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Nanotechnology is one of the most promising sciences in biomedical applications. Nanomaterials developed at the
nanometric scale have, in addition to their tiny size, extensive optical and molecular marking properties. However, the
most revolutionary idea and the reason why they are ideal candidates for selective drug delivery is their solubility,
spectroscopy, and remarkable attributes that allow membrane transport (Sevim Unlitiirk, S et al., 2024). These properties
are essential to avoid or reduce the adverse and toxic effects that drugs can cause in the body. Nevertheless, quantum dots
(QD) have a promising future, and great advances have been made in the development and implementation of nanocarrier
systems with the aim of improving the bioavailability, efficacy, and safety of drugs, which has led to successful targeted
and selective therapies. However, this research ranges from studies showing that QD of compounds such as cadmium,
oxide, and nickel have caused undesirable effects in some animal studies (Shinohara et al., 2017), ranging from lung and
kidney damage (Jiang et al., 2010). Even so, the molecular mechanisms of nanotoxicity induced by various nanomaterials
have not been fully explained (Missaoui et al., 2018). These properties are essential for avoiding or reducing adverse
effects.
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Abstract

This research addresses ergonomic deficiencies in postgraduate classrooms that negatively affect
students’ physical well-being and academic performance. The study aims to develop a conceptual
ergonomic classroom design adapted to the Mexican higher education context. A participatory systemic
approach based on Soft Systems Methodology (SSM) was applied, integrating ergonomic regulatory
criteria from ISO 9241-5 (International Organization for Standardization, 1998; Secretaria del Trabajo y
Prevision Social, 2008) and NOM-025-STPS-2008 Secretaria del Trabajo y Prevision Social (2008). The
methodology included problem diagnosis through observation, interviews, surveys, and documentary
analysis; construction of conceptual models considering anthropometric, lighting, acoustic, accessibility,
and technological variables; comparison between the current classroom and the proposed model; and
refinement based on cultural and technical feasibility. The results show a significant improvement in
ergonomic compliance levels, increasing from low to high performance across all evaluated criteria. The
proposed model provides a replicable framework for designing ergonomic learning environments that
promote physical well-being and support academic performance in postgraduate education.

Conceptual Design of an Ergonomic Postgraduate Classroom: “Strategies and Effects on
Students’ Physical Well-Being and Academic Performance”
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Resumen

Esta investigacion aborda las deficiencias ergonomicas presentes en aulas de posgrado que afectan el
bienestar fisico y el rendimiento académico de los estudiantes. El objetivo fue disefiar un modelo
conceptual de aula ergonémica adaptado al contexto de la educacién superior en México. Para ello, se
aplicé la Metodologia de Sistemas Blandos (SSM) como enfoque sistémico participativo, integrando
criterios normativos de ergonomia establecidos en la 1ISO 9241-5 y la NOM-025-STPS-2008. La
metodologia incluyé diagnostico mediante observacion directa, entrevistas, encuestas y andlisis
documental; construccion de modelos conceptuales considerando variables antropométricas, ambientales
y tecnoldgicas; comparacion entre el aula actual y el modelo propuesto; y refinamiento del disefio segun
su viabilidad técnica y cultural. Los resultados evidencian una mejora significativa en el cumplimiento
ergonémico y en las condiciones de aprendizaje. La propuesta constituye un marco replicable para el
disefio de espacios educativos que favorezcan el bienestar fisico y el desempefio académico en estudios
de posgrado.

Diseiio conceptual de aula ergonémica para posgrado: “Estrategias y efectos sobre el
bienestar fisico y el rendimiento académico de los estudiantes”

| Objetivo | Metodologia | Contribucion |

Aula ergondmica, Posgrado, Rendimiento académico
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Introduction

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

However, the traditional design of university classrooms tends to focus on functional and
capacity criteria, leaving ergonomic principles that allow the environment to be adapted to the real
needs of users in the background. This situation highlights the need to rethink the design of learning
spaces from a comprehensive approach that considers physical, environmental, technological, and
organisational factors.

This research addresses this issue through the conceptual design of an ergonomic classroom for
postgraduate studies, integrating regulatory criteria and a systemic approach that improves both the
physical well-being and academic performance of students.

The added value of this research lies in the integration of Soft Systems Methodology (SSM)
with normative ergonomic criteria, which allows the problem to be addressed from a systemic and
participatory perspective. Unlike traditional approaches that focus solely on furniture or isolated
physical aspects, this proposal considers the classroom as a complex socio-technical system, where
people, technology, space and organisation interact.

Furthermore, the proposed model is not limited to a one-off solution, but constitutes a replicable
conceptual framework that can be adapted to different educational contexts, especially in higher
education institutions in Mexico.

The approach developed in this work is characterised by:

- The participation of users (students and teachers) in diagnosing the problem.

- The application of national and international ergonomic standards as an objective basis for
evaluation.

- Comprehensive analysis of anthropometric, environmental, spatial and technological variables.

— Evaluation of the technical and cultural feasibility of design proposals.

— Focus on continuous improvement of the educational environment.

These characteristics allow for a holistic understanding of the problem and favour realistic and
applicable solutions.

The central problem addressed by this research is the existence of ergonomic deficiencies
in postgraduate classrooms, which negatively affect students' physical well-being and academic
performance.

The central hypothesis posits that the application of a conceptual ergonomic classroom
design, developed through a systemic and normative approach, contributes significantly to improving
the physical well-being and academic performance of postgraduate students.

The research is structured in three main sections. The first section presents the context and
theoretical foundations of the research, including the evolution of ergonomics and its application in
educational environments. The second section develops the methodological framework, describing the
Soft Systems Methodology and its application to the conceptual design of the ergonomic classroom.
The third section presents the results, discussion and conclusions, as well as the proposed classroom
model and its practical implications.
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Development of headings and subheadings

1. Context and foundations of the research

1.1 Introduction

1.2 Historical context of ergonomics

1.3 Ergonomics in educational environments

1.4 Justification and objectives of the research

2. Theoretical and methodological framework

2.1 Ergonomics and the design of educational spaces
2.2 Soft Systems Methodology (SSM)

2.3 Application of the proposed methodology

3. Application and results

3.1 Diagnosis of the postgraduate classroom

3.2 Conceptual design of the ergonomic classroom
3.3 Comparison of the proposed model with the current situation
3.4 Discussion of results and conclusions

Products under development
Among the products derived from this research are:

- A conceptual model of an ergonomic classroom for postgraduate studies.

- Comparative tables of ergonomic evaluation of the current classroom and the proposed model.
- Systemic diagrams and conceptual models based on SSM.

- Design guidelines applicable to other higher education spaces.
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Figure 1
Implementation of Checkland's Soft Systems Methodology (SSM) for the

conceptual design of an ergonomic classroom for postgraduate studies.
Source: Own Elaboration
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Ergonomic and academic factors

Pareto diagram: Factors affecting physical well-being and academic

performance

Box 3

Source: Own Elaboration

‘ System Diagram: Ergonomic Classroom for Postgraduate Studies J

|

Inputs
Ergonoeronmic requirements
(regulations, scientific principles)
Current conditions of the ]
classroom
Dimensions, atuales of the aula
(dimensions, fumniture, light,
Needs of the users (students,
teachers),
Available ressources
(budget, infrastructura,
institutional support)).

Processes

| P1. Diagnostic Evaluation

| Review of current classroom (physical measure-
ments, observation, interviews)

| Identification of ergonomic deficiencies

P2. Ergonomic Conceptual Design
Redesign of adjustable furniture (chairs, mesas)
Spatial reorganization of the room (layout type U,
aisles of 90 cm)

Environmental proposal (LED lighting, natural
sound )

System Environment

* Restrictions spatices (6.1 x 4.4 m)

« Limited institutional budget -

+ Organizational culture

* Acoustic and location restrictions
(noise, natural ventilation)

Technological integration (Wi-Fi, interactive panels,
charging stations)

| P3. simulation and validation
Ergonomic classroom model

| Technical and usability validation

| User review for feedback

P4, Future Implementation
Pilot testing (prototypes, tests)
Adjustment of strategies and equipment layout

Outputs

+ Validated ergonomic model

|—+{ + Recommendations for technical
and functional design

* Intervention and continuous
improvement protocol

System stakeholders

« Primary users : Student's
(and Doctoral programs), Teacers

- Designers: Researchers,
ergonomists

« Technical Support: Architects, IT,
Maintenance

+ Decision Makers: SEPI ESIME
department managment

Control Mechanisms

Control Mechanisms [
Periodic evaluation of academic
and physical well-being

Satisfaction surveys of students.

Figure 3
System diagram: Ergonomic classroom for postgraduate studies, following
the logic of Soft Systems Methodology (SSM)

Source: Own Creation
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Figure 4
Representation of the layout of the ergonomic classroom for postgraduate
studies

Source: Own Creation
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Table 1

Comparative Table: Current Situation vs. Ergonomic Classroom Model

Category

Current Classroom Situation

Ergonomic Classroom Model

Physical dimensions

6.1 mlong x 4.4 m wide x 2.19 m high

Proposal

Furniture

Non-adjustable, damaged chairs

Redistribution to improve circulation

Space per user

Rigid layout, narrow aisles

Ergonomic, adjustable, and comfortable
furniture

Lighting Old fluorescent lighting, poorly | Ample space per user, minimum 90 cm
regulated natural light aisles
Ventilation Natural light only, no extractor fans Dimmable LED lighting, natural light
control
Acoustics No acoustic treatment, external noise Cross ventilation and silent fans
Technology Without digital resources or | Absorbent panels, sealed doors and

connectivity

windows

Academic functionality

Limited, lecture-style classes

Digital whiteboard, charging stations, Wi-Fi

Physical and cognitive wellbeing

Frequent fatigue

Thermal, visual and postural comfort

Source: Own Creation

Table 2

Comparative Table: 4x2 comparative matrix of conceptual models developed (phase 4) and reality
expressed in the problem situation (phase 2)

Subsystems (4) Current situation (reality) Conceptual model (ideal design)
Furniture Non-adjustable, causes fatigue and poor | Ergonomic, adjustable chairs and tables
posture. with lumbar support.
Lighting Poor (<300 lux), no brightness control. | Dimmable LED + natural light, 500 lux

average.

Ventilation / Thermal comfort

Stagnant air, variable temperature.

Cross ventilation and extractors, 22-25
°C.

Physical space

Rigid, narrow corridors (65 cm).

Flexible space, aisles >90 cm, mobility
and interaction.

Source: Own Creation

Table 3

Comparative Table: Actors, possible attitudes, and implications for viability.

Key actors

Possible Attitudes / Culture

Implications for feasibility

Postgraduate students

They value comfort and concentration
and are open to changes if they improve
performance.

High feasibility if justified by concrete
benefits.

Teachers and researchers

They may prefer traditional classroom
models; some are resistant to change.

Awareness and participation are required.

Academic administrators

They seek budget efficiency and
regulatory compliance.

Medium feasibility if cost-effective
benefits are demonstrated.

Maintenance staff

They appreciate furniture that is easy to
move and maintain.

High feasibility if its operability is
considered.

Institutional regulations

Technical and legal criteria must be met.

High feasibility if based on regulations.

Methodology

Source: Own Creation
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The methodology of this research is based on Soft Systems Methodology (SSM), which allows complex
problems involving technical, human and organisational factors to be addressed, as is the case with the
design of postgraduate classrooms. This systemic approach facilitates a comprehensive understanding of
the educational environment and the identification of relationships between the different elements that
comprise it. (Checkland, 1981; Checkland & Scholes, 1990)

The variables analysed are grouped into key ergonomic dimensions. Anthropometric variables
consider the physical characteristics of users, such as height, posture and range of motion, in order to
adapt the furniture and spatial layout. Environmental variables include lighting, ventilation, acoustics,
and thermal comfort, evaluated through direct measurements and comparison with regulatory criteria.
Spatial variables analyse classroom layout, mobility, and space flexibility, while technological variables
consider the use and integration of digital equipment and resources in the learning process.

A central aspect of the methodology is the comparison of criteria, where the current situation of
the classroom is contrasted with the requirements established in the ISO 9241-5 and NOM-025-STPS-
2008 standards. This comparison allows for the identification of ergonomic gaps and the establishment
of compliance levels, which subsequently serve as the basis for the construction and refinement of the
conceptual model of an ergonomic classroom, considering its technical and cultural feasibility.

Results

The results are presented according to the methodological stages developed. In the diagnostic section,
significant deficiencies were identified in the postgraduate classroom, mainly related to non-adjustable
furniture, insufficient lighting, rigid spatial distribution, and limitations in ventilation and environmental
comfort.

In the conceptual design section, an ergonomic classroom model was developed that integrates
adjustable furniture, flexible space distribution, adequate lighting levels, acoustic improvements, and
better technological integration. The comparison between the current classroom and the proposed model
showed a notable increase in the level of ergonomic compliance, moving from low to high levels in most
of the criteria evaluated.

Finally, in the analysis and discussion section, the results show that the application of a systemic
and regulatory approach not only improves the physical conditions of the classroom but also promotes
students' perception of well-being, concentration, and active participation in the learning process.

Conclusions

The results obtained confirm that the ergonomic deficiencies present in postgraduate classrooms directly
influence students' physical well-being and academic performance. The application of the Soft Systems
Methodology, in conjunction with normative ergonomic criteria, proved to be an effective tool for the
analysis, design and improvement of educational spaces.

The proposed conceptual model of an ergonomic classroom represents a viable and replicable
alternative for higher education institutions, as it integrates physical, environmental, technological and
organisational aspects. Among the main possibilities for improvement are the adaptation of the model to
other educational contexts, the incorporation of periodic ergonomic evaluations and the broadening of
the focus to include cognitive and organisational aspects.

In conclusion, the ergonomic design of classrooms should be considered a key strategy for the
continuous improvement of educational quality, contributing to the overall well-being of students and
strengthening academic performance at the postgraduate level.

Key contributions

Academic: Generation of an innovative conceptual model that integrates physical, cognitive, and
organisational ergonomics with a systemic approach.
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Methodological: Application of SSM in the design of educational spaces, demonstrating its usefulness
in solving complex and poorly structured problems.

Practical: Proposal for an ergonomic classroom adapted to the context of IPN ESIME Zacatenco, with
measurable improvements in well-being and academic performance.

Social: Consideration of inclusion and accessibility, ensuring that solutions benefit all students, including
those with disabilities.

Practical implications

- The proposed ergonomic design can be implemented gradually and sustainably, starting with pilot
classrooms.

- Low-cost alternatives are offered, such as reconditioned modular furniture, without
compromising ergonomics.

- The research provides replicable criteria that can be applied in other higher education institutions
in Mexico and Latin America.

- The proposal aligns classrooms with national and international standards (ISO 9241-5, NOM-
025-STPS-2008), improving institutional competitiveness and quality.

Prospects and future work

- Longitudinal evaluations of the impact of ergonomic classrooms on students' physical health and
academic performance.

- Comparative studies between different classroom designs in different institutions to validate the
replicability of the model.

- Integration of new technologies (augmented reality, intelligent lighting and ventilation systems)
that enhance the educational experience.

— Detailed cost-benefit analysis to justify the investment and facilitate institutional decision-
making.

— Expansion of the approach to other educational levels (undergraduate and primary education),
adapting ergonomic principles to different contexts and user groups.

- Expansion of the geographical and cultural context: replicate the study in other universities in the
country and in Latin America, and make international comparisons with institutions that apply
ergonomic standards.

— Increase in sample size and diversity: include more classrooms and postgraduate programmes, as
well as other educational levels, to strengthen the representativeness of the results.

— Adaptation to institutional variability: develop flexible ergonomic models and design practical
guidelines that can be used by universities with different resources and infrastructure.

— Consideration of uncontrolled external factors: study the influence of the urban and
environmental climate, and analyse how institutional and budgetary policies condition the
viability of ergonomic improvements.

- Comprehensive assessment of academic performance: design longitudinal studies that measure
long-term impact, incorporating indicators of psychological well-being and student motivation.
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Future work should focus on validating, adapting, and expanding the proposal, integrating greater

diversity of contexts, longitudinal methodologies, technological innovation, and sustainability criteria,

in order to consolidate the ergonomic classroom as an educational model with real and replicable impact.
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