaluated against baseline models, including classical LSTM and NARX. 

Experimental results demonstrate that the LSTM-Attention model achieves superior predictive 

performance, reducing RMSE for PM10 from 17.1 (standard LSTM) to 13.5, and for PM2.5 from 20.3 to 

16.2. Additionally, the model improves the coefficient of determination (R2) from 0.81 to 0.88 for PM10 

and from 0.78 to 0.85 for PM2.5. Under extreme pollution conditions, the maximum relative error is 

reduced from 21.3% to 5.6% for PM10 and from 25.1% to 8.4% for PM2.5, highlighting the robustness of 

the proposed method. 

The results confirm that incorporating attention mechanisms significantly enhances both accuracy and 

stability of air quality forecasting models, while also improving interpretability through the analysis of 

attention weights. The proposed framework provides a scalable and effective solution for real-time 

environmental monitoring systems and supports the development of advanced decision-support tools in 

Smart City applications. 

mailto:rysbiot@al.edu.pl
mailto:lgoldyn@al.edu.pl
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The novelty of this work lies in the integration of a temporally adaptive attention mechanism with stacked 

LSTM layers to enhance sensitivity to abrupt environmental changes, resulting in superior performance 

in extreme pollution scenarios. 

Keywords: air quality forecasting, PM10, PM2.5, deep learning, Long Short-Term Memory (LSTM), 

attention mechanism, time-series prediction, environmental data, smog prediction, explainable artificial 

intelligence (XAI). 

1. INTRODUCTION 

Air pollution forecasting has become a critical component of modern environmental management and 

public health protection strategies. Elevated concentrations of particulate matter, particularly PM10 and 

PM2.5, are strongly associated with increased risks of respiratory and cardiovascular diseases, as well 

as premature mortality. According to the World Health Organization, long-term exposure to air pollution 

remains one of the leading environmental causes of death worldwide. Consequently, the development of 

reliable forecasting models is essential for early warning systems and informed decision-making at both 

governmental and municipal levels. 

In recent years, the rapid advancement of artificial intelligence, especially within the field of deep learning, 

has opened new possibilities for modeling complex environmental processes. Unlike traditional statistical 

approaches, deep learning models are capable of capturing nonlinear relationships and temporal 

dependencies present in multivariate time-series data. This capability is particularly important in air quality 

prediction, where pollutant concentrations depend on a combination of emission sources and dynamic 

meteorological conditions [1]. 

Among deep learning techniques, recurrent neural networks (RNNs), and in particular Long Short-Term 

Memory (LSTM) networks, have proven highly effective in processing sequential data [2]. LSTM 

architectures are specifically designed to address the vanishing gradient problem, enabling the model to 

retain information over longer time horizons. This makes them well-suited for forecasting tasks in which 

historical environmental conditions influence future pollutant levels. 

However, despite their advantages, conventional LSTM models may struggle to accurately capture 

sudden fluctuations in air quality caused by rapid meteorological changes, such as temperature inversions 

or abrupt shifts in wind patterns. These limitations have motivated the integration of attention mechanisms, 

originally introduced in the context of natural language processing, into time-series forecasting models 
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[3]. The attention mechanism allows the model to dynamically assign different levels of importance to 

various time steps in the input sequence, thereby improving both prediction accuracy and interpretability. 

The aim of this study is to investigate the effectiveness of a hybrid LSTM model enhanced with an attention 

mechanism for short-term forecasting of PM10 and PM2.5 concentrations under dynamic and extreme 

atmospheric conditions. The proposed approach is evaluated against baseline models, including a 

standard LSTM model and the NARX model architectures, with a particular focus on performance during 

high-risk smog episodes. 

Despite the growing interest in advanced deep learning approaches for air quality forecasting, the 

effectiveness of different modeling strategies varies significantly depending on data characteristics and 

environmental conditions. Therefore, a critical review of existing methods is necessary to identify their 

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 learning 

techniques. Early approaches were primarily based on classical regression models and time-series 

analysis methods, such as ARIMA and autoregressive models. While these techniques provided baseline 

predictive capabilities, they were often limited in their ability to capture nonlinear dependencies and 

complex interactions between environmental variables. 

With the development of machine learning, more advanced models such as Nonlinear Autoregressive 

Network with Exogenous Inputs (NARX) were introduced for air quality prediction. NARX models 

incorporate both past values of the target variable and external inputs, such as meteorological data, 

making them suitable for modeling dynamic environmental systems. However, their performance is often 

constrained by limited scalability and difficulties in capturing long-term temporal dependencies [4]. 

The emergence of deep learning significantly improved forecasting performance. In particular, Long Short-

Term Memory (LSTM) networks have become a dominant approach for modeling time-series data due to 

their ability to retain long-term information and mitigate the vanishing gradient problem [2]. Numerous 

studies have demonstrated the effectiveness of LSTM models in predicting PM2.5 and PM10 

concentrations, especially when trained on large-scale environmental datasets [5]. 

To further enhance feature extraction, hybrid architectures combining convolutional and recurrent layers 

have been proposed. For example, CNN-LSTM models leverage convolutional neural networks (CNNs) 
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to capture spatial or local temporal patterns, which are then processed by LSTM layers to model 

sequential dependencies. Such architectures have shown improved performance in scenarios where both 

spatial and temporal correlations are significant [6]. 

More recently, attention mechanisms have been incorporated into deep learning models to improve both 

predictive accuracy and interpretability. Originally developed for natural language processing tasks, 

attention allows models to focus selectively on the most relevant parts of an input sequence. In the context 

of air quality forecasting, attention-based LSTM models have demonstrated superior performance 

compared to standard recurrent architectures, particularly in capturing abrupt changes in pollutant 

concentrations [3], [7]. 

Furthermore, recent research trends indicate a shift toward more advanced architectures, such as 

Transformer-based models, which rely entirely on self-attention mechanisms and eliminate recurrence 

altogether [8]. These models offer improved scalability and parallelization capabilities, making them 

suitable for large-scale environmental data analysis. 

Despite these advancements, challenges remain in accurately predicting air pollution under extreme and 

rapidly changing conditions. Many existing models still struggle with sudden spikes in pollutant levels and 

require further improvement in robustness and interpretability. This study addresses these limitations by 

proposing a hybrid LSTM model with an attention mechanism, specifically designed to enhance 

performance in high-risk smog scenarios. 

The reviewed approaches highlight the evolution from classical statistical models to advanced deep 

learning architectures. However, they also reveal persistent challenges related to robustness, 

interpretability, and performance under extreme conditions. In 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 on the integration of heterogeneous environmental and meteorological 

datasets, enabling a comprehensive representation of air quality dynamics. The primary data sources 

include measurements from distributed air quality monitoring stations and publicly available 

meteorological databases. 



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

157 

The environmental dataset consists of time-series measurements of key pollutants, including PM10 and 

PM2.5 concentrations, as well as auxiliary variables such as sulfur dioxide (SOϜ) and nitrogen dioxide 

(NOϜ). These measurements are typically collected at high temporal resolution, allowing the analysis of 

short-term fluctuations and rapid pollution events. 

In parallel, meteorological data were incorporated to capture atmospheric conditions influencing pollutant 

dispersion. These variables include air temperature, relative humidity, atmospheric pressure, wind speed, 

and wind direction. The integration of meteorological and environmental variables is essential, as air 

pollution formation and accumulation are strongly dependent on weather dynamics [4]. 

While the integration of heterogeneous data sources provides a comprehensive representation of 

environmental dynamics, raw datasets are often inconsistent and require appropriate preprocessing 

before they can be effectively used in machine learning models. 

3.2. DATA PREPROCESSING 

To ensure consistency and model readiness, the collected datasets underwent a series of preprocessing 

steps. First, all data streams were temporally aligned to a uniform time grid. Missing values, which are 

common in sensor-based systems, were handled using interpolation techniques, including linear 

interpolation for short gaps. 

Subsequently, all features were normalized to a common scale using min-max normalization, defined as: 

 

This transformation ensures numerical stability during model training and prevents dominance of features 

with larger value ranges. 

A sliding window approach was applied to construct input sequences. Each input sample consists of a 

fixed number of consecutive time steps, representing both historical pollutant levels and meteorological 

conditions. The model output corresponds to the predicted pollutant concentrations at the next time step, 

enabling short-term forecasting. 

Once the data are properly aligned, cleaned, and transformed, they become suitable for input into 

predictive models. The following section describes the architecture of the proposed deep learning model 

designed to exploit these processed time-series data. 
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3.3. MODEL ARCHITECTURE 

The predictive model is based on a hybrid deep learning architecture that combines recurrent neural 

networks with an attention mechanism. The core component is the Long Short-Term Memory (LSTM) 

network, which is well-suited for modeling sequential dependencies in time-series data. 

The architecture consists of the following components: 

¶ Input layer: accepts a three-dimensional tensor representing batch size, time steps, and feature 

dimensions.  

¶ Stacked LSTM layers: two consecutive LSTM layers are used to capture both short-term and 

long-term temporal dependencies. Each layer processes the sequential input and propagates 

hidden states through time.  

¶ Attention layer: implemented following the concept introduced by Attention 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].  

¶ Pooling layer: aggregates the attention-weighted outputs into a compact representation.  

¶ Dense output layer: generates final predictions for PM10 and PM2.5 concentrations.  

Architecture of the proposed hybrid LSTM-Attention model (Fig. 1). The input time-series data are 

processed through stacked LSTM layers to capture temporal dependencies. The attention mechanism 

assigns weights to relevant time steps, and the aggregated representation is passed to a dense layer for 

predicting PM10 and PM2.5 concentrations. 

Figure 1. Architecture of the proposed hybrid LSTM-Attention model.  

The attention mechanism can be conceptually expressed as: 
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where Ŭt  represents the attention weight for time step t, and et 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 each time step t, the 

following operations are performed: 

 

where: ft ï forget gate, it ï input gate, ot ï output gate, Ct ï cell state, ht ï hidden state. 

ATTENTION MECHANISM  

To enhance temporal feature selection, an attention layer is applied over hidden states: 

 

where: Ŭt ï attention weights, c ï context vector. 

The final prediction is computed as: 

 

The above equation represents the final output layer of the proposed model, where the predicted pollutant 

concentrations are computed based on the context vector obtained from the attention mechanism. 

¶ ώ ɴ  ᴙĮ - denotes the predicted output vector, typically representing the forecasted concentrations 

of PM10 and PM2.5.  
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¶ c ɴ  ᴙH - is the context vector, which is a weighted sum of hidden states produced by the LSTM 

layers. It aggregates the most relevant temporal information selected by the attention mechanism.  

¶ Wc ɴ  ᴙ2ĬH - is the weight matrix of the fully connected (dense) layer, mapping the context vector 

to the output space.  

¶ bc ɴ  ᴙ2 - is the bias vector, allowing the model to adjust predictions independently of the input 

features. 

Having defined the structure of the proposed model, the next step involves 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 historical data. The objective function is the mean 

squared error (MSE), defined as: 

 

Optimization was performed using the Adam optimizer, which combines adaptive learning rates with 

momentum to accelerate convergence [1]. 

To ensure robustness and generalization, the dataset was divided into training, validation, and test 

subsets. Additionally, multiple training runs were conducted to reduce the impact of random initialization 

and improve reproducibility. 

To objectively assess the effectiveness of the trained model, appropriate evaluation metrics must be 

defined. These metrics allow for quantitative comparison between different approaches and provide 

insight into prediction accuracy. 

3.5. EVALUATION METRICS 

Model performance was evaluated using standard regression metrics, including: 

¶ Root Mean Squared Error (RMSE), which measures prediction accuracy.  

¶ Coefficient of Determination (RĮ), indicating the proportion of variance explained by the model.  
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These metrics provide complementary insights into both absolute error magnitude and overall model fit. 

With the methodology and evaluation criteria established, the next section presents the experimental 

results obtained using the proposed model and compares them with baseline approaches. 

4. EXPERIMENTAL RESULTS 

4.1. EVALUATION SETUP 

To assess the effectiveness of the proposed hybrid model, a comprehensive experimental framework was 

established. The dataset was divided into three subsets: training (70%), validation (15%), and testing 

(15%). This split ensures both proper model learning and unbiased evaluation. 

All models were trained multiple times to reduce the impact of random initialization and improve 

reproducibility. The experiments were conducted using a GPU-accelerated environment, ensuring 

efficient training of deep neural networks. 

The following models were compared: 

¶ the NARX model, 

¶ a standard LSTM model, 

¶ the proposed LSTM with an attention mechanism. 

Based on this experimental setup, the following metrics were used to quantitatively evaluate model 

performance. 

4.2. EVALUATION METRICS 

The predictive performance of the models was evaluated using standard regression metrics: 

¶ Root Mean Squared Error (RMSE): 

 

¶ Coefficient of Determination (Rį):  
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These metrics provide insight into both prediction accuracy and the modelôs ability to explain variance in 

the data. 

4.3. QUANTITATIVE RESULTS 

Table 1 summarizes the performance of all evaluated models. 

Model RMSE PM10 RMSE PM2.5 Rį PM10 Rį PM2.5 

NARX 21.6 25.2 0.72 0.69 

LSTM 17.1 20.3 0.81 0.78 

LSTM + Attention 13.5 16.2 0.88 0.85 

The results clearly indicate that the proposed hybrid model outperforms baseline approaches across all 

metrics. The reduction in RMSE demonstrates improved prediction accuracy, while higher RĮ values 

confirm better model fit. 

While aggregated metrics provide an overall assessment of model performance, a more detailed analysis 

of prediction dynamics is necessary to understand how the models behave over time. 

4.4. TIME-SERIES PREDICTION ANALYSIS 

To further evaluate model performance, predicted pollutant concentrations were compared with actual 

measurements over selected time intervals. 

 

Figure 2. Presents a representative prediction sequence for PM2.5 over a 24-hour period. 
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The hybrid model closely follows real-world fluctuations, effectively capturing both gradual trends and 

rapid spikes in pollution levels. In contrast, the standard LSTM model exhibits noticeable lag during 

sudden changes. 

In addition to visual comparison of predicted and actual values, it is important 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 using histogram-based visualization. 

 

Figure 3 presents the distribution of prediction errors for PM2.5. 

The distribution is approximately symmetric and centered around zero, indicating that the model does not 

systematically overestimate or underestimate pollutant concentrations. This suggests good generalization 

performance. 

4.6. PERFORMANCE UNDER EXTREME CONDITIONS 

A key objective of this study was to evaluate model performance during high-risk smog episodes. Selected 

time periods with elevated pollution levels (PM10 > 100 Õg/mį) were analyzed. 

The results demonstrate a substantial improvement achieved by the attention-based model. The reduction 

in maximum error highlights its ability to respond effectively to sudden environmental changes. 
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Table 2 presents the maximum relative error for extreme conditions. 

Model Max Error PM10 Max Error PM2.5 

LSTM 21.3% 25.1% 

LSTM + Attention 5.6% 8.4% 

Beyond accuracy under extreme conditions, understanding how the model arrives at its predictions is 

equally important, particularly in safety-critical applications. 

4.7. INTERPRETATION OF ATTENTION MECHANISM 

An additional advantage of the proposed model is its interpretability. By analyzing attention weights, it is 

possible to identify which time steps contribute most to the prediction. 

The analysis revealed that higher weights are typically assigned to nighttime and early morning 

observations, which are known to play a critical role in smog formation due to atmospheric stability. 

4.8. DISCUSSION OF RESULTS 

The experimental results confirm that incorporating the Attention Mechanism significantly enhances the 

performance of LSTM models. 

Key findings include: 

¶ improved prediction accuracy (lower RMSE),  

¶ better model fit (higher RĮ),  

¶ superior robustness under extreme conditions,  

¶ increased interpretability of predictions.  

These advantages make the proposed model particularly suitable for real-world deployment in air quality 

monitoring and early warning systems.  

The results presented above provide a comprehensive evaluation of 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 of the 

Attention Mechanism into the LSTM architecture leads to a substantial improvement in predictive 
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performance for air quality forecasting tasks. This enhancement is particularly evident in scenarios 

characterized by rapid fluctuations in pollutant concentrations, where traditional models often fail to 

respond adequately. 

One of the key advantages of the proposed hybrid model is its ability to dynamically assign importance to 

different time steps within the input sequence. Unlike standard LSTM networks, which treat all temporal 

inputs with equal significance, the attention-based approach selectively emphasizes the most relevant 

observations. This capability is crucial in environmental systems, where certain periodsðsuch as 

nighttime or early morning hoursðplay a disproportionately important role in smog formation due to 

atmospheric stability and reduced air circulation. 

The quantitative improvements observed in RMSE and RĮ metrics confirm that the attention mechanism 

enhances both accuracy and model generalization. Moreover, the significant reduction in prediction error 

under extreme conditions highlights the robustness of the proposed approach. In practical terms, this 

means that the model is more reliable during critical pollution events, which is essential for real-time air 

quality monitoring and early warning systems. 

Another important aspect is the improved interpretability of the model. The analysis of attention weights 

provides insight into the internal decision-making process, aligning with the broader research trend toward 

explainable artificial intelligence (XAI). In applications where model predictions influence public health 

decisions, transparency is of paramount importance. The ability to identify which time steps contributed 

most to a given prediction allows domain experts to validate and trust the modelôs outputs. 

From a computational perspective, the hybrid LSTM-Attention model maintains a reasonable level of 

complexity. Although the addition of the attention layer increases the number of parameters, the overall 

training time remains acceptable when using modern hardware accelerators such as GPUs. This makes 

the approach suitable for practical deployment in real-world systems, including urban monitoring platforms 

and Smart City infrastructures. 

Despite these advantages, several limitations should be acknowledged. First, the model relies heavily on 

the quality and availability of input data. Sensor errors, missing values, or inconsistencies in measurement 

frequency can negatively impact prediction accuracy. Although preprocessing techniques mitigate these 

issues, they do not fully eliminate the risk of data-related bias. 
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Second, the current model focuses on short-term forecasting. While this is sufficient for immediate 

decision-making, extending 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 causal 

relationships between variables. The model identifies correlations rather than direct cause-and-effect 

relationships, which should be considered when interpreting results. 

Future research directions may include the exploration of Transformer-based architectures, which rely 

entirely on attention mechanisms and offer improved scalability [8]. Additionally, incorporating multimodal 

dataðsuch as satellite imagery, traffic data, or user-generated sensor dataðcould further enhance 

predictive performance. Another promising direction is the development of hybrid predictive-reactive 

systems that not only forecast pollution levels but also trigger automated responses, such as adaptive 

traffic control or ventilation management. 

In summary, the findings confirm that the proposed hybrid model represents a significant step forward in 

air quality forecasting. By combining high predictive accuracy, robustness, and interpretability, it provides 

a solid foundation for the development of next-generation environmental monitoring systems. 

Based on the insights gained from both experimental evaluation and theoretical analysis, the final section 

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 approach for short-term air quality forecasting, combining 

Long Short-Term Memory networks with an Attention Mechanism. The proposed model was designed to 

address the limitations of traditional time-series forecasting methods, particularly in scenarios 

characterized by rapid environmental changes and extreme pollution events. 

The experimental results demonstrated that the integration of the attention mechanism significantly 

improves prediction accuracy, as reflected by lower RMSE values and higher RĮ coefficients. Moreover, 

the model exhibited superior robustness under extreme conditions, where accurate forecasting is most 

critical for public health protection. These findings confirm that attention-based architectures 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 attention 

weights, it is possible to identify the most influential time steps in the prediction process. This feature 

aligns with the growing demand for transparency in artificial intelligence systems, particularly in domains 

where model outputs support decision-making processes affecting human health and safety. 

From an application perspective, the proposed model can serve as a core component of intelligent air 

quality monitoring systems. Its ability to provide accurate short-term forecasts makes it suitable for 

integration into early warning systems, Smart City platforms, and environmental decision-support tools. 

Such systems could enable proactive responses, including public alerts, traffic regulation, and adaptive 

control of ventilation systems in public buildings. 

Despite its advantages, the study also highlights several areas for further improvement. First, the current 

model focuses on short-term forecasting horizons. Extending the prediction range to medium- and long-

term intervals remains an open research challenge and may require the incorporation of more advanced 

architectures or additional contextual data. 

Second, future work should explore the integration of multimodal data sources, such as satellite imagery, 

traffic flow information, and data from mobile sensors. The inclusion of such heterogeneous data could 

provide a more comprehensive representation of environmental conditions and further enhance prediction 

accuracy. 

Another promising direction involves the adoption of Transformer-based models, which rely entirely on 

self-attention mechanisms and offer improved scalability and parallelization capabilities [8]. These 

architectures may outperform recurrent models, especially when dealing with large-scale datasets. 

Finally, the development of predictive-reactive systems represents an important step toward practical 

deployment. Such systems would not only forecast air pollution levels but also automatically initiate 

mitigation strategies based on predicted conditions. This could significantly reduce population exposure 

to harmful pollutants and improve overall urban air quality management. 

In conclusion, the proposed hybrid LSTM-Attention model provides an effective and scalable solution for 

air quality forecasting. Its combination of accuracy, robustness, and interpretability makes it a strong 

candidate for real-world applications and a valuable contribution to the field of environmental data science. 
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ABSTRACT: This paper compares the performance of PID controllers with variable structure in terms of 

their performance in controlling a second-order static object with a transport delay, compared to the 

performance of classical PI control. 

Based on simulation models of control systems with classical PID controllers and simulations of a system 

with a PI_D controller with variable structure, it can be observed that using the modified structure 

controllers yields waveforms with shorter control times. It can also be concluded that the system with the 

PI_D controller has lower overshoot and a much shorter settling time than the system with the PI 

controller. The system with the PI controller exhibits large decaying oscillations, while the waveform with 

the variable structure controller exhibits minimal and rapidly decaying oscillations. 

After conducting simulation models of automatic control systems with PID controllers with variable 

structure (PI_D), it can be concluded that using these controllers significantly improves the quality of the 

control system in terms of both settling time and overshoot, compared to classical PI control. Even several 

times smaller values of the regulation time were observed here for both PI_D. 

Key words: automatic control systems, PID controllers, PI_D controllers, controllers with a changed 
structure, programmable logic controllers 

INTRODUCTION 

Controllers are a crucial and essential device in industrial control systems. Processes often require 

maintaining pre-defined, specific operating parameter values with the required accuracy and time. Skillful 

engineering use of controllers in production processes allows for increased efficiency, reduced energy 

consumption through optimal utilization, and increased process automation. In continuous signal control 

systems, not only in industry, the most commonly used type of controller is the PID controller. It could be 

said that controllers based on the PID algorithm are eternally young. The first automatic stabilizing device 

was used by James Watt in 1788. Since then, the control algorithm, which has been modified many times, 

essentially operates on the same principle. A PID controller consists of three functional parts. They can 

be described in a simplified manner. The first part is the proportional term (P), followed by the integral 

mailto:rysbiot@al.edu.pl
mailto:lgoldyn@al.edu.pl
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term (I), and the derivative term (D). The proportional term influences the signal rise time, the integral 

term reduces the steady-state error to zero, and the 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, certain 

elements related to the facility may change, affecting the initial values of the facility parameters. In such 

cases, controllers may not optimally affect the process or even cause system instability. Therefore, many 

modified PID-based algorithms have been developed, creating variable-structure controllers with 

unconventional algorithms. These are not widely used, but they can be just as effective. In certain 

situations, PI_D controllers are significantly superior to the commonly used classic PID control law [1]. 

Alphonsus [2, 3] and Namekar [4] presents a review on the applications of programmable logic PLC 

controllers. 

The aim of this work and analysis is to examine an automatic control system with a variable-structure 

PI_D controller in terms of its performance under changes in the object's parameters, represented by 

changes in its transfer function parameters, and under disturbances. Variable-structure PI_D controllers. 

Variable-structure PI_D controllers are PID controllers whose structure differs somewhat from that of a 

classic PID controller, causing them to operate differently. Such controllers are used in specific cases 

where conventional PID controllers are unable to provide adequate control. This article focuses on one 

variable-structure PID controller: the PI_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 changes [1]. Similar to a PID controller, the PI_D controller 

consists of three parts. The proportional and integral parts are connected as in a PI/PID controller. The 

derivative part, however, is connected directly to the feedback signal, not to the error, as in a standard 

PID controller. Furthermore, the derivative part is subtracted, not added, as in a standard PID 

controller [1].  

 

Fig. 1. PI_D controller structure. 
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Fig. 2. Automatic control 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 IDENTIFICATION 

To investigate models of automatic control systems using the variable structure controllers and 

unconventional control algorithms proposed in this article, a two-chamber closed pneumatic cascade 

was selected as the control object. This object belongs to the group of static automation objects and is 

of second order. Parametric identification was performed using the Strejc method [6, 7]. 

Ὃί
Ȣ

Ȣ  
       (1) 

 

 
Fig. 3. Comparison of the actual step response of the cascade 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 response obtained from tests of a second-order pneumatic cascade. 

2. TESTING THE AUTOMATIC CONTROL SYSTEM WITH A PI_D CONTROLLER AND 
CONTROLLER SETTINGS 

The PI and PI_D controller settings will be determined from the Ziegler-Nichols second law (stability 

limit) [6]. Fig. 4 shows the Bode characteristic with the determined magnitude and phase margins. 

 

Fig. 4. Bode characteristic for the tested object. 

Using the determined modulus margin (Fig. 4), KKR was calculated: 
20logKKR=21.6[dB], 

KKR =ρπ
Ȣ

=101,08=12.023. 

Knowing the critical gain KKR, we determine the oscillation time Tosc from the controlled variable y(t) of 

the automatic control system with the P controller (Fig. 5) with gain kp=KKR. Based on the obtained 

oscillations (non-quenching), we read the oscillation period. 

 

 

Fig. 5. Diagram of an automatic control system with a P controller. 
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Fig. 6. Unquenched oscillations for a system with a P controller. 

The oscillation time Tosc determined from Fig. 6 is 11.77 s. Then, knowing KKR and Tosc and using the 

second Ziegler-Nichols method [7], the controller settings were determined: 

P: kP =0.5ÅKKR=6.01; 

PI: kp=0.45ÅKKR = 5.41, Ti=ToscÅ0.85= 9.8s; 

PID: kP =0.6ÅKKR=7.21, Ti =0.5ÅTosc=5.88s, Td =0.125ÅTosc=1.47s. 

 

Fig. 7. Continuous input signal. 
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Fig. 8. Step-type 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 input to the system. Figure 8 

shows the disturbance signal acting directly on the system. 

As shown in Figures 9 and 10, the control systems with both the PI_D and PI controllers were subject to 

a step change in the setpoint and a step change in the disturbance. The setpoint step amplitude was 6 

bar (Figure 7), and the disturbance amplitude was 3 bar (-3 bar) (Figure 8). The step change in the 

setpoint value occurred at t=0 s (at the start of the simulation), and the disturbance signal (disturbance) 

occurred at t=100 s. The final simulation time for the systems was tstop=200 s. 

 

Fig. 9. Diagram of an automatic control system with a PI_D controller (upper part of the diagram)  

and a PI controller (lower part of the diagram). 
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Fig.10. Diagram of an Automatic Control System with a PI_D Controller (upper part of the diagram)  

and a PID Controller (lower part of the diagram). 

 

Fig. 11. Comparison of Automatic Control Systems with PI_D and PI Controllers. 

 

Fig. 12. Comparison of Automatic Control Systems with PI_D and PID Controllers. 
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Fig. 11 compares the control results using PI_D controllers and the classic PI controller as shown in 

Fig. 9. 

Figure 12 compares control systems with a PI_D and PID controller. The PI_D controller has a larger 

overshoot than the PID controller, while the settling time of both systems is very similar. After reaching 

the setpoint, both controllers operate identically when a disturbance occurs. 

CONCLUSION 

This paper compares the performance of PID controllers with variable structure in terms of their 

performance when controlling a second-order static object with a transport delay, compared to the 

performance of classical PI control. The comprehensive analysis does not include the effect of changes 

in the parameters of the controlled object. The effect of changing the parameters of the controlled object 

on the dynamic behavior of the regulated variable is of interest, as these values are used in controllers 

with unconventional algorithms. 

Based on simulation models of control systems with a classical PID controller and simulations of the 

system with a PI_D variable structure controller, it can be observed that using controllers with modified 

structures resulted in shorter settling times. Similar conclusions can be drawn when assessing the 

magnitude of the overshoot. Based 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 PI 

controller. The system with a PI controller exhibits large decaying oscillations, while the waveform with a 

variable structure controller exhibits minimal and rapidly decaying oscillations. 

After simulating automatic control systems with PID controllers with a variable PI_D structure, it can be 

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 PI 

control (Fig. 11). A direct conclusion from this article suggests another direction for further analysis and 

simulation. These should involve determining the impact of the plant parameters on the characteristics 

of systems using unconventional controllers. 

Based on Fig. 11, 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 PI controller. The system with a conventional PI 

controller exhibits large decaying oscillations. 



DTI ï LV  monografia DTI 2011 ï 07-09-2011 .doc 28. m§ja 2026 

177 

After conducting simulation models of automatic control systems with PID controllers with a variable 

PI_D structure, it was found that using these controllers significantly improved the quality of the control 

system's operation, both in terms of settling time (regulation) and overshoot, compared to classic PI 

control. The regulation time for the PI_D controller was even several times shorter. 
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ABSTRACT: The 3-SAT problem is a core challenge in computational complexity. With the rise of 

quantum computing, new methods are being developed to apply quantum algorithms to NP-hard 

problems. This paper explores an approach using Grover's algorithm to address Boolean satisfiability. 

We focus on the design of a quantum oracle capable of recognizing satisfying assignments. The 

research also examines the limitations imposed by quantum gate implementation and the impact of 

quantum speedup on system scalability. 
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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 search 

algorithms require ɨὔ  time, averaging ὔȾς operations. Grover's algorithm achieves a complexity of 

/Ѝ. . This efficiency is fundamentally driven by the mechanism of quantum amplitude amplification, 

which enhances the probability of measuring the target state. 

This approach can be adapted to the SAT problem by mapping the Boolean formula to an oracle 

function, where the search space is treated as an unsorted database of potential assignments. 

1. QUANTUM ORACLE 

The algorithm employs an oracle that identifies the target state by performing a phase flip. It should be 

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 uniform superposition 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 universal in the sense 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 programming relies on 

high-level abstractions, quantum programming currently remains largely at the gate level; because high-

level quantum programming languages have not yet reached the maturity of their classical counterparts, 

quantum computers programming is primarily conducted through the direct assembly of quantum gate 

sequences. 

The simplest example is the natural numbers Îɴ ᴓ. Each such number can be represented in binary 

as the sum of powers of 2. For example: 

ρς ψ τ ρ ς ρ ς π ς π ς. 

The binary representation of the number 12 is a sequence of bits that represent the coefficients of each 

power of two:  

ρς ρρππȢ 

In this case, four bits are needed to represent the number 12. In general, using a register of length ὲ 

bits, we can represent ς different values ranging from 0 to ς ρ. 

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 

quantum circuit, the top line corresponds to the bit with index 0. Thus, the number 12 (in binary notation 

ρρππ) will be encoded in four qubits and written in keta notation as ȿρρππἃ 

 
Figure 1 Quantum circuit encoding 12 ( in binary notation ρρππ) 

There are at least two fundamental differences between quantum and classical (Boolean) logic. First, 

quantum gates must be reversible. This means that there must be a unique correspondence between 
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the input and output, which consequently requires that the number of input qubits equal the number of 

output qubits. 

This contrasts with classical logic, where many operations are irreversible ï for example, most logic 

gates take two arguments and return 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 computational basis ȿπἃ, ȿρἃ can be transformed into 

a basis ȿἃ, ȿἃ. This concept does not exist in classical logic, because logical values are rigid and 

limited to the set πȟρ, meaning that a similar change of basis is impossible. 

When constructing quantum logic circuits, we can use a similar scheme, starting with the simplest 

single-qubit gate and building quantum logic based on it. 

 
Figure 2 Quantum gates 

 
Figure 3 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 combinations ππȟπρȟρπȟρρ,the solutions are πρȟρπȟρρ. We shall construct a 

quantum circuit consisting of an oracle and a diffusion operator. 

 
Figure 4 Grover circuit for OR problem 

Executing the circuit 1000 times we obtain following results: 

 
Figure 5 Probability distribution 

Thus, the probability of obtaining 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 ALGORITHM 

Grover's algorithm works by rotating a state vector within a two-dimensional subspace. This subspace is 

spanned by two vectors: 

1. ȿÂÁÄἃ: The superposition of all non-target states. 

2. ȿÇÏÏÄἃ: The superposition of all target (correct) states. 
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Let ὔ be the total number of states and ὓ be the number of target states. The initial state of the system 

ȿίἃ (the uniform superposition), can be expressed in terms of the angle ʃ it makes with the "bad" states: 

ÓÉÎʃ . Where ʃ represents the amplitude of the target states in the initial superposition. 

Each Grover iteration (consisting of the Oracle and the Diffusion Operator) performs a rotation of the 

state vector by an angle of ςʃ in this 2D plane. 

After the preparation of the state, the vector is at an angle ʃrelative to the "bad" axis. After Ὧ iterations, 

the angle of the state vector becomes: ʃ ςὯ ρ. 

The goal is to rotate the state vector as close as possible to the target axis (ȿÇÏÏÄἃ), which corresponds 

to an angle of ʌȾς (90 degrees). To find the optimal number of iterations Ὧ, we set the final angle to 

ʌȾς:  

ςὯ ρ
ʌ

ς
 

Now, we solve for Ὧ: 
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In most practical applications of Grover's algorithm, the number of target states ὓ is much smaller than 

the total number of states ὔ (- Ḻ.). This means the angle ʃ is very small. For small angles, we can 

use the approximation ÓÉÎʃ ʃ. 

Since ÓÉÎʃ -Ⱦ.ȟ we can substitute ʃ -Ⱦ. into our equation: 

Ὧ
ʌ

τὓȾὔ

ρ

ς
 

By simplifying, we arrive at the standard formula for the optimal number of iterations: 

Ὧ
ʌ

τ

ὔ

ὓ
 

4. SAT PROBLEM 

The Boolean Satisfiability Problem (SAT) is 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 True.  
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The "3" in 3-SAT refers to the specific structure of the constraints. In 3-SAT, the formula must be in 

Conjunctive Normal Form (CNF), consisting of: 

1. Variables: ØȟØȟØȟȣȟØ (each can be True or False). 

2. Literals: A variable (Ø) or its negation (Ø). 

3. Clauses: A group of literals joined by OR ()᷉. In 3-SAT, each clause must contain exactly three 

literals. 

4. The Formula: All clauses are joined by AND ()᷈. 

A 3-SAT formula looks like this: ὼ ὼ᷉᷉ ὼ ᷈ ὼ᷉ ὼ ὼ᷉  Let Ø TrueȟØ

FalseȟØ True. 

ὼ ὼ ὼ ὼ ὼ᷉᷉ ὼ ὼ᷉ ὼ ὼ᷉ Formula 

True False True Ὕ᷉ Ὂ ᷉ Ὂ Ὕ &᷉ 4 ᷉ 4 Ὕ Ὕ᷈ Ὕ  Ὕ 

3-SAT is a cornerstone of computer science because it is NP-Complete. This has two massive 

implications: 

¶ Hardness: There is no known "fast" (polynomial-time) algorithm to solve 3-SAT. As the number of 

variables ὲ grows, the time required to solve it grows exponentially (in the worst case) using current 

methods. 

¶ Universality: If anyone ever finds a fast way to solve 3-SAT, they will have simultaneously found a 

fast way to solve every problem in the NP class. 

 

5. SOLUTION WITH GROVER ALGORITHM 

Consider the following problem ὼ ὼ᷉᷉ ὼ ᷈ ὼ᷉ ὼ ὼ᷉ ᷈ὼ᷉ ὼ ὼ᷉  

ὼ ὼ ὼ ὼ ὼ᷉᷉ ὼ ὼ᷉ ὼ ὼ᷉ ὼ᷉ ὼ ὼ᷉ Res 

True True True Ὕ᷉ 4 ᷉ Ὂ Ὕ &᷉ & ᷉ 4 Ὕ 4᷉ & ᷉ 4 Ὕ T 

True True False Ὕ᷉ 4 ᷉ 4 Ὕ &᷉ & ᷉ & Ὂ 4᷉ & ᷉ 4 Ὕ F 

True False True Ὕ᷉ & ᷉ & Ὕ Ὂ 4᷉ ᷉ 4 Ὕ Ὕ᷉ 4 ᷉ 4 Ὕ T 

True False False Ὕ᷉ & ᷉ 4 Ὕ Ὂ 4᷉ ᷉ & Ὕ Ὕ᷉ 4 ᷉ & Ὕ T 

False True True Ὂ 4᷉ ᷉ & Ὕ Ὕ᷉ 4 ᷉ 4 Ὕ Ὂ &᷉ ᷉ 4 Ὕ T 

False True False Ὂ 4᷉ ᷉ 4 Ὕ Ὕ᷉ & ᷉ & Ὕ Ὂ &᷉ ᷉ & Ὂ F 

False False True Ὂ &᷉ ᷉ & Ὂ Ὕ᷉ 4 ᷉ 4 Ὕ Ὂ 4᷉ ᷉ 4 Ὕ F 

False False False Ὂ &᷉ ᷉ 4 Ὕ Ὕ᷉ 4 ᷉ & Ὕ Ὂ 4᷉ ᷉ 4 Ὕ T 

The probability of guessing the result is 5/8, which is 63%. With the quantum approach, for one step of 

Grover's algorithm, this probability increases to 74%. 
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For two iterations of Grover's algorithm we can increase the probability of guessing the correct result to 
86%. 

 
Figure 6 Quantum Circuit with one iteration 

 
Figure 7 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 classical brute-force search for a 3-capture assignment takes /ς  time, 

Grover's algorithm reduces this to /ςȾ . This means that while the quantum approach is 

significantly faster, it does not "break" the complexity of 3-SAT in the same way that Shorôs algorithm 

breaks RSA (which provides an exponential speedup). The problem remains fundamentally difficult 

even for quantum computers. 

A critical bottleneck is the cost of the Oracle. To use Grover's algorithm, one must implement the 3-SAT 

constraints as a quantum circuit (the Oracle). 

¶ As the number of variables (ὲ) and clauses (ά) increases, the complexity of the quantum circuit 

required to evaluate the 3-SAT formula grows significantly. 


