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			Abstract

			In an educational setting dominated by digital technologies, analogue tools continue to play a vital role in learning. This article investigates the use of the camera obscura as a low-tech tool for interdisciplinary teaching, integrating art, science and technology in the classroom. Through an educational experience with secondary school students, the study examines how this device facilitates the understanding of optical concepts while encouraging creativity, critical thinking, and experimentation. The research employs an inquiry-based learning (IBL) approach, enabling students to explore scientific and artistic principles through practical, hands-on activities. The findings demonstrate that incorporating analogue methods into education not only enriches the teaching of physics and art but also provides a valuable perspective on imagery within the digital age. The study concludes that the camera obscura is an innovative educational resource capable of promoting meaningful learning and fostering interdisciplinarity in modern education.
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			De la simplicidad a la innovación: la cámara oscura como herramienta low-tech en la educación contemporánea  

			Resumen

			En un contexto educativo dominado por lo digital, las tecnologías analógicas siguen desempeñando un papel clave en el aprendizaje. Este artículo explora el uso de la cámara oscura como una herramienta low-tech para la enseñanza interdisciplinaria, integrando arte, ciencia y tecnología en el aula. A través de una experiencia educativa con estudiantes de bachillerato, se analiza cómo este dispositivo facilita la comprensión de conceptos ópticos y fomenta la creatividad, el pensamiento crítico y la experimentación. La investigación adopta un enfoque basado en la indagación (ABI), permitiendo al alumnado descubrir principios científicos y artísticos de forma experiencial. Los resultados evidencian que la incorporación de metodologías analógicas en la educación no solo enriquece la enseñanza de la física y el arte, sino que también ofrece una perspectiva crítica sobre la imagen en la era digital. Se concluye que la cámara oscura es un recurso didáctico innovador, capaz de potenciar el aprendizaje significativo y la interdisciplinariedad en la educación actual. 

			Palabras clave

			cámara oscura; óptica geométrica; educación interdisciplinaria; arte y ciencia; tecnología low-tech

		

		
			Introduction

			Despite the dominance of the digital in the current era, analogue technologies remain crucial due to their quality, durability, and capacity to enrich human experience. Their permanence is not just nostalgia but proof of a hybrid model where analogue and digital technologies coexist and complement each other, creating balance in an increasingly digital environment (Stocchetti 2023). 

			In digitized education, analogue technologies meet emotional and sensory needs that digital media cannot. The authenticity and tangibility of media like vinyl records offer unique experiences that foster communities and promote reflective, personal learning (Barad 2021). The analogue culture also reintroduces traditional techniques into the classroom, enriching digital learning and the social construction of student identity. 

			The concept of low-tech, which promotes accessible and sustainable solutions, plays a key role in this hybrid approach by offering simple options that enhance sustainability and improve daily and educational life (Serrano 2023). This integration of traditional and digital methods responds to the need for flexibility in contexts where digital divides restrict fair access to advanced technology. 

			Contemporary adolescents face significant challenges due to pervasive exposure to digital media, leading to what is often called digital alienation – a disconnection from physical and social realities. This phenomenon adversely affects students’ well-being and engagement with learning. Authors like Selwyn (2016) highlight the importance of balancing digital interactions with genuine, tactile experiences to promote critical thinking and reestablish connections with the material world and social contexts. Supporting research by Lalilaki et al. (2025) points out the negative effects of digital overload on attention and motivation, but also indicates that incorporating low-tech, hands-on activities, such as the camera obscura, can help students regain focus, improve their emotional well-being, and foster collaborative learning. These insights underscore the educational value of integrating analogue methods to mitigate the adverse effects of digital saturation in modern education.

			Interdisciplinary approaches, such as integrating art, science and technology through analogue methods, are highly beneficial (Serón Torrecilla 2019), facilitating deeper understanding and connection to the physical and social environment. An example of this is the use of the camera obscura, which facilitates the understanding of scientific concepts in a tangible way (Amacker et al. 2024). 

			This approach was implemented over four consecutive school days within the regular Physics curriculum for 2nd-year Baccalaureate students, as part of a master’s thesis project carried out by a pre-service secondary teacher in the context of formal higher education. The activity was conducted as a classroom exercise, demonstrating how analogue methods, such as the camera obscura, can transform physics teaching by enabling more accessible and relevant learning.

			1. Objectives 

			This study focuses on the intersection between art, science, technology and society (ACTS) in contemporary education, using the camera obscura as a catalytic device for interdisciplinary learning.  The main objectives are:

			1. To explore the camera obscura as a bridge between ACTS, integrating its use in the classroom to foster an interdisciplinary understanding of light, image and visual perception.

			2. To revolutionise physics teaching through visual creation, moving away from traditional methods and encouraging learning based on experimentation, creativity and artistic research.

			3. Deconstruct traditional dichotomies between analogue and digital through the experience of the camera obscura, analysing how engaging with analogue practices fosters a deeper and more critical understanding of digital imaging technologies.

			2. The camera obscura as an interdisciplinary axis

			2.1.	The relevance of analogical technologies in the digital era: towards a low-tech and slow media pedagogy

			In a digital-dominated educational and cultural context, the vindication of analogue technologies like the camera obscura is especially relevant. In response to the overproduction of digital images and programmed obsolescence, slow and low-tech technologies provide avenues for creative, educational, and critical processes that challenge prevailing technological trends (Sánchez-Serrano 2022). 

			The slow media movement (Rauch 2018; Honore 2004) advocates for slowing down media production and consumption, prioritizing reflection and direct experience. Using the camera obscura in the classroom encourages students to stop, observe, and analyse optical phenomena. 

			Similarly, low-tech art (Martin 2018; Hertz & Parikka 2012) encourages the critical use of simple, accessible technologies, thereby countering high-tech elitism. The camera obscura, constructed from recycled materials and based on optical principles, supports this philosophy by providing a creative way to explore the phenomenon of imaging. 

			These practices challenge technological consumption, favouring reuse and adaptation, and align with debates on technological justice (Costanza-Chock 2020), promoting equitable and reflective access to technology, particularly in education.

			2.2. Why use the camera obscura in education?

			This striking yet straightforward device helps students conceptualize light and image formation. Álvarez-Jubete et al. (2019) connect learning these concepts to historical scientific discoveries and technological progress. The camera obscura fosters interdisciplinary connections, as Gardner (1987; 1990) emphasised the shared complexity of thinking across arts, science and mathematics. However, optics education often adopts a rigid approach that overlooks historical challenges in science (Álvarez-Jubete et al. 2021). The camera obscura addresses this by encouraging critical reflection on previous ideas.

			It also facilitates interdisciplinary communication in ACTS (FECYT 2023), aligning with trends that break down disciplinary boundaries (Braidotti 2013). Incorporating these practices improves scientific and artistic learning while fostering critical reflection on technology and society, consistent with critical pedagogy (Selwyn 2016; Rivera-Cusicanqui 2018).

			STEAM education (Yakman 2008) merges scientific thinking with creativity and experiential learning (Serón-Torrecilla & Murillo-Ligorred 2020). Constructing a camera obscura from recycled materials develops problem-solving skills and fosters artistic-technological exploration, while prompting reflection on the evolution of the image – from 17th-century art to digital technologies (FECYT, 2023).

			Therefore, the camera obscura is a didactic resource for physics and a gateway to art, technological history, and visual perception, making it a versatile tool for secondary education.

			2.3.	The camera obscura as a tool for knowledge, its use in art and its physical foundations 

			The camera obscura is an optical device that allows direct observation of image formation based on the rectilinear propagation of light. When light passes through a small hole in a dark box, it projects an inverted image onto the opposite wall (Figure 1). This phenomenon, documented since antiquity by Mozi and Alhazen (Needham 1962), and refined by Leonardo da Vinci in the Renaissance, is essential in geometrical optics and is related to how the human eye and modern cameras function (Muñoz-Vera 2023).
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			Figure 1. Illustration of the trajectory of light rays inside a camera obscura (left) and the physical basis of the human eye (right). Based on illustrations by Castro (2010) and the Instituto Nacional de Tecnologías Educativas y de Formación del Profesorado (INTEF 2022). Source: INTEF

			Theories suggest that some cave painting drawings may have been inspired by the camera obscura. Holes in Palaeolithic tents created dark chambers that projected moving images, probably influencing spiritual and philosophical advances (Gatton & Carreon 2011).
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			Figure 2. Timeline: historical evolution of the camera obscura as a tool of knowledge. Elaborated from information collected from Torre Tavira (2023). Source: own creation

			In art, the camera obscura became a tool for visual representation in the 15th century. During the 17th century, it was associated with Dutch painting – see Figure 3 – particularly in the works of Vermeer, who may have employed the device (Torre Tavira 2023). Its use has been documented since the 19th century, following the advent of photography, and continues to inspire contemporary artists such as Abelardo Morell and Vera Lutter, who utilize the camera obscura in their works to create unique representations of light and space. In particular, Abelardo Morell is a photographer known for turning rooms into cameras obscuras, projecting outdoor landscapes onto walls through a small hole. He captures the reflected images with long exposure film, a process that can take five to ten hours (National Geographic 2011). One of his works is shown in the left panel of Figure 4.
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			Figure 3. Athanasius Kircher. Illustration of a “portable” camera obscura in Kircher’s Ars Magna Lucis Et Umbra (1646). Source: kircher_1281.jpg (2704×4231) (stanford.edu)

			Vera Lutter creates unique images with cameras obscuras, using minimalist techniques that manipulate light on photosensitive paper during prolonged exposures (see Figure 4, right). Her process combines manual intervention and temporal expansion, moving away from conventional photography to capture the transience and chaos of the world in irreproducible works (Koch 2012).
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			Figure 4. Camera Obscura. View of Lower Manhattan, Sunrise, 2022 (top). Courtesy of the artist. Vera Lutter, 2006 (bottom.) Studio, XXXIV: October 19 – November 6, 2006. Source: Vera Lutter

			The camera obscura has also influenced artists such as Olafur Eliasson and Rafael Lozano-Hemmer, who use light and interactive projections to explore public perception and interaction in their installations. Likewise, artists such as James Turrell and Daniel Canogar combine light, technology, and space to create illusions and sensory experiences (Turrell 2013; Govan & Bell 2013). Nilu Izadi, in her intervention Yellow House (2010) in Beirut, rehabilitates a residence marked by bullet impacts from the Iran-Iraq war (1982), using them as pinholes and sealing the space to produce the camera obscura effect (see e.g. Camera Obscura World n.d.).

			 3.  Development of the experience: phases

			The research process began with the implementation of a test inspired by Abelardo Morell, in which an office was darkened using recyclable materials (see Figure 5, left). Next, three holes of different diameters were drilled in the cardboard to construct the diaphragms required for the darkened room. Finally, the space was completely darkened, and the inverted images generated by the three diaphragms were observed, analysing the variations in sharpness and brightness obtained (see right panel of Figure 5).

			[image: ]

			Figure 5. Top: office prepared as a dark room. Bottom: inverted image of the buildings outside projected on the walls of the office, using the 6 cm diaphragm. Source: own creation

			The next step was undertaken at IES Viera y Clavijo, a secondary school, with second-year baccalaureate students, employing an interdisciplinary approach based on inquiry-based learning (IBL) (Llewellyn 2007). The activity was structured in four phases, as detailed in Figure 6.

			[image: ]

			Figure 6. Project’s phases. Source: own creation

			3.1.	Historical introduction and initial experimentation

			The project started with an introductory presentation, followed by a brief historical overview of the camera obscura. Afterwards, students received a simple camera obscura built from easily accessible, recycled materials (see video by Carmona-Rivero 2022a). The aim of this activity was for students to experience image inversion and to form hypotheses about the factors that affect it. 

			Figure 7 shows some initial results. It features a camera obscura made with a Pringles can, used to capture inverted images of Lora Tamayo Street, where the school is located. This activity was essential to consolidate the concept of image inversion.

			[image: ]

			Figure 7. A camera obscura made from a Pringles can (left). Resulting inverted image with this camera from the outside (right). Source: image courtesy of J. Carmona

			 Didactic material based on Criado et al. (2007) was provided, allowing students to enrich their hypotheses and engage in artistic reflection on visual perception. They also kept a reflective diary in their research notebooks and answered key questions.

			3.2.	Conceptual exploration of image and light: construction of a darkroom

			As an introduction, a video from National Geographic (2015) was shown, in which Abelardo Morell explains the basic materials used to create a darkroom. Then, the students worked in teams to transform an office at the IES Viera y Clavijo into a dark space, using recycled cardboard, black duct tape and garbage bags. In this phase, aspects such as material efficiency, teamwork quality and the elimination of external light were evaluated. 

			Figure 8 (left) shows moments in the construction process. To create the diaphragm, a square approximately 5 cm × 5 cm was left on the window, and cardboard with circular openings of different sizes was placed on it, depending on the desired effect (see Figure 8, right).

			 Once the room was prepared, the lights were turned off, allowing time for pupil adaptation. The group of students adjusted the position of a poster board and/or whiteboard until a sharp image was achieved, where the projection screen was finally placed (see Figure 9, left). Then, a magnifying glass or a convex lens was positioned in front of the perforations to enhance sharpness. Focal plane distance was also tested by moving a 2 x 1.5 m² whiteboard into the room (Figure 9, right).
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			Figure 8. Left: students preparing a room to recreate a camera obscura, as described by Abelardo Morell. Right: placement of diaphragms (6, 4 and 2 cm). Source: image courtesy of J. Carmona

			It was observed that the image became sharper as the diameter of the hole was reduced, although with less luminous intensity. This relationship between clarity and darkness invited reflection on how visual perception changes depending on light and shadow, similar to how the interpretation of art can vary depending on the details exposed or hidden. The results were recorded by the students in their research notebooks.
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			Figure 9. Left: image projected on a white cardboard of Lora y Tamayo Street obtained with a 2 cm diaphragm. Right: image obtained on a white board with the same diaphragm. Source: image courtesy of J. Carmona

			3.3.	Visual and phenomenological experimentation with light

			In this stage, the effect of light on the image of a candle was observed using a camera obscura with a movable focal plane. The group of students used a previously built camera obscura (Carmona-Rivero 2022b) and analysed how the image of the flame changed as they adjusted the focal plane distance. When moving the focal plane closer to the diaphragm, the image became smaller; when moving it farther away, it became larger (see Figure 10). This variation in the image led to a reflection on how the perception of light and focus can alter the way we see an object, suggesting that in art, the distance or focus on a subject can transform its meaning and the intensity of the visual experience. [image: ]

			Figure 10. Image of a candle observed with a camera obscura with a variable focal plane. The flame appears smaller (right) when the focal plane is moved closer to the diaphragm aperture and larger (left) when it is moved farther away. In both cases, the image appears inverted. Source: image courtesy of J. Carmona

			3.4.	Individual creation

			The final stage involved each student individually constructing a basic camera obscura. An instructional video was shown on how to assemble a camera using recycled materials (by Charlotte Pozzi-Escot and Jorge F. Roncal Valdivia),1 emphasizing that they had to carry out their own school research.

			The procedure involved finding a cardboard box, painting the inside black, and cutting a 2 cm × 2 cm square, which was then covered with perforated aluminium foil. Inside the box, cardstock tabs were placed to later hold the photographic paper (see Figure 11, left). The right panel shows examples of cameras built by the students using recycled materials. This stage was not completed because the photographic paper required for development was not in good condition, preventing verification of the construction.

			[image: ]

			Figure 11. Left: construction of the camera obscura using the box format. Right: examples of cameras built by the students. Source: image courtesy of J. Carmona

			In an attempt to create an image, the students experimented with gelatin-coated paper, successfully capturing an image of overlapping plants, which was fixed with a sodium thiosulfate solution (see Figure 12). They were also encouraged to explore using homemade developing solutions, such as coffee. This experimentation led to a reflection on how transforming everyday materials generates new forms of visual expression, exploring the relationship between nature, technique and perception.

			[image: ]

			Figure 12. Image of overlapping plants on photographic paper created by the students, fixed with a sodium thiosulfate solution. Source: image courtesy of J. Carmona

			4.	Impact on students’ perception and creativity

			This educational innovation project evaluated students’ performance in an interdisciplinary way, combining physics, art, and technology according to the Canary Islands curriculum. Through geometrical optics, both scientific understanding and creativity were fostered. Table 1 shows this relationship, and the IBL methodology was employed to encourage active and expressive learning.

			
				
					
					
				
				
					
							
							Aspect

						
							
							Integration of IBL in the project

						
					

					
							
							Approach

						
							
							Convergence of physics, art and technology.

						
					

					
							
							Methodology

						
							
							IBL connects scientific research with artistic practice, promoting inquiry-based learning and discovery.

						
					

					
							
							Key experiences

						
							
							•Identification of problems related to optics and art.

							•Formulation of hypotheses about visual phenomena.

							•Experimentation with optical devices.

							•Analysis of the data obtained.

							•Reflection on the results from an artistic and scientific perspective.

						
					

					
							
							Products evaluated

						
							
							•Research notebook as a reflexive register.

							•Dark room as an interdisciplinary installation.

							•Pinhole camera as a tool to explore optical and aesthetic concepts.

						
					

					
							
							Evaluation criteria

						
							
							•Development of research skills.

							•Ability to formulate artistic and scientific hypotheses.

							•Critical and aesthetic interpretation of visual data.

							•Creativity in problem solving.

							•Interdisciplinary collaborative work.

						
					

					
							
							Educative impact 

						
							
							•Promotion of critical and autonomous thinking.

							•Encouragement of research and artistic skills.

							•Connection between art, science and technology as tools to understand complex phenomena.

						
					

					
							
							Innovation

						
							
							•Transforming the classroom into an artistic-scientific laboratory where students are the main agents of their own learning through active inquiry.

						
					

				
			

			Table 1. Integration of the IBL methodology in the project, highlighting the convergence of physics, art and technology. Source: own creation

			4.1. Analysis of the results obtained

			To evaluate the degree of achievement of the proposed objectives, a connection will be made between these objectives and the evaluation tools used to analyse the creative and experimental processes developed at each stage of the project. Figure 13 illustrates the inferred relationships between the different stages of the project – the processes carried out – and the objectives targeted at each stage.

			 

			[image: ]

			Figure 13. Relationship between the project phases, the creative and experimental processes conducted, and the main objectives addressed. Source: own creation

			Quantitative assessments of the students’ results in each part of the project were also considered. The results show very positive performance, with excellent grades surpassing initial expectations. This highlights not only the students’ effort and motivation but also the effectiveness of the applied methodology, which promoted meaningful learning and a strong understanding of the content. 

			The diagram in Figure 14 illustrates that the most prominent aspect of the group is commitment, with a high score indicating clarity in objectives and strong engagement. Vision, communication and creativity also demonstrate good levels, whereas culture and leadership have lower scores, pointing to areas that need improvement.
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			Figure 13. Relationship between the project phases, the creative and experimental processes conducted, and the main objectives addressed. Source: own creation

			The project was successful and rewarding, as indicated by surveys conducted with the students, who suggested improving the organization and dedicating more time to it. This type of experience fosters meaningful and enthusiastic learning in the sciences, and it is recommended to integrate interdisciplinary projects into curricula, promoting teacher collaboration and training students as leaders.

			4.2. 	Connections created and involvement of educational agents

			During the experience, student participation increased, including those with free hours or from other areas, who were interested in image formation and constructing pinhole cameras. The teaching staff of the centre collaborated throughout. Management provided the boxes and recycled materials, the janitor supplied the tools, and the teachers of chemistry, physics, and photography shared their expertise. Notable support came from the photography teacher, who supplied a darkroom, and the chemistry teacher, who made the lab available for researching photographic paper. Interdisciplinary collaboration and teamwork were promoted, allowing students to combine scientific knowledge and artistic skills, thus strengthening the sense of community in the educational centre.

			5.	Discussion and conclusions

			This type of project promotes meaningful learning in the sciences through an experimental and creative methodology, centred on the students, which facilitates the observation of physical phenomena in a visual and intuitive way (Criado et al. 2007). This methodology generates more enthusiastic and positive learning toward science, as indicated by Domènech-Casal (2019), and has a long-term impact on students’ attitudes, especially female students, towards science and their academic future.

			The digital and urban society, marked by sensory overload and the loss of spaces for contemplation, finds in the habitable camera obscura a counterbalance that fosters mindfulness, encourages introspection, and restores a direct connection with natural phenomena (Sáez Gutiérrez et al. 2025).

			The project also supports the ongoing professional development of teachers, enhancing their skills in active, interdisciplinary, and experiential methods (Álvarez-Jubete et al. 2019). It promotes collaboration among teachers, students, and the educational community, advocating for the integration of interdisciplinary projects (Useche-Gutierrez & Vargas-Guitiva 2019) into curricula and the formation of communities of practice to share resources and innovate collectively. 

			In addition, it is suggested that students be empowered to take leadership roles in similar projects, which promotes a sense of ownership and ensures continuity in the event of faculty absence.

			Recent studies show that, even in digitized environments, non digital practices such as human interaction and critical reflection remain key to the future of education (Selwyn 2019). Moreover, methodologies such as didactic research and experimentation help students develop a critical understanding of their environment and address motivational challenges in science learning, as pointed out by Solbes et al. (2007).

			Although digitization predominates, returning to analogue methods, such as the use of the camera obscura, can be crucial for a more human and reflective education. Analogue technologies allow us to question the digital manipulation of images, offering an educational experience that promotes a critical view of technology. According to Parikka (2012), reflecting on deep communication channels involves considering the material infrastructures and techniques that shape our perception – something that experiences with devices like the camera obscura reveal in a didactic and aesthetic way. Thus, it presents itself as an educational tool that combines art, science and technology, resisting digital hegemony and fostering transformative education.

			5.1.	Future perspectives

			It is proposed to expand this project through artistic interventions that integrate emerging technologies and social approaches, such as the use of artificial intelligence, the creation of participatory installations, the use of sustainable materials (bioart) and urban interventions. These initiatives would expand the educational and cultural impact, addressing social and environmental challenges. In this way, the proposed experiences complement the camera obscura, resulting in a hybrid project that enhances the interaction between art, science, technology and society.
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