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Abstract. Physical heritage objects and assets are related to a vast amount of 

digital information of different kinds, which are challenging to be communicat-

ed to visitors in understandable and engaging ways. Yet recent technological 

advances promise new opportunities to more tightly merge the digital with the 

physical world. This paper therefore introduces the concept of “phygital herit-

age”, the integration of digital technology ‘into’ physical reality, as a potential 

medium for more enriched and playful communication of heritage values and 

qualities. We propose that phygital heritage should enable the exploitation of 

typical advantages of both digital and physical reality, and that distinct catego-

ries of phygital can be recognized based on: 1) the level of physical affordance; 

and 2) in how far the technology is integrated into the physical reality. The pa-

per also opens the discussion about the potential challenges and concerns which 

future explorations, scientific research and real-world applications of phygital 

heritage probably will encounter. 
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1 Introduction 

Heritage forms the evidence of the fruitfulness and diversity of our past. Accordingly, 

most heritage artefacts represent a vast amount of information, ranging from simple 

factual aspects to more complex qualitative, tacit qualities and values. Following the 

current movement towards the democratization of culture [1], there exists a general 

tendency towards making heritage information more available and accessible to the 

wide public, such as to make people aware of the value and richness of their and oth-

ers’ heritage. Heritage information tends also to be communicated to support its deep-

er understanding, or to engage and even immerse visitors in heritage environments 

[2]. Most typical forms of communication occur via conventional means, such as 

written labels or audio guides in museums. Yet following the rapid advancements 

offered by modern digital technologies, heritage information is now also increasingly 

represented via more dynamic and interactive formats, including websites, smart 
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phone applications or virtual and augmented reality worlds. In addition, recent devel-

opments like the Internet of Things (IoT) [3] demonstrate how digital technologies are 

now becoming deeper integrated within the fabric of our physical reality. As such, it 

is claimed [3] that the Internet will no longer be only about people, media and con-

tent, but also will include real-world physical assets as networked objects able to ex-

change information, interact with each other as well as with people. Along with these 

emerging technological movements, an overarching term “phygital” has been pro-

posed [4, 5, 6, 7, 8] that conceptualizes the blending of the physical and the digital, in 

so far that they do not simply complement, but rather reinforce each other. According-

ly, the term “phygital” was coined [4] to denote how everyday objects are connected 

to their environment, gathering the information and adapting their performance ac-

cordingly without human intervention. 

The field of marketing has used the term “phygital” (e.g. [5]) as a conceptual idea 

that bridges e-commerce tools to physical stores, often to connect the digital presence 

of a brand or product to an immersive real-world experience, wherein a digital action 

can trigger a physical reaction, or vice versa, a physical action can result in a digital 

reaction. Such endeavor can be typically achieved by making the physical world a 

type of information system, such as by embedding machine-readable traces or sensors 

into physical objects so that they are able to communicate to users through digital 

interfaces [5]. Yet phygital characteristics can also be recognized beyond the field of 

marketing and retail, with application domains as diverse as education, gaming and 

tourism. For instance, phygital map (Figure 1.a) exploits the physical advantages of 

paper-based Atlases such as the ease of navigation and the tactile impression of 

browsing, and merges these with the qualities of digital media, like allowing access to 

a wide range of audio and video content, which even can be regularly updated [6]. 

Similarly, phygital game (Figure 1.b) adds a physical experience to a compelling 

digital game in order to reduce the necessary screen time in favor of more healthy 

forms of physical engagement [7], hereby allowing the embodiment of the user into a 

robot as the manifestation of the virtual into the physical. The idea behind phygital 

can even be deployed as a participative method, as the project phygital public space 

(Figure 1.c) [8] demonstrates how citizen engagement can be fostered via digital 

blogs for easily sharing and shaping their public space by stimulating interaction be-

tween the participants, gathering information and reporting the analogic data on a 

shareable bases. Here, the project also merges physical onsite workshops and analyses 

such as sound and visibility surveys to capture the flow map of pedestrian’s move-

ment in the public space, and merges all this data into a phygital experience. 

Based on these theoretical and practical manifestations, we propose in this paper 

“Phygital Heritage” as a potential future research subfield, which entails how herit-

age information can be disclosed via simultaneous and integrated physical and digital 

means. By blending the digital empowerment of cultural learning, storytelling and 

entertainment into the heritage artefact, activity or environment, heritage forms an 

ideal application field to give meaning to the digital experience, and in turn, the digi-

tal medium is able to truly provide immediate access to the dynamic relevant re-

sources. 
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(a) phygital map [6]. 

  
(b) phygital game [7]. 

  
(c) phygital public space [8]. 

Fig. 1. Examples of phygital approaches: (a) phygital map: paper-based Atlas merged with 

digital media contents; (b) phygital game: projected playground with robot; (c) phygital public 

space: digital blogs and physical surveys to share and shape public spaces. 

Several related domains have already demonstrated the value of the physical in hu-

man-computer interfaces. For instance, in comparison to traditional graphical user 

interfaces (GUIs), tangible user interfaces (TUIs) are perceived to be more compel-

ling and intuitive to use. TUIs do not only afford objects in an abstract physical form, 

but they also allow the incorporation of material attributes (e.g. size, shape, texture, 

color, weight) in order to convey information [9]. Well-considered TUIs can also 

provide lay users with more intuitive affordances that steer digital actions, as physical 

objects tend to be more familiar, approachable, and less abstract to use than traditional 

digital interfaces [10]. As such, heritage communication has already benefited from 

recent TUI advances. For instance, tangible smart replicas have been used in museum 

exhibitions to provide an additional layer (narrative content) of story-telling on top of 

factual information presented on text labels, typically located next to the original her-

itage objects [11]. Furthermore, anecdotal evidence shows that the touch and manipu-

lation affordances of TUIs in interactive exhibits tend to attract more visitors, even 
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persuade them to explore further and deeper [12]. Tangible installations can also be 

deployed in outdoor heritage environments where lack of power supplies or digital 

networks can exist. For example, the ‘interactive belt’ [13] supports the visit of ar-

chaeological sites by enabling visitors to select the story they want to listen to and to 

be part of it, triggering by specific points of interests. Another example is the utiliza-

tion of a monument of urban space ‘City Mouse’ as a tangible user interface [14], a 

landmark of a large stone sphere representing the globe, which people could push to a 

rolling motion in order to rotate a 3D image of the Earth that is visualized on a screen 

next to the landmark. 

These examples, among others, demonstrate how the combination of physical and 

digital is still relatively unexplored, but potentially particularly valuable for the field 

of heritage communication, such as when the digitally augmented experience makes 

some sort of meaningful connection to the actual heritage context, such as the social, 

cultural and physical characteristics of the physical reality. 

2 Phygital Heritage: Digital and Physical Characteristics 

Mixed reality is defined as “…anywhere between the extrema of the virtuality contin-

uum” [15], a continuum that extends from the completely real through to the com-

pletely virtual environment, with augmented reality and augmented virtuality taking 

on positions in-between. However, mixed reality relies more on displays and screens, 

a medium that a relatively contextless and lacks material qualities. On the other hand, 

we believe that phygital focuses on exploiting material-driven affordances, where the 

medium does not only conveys visual but also tactile qualities, in addition to physical 

affordance and playfulness. In the future, phygital heritage can thus be grounded on 

the combination of the key characteristics of both digital and physical realms for the 

goals of communicating and interacting with digital as well as physical present herit-

age information. Relevant key qualities of the digital medium include, but are not 

limited to: 

Providing access to rich and vast forms of information. Heritage information orig-

inates from multitude of sources, and is manifested in many different forms, encom-

passing a vast amount of content that could potentially be disseminated. Regardless of 

the size, dimensionality or time-dependency of this data, digital technology allows for 

its immediate access through many different output media. For instance, a phygital 

interface is capable to convey distinct layers of information related to a heritage ob-

ject depending on the actual communication medium, ranging from traditional dis-

plays to portable or wearable AR technology [16]. 

Personalization of information. Digital information can be offered or automatically 

filtered according to the profile of visitors, including their age or personal interests 

[17]. In addition, heritage experts can also specify the types, quantity or interpretation 
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of content according to the surrounding context [18] or other kinds of dynamic con-

strains. 

Information immersion. Digital display technology allows users to become im-

mersed in the information, stimulating several senses (e.g. audio, tactile, touch) simul-

taneously in order to provide a more believable or tacit experience that better contex-

tualizes the intrinsic values of heritage. For instance, virtual reality technology now 

enables users to navigate within stimulated 3D worlds that resemble the original her-

itage situation, in so far that it has been shown that such environments are more effec-

tive in supporting learning activities [19]. 

In turn, the phygital features combine the key characteristics of the physical realm 

that include, but are not limited to: 

Physical affordance. It denotes how the physical form demonstrates the possibility of 

an action on an object or the environment to people. As such, tangible interfaces are 

capable to make use of people’s experience of interacting with real world objects 

[20]. As such, evidence from educational psychology shows that the manipulation of 

physical representations of information and utilization of TUIs facilitate understand-

ing [21]. The physical properties of heritage artefacts may thus invoke visitors’ pre-

existing knowledge to discover their meaning, functionality or use, and consequently 

lead to more intuitive or memorable forms of communication. Accordingly, phygital 

interfaces might thus allow users to not only touch heritage artefacts (or their repli-

cas), providing not only the subjective experience of its shape, materiality or weight, 

but also for a tactile exploration of its potential use. 

Physicalization. Information has already been visualized in physical manners for 

thousands of years, ranging from measuring instruments, passive visualizations, to 

more interactive forms of visualizations [22]. For abstract information, which lacks 

tangible counterparts (e.g. numbers, networks), its encoding into physical form (Phys-

icalization) still improves the efficiency of information retrieval, particularly when it 

can be freely touched [23]. Similar physical qualities of heritage objects can be con-

veyed via haptic devices like “open drawer” displays, allowing visitors to reveal parts 

of an exhibit [18]. 

Situatedness. Situated communication depends on how the information relies on the 

“physical context” to be understood [24]. Varying degrees of situatedness exist, rang-

ing from non-situated objects which are typically shown on museum walls or displays 

and thus require textual labels or legends to be understood, to fully situated objects 

like ruins and statues, of which the value can only be comprehended by experiencing 

and interpreting the surrounding context. Notably, most websites and virtual reality 

applications are non-situated in nature, allowing users to appreciate heritage regard-

less of their location yet lacking tacit and intangible qualities. Most projection map-
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pings are more situated, as the graphical depiction of the information can be directly 

and physically related to the artefact on which the projection occurs. 

The aforementioned characteristics have been combined in our proposed model 

“phygital heritage”, shown in Figure 2. The model captures the most relevant tech-

nologies that are relevant to the integration of digital technology into physical objects 

in the context of cultural heritage. Such forms of integration range from separated 

entities that are added ‘on top of’ physical reality (e.g. augmented reality), to its seam-

less and invisible embedment (e.g. shape-changing interfaces). The horizontal axis 

represents the level of physical affordance, such as how the features of an interface 

physically support or facilitate taking an action. The vertical axis conveys the level of 

situatedness, or how the technology depends on the physical context to communicate 

information. The model considers that almost every communication technology is 

phygital in some way or form, but some are more phygital than others. Accordingly, 

the model proposes three distinct categories of phygital heritage; augmented (P1), 

integrated (P2), and actuated (P3). 

 

Fig. 2. Phygital heritage model, mapped along two characteristics: the physical affordance of 

information and the level of situatedness of how this information is communicated. 
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 Augmented (P1) requires some form of continuous interaction between heritage 

objects or assets (physical) and electronic devices (digital). For instance, mobile 

augmented reality (AR) immerses visitors in a story by providing different infor-

mation through texts, images and advanced 3D models via their portable devices 

[11]. This category also includes the use of ‘beacons’ (small devices that transmit 

Bluetooth signal to visitors’ smartphones), which allow for the mapping and re-

cording of points of interest inside heritage buildings to provide contextual infor-

mation [25]. 

 Integrated (P2) requires users to interact with heritage objects via TUIs, which are 

capable of communicating information through the use of haptic rendering meth-

ods. TUIs provide users with more familiar physical objects and actions to explore, 

even to make sense of more abstract or less familiar digital representations. Most 

projection mappings also fall within this category, as its content communicates rel-

evant contextual information, like the characteristics and cultural values of heritage 

(e.g. [26]). 

 Actuated (P3) includes immersive and screen-less forms of interaction. Here, her-

itage artefacts become the output medium as the interface becomes embodied by 

the physical shape, behavior or materiality of the artefact itself. The emerging field 

of shape-changing technology forms a prime example [27], capable to physically 

adapt the shape of objects based on users input, as users are actually able to inter-

pret forms, and potentially the dynamic animations that cause these shape changes. 

Accordingly, material characteristics of heritage objects might convey meanings by 

appreciating physical manifestations of these objects. 

3 Challenges of Phygital Heritage 

Although the phygital approach promises various opportunities for heritage commu-

nication, phygital yet comes with several concerns and challenges. Blending the digi-

tal and the physical is technologically challenging, requiring advancements from 

computer science, electronics and physical design. The phygital requires that sensors 

and different types of actuators are embedded almost invisibly, such as projection and 

shape-changing interfaces, and that these combinations are meaningful, respectful and 

intuitive to be understood and used. Publicly accessible and touchable objects require 

solid and robust forms of technology, which cannot be simply taken away – or vice 

versa, should be cheap and sustainably replicable. As such, issues of cost and ease of 

replacement should be well considered [11]. Therefore, the phygital poses several 

questions in how such interfaces can be designed, implemented or evaluated. For 

instance, usually visitors are not allowed to touch heritage artefacts due to obvious 

preservation concerns. Although some museums utilize replicas to overcome this 

challenge, such replicas often lack ways of communicating tangible (e.g. texture, 

color, weight) and intangible (e.g. worth, value, stories) forms of information, which 

must then be presented separately.  

On the other hand, TUIs can be perceived as being intuitive and playful, causing them 

to be used by children, hereby opening up new opportunities to facilitate learning 
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through play. Nonetheless, museum visits should not only have an educational pur-

pose, as museums are also a place for social interaction and participation with other 

visitors. For that, the concept of phygital heritage might provide new solutions in how 

technology can truly support multi-user and collaborative forms of interaction. 

4 Conclusion 

This paper argues how the field of cultural heritage forms an ideal application domain 

to exploit the seamless blending of both digital and physical qualities to communicate 

heritage information in more engaging, educational and meaningful ways. The paper 

introduced a concise model to denote the different categories of phygital heritage 

according to the level of physical affordance, such as how the features of an interface 

physically support or facilitate taking an action, and situatedness, which is about how 

the technology depends on the physical context to communicate information. The 

paper also recognized the most important challenges for future scientific studies relat-

ed to phygital heritage. This model should therefore be considered as a first step to-

wards supporting researchers to develop more integrated and contextualized interac-

tive communication techniques of heritage information. 
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