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1. INTRODUCCION /

INTRODUCTION

3. ANALISIS /| ANALYSIS

tecnolégicas [6][7].

La tecnologia ha transformado la arquitectura del siglo XXI, mejorando precision y sostenibilidad
con herramientas como AutoCAD e impresion 3D [1][2]. Sistemas inteligentes democratizan el
disefo, enfrentando desafios éticos [3][4]. La gamificaciéon, clave en la ensefianza, aumenta
interactividad y compromiso mientras enfrenta la brecha tecnolégica [5]. Este capitulo explora cémo
estas herramientas preparan profesionales para un entorno digital, equilibrando innovacién y ética.
Gamificacion y virtualizacion prometen métodos educativos inclusivos que abordan desigualdades

Technology has transformed 21st-century architecture, enhancing precision and sustainability with
tools like AutoCAD and 3D printing [1][2]. Intelligent systems democratize design while raising
ethical challenges [3][4]. Gamification, key in education, boosts interactivity and engagement,
tackling the digital divide [5]. This chapter explores how these tools prepare professionals for digital

Preguntas de investigacién / Research
questions

¢Como puede la gamificacion
enriquecer la experiencia educativa? /
How can gamification enhance

Herramienta Metodologica /
Methodological Tool

Integracion de técnicas y
dinamicas de gamificacién /
Integration of Gamification
Techniques and Dynamics

Los videojuegos fomentan
interaccion profunda con el
espacio [47]. / Video games foster
deep interaction with space [47].

Uso de espacios de convergencia
como el Mteaverso / Use of
Convergence Spaces such as the
Metaverse

Los entornos gamificados
facilitan intercambio de ideas
[35]. / Gamified spaces facilitate

idea exchange [35]. planning

Mejora de los procesos
cognitivos en el disefio
arquitecténico/ Improvement of
Cognitive Processes in
Architectural Design

Mejoran el pensamiento critico y
la planificacién [8][25]. /
Enhance critical thinking and

Tabla 1. ;{Qué competencias desarrolla la gamificacion en la ensefanza-aprendizaje y en el perfil profesional de la arquitectura? / Table 1. What skills does
gamification develop in the teaching-learning and professional profile of architecture?

Aspectos semanticos de la
arquitectura en el software de
accesibilidad / Semantic Aspects
of Architecture in Accessibility
Software

Disefios accesibles fomentan
sintesis critica [34]. / Accessible
designs encourage synthesis

[8]1[25]. [34].

environments, balancing innovation and ethics. Gamification and virtualization promise inclusive 1

educational methods addressing technological inequities [6][7]. learning?
Fig. 1. Cronologia de los avances tecnologicos generales frente a las herramientas de la

tecnologia arquitectonica digital / Fig. 1. Timeline on general technological advances versus

digital architectural technology tools 2

¢Como contribuyen las herramientas
tecnolégicas a formar perfiles
profesionales? / How do tech tools
contribute to professional profiles?

Gamificacidon mejora prdcticas
innovadoras [7]. / Gamification
improves innovative practices [7].

Los entornos virtuales potencian
habilidades blandas [37]./
Virtual spaces enhance soft skills
[37].

Espacios simulados dindmicos
mejoran la experiencia [22]. /
Simulated spaces improve
experience [22].

Semadntica e IA fortalecen la
adaptacion profesional [39][43].
/ Semantics and Al enhance
adaptability [39][43].
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Intuitive design to

Incorporation of technologies to promote inclusion.
Identification of accessible and sustainable practices.

on €

Use of playful mechanics to strengthen interactivity.
Personalization through artificial intelligence.

Democratization of learning through gamification.

on Contexts

Enhancement of narrative in design processes

—— (& v. Improving Cogpnitive Processes

Clarity in navigating virtual environments.
Simplification of cognitive load in gamified activities.
facilitate learning

2. METODOLOGIA/ METHODOLOGY

Unequal access to

Digital divide limits inclusiveness.

advanced technologies.

Lack of policies to close these gaps.

ensefianza arquitectonica.

methods.

education.

El estudio aplica un enfoque matricial basado en 49 contribuciones cientificas para identificar
beneficios y desafios de la gamificacion en arquitectura segun niveles de autonomia. Utiliza nubes
conceptuales y cronologias para analizar concept'os clave y propone un cambio hacia métodos
interactivos y colaborativos. Este enfoque multidimensional integra marcos teéricos, actividades y
evaluaciones, promoviendo la creatividad, el pensamiento critico y la autonomia progresiva en la

This study applies a matrix approach based on 49 scientific contributions to identify gamification
benefits and challenges in architecture at different autonomy levels. It employs conceptual clouds
and timelines to analyze key concepts and proposes a shift towards interactive and collaborative
This multidimensional
evaluations, fostering creativity, critical thinking, and progressive autonomy in architectural

approach integrates theoretical

frameworks,

activities, and

Complexity in Al-driven personalization.
Difficulty balancing narrative and educational goals.
Risk of technological overload for students.

“Contexts

— Bii

Complex designs hinder accessibility.
Barriers to understanding digital interaction.

- Lack of standards in gamified platform design.
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i. Access and Equity

®ii Adaptability in Diverse Educational

—— @ iii. Gamification Techniques and Dynamics

—— (@ iv. Convergence Spaces like the Metaverse

—— [@ vi. Semantic Aspects of Software

—— 3. Access and Equity

.. Adaptability in Diverse Educational

—— @ iii. Gamification Techniques and Dynamics
—— @ iv. Convergence Spaces like the Metaverse

— [ v.Improving Cogpnitive Processes

5. Identified
} &ﬁg e Challenges

—— (@ vi. Semantic Aspects of Software =

La Tabla 1 muestra como gamificacion y

metaverso fortalecen habilidades
cognitivas, creatividad y autonomia
estudiantil, formando arquitectos

I versatiles. Destaca niveles de autonomia

y su impacto en competencias digitales
[18][50].

Key Aspects and
Challenges in
Educational
Gamification of
Architecture

Table 1 illustrates how gamification and
the metaverse enhance cognitive skills,
creativity, and student autonomy, shaping
versatile architects. It highlights
autonomy levels and their impact on
digital competencies [18][50].

4. RESULTADOS Y DISCUSION/ DISCUSSION AND RESULTS

La ensefianza del disefio arquitectonico enfrenta una transicion entre métodos tradicionales y el potencial de la tecnologia digital y la gamificacion. Segun [18], la
gamificacion fomenta autonomia y colaboracion, promoviendo experiencias interactivas mas realistas, en contraste con practicas jerarquicas convencionales [50].
Este cambio requiere dinamicas horizontales y participativas que simulen procesos reales de disefio, fortaleciendo habilidades creativas y analiticas. El analisis en la
Tabla 2 correlaciona los componentes clave de la gamificacion (técnicas, procesos cognitivos, espacios de convergencia y aspectos semanticos) con niveles de
autonomia estudiantil, usando regresion lineal para evaluar su impacto en 50 estudiantes durante 1 a 6 afios.

Architectural design education transitions between traditional methods and the potential of digital technology and gamification. According to [18], gamification fosters
autonomy and collaboration, promoting realistic, interactive experiences, contrasting with hierarchical traditional practices [50]. This shift requires horizontal,
participatory dynamics simulating real-world design processes, strengthening creative and analytical skills. Table 2 analyzes the correlation between gamification
components (techniques, cognitive processes, convergence spaces, and semantic aspects) and student autonomy levels, using linear regression to evaluate their
impact on 50 students over 1 to 6 years.

Tabla 2 Niveles de autonomia de la situacién de aprendizaje / Table 2. Levels of autonomy of the learning situation

Nivel de Autonomia /
Autonomy Level

Operativo (Modificado) /
Operative

Inicial (Modificado) /
Initial

Intermedio (Modificado) /
Intermediate

Deliberado (Modificado) /
Deliberate

Estratégico (Adaptado) /
Strategic

Descripcion / Description

Los estudiantes siguen un plan definido. /
Students follow a defined plan.

Docentes socializan el proyecto con los
estudiantes. / Teachers discuss the
project with students.

studiantes aportan a la planificacion y
estructura. / Students contribute to
planning and structure.

olaboracion cercana con tutoria docente. /
lose collaboration with faculty.

os estudiantes lideran todo el proceso. /
Students lead the entire process.

Contribucién al Desarrollo de
Habilidades / Skill Development

Desarrollo técnico bajo guias claras. /
Technical skill development under clear
guidelines.
Participacion inicial y habilidades
colaborativas. / Initial participation and
collaborative skills.
Mayor compromiso y pensamiento critico. /
Increased engagement and critical
thinking.
Liderazgo y autonomia en gestion de
proyectos. / Leadership and project
autonomy.
Liderazgo avanzado y preparacion
profesional. / Advanced leadership and
professional readiness.

Componentes Clave /
Key Components

Integracion de técnicas de gamificacion. /
Integration of gamification techniques.

Técnicas de gamificacion. / Gamification
techniques.

Uso del metaverso y procesos cognitivos. /
Use of the metaverse and cognitive
processes.

Uso del metaverso y colaboracién. / Use of
the metaverse and collaboration.

Aspectos semanticos e IA. / Semantic
aspects and Al.

Tabla 3. Simulacion de variables independientes (técnicas de gamificacion)/ Table 3. Simulation of independent variables (gamification techniques)

Y=Bo+ B1Xq 4 BX; s .

X2Donde ;{(n variaétélﬁ delggndier\]/t:r’iab)gs' Generated data for 50 students based on
independientes, B0 es el término de gamification theory.

intercepcion, (1, p2...... Bn son los b) Modelo: Aplicamos regresion lineal
coeficientes de las variables

indelfzgendientes, y € es el término de error.
. rror cuadratico medio (ECM): 0,4078
. Coef(i)cziente de determinacion

.. BnXn + €

regression.
(R?):

a) Datos Simulados: Generamos datos
para 50 estudiantes basados en teorias
de gamificacién / Simulated Data:

multiple / Model: Applied multiple linear

c¢) Evaluacion: Calculamos MSE y R?; un
R? cercano a 1 indica alta precision / 6

Integration of
Autonom Gamification
/ Techniques

5.9393
7.4367
6.4249
5.904
4.8129

Levels

1
2
3
4
5

Use of
Converg
ence
Spaces
7.1003
3.4301
7.6167
9.6597
3.2388

Improving
Cognitive
Processes

6.1318
4.9474
9.8954
1.9184
2.8799

Knowledge
of Semantic
Aspects

ARCT)
8.8131
2.4624

6.54
2.1144

Time

(Years)

2.559
4.4817
2.8888

1.898
1.1234

Enhanced Heatmap of Skills Enhancement by Gamification Techniques
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Fig. 5. Relacion entre competencias y técnicas de
gamificacion / Fig. 4. Relationship between
competencies and gamification techniques

La Figura 5 muestra cémo la gamificacion
impacta habilidades. Colores brillantes indican
mayor efectividad; gamificacion fomenta
autonomia y metodologias inclusivas en
educacion arquitecténica [10].

Figure 5 shows gamification's impact on skKills.
Bright colors indicate higher effectiveness;
gamification fosters autonomy and inclusive
methodologies in architectural education [10].

El diagrama de radar relaciona niveles de
autonomia (Operational a Strategic) con

Fig. 6. Relacién entre los niveles de autonomia y los
componentes claves de la gamificacion / Fig. 6.
Relationship between levels of autonomy and key
components of gamification

componentes clave de gamificacion. La
autonomia avanzada integra aspectos semanticos
y espacios de convergencia, mostrando
progresion hacia habilidades complejas [18][50].

The radar chart links autonomy levels

Operational
— Initial
—— Intermediate
—— Deliberate
— Strategic

Relation Between Levels of Autonomy and Gamification Components
Improving Cognitive Processes

Use of C g

Knowledge of Semantic Aspects

Gamification Techniques

(Operational to Strategic) with key gamification
components. Advanced autonomy integrates
semantic aspects and convergence spaces,
reflecting progression toward complex skills
[18][50].
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Fig. 3. Comparacion entre los niveles de autonomia

actuales y previstos / Fig. 3, Comparing current and
planned autonomy
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h 5. CONCLUSION/ CONCLUSION

— Actual

Actual vs. Predicted Autonomy Levels (Linear Model)

Where Y is the dependent variable, X,,
Xs...... X, is the independent variables, [3,
is the intercept term, B4, B,...... B, are the
coefficients of the independent variables,
and € is the error term.

* Mean Squared Error (MSE): 0.4078
« _Coefficient of Determination (R?):
04902

Evaluation: Calculated MSE and R?; R?
close to 1 indicates high accuracy.

d) Visualizacion: Comparacion grafica de
valores reales y predichos /
Visualization: Graphical comparison of
actual and predicted values.

Fig. 4. Relacion entre skills (variables dependientes) y tecnicas de gamificacion
(variables independientes) / Fig. 4. Relationship between skills (dependent variables)
and gamification techniques (independent variables)
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Los resultados de la Fig. 4, muestran que cada habilidad depende del
"Coeficiente del Modelo," que indica el peso de las variables independientes,
mientras el "R?" refleja precision. Técnicas como "Integracién de Gamificacion”
y "Espacios de Convergencia" destacan por su alta influencia, visualizada en
graficos que relacionan coeficientes elevados con impacto significativo. The
results (see Fig. 4) show each skill depends on the "Model Coefficient,"
indicating the weight of independent variables, while "R®" reflects accuracy.
Techniques like "Gamification Integration" and "Convergence Spaces" show
high influence, visualized in graphs linking higher coefficients to significant

impact.

La gamificacion en la educacion arquitectonica fomenta habilidades técnicas y colaborativas, integrando un
enfoque narrativo y holistico al disefio. Técnicas como "Espacios de Convergencia" y dinamicas de juego
enriquecen la experiencia de aprendizaje y mejoran niveles de autonomia estudiantil. Aunque presenta
desafios de accesibilidad, la matriz propuesta aborda estas limitaciones, promoviendo metodologias
inclusivas. Este enfoque prepara a los estudiantes para desafios complejos, promoviendo sostenibilidad y
equidad. Mas que una metodologia, la gamificacion redefine la ensefianza arquitectonica, alineandola con
tendencias tecnoldgicas y sociales. La investigacién destaca la necesidad de enfoques dinamicos,
interactivos y tecnoldgicos para arquitectos del futuro.

Gamification in architectural education enhances technical and collaborative skills, introducing a narrative
and holistic design approach. Techniques like "Convergence Spaces" and gamified dynamics enrich learning
experiences and boost student autonomy. Despite accessibility challenges, the proposed matrix addresses

these, promoting inclusive methodologies. This approach prepares students for complex challenges,
fostering sustainability and equity. More than a methodology, gamification redefines architectural teaching,
aligning it with technological and social trends. The research emphasizes dynamic, interactive, and
technological approaches essential for future architects, ensuring preparedness for evolving demands in the
architectural field.
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