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Abstract—Augmented reality (AR) has been extensively used in 

different contexts, including tourism and cultural heritage, in both 

commercial and research applications, and they are well known for 

their ability to capture the attention of their potential users. On the 

other hand, collaboration among groups in a museum context is 

proven to engage the visitors and offer a more personal experience. 

The combination of these two technics has not yet been thoroughly 

explored. In this work, we present a card-based AR application with 

the objective to engage the visitors in a collaborative activity 

designed to showcase on-site the use of a 19th century‟s alphabetic 

telegraph, exhibited in the History Museum of the University of 

Athens. The users are able to manipulate photorealistic 3D models 

that simulate the operation of the telegraph transmitter and receiver 

and use them to send messages to one another. The application has 

been evaluated with 19 pairs of teenage students with very promising 

results. 
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I.  INTRODUCTION 

Augmented reality (AR) has been extensively used in 
different contexts, including gaming, sports, marketing, 
commerce, even military applications and it has been 
gradually being turned into a common technological approach 
accessible even to the wider public through devices like their 
mobile phones.  

Tourism and cultural heritage has been a field where AR 
has been applied in both commercial and research 
applications, and has been a major focus and research 
direction in projects like Mesch

1
 and CHESS

2
.  

Collaboration among groups in a museum context has also 
been proven to engage the visitors and offer a more personal 
experience. People typically visit museums and heritage sites 
in social groups, either in conjunction with organized parties, 
or with family or friends [1][3]. The value of social 
interactions taking place in such visits has long been 
recognized as important in museum studies [2][4], and a 
growing line of research now focuses upon digital 
technologies as means to enhance this social context [5]. 

The combination of these two technics, AR and 
collaboration, in a cultural heritage context is an approach that 
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has not yet been thoroughly explored. In this work we present 
a collaborative AR application with the objective to engage 
the visitors in a common activity designed to showcase on site 
the use of the alphabetic telegraph, exhibited in the History 
Museum of the University of Athens.  

Section II offers an overview of related approaches in the 
field of cultural heritage, whereas Section III presents the 
objectives of this work, IV provides implementation details 
and V the evaluation details. Section VI concludes the paper. 

II. AR IN CULTURAL HERITAGE 

AR may offer different views of an artefact or cultural site, 
visualizing its original state or different states of its 
preservation and thus providing to the visitor a more in depth 
view of the artefact. 

An example of an AR application on a 3D exhibit with the 
purpose to present its original state has been the one 
developed in the context of the EU funded project CHESS and 
presented in [6]. The visitors were offered the possibility to 
view status of Ancient Greek women (“Korai”) through their 
mobile device and see them in their original colourful state. 
They also could interact with the augmented view of the statue 
and listen to information for specific details and parts that 
were not directly evident or visible in the original statue. 

Mesch also explored the use of AR in a museum context 
[7] by experimenting with its use removing the intimidating 
association in the example of a pilot that run in the Allard 
Pierson Museum. The museum made use of iPhones in a 
purpose-built case in the shape of a loupe or magnifying glass 
so that visitors could hold the device with one hand. Any 
association with a specific device or technology was removed 
to avoid that visitors automatically try a fixed gesture 
vocabulary. The loupes were presented hanging from a 
display, directly connected with the objects. Visitors saw the 
outline of the object they had to look for and had to tilt the 
loupe in order to move on and see new content.  

As already mentioned, our approach attempts to introduce 
a new aspect into the use of AR in this context, that of 
collaborative applications. Our hypothesis was that bringing 
the visitors together in a common task, which directly and 
interactively showcases the use of an actual exhibit, would 
enhance their engagement with the object and their 



understanding of its function. The following section presents 
our objectives and approach. 

III. OBJECTIVES 

The History Museum of the University of Athens 
showcases the alphabetic telegraph as part of its collection of 
scientific instruments. The alphabetic telegraph operates in 
essence like the traditional telegraph. The communication 
requires two instruments, a transmitter and a receiver. The 
transmitter consists of a disc with the letters of the alphabet 
and other useful symbols and an indicator. It is used to select 
letters by moving the indicator and transmit them one by one. 
The receiver receives the letters, which are displayed through 
the automatic movement of an indicator on a disc identical to 
the one the transmitter has. This telegraph was used for 
educational purposes, to train the operators to the telegraph 
concept and operation before switching to the training on the 
Morse telegraph. 

 

Fig. 1. The alphabetic telegraph transmitter and receiver exhibits in the 
Scientific Instruments Gallery of the History Museum of the University of 
Athens. 

Both the transmitter and the receiver are in a very good 
state of preservation and are exhibited side by side inside a 
glass case of the Museum, alongside several other instruments. 
It is easy for the visitors to ignore this interesting exhibit 
amongst all the rest of the scientific instruments on display, a 
fact confirmed by observing the young high school students 
which regularly visit the Museum. The visitors are able to 
observe the exhibits inside the glass case but are not able to 
interact with them. 

Our approach attempts to highlight the use of the telegraph 
through engaging pairs of visitors in a card-based AR activity. 
Each of the two visitors is assigned, through her mobile 
phone, one of the two cards, the transmitter or the receiver. By 
scanning a card marker, a photorealistic detailed 3D model of 
the corresponding instrument appears on the screen of her 
mobile and the user has a chance to interact with it (Fig. 1). 
The transmitter‟s user may move the telegraph indicator over 
the desired letter, then close the circuit by touching the 
transmitter‟s switch and thus send the letter to the receiver. 
The receiver indicates that a letter has arrived by the sound of 
its bell which the user may see and hear ringing and then she 
may see the receiver‟s indicator moving to the letter that was 
sent. At any point the two users may change roles by 
swapping their cards. 

 

Fig. 2. Example use of the alphabetic telegraph – Scanning the marker 

The objective of this interactive exhibit is to introduce the 
visitors to the use of the telegraph as an instant text message 
approach of the 19th and early 20th century and to guide them 
to reflect on how technological progress has revolutionized 
modern communication. 

IV. IMPLEMENTATION 

The application was developed using Unity3D
3
 and 

Android Studio.  

The Vulforia AR
4
 framework has been used to support the 

AR aspect of the application. Vuforia is an Augmented Reality 
Software Development Kit (SDK) for mobile devices that 
enables the creation of Augmented Reality applications. It 
gives the possibility to recognize and track planar images 
(Image Targets) and simple 3D objects, such as boxes, in real-
time. This image registration capability enables applications to 
position and orient virtual objects, such as 3D models and 
other media, in relation to real world images when these are 
viewed through the camera of a mobile device. The virtual 
object then tracks the position and orientation of the image in 
real-time so that the viewer‟s perspective on the object 
corresponds with their perspective on the Image Target, so 
that it appears that the virtual object is a part of the real world 
scene. The Vuforia SDK supports a variety of 2D and 3D 
target types including „markerless‟ Image Targets. For the 
purposes of the particular application two images have been 
created to represent the telegraph transmitter and receiver. The 
framework was selected for the particular application as initial 
testing showed that tracking of the images was easy and quick 
and once tracked, tracking was stable and the 3D model 
remained stable on screen to be manipulated 

 WiFiDirect
5
 was utilized for the implementation of the 

collaborative aspect of the application, ensuring the 
synchronous communication between the mobile devices in a 
context where WiFi access was not stable. WiFiDirect is a Wi-
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Fi standard enabling devices to easily connect with each other 
without requiring a wireless access point. One advantage of 
Wi-Fi Direct is that only one of the Wi-Fi devices needs to be 
compliant with Wi-Fi Direct to establish a peer-to-peer 
connection that transfers data directly between them with 
greatly reduced setup. 

While the whole application logic and the UI was build 
using the Unity3D framework, Android Studio was a 
prerequisite in order to add the WiFiDirect support. 

The 3D model of the telegraphs has been created using the 
Autodesk Maya 3D

6
 tool through using high resolution images 

and measurements of the objects. Emphasis was given on 
photo realism and attention to detail as apart from the 
demonstrating the use of the telegraph, the user has the 
possibility to explore the object by rotating it and zooming in 
(Fig 2 and 3). 

 

Fig. 3. Front side of the alphabetic telegraph transmitter 3D model 

 

Fig. 4. Back side of the alphabetic telegraph receiver 3D model 

V. EVALUATION 

For the evaluation of the AR collaborative app we 
presented the app and tested it during the Athens Science 
Festival 2017 event. The event was visited by several schools 
and individual families with their children and we thus had the 
chance to recruit participants for the evaluation.  

A. EVALUATION GROUP 

Our targeted evaluation group has been high school 
students, male and female, between the ages of 13-18. 19 pairs 
of students tested the app, 22 males and 17 females.  
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Several adults also used the app or observed the children 
using it during the science fair, including high school teachers. 
They also provided their feedback, however the main focus of 
this evaluation has been with the younger student group. 

B. METHOD 

The evaluators recruited the participants among the 
students passing by the EMOTIVE project booth. The students 
were asked whether they are willing to participate in a brief 
evaluation and provide feedback. Their escorts, either teacher 
or parent were present. The escorts were very reluctant to 
allow video and photo taking of the children for the 
experiment although consent forms were presented. They only 
allowed photos from angles where the face of the participants 
is not directly visible.   

The participants were briefly introduced to the objective of 
the app, which is the demonstration of the use of the 
alphabetic telegraph. They were then given the app and asked 
to use it with minimum instructions. Once they had managed 
to exchange a message between them, they were prompted to 
change roles, if they want. They were asked to comment out 
loud during the evaluation.  

Once the evaluation was finished the students were briefly 
interviewed based on the following basic questions: 

Did you think the app was fun? 

Did you find the app easy to use? 

Did you find app interesting? 

What do you think about the alphabetic telegraph? 

Their responses were audio recorded and then transcribed. 

C. RESULTS 

The main positive result recorded is that the majority of 
the teenagers (18 out of the 19 pairs) were evidently engaged 
with the activity, wished to experience both the transmitter 
and the receiver perspective and demonstrated interest in the 
use of the telegraphs, making commentary and comparing to 
the modern day equivalents of the e-mail, sms or chat 
technologies: “It took forever to send messages this way!”  

The app was easy to use. One noted issue was that it was 
inconvenient for the taller children to track the card markers 
on the table standing. In those cases they had the possibility to 
sit down. In general it was intuitive to handle the transmitter 
indicator and position it over the desired letter. 

Almost none of the children explored the 3D models of the 
instruments, focusing only on their function. They only 
zoomed in on the front to have better view of the transmitter 
disc and manipulate the indicator. It seemed that it was not 
clear that they can manipulate and rotate the whole object to 
view its back side for example. 

The technological innovation factor of the app seemed to 
contribute to the enthusiasm shown by certain participants, 
however it did not seem to be the main factor for the interest 
and engagement expressed by them. Interaction with the app 
was natural to the children, already very familiar with touch 



screens and mobile devices and allowed a transparent 
interaction experience with the virtual exhibit. 

 

Fig. 5. Two students testing the aphabtic telegraph app 

All pairs understood the function of the instrument. They 
were impressed by how slow and painstaking the process is 
and the fact that it does not allow to correct mistakes and 
made the natural comparison with modern day text messaging.   

When asked about this, the students agreed that it would be 
interesting to see more 19

th
 and 20

th
 scientific instruments 

demonstrated in this way. 

VI. CONCLUSIONS – FUTURE WORK 

This work presented the development of a collaborative 
AR application for mobile devices for the demonstration of the 
use of the alphabetic telegraph. The evaluation of this app with 
its intended audience validated the objectives of the creation 
of the app, as students seemed to be engaged and interested in 
the instrument and its use. 

The evaluation of the prototype app took place outside the 
context of the museum. The next step will be to evaluate it in 
the museum so that we can investigate how the app can 
complement the original objects on display. 

This work serves as a proof of concept that the use of AR 
technology has reached a level of maturity where it can be 
applied successfully in a museum context and by a particularly 
difficult audience, that of teenagers.  

However, AR technology for its own sake and without a 
careful design to ensure a close coupling with the exhibit 

interpretation aspects can advance only as much the specific 
educational objectives of the cultural institute.  

This calls for AR applications that take advantage of the 
technology to highlight the exhibit function and details 
through interactive applications which give an active role to 
the visitor, in this case for example through re-enactment of 
the specific exhibit use and purpose. 

Coupled with collaboration, AR can be a strong tool, as 
visitors almost never visit alone and social interaction 
effectively promotes emotional engagement through common 
activities and through the exchange of views and ideas. 
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