
doi.org/10.3280/oa-845-c239417

REPRESENTATION CHALLENGES
New Frontiers of AR and AI Research for 

Cultural Heritage and Innovative Design

Abstract

Information and communication technology (ICT) are nowadays an integral part of daily life. Training 
and educational activities are among the different areas that widely profit from the use of these tech-
nologies.
The proposed contribution aims to develop an augmented reality application for accessing docu-
mentary sources used in the teaching of drawing disciplines in architecture courses at the University 
of Cagliari. Much information is produced and collected in drawing classes, primarily in the form of 
representations, which are either adopted by the professors year after year or elaborated by the 
students during the classes.
This collection of materials represents a significant legacy that is typically used to enhance instruction, 
despite certain obstacles in disseminating it among students.
As a result, it was decided to use some of the publications from the core bibliography for a student 
studying the Castello district and its architecture as an “access point" to the knowledge.
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Introduction

Information communication technologies (ICT) today play a central role in everyday activ-
ities. Among the various sectors that benefit from the use of these technologies there is 
undoubtedly that of training and educational activities; in fact, there are frequent studies that 
demonstrate how the application of technologies such as virtual world modelling, augment-
ed or mixed reality, can facilitate the learning process and expand accessibility to information 
[Mortara, Catalano 2018].
The proposed contribution presents the first stages of an experimentation that aims to 
create an access application, in augmented reality [Quintero et al. 2019], to documentary 
sources used within the teaching activities of the disciplines of Drawing in the Architecture 
courses at the University of Cagliari. In the drawing courses a large amount of informa-
tion is produced and collected, mostly in the form of representations such as drawings and 
photographic images, adopted by the teachers themselves from year to year or elaborated 
by the students in the development of the assigned themes. This “archive of drawings and 
graphic elaborations” defines an important patrimony normally used to support teaching 
itself with not a few difficulties of dissemination among students. This information can be 
easily catalogued and managed thanks to the use of a relational database that can contain the 
information of individual documents and, if necessary, offer advanced search tools based on 
links between names, dates, representation techniques, etc. [Chiavoni 2014].
The choice of augmented reality, relying on the database, focuses more on the problems 
related to access modes; while it is true that the database can be interrogated through forms 
suitably structured to be used by certain categories of users, such as students, this type of 
tool lacks a “narrative” of the information that can accompany the student in the discovery. 
It should be remembered, in fact, that querying the database returns as a result a series of 
information and documents that, although filterable according to the user’s preferences, are 
not “linked” by an ordered logical thread.
For this reason, it was decided to use, as an “access point” to the information, some of the 
texts belonging to the fundamental bibliography for a student who is going to study the Cas-
tello district and its architecture [Spallone, Palma 2020]; in particular, it was decided to start 
the experimentation with the text Forma Karalis by Dionigi Scano [Scano 1934].
The intention is therefore to “enrich” the paper support with multimedia information, of-
fering the student information and references related to maps, drawings and photographs 
represented within a certain volume, while preserving the narrative order. For each image of 
particular interest, framed by means of a mobile device, a series of labels are displayed on the 
screen that identify the object and, if tapped, open a tab containing additional information 
on the object.
This is particularly useful when, in the analysed image, objects are not represented in their 
current state. Typical cases can be photos or historical drawings, where the element is shown 
in a very different state than it is today, or transformations that have taken place on the urban 
scale when looking at a historical map; another interesting case is when the represented el-
ement no longer exists, such as in the case of demolitions and reconstructions during urban 
redevelopment or following wartime events. Immediate access to a series of subsidiary or 
supplementary information via an app facilitates a mode of use that is now consolidated 
among the youngest, allowing on the one hand a streamlined use of the adopted text and 
suggesting to students further possible insights and study ideas.

AR Applications for Education

Educational content can be accessed through many types of media. Traditional dissertation 
involves students to learn interacting and discussing with teachers and colleagues, and using 
textbooks or non-interactive media. In recent decades, digital media have assumed an in-
creasingly important role in educational environments, providing students with the oppor-
tunity to learn through interactive tools. To make this possible, classrooms are equipped 
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with desktop computers and interactive whiteboards, and more learning experiences are 
accessible by students using modern portable devices. In parallel with new ways of access, 
new ways of interacting with learning experiences have also developed; keyboards and 
mice used to interact with content on the screen are being joined by tools that allow learn-
ers to use their whole bodies to interact with educational content that appears to exist in 
the physical world, thanks to augmented reality technology.
There are several researches illustrating the different possibilities offered by augmented 
reality (AR), which have led it to be one of the emerging technologies rapidly incorpo-
rated in the educational sphere [Akçayır, Akçayır 2017; Johnson et al. 2016]. Precisely, 
the ease of access to information offered by this tool is, among others, one of the most 
interesting; this is partly due to recent technological developments that have led to more 
frequent use of mobile devices in the educational sphere, in the presence of subjects 
with disabilities or different educational needs [Lin et al. 2016]. Through the combination 
of the physical and digital environment, AR makes it possible to generate a new reality 
[Hernández et al. 2015].
However, it should be kept in mind that augmented information can go beyond the sense 
of sight alone, applying to all senses, such as hearing, smell and touch [Azuma et al. 2001]. 
Due to this, AR is to be considered extremely promising for facilitating and encouraging 
processes of educational inclusion [Sheehy et al. 2014]; this technology in fact envisages 
the support of multiple means of representation, action and the involvement of students 
in different ways in the learning process [Meyer et al. 2014]. In this regard, Hrishikesh and 
Nair [2016], in their studies, found that AR facilitates children with disabilities to under-
stand concepts more effectively and quickly. In 2014, Mohd Yusof et al. also demonstrated 
how AR is able to capture the attention of students with special needs, providing them 
with educational tools that are fun and enjoyable to use.
Moreover, AR has been shown to have a positive impact on students’ educational expe-
rience, increasing their trust, level of involvement and interest [Fombona et al. 2017]; it 
can promote self-learning [Akçayır, Akçayır 2017], but also cooperative learning [Phon et al. 
2014], as well as improving the sense of satisfaction and thus motivation in students [Bacca 
et al. 2018].
However, there are possible negative implications that can be derived from the use of AR 
systems compared to non-AR systems, which must be taken into account, such as the so-
called Attention tunnelling.
Indeed, there are experiments in which students perceived the demand for more attention 
using AR systems. As a consequence of this, students tend to ignore important parts of the 
experience or feel inadequate to the demands of the assigned tasks. Furthermore, as ob-
served by Tang et al. [2003] when performing object assembly tasks using AR, users had a 
greater tendency to ignore previous errors than users performing the same tasks on paper. 
Attention tunneling can be a source of danger on certain occasions, which is why it is im-
portant to study how the system channels users’ attention.

Drawing and Representation Llaboratory Materials

The teaching of Drawing is based on both the use and production of works that synthesise 
and represent physical reality.
From the earliest years, students are taught the techniques and rules for reading and rep-
resenting architecture and landscape; this is done with the help of images, whether photos, 
videos or drawings, as well as models, sculptural elements etc., which are the result of the 
typical activities of a Drawing course (Fig. 1). In response, the students, while carrying out 
their study activities, produce new works that become part of the Laboratory’s materials.
Over the years, therefore, a seemingly vast collection of materials has been created, which 
are both an aid and a result of teaching and research; furthermore, this collection has be-
come an invaluable heritage in that it represents and bears witness to how the teaching of 
Drawing has evolved over the years and how it is still carried out today.
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These materials, as already mentioned, are of the most varied natures, from historical 
cartography to landscape drawing, from study models to plaster casts, from old photo-
graphic plates to digital photographs and slides. The study of historical cartography leads 
to the compilation of new cartography, lightened or enriched with details as needed, just 
as photographic images are synthesised by redrawing a view during a landscape study or 
the elevation of a building.
The physical models, which are themselves material reproductions of project drawings, 
are reproduced or placed side by side digitally by means of 3D models, which offer new 
keys to interpretation or alternative representations. The drawings or photos produced 
decades earlier are digitised in order to be preserved; similarly, plaster elements, which 
were common until the middle of the last century for studying the design of architectural 
details, now constitute a veritable heritage whose memory can be preserved using mod-
ern laser scanning or photogrammetry techniques. To this must be added all the scientific 
production for the study and interpretation of materials and the subjects represented in 
them; scientific production that today is practically only digital but increasingly abundant 
and articulated.
It is clear and undeniable the value that these materials have had and still have in the didac-
tics of Drawing, as well as the support that students can draw from them, if access to this 
knowledge takes place in a reasoned and structured way.
However, a collection such as the one described involves the problem that it is all the more 
valuable and difficult to manage and communicate the larger and more heterogeneous it is. 
Older materials have to be handled with care, thus placing limits on the number and type 
of users who can be granted access to them; on the other hand, digital materials are often 
of such a number and nature that effective dissemination is difficult. Cause these problems 
and taking into account the richness represented by these materials, there is an increasing 
number of digitised archives of materials related to the discipline of Drawing.

Forma Karalis

Dionigi Scano was an undoubtedly important figure in the architecture and town planning 
of Cagliari at the turn of the 19th and 20th centuries. Graduated in civil engineering in the 
Regia Scuola d'Applicazione in Turin, Filippo Vivanet called him back to Sardinia to become 
his collaborator in the regional office for the conservation of monuments.
Besides having been responsible of the restoration of several important monuments, includ-
ing the Tower of San Pancrazio in Cagliari, Scano was also very active as an architect, com-
pleting buildings of some importance such as the National Archaeological Museum.
In addition to his role as a politician and architect, Scano is also known for numerous essays 
on medieval architecture in Sardinia and on a variety of other topics. 

Fig. 1. Some examples of 
materials belonging to a 
Drawing Laboratory.
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Of particular importance is his 1934 work Forma Kalaris, already published in previous 
years with the subtitle ‘Stradario storico della città e dei sobborghi di Cagliari dal XIII al 
XIX secolo’. 
The work illustrates the evolution of the city thanks to photos and numerous maps, which 
tell the story of its development over the centuries, and provides a valuable description 
of how it looked at the beginning of the last century. Scano describes the historical quar-
ters as well as the continuous expansion, particularly towards Via Roma in the early 20th 
century. The wealth of information and images present in Forma Karalis have made it one 
of the essential texts for any student wishing to approach the study of the city of Cagliari; 
this is precisely the main reason why Scano's text was chosen as the first object of the 
presented experiment.

Design of  the Database Structure and App Features

Once the types of materials to be made accessible and the channel through which access is 
guaranteed have been established, it is necessary to proceed with the design of the data-
base and the app; this chapter presents the basic characteristics that the future prototype 
must have, also proposing some mockups. In order for the designed App to guarantee 
easy access to information and materials, it is essential that a database containing the main 
information about the materials to be consulted be developed and populated beforehand.
It is therefore necessary to make an initial census of the materials in order to identify the 
type (paper images, digital files, physical objects, etc.) and the main characteristics; some 
of the characteristics will have semantics common to all types, such as the name of the 
author, the date and so on, while other characteristics may be specific to a given type, such 
as the resolution for a digital image or the type of technique used for a drawing on paper.
In addition to the metadata of each type, for which there are precise references to inter-
national standards, each object must be accompanied by a series of “tags” that determine 
its positioning in certain groupings; these tags will then be the basis for the collection and 
navigation within the app. Some of these tags may include the name of the course during 
which a particular paper was produced, or its physical location; this will allow the user to 
view all the materials belonging to the individual course or collected in the same place, 
useful for example for possible future consultation of the originals.
Another type of tag that is fundamental for effective consultation is the one that concerns 
the contents of the coursework and what is represented in it; the tags relating to the con-
tents allow for navigation unrelated to the type of coursework and are fundamental for re-
search relating to a single element, be it architecture, an urban space, a district or a person.
It is evident that the structure just described for a database is typical of a relational data-
base; this type of database allows an intuitive structuring of the data relating to the indi-
vidual objects, organised in tables and correlated with each other by means of relations 
established beforehand, with the possibility of expanding the database at any time by 
inserting new characteristics or new objects.
Once the characteristics to be attributed to the individual objects and the tags to be used 
have been established, the objects are inserted into the database. At the same time, the 
texts to be used as access points to the information are identified (Fig. 2). 
This step also includes the study of the works contained in the chosen texts and the attri-
bution of the tags from which to trigger the process of consulting the database. This phase 

Fig. 2. Workflow 
proposed.
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is of particular importance since the assignment of the tags can have a decisive influence 
on what information is immediately provided to the user; it is therefore necessary to study 
and calibrate the tag system according to the type of user and his level of knowledge. 
In fact, if tagging a precise element can lead the user to the information targeted on the 
object of his search, using instead a tag for example of the district, can make the search 
more articulated but offering more information of the context.
Once the reference texts have been identified, appropriately tagged, and the objects in-
serted in the database, the next step is the development of the AR consultation App. It 
is possible to imagine this app as an AR visualiser of the tags on the images present in the 
reference texts, which, at each tap on one of the tags, triggers a query based on the tag it-
self. A possible suitable software is the Unity game engine for the development and coding 
of the application, and its extension Vuforia, designed specifically for the implementation 
of AR mechanics. In particular, Unity is used to develop the user interface and the data-
base access mechanisms, using simple MySQL code for example; Vuforia is used to create 
the ‘targets’, i.e. the images to which the interactive objects representing the tags in the 
original image are attached.
Once the consultation has started, the user is free to navigate through the digital works, 
for each of which it’s possible to find information on the single object/process, but also 
other tags to continue the exploration of the contents. At the moment there are three 
types of element to which specific views correspond: person, object, work. A person is 
obviously any subject who can be identified as the author of works or the protagonist of 
events of interest, and is associated with a bibliographic sheet, a works sheet and a bibli-
ographic sheet. Objects, on the other hand, include physical entities such as architecture, 
an urban space, or a single artefact; they are associated with a descriptive sheet containing 
the main information, such as author, materials, dating, bibliographic information, etc., a 
sheet containing the historical materials related to the object, and finally the related works 
present in the Drawing laboratory. Finally, the elaborate category, which is closely linked to 
the previous one, includes any catalogued digital product, including photos, graphic works, 
3D models, articles and so on; this type is associated with the information sheet containing 
information on the individual elaborate, i.e. author, dating, techniques used, etc., a sheet 
containing other elaborates with the same subject or topic, for example. The last sheet 
relating to the works is that relating to the occasion during which the work was produced, 
i.e. a course, a research project, a thesis and the like; from this last sheet it is possible to 
access information regarding, for example, the specific course, with an indication of the 
teacher name, the course objectives or the reference bibliography.

An Example of  Consultation

The logic behind the consultation flow is quite simple and can be schematised as shown 
in Fig. 03a. Once the user decides which text to consult, if this is among the “augmented” 
texts, she can use the app for each image in the text or decide to proceed with a standard 
consultation. If the user decides to use the app, the tags related to the framed image are 
displayed, allowing access to additional information; for each element displayed, be it a per-
son, a monument or an elaboration, related information is provided and the possibility of 
moving on to a new element or stopping the augmented consultation. If the user decides 
to interrupt the consultation, the app goes into standby while the user resumes the classic 
consultation. At any time, it is possible to resume the augmented consultation following 
the same procedure.
To better clarify the flow of consultation, an example of access to information is proposed 
(Fig. 3b). The user decides to consult the text Forma Karalis by Scano and arrives at the 
map of Cagliari of 1558 attributed to Sigismondo Arquer; she then decides to get more 
information and frames the map with the app. The app shows her a series of tags linked 
to some of the main monuments recognisable on the map and, among these, the user 
decides to click on the tag relating to the tower of San Pancrazio; a tab is then opened 
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with a brief description of the tower. From here the user can view a second tab containing 
some historical documents related to the tower of San Pancrazio or a third tab with works 
produced by the Drawing laboratory; in this last screen the user selects a work related to 
an experiment on the use of time windows for the narration of urban spaces. A new tab 
is then displayed, providing information on the selected work, such as the name of the au-
thors, the year in which it was created or the reference course. With regard to the course, 
the user can open the relevant tab and access the information compiled by the teacher 
for the course in question, including the course objectives. Finally, on a third tab the user 
can view further works on the same subject; once she is satisfied with the information 
received, she can close the enhanced consultation and resume reading the book.

Conclusions

The contribution deals with the difficulties that can arise when the access to a wide collec-
tion of materials inherent to the teaching of the discipline of Drawing must be garanted to 
students. In order to do this, it was decided to design an AR app using as an “access point” 
the texts that are most frequently consulted by a student of Architecture who is about 
to study the city of Cagliari. The workflow proposed, easily applicable to a relatively large 

Fig. 3. Consultation flow 
(a) and a summarized 
example (b).
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number of texts and expandable over time, offers the possibility of structuring a path of 
learning and discovery of the materials in the possession of the laboratory of Drawing, 
leaving the text itself to guide the user.
In the future, the research develope a working prototype, extending the range of both 
“augmented” books and materials that can be consulted. It is also considered necessary to 
investigate some problematic aspects, such as the attribution of a scale of potential inter-
est for the various materials available for consultation, and to calibrate this scale and the 
paths of exploration according to the characteristics of the user.
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