
AUGMENTED LEARNING: AN E-LEARNING ENVIRONMENT IN 
AUGMENTED REALITY FOR OLDER ADULTS 

Sergio Cicconi, Maurizio Marchese 
Dept. Information Engineering and Computer Science - University of Trento (ITALY) 

Abstract 
Studies on topics such as active ageing or health and wellbeing show that older adults want to remain 
healthy and active as they age. Nowadays, new technologies guarantee older adults longer and 
healthier lives, but do not really facilitate more social aspects of their lives. In a world where social 
relationships, public and private activities, or entertainment are based on the use of technology, older 
adults lacking technological knowledge risk social isolation. They will find it progressively more difficult 
to use all the public and private e-services necessary to maintain an active and socially integrated life. 
The goal of our research is to help older adults to cope with their technological illiteracy. In this paper 
we present our work on an innovative learning environment specifically tailored for older adults, easily 
accessible without any previous knowledge of technology, and capable of delivering educational 
material on technology and, particularly, on e-services. We use the technology available in the field of 
augmented reality, so that the learning environment an immersive, 3-D and fully interactive 
environment, capable of providing older adults with the knowledge on ICTs and ICT tools they need to 
become active and integrated citizens of our technological society. 
Keywords: augmented learning, augmented reality, e-learning, learning for older adults. 

1 INTRODUCTION 
Older adults must deal with many problems due to ageing: their physical and mental conditions tend to 
deteriorate and they find it difficult to cope with many situations that in younger age they could easily 
control. Nowadays, Information and Communication Technologies (ICTs) can help older adults in 
many ways to slow down the effects of ageing and preserve their psycho-physical conditions for a 
longer time. However, ICTs also contribute to create new social problems in older adults, especially 
social isolation and loneliness. In a world more and more shaped by technology and digital 
communication, social relationships, public and private activities and services, entertainment and, 
overall, any form of exchange of information, will increasingly be based on the use of technology. So, 
older adults without ICTs literacy will find it progressively more difficult to maintain their social relations 
and activities, and feel that they are active citizens of the technological society. So, in order to avoid 
this new form of social isolation, the research has to find ways to provide older adults with knowledge 
on the use of computer and, more in general, on ICTs and ICT tools. 
In this paper, we present our research on the design and development of an innovative form of e-
learning, specifically designed for older adults, that could provide a contribution in solving the outlined 
problem of social isolation. Particularly, we have designed and developed a learning environment 
using augmented reality. The learning environment is an immersive, 3-D and fully interactive 
environment, capable of easily introducing older adults to the knowledge on ICTs and ICT tools they 
need to be integrated and active in e-society. 

1.1 Older Adults and Active Ageing 
Researches and Governmental Institutions agree on the fact that, all over the world, there is a 
significant increase in lifespan, and the number of people who are 65 or older is constantly growing. 
This phenomenon is becoming so evident, and has so many economic and social consequences, that 
can no longer be neglect [1]. With age, many physical, and mental problems arise. According to the 
World Health Organization (WHO) [2], health problems in old age may be a consequence of factors 
such as poor nutrition, physical inactivity and bad habits, which may lead to several chronic diseases. 
However, these bad health conditions might also be caused by social problems [3], especially 
loneliness and  social isolation [4].  
Social isolation is not uncommon among older adults, and is often caused by impaired physical 
functioning, which might limit the older adults’ ability to move and prevent them from having social 
interactions. So, older adults must rely on their social networks (family, friends) [5]. Such networks  
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provide assistance and, at the same time, prevent from social isolation. However, nowadays, older 
adults’ social networks tend to shrink and lose their supportive role. Furthermore, social services - 
such as residential care - provide no practical support, if compared with the one that peers and 
relatives provide [6]. As a consequence, older adults easily feel lonely and socially isolated. And this 
feeling of loneliness is dangerous, as it might trigger many severe physiological and mental issues [7]. 
The existence of so many health problems in older population will have an important impact on the 
societies of the near future. The increasing longevity, without an adequate increment of older adults 
health conditions, will lead to a greater demand in health services, and consequently to higher costs 
for public institutions. Therefore, researches and policy makers have urged the development of 
specific strategies for the wellbeing of older adults [5], [8], [9], [10], [11]. 
The idea behind this view is “Active Ageing”, which has been defined the first time in 2002 by the 
WHO [12]. Active Ageing refers to “the process of optimizing opportunities for health, participation and 
security, in order to enhance quality of life and wellbeing as people age” [1]. The European 
Commission has presented an agenda that proposes specific norms for active ageing [1]. At the same 
time, researchers have tried to identify the needs of older adults, and to find the ways to best help 
them, so to make their lives healthier, more active, enjoyable and independent. Within the active 
ageing context, there is one topic-area relevant for our research: learning, and particularly, learning of 
Information and Communication Technologies (ICTs). 

1.1.1 Older Adults and Learning 
Despite the common opinion, older adults are still capable to learn [13]. Various studies [14], [15], [16], 
[17] show that older adults learning can deliver many social, mental and physical benefits: not only  
can learning decrease older adults sense of isolation and loneliness, and enhance their personal and 
community wellbeing, but it can also can reduce their dependency on government-funded social 
services. Certainly, the learning interests of older adults differ from those of younger adults. Older 
adults are mainly interested in learning solutions to practical problems of real-life contexts [18]. Of 
course, there are biological changes that lead to memory decreases as people age [19]. Nonetheless, 
in order to learn new information, older adults usually cope with their memory loss by relating new 
information to previous knowledge or to their personal experience [20]. 

1.2 E-learning and Augmented Learning 
“E-learning is a combination of methods, structures and networked electronic tools orchestrated into 
systems that bring about, or are intended to bring about, learning” [21]. Overall, e-learning studies can 
be focused on three principal research areas [22]: (1) users, interacting with e-learning systems; (2) 
technologies, enabling the direct or indirect interaction of the different groups of users; (3) learning 
theories and pedagogical practices. 
In the literature, we find four learning theories considered the major and most influential pedagogical 
approaches on learning: Behaviorism and Cognitivism, both developed during the first half of the 20th 
century, and Constructivism and the On-line Collaborative Learning theory, developed in more recent 
years, and perhaps more capable of accounting for the emergence of technology in everyday life [21], 
[23], [24], [25]. Of course, the above theories on learning are not the only ones available. In recent 
years, as on-line learning and technology-based teaching have evolved, many new theories of 
learning are emerging [22], [26]. Given the range of learning and teaching styles, the potential ways 
technology can be implemented, and the ways in which educational technology itself is constantly 
changing, no single theory seems capable of accounting for all possible e-learning experiences. So, it 
is reasonable to think that different theories will continue to co-exist, and they will be used to satisfy 
the different needs of different people, using different technologies in different learning contexts. 
Here, we consider some varieties of e-learning [27]: (a) standalone courses: self-paced courses taken 
by a solo learner; (b) learning games and simulations: learning by performing simulated activities that 
require exploration and lead to discoveries; (c) mobile learning: learning from the world while moving 
about in the world; (d) social learning: learning through interaction with a community of experts and 
fellow learners; (e) virtual-classroom courses: on-line classes structured much like a classroom 
course, with reading assignments, presentations, discussions via forums, synchronous on-line 
meetings, and other social media, and homework. 

1.2.1 Augmented Learning 
There is one more form of e-learning: Augmented Learning (AL), a form of standalone learning within 
Augmented Reality (AR) environments which provides users with 3-D, interactive, and, in some cases, 
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immersive learning experiences [28]. Researchers started years ago to investigate the potential of AR 
in educational settings [26]. Many argue that fully working AL environments deployed as AR 
applications could really contribute to change, enrich, and improve the learning experience in many 
ways: by facilitating the learning of visual contents; or by encouraging the process of "learning-by-
doing"; or by increasing the user’s involvement in the process of learning; or by encouraging 
collaboration and social interaction; or by connecting the user’s personal experience to the contents to 
be learned [29], [30], [31], [32], [33], [34], [35].The state of current research in AR for education can be 
still considered in its infancy [26] but, finally, AR is a mature technology, already available in the 
market. So, researcher can really start thinking about AR applications for education.  

1.3 Augmented Reality 
Augmented reality is an emerging form of experience in which the real world is enhanced (or 
augmented) by computer-generated content. AR allows digital content to be seamlessly overlapped 
and combined into our perceptions of the real world in real time [30], [36], [37]. The most evolved 
forms of AR create a full-rounded immersive experience involving all senses, and add rich and 
meaningful extra-worlds to the real world (see Fig. 1). Some recent AR systems, actually leading the 
AR market (such as Microsoft HoloLens, Meta, or Magic Leap [38]) allow even the interaction between 
users and the virtual objects belonging to the Augmented Environments. 

 
Figure 1:  A conceptual diagram of an AR system (a) with a head-mounted device and see-through 
displays (b). The see-through displays allow the user to see the real world as if looking at it through a 
normal pair of glasses. Through sensors, tracking systems and cameras the device acquires 
information on the user’s position and on the objects in the real world surrounding the user. Virtual 
objects are then generated in real time in the see-through displays, so that they are seamlessly 
integrated with the objects in the real world perceived by the user.  

The idea of a device capable of displaying computer-generated objects overlaid and mixed with real 
objects was first devised during the Fifties [30], [39], but it was only during the Sixties that actual devices 
capable of displaying simple AR environments were created. However, the technologies used to develop 
these devices were too primitive to be able to produce real experiences of augmented reality. From the 
Seventies, up to the end of the Nineties, research on AR was mostly focused on the development of new 
technologies related to AR. But, again, technology was not good enough, so the devices created in most 
cases remained experimental devices with no concrete application in the real world. The only exception 
to this situation was, perhaps, the development of some very expensive and highly specialized devices 
for professional applications, such as maintenance and repair of complex equipment and medical 
visualization [40]. Only the rapid growing in microprocessors performance, and the recent progresses 
in micro-chips and sensors miniaturization, in display techniques, or in techniques for tracking did 
allow AR researchers to finally open the doors of their labs and make AR devices accessible to the 
masses. Today, AR is no longer an "emerging" technology, and even though it cannot yet be 
considered a flawless technology [40], it’s not difficult to think that in a few years will become a 
powerful and familiar tool in everyday life. 

1.3.1 Devices and Application for Augmented Reality 
The most common devices [39], [41], [42] used to deliver AR content are: (1) mobile devices: AR 
mobile applications provide a non-immersive augmented experience by creating the virtual contents 
and mixing them with the real world captured with the device mobile camera;  (2) wearable devices: 
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Users mount this type of devices, also called head-mounted displays (HMDs), on their heads, with the 
device see-through displays in front of their eyes. The AEs are projected on the displays, so to 
superimpose virtual content onto some portions of the perceived real world. In this case, the devices 
also allow full 3D, interactive and immersive experiences.  
Many AR consumer applications for Android or iOS mobile devices are already available, and the 
market of mobile applications is constantly growing. However, as more models of HMDs become 
available and their prices decrease, also applications for HMDs are becoming more affordable and 
popular. For example, we find many professional apps for AR HMDs [30], [40], [43], [44], especially in 
high-tech fields such as medicine [45], robotics [46], industry automotive [47], architecture [48], 
advertising and marketing, visual arts [49], entertainment, military air crafting, manufacturing. 
As for AR applications in the field of education, the research is just in its infancy, so it is difficult to find 
applications devoted to explore educational settings. However, the field of AL shows a great potential. 
For several years, e-learning seemed mostly focused on the Web and the online courses for distant 
education. Perhaps, in the near future, augmented learning will be able to take education away from 
the Web and move it into a new reality which will be enriched by augmented reality. 

1.4 E-society and E-services 
According to a recent report commissioned by eBay [50], in 2014 more than 90% of U.S. small and 
medium-sized businesses used eBay platform to export goods internationally. In 2009, only 10% were 
exporting. This means that eBay, by using the Internet, has enabled businesses to become really 
global traders. And eBay is not the only provider offering such services. Also large e-service providers 
such as Google, Amazon, Alibaba and others enable small and medium-sized businesses to use their 
platforms to promote their business. In so doing, these big providers not only become able to sell any 
sort of product or service to an increasing number of customers everywhere in the world, but also 
boost the shift of traditional business toward electronic business. So, business companies, even those 
that do not want to join large service providers, trying to remain competitive, are somehow forced to 
move their business on-line. 
Of course, U.S. is not the only country to move business services on-line. In many developed 
countries, the trend is the same: business companies, no matter where their base-country is, use the 
Internet to operate globally. And their services are cheaper, faster, and more reliable than old, regular, 
off-line services [51]. And non-business and public services undergo the same change as well: public 
services progressively become e-services. E-services offer national governments the promise of 
increased convenience, lower transacting costs, increased consumer choices, enhanced efficiency 
and effectiveness of the services being delivered to all citizens, and greater accessibility by eliminating 
space and time constraints [51]. So, Governments from the various developed countries are gearing 
up to transform traditional services into on-line services: government services become e-government 
services, healthcare services become e-health services, and so on. The progressive conversion of 
services into e-services marks the transition of our society into e-society. In an e-society social 
relationships, public and private activities, entertainment and, overall, any form of exchange of 
information, will increasingly be based on the use of electronic services. 

1.4.1 Older Adults in E-society 
The transformation of society into e-society has many evident economic and social benefits. However, 
the pervasiveness of e-services in e-society also raises a fundamental issue: e-services, in order to be 
used, need computer literacy. So, people lacking knowledge on ICTs will find it increasingly more 
difficult to use all the public and private e-services available to e-society members and will be 
excluded from any form of e-social interaction. In short, they will be excluded from e-society. Clearly, 
those most at risk of ending up excluded from e-society are, again, those older adults who did not 
have many opportunities to learn new technologies during their working life. Once they are retired, 
they find it even more difficult to acquire technological literacy, and so they find themselves unable to 
cope with e-society. It is true that the portion of older adults using ICTs is increasing; for example, the 
Italian Institute of Statistics (ISTAT) [52] states that in Italy, in recent years, the number of older adults 
using the computer and the Internet tripled. But it is still poorer compared with younger adults [53].  
In an earlier section of this paper, we saw that social isolation and loneliness were two major sources 
of mental and physical problems in older adults. Now, we see that the same society that urges to find 
technological solutions to the problem of social isolation in older adults, also creates, because of 
technology, a new possible form of social isolation. Without ICTs literacy, older adults will find it 
difficult, when not impossible, to use technologies to maintain their mental life active. Moreover, they 
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will find progressively harder to "feel connected with the world" and to maintain their social relations in 
a world that is more and more permeated by technology. So, as we already said, it becomes important 
to address this problem within the active aging context; it becomes important to look for new strategies 
for making knowledge on ICTs more accessible to older adults, so to reconnect them with the world. 
We also saw that learning, in general, can provide older adults with many social, mental and physical 
benefits. If we now take also into account what we just said on older adults and e-society, we can 
easily see that learning focused on ICTs can have on older adults even more beneficial effects. As 
some studies suggest [54], [55], knowledge on ICTs makes older adults feel connected again with the 
world, integrated again in society, and part of the “human race”.  
So, believing that a learning environment (LE) designed for older adults and capable of easily 
introducing them to ICTs and e-services could provide a contribution in solving the problem of social 
isolation previously outlined, we started working on the design of an innovative form of LE. 

2 THE DESIGN OF THE AUGMENTED LEARNING ENVIRONMENT 
We worked on the design and development of a new LE using AR technologies, and we were also 
able to create a working prototype of the LE displaying the features of augment environments we 
previously described. The actual prototype is an AR application running on Microsoft HoloLens and 
capable of generating an immersive, 3-D and interactive environment. Once completed, the LE will be 
capable of delivering learning modules (LMs) on a variety of topics dealing with ICTs and ICT tools, 
and particularly with e-services. During the design of the LE, we follow the well-known Software 
Engineering practice of “separation of concerns” [56] and we thrived to keep as separate as possible 
the design of the augmented environment (AE) from the design of the LMs. This has allowed us, 
during the design of the LE, to freely explore all the features and possibilities offered by AR without 
any constriction or limitation imposed on the design by the learning contents to be used in the LMs, or 
by the features of the real users of the LE.  
Only after the completion of a first draft of the design of the AE and the development of a working 
prototype, will we start dealing with the design of the LMs. Finally, once the design of the LMs will be 
completed, we will go through a process of fine-tuning of the overall design of the LE: we will take into 
account the features of the LE ideal users, and will adapt the interfaces and features of the LE in order 
to maximize the usability of the LE for older adults and make their learning experience as useful and 
enjoyable as possible.  

2.1 Design Process: the Augmented Environment 
As we said, during the design of the AE, we wanted to take full advantage of the features of AR 
environments to create an AE capable of expressing its full potential only as an AR application for 
HMDs [29], [30], [33].  Particularly, we required our AE to have the following, fundamental features: (a) 
must be able to seamlessly combine the real world and the virtual world; (b) must be interactive in 
real-time; (c) must be fully 3-D; (d) must be immersive.  
With the above in mind, we defined:  

1 The general features of the AE (definition of a general environment, possible sub-division of the 
general environment into sub-spaces, definition of learning modules, definition of the 
interface(s) allowing the user to navigate throughout the AE);  

2 the rules on how the virtual objects interact (with other objects, with the user, with the real 
world);  

3 the features of a virtual helper/assistant, which will help the user on different aspects of her 
learning experience; 

Overall, we also wanted our LE to have some extra-features. Although they are not essential to define 
AEs, they should contribute to increase the user’s comfort and sense of familiarity with the augmented 
world, and make the learning experience easier and more enjoyable:  

1 the AE should be designed in such a way that it does not require users to know the technology 
involved in the creation of the AE;  

2 the AE should allow an easy access to its objects and contents (interfaces allowing orientation 
and navigation of the virtual environment should be easy to understand and use);  
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3 the AE should be easily adaptable to the specific needs of different users (i.e., if necessary, 
hand-gesture commands controlling interaction can be replaced by vocal commands), so to 
allow the use of the AE also to users with particular impairments;  

4 Overall, the AE should be designed to: (a) facilitate the learning of visual contents; (b) en-
courage the process of "learning-by-doing"; (c) increase the user’s involvement and enjoyment; 
(d) connect the user’s personal experience to the contents to be learned. 

2.2 Design Process: the Learning Modules 
This is an ongoing project, and the design of the LMs is still in progress. As we said, before focusing 
on the design of LMs, we wanted to have a working prototype of the general AE as described above, 
so to have a firsthand experience of the AE and to test the effectiveness of the first draft of the design. 

2.2.1 Looking for Design Principles: Features of E-learning On-line Courses 
Before working on the design of the LMs, we will examine the structures and the organization of the 
contents of a few open on-line courses (MOOCs) [57], [58], such as Coursera, edX, Udemy, Udacity. 
Such analysis will provide us with some valuable hints on how to design the learning experience we 
want to create with our LE. Obviously, the design principles we might find during our analysis will need 
to be adapted to the different medium they are used in, that is, AR. Particularly, we want to identify: 

• the most common learning elements providing users of on-line courses with what should be 
considered as a good learning experience (syllabus, calendar, videos, lectures, collaborative 
and social features, homework management, grades management, resources, tests, menu, 
links, etc.); 

• the micro- and macro-organizations of the above learning elements (learning activities, learning 
objects, lessons, modules, chapters, seminars, etc.). 

• usability/accessibility features  [59], [60], [61] (navigation tools, text alternatives, time-based 
media alternatives, adaptable contents, distinguishable contents, enough time to get contents, 
easily navigable readable, predictable, with input assistance, compatible, etc.). 

2.2.2 Contents of the Learning Modules 
The content of the LMs will mostly deal with a few important public and private e-services (such as e-
government, e-health, home-banking, social media, e-commerce, e-entertainment) accessible through 
the Web. However, since our target users lack of knowledge on ICTs, we need to provide them with at 
least a basic background knowledge on the usage of the Web. To identify and select the content to be 
used with the LMs, we will rely on a few introductory books or manuals on ICTs and e-services [62], 
[63], [64]. We also plan to organize a focus group with older adults with computer literacy in order to 
identify, together with the participants, the topics that, according to their experience, they believe to be 
most relevant to use in an introductory course on ITCs and e-services. 

2.2.3 The Design of the Learning Modules 
For the design of the LMs, we will mostly rely on the learning design methodologies described in [23], 
[27],  [65], [66], [67]. Particularly:  

1 we want to segment the contents on basic ICTs and e-services into basic pieces of learning 
content, or “learning units”; each learning unit: (a) will contain the information on what to teach 
in one learning activity; (b) will also contain one or more mini-tests to verify that the user has 
learned the piece(s) of learning content defined in the learning unit;  

2 we want define the rules according to which the learning units can be combined together to 
create new learning units with a higher level of complexity (e.g., topics, lessons);  

3 we want to define the whole learning experience with the LMs on ICTs and e-services as a 
hierarchical structure of learning units with different levels of complexity. 

2.3 Design Process: Fine-Tuning the Design for the Target Users 
Once we will have completed a first draft of the general design of the AE and the LMs, we will make 
further changes to this design so to tailor the LE for older adults. This means to identify older adults' 
needs, interests and capabilities, so to be able to adjust the design accordingly. However, we do not 
need a too complex definition of “older adults”; we only need to identify those psycho-physical or 
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behavioral traits typical in older age that impose some formal or structural change in the design. 
Particularly, we will examine the literature on older adults looking for valuable information on: 
Psycho-physical traits: older adults might suffer from some psycho-physical impairments; we need to 
take such disabilities into account, so that content can be delivered in such a way to minimize the 
disadvantages due the possible impairments. For example, if we know from literature that a progressive 
loss of sight or hearing occurs in older age, we must provide the LE with alternative navigation systems 
(i.e., textual menus and vocal command) or different ways of delivering contents (i.e., via images and via 
oral narration), so that one system/way can replace the other when necessary. 
Education level & Digital knowledge: to select the most adequate language to use during the learning 
experience, or the level of in-depth of the content, or the topics that can satisfy the older adults needs 
and interests, we need to have information on the older adults general level of education and on the 
knowledge they have on the use of computers, on ICTs and of ICT tools.  

3 THE PROTOTYPE OF THE AUGMENTED ENVIRONMENT 
We used a draft of the design of the AE to develop a working prototype of the AE which, however, 
does not yet include the LMs. The prototype is an AR application running on Microsoft HoloLens, and 
has been developed using the game engine Unity 2018 [68], and the programming language C#. The 
prototype needs further development, but it already shows all the main features of AR environments: 

• The general features of a functioning AR environment: scanning and understanding the real 
environment surrounding the user; identification of real surfaces to be used with augmented 
content (holograms); 

•  Several augmented sub-environments: login area, main hall, training area, one learning module 
(its general structure and features, but without contents):  

• the main interfaces allowing assistance and navigation (help panels, tool bars);  
• a virtual assistant (Fig. 2) with synthetic voice, gestures, lip synch, and facial expressions and 

capable of interacting with the user and guiding her throughout the entire learning experience; 
Each of the areas defined above is fully featured with an help panel, working interfaces for navigation 
and interaction with the already existing holograms. 

 
Figure 2: the virtual assistant explaining the use of the help panel. 

4 CONCLUSIONS 
The LE has been designed for a particular purpose, that is, to help older adults to cope with their 
technological illiteracy and to overcome their social isolation. Once completed, such LE could become 
a possible alternative to existing online courses, particularly if we think that these courses are usually 
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not tailored for older adults[13], [69] and that, contrarily to what happens with our LE, they require at 
least some basic knowledge on ICTs in order  to be used. 

When we will be able to test the prototype with groups of older adults, we will have the opportunity to 
verify our working hypothesis, according to which, it should be easy, even for older adults, to use our 
LE and, more in general, augmented reality technology. Moreover, we will also have the opportunity to 
further explore the complex relationship between older adults and new technologies and, particularly, 
AR: are older adults so willing to accept a technology that mixes the real world with a fictional and 
virtual world? How do older adults feel about having a somehow awkward device on their head, which, 
in addition, alters their perceptions? What is their reaction to dealing with holograms? 

Finally, the separation we tried to keep while designing the LE between the design of the AE and the 
design of the LMs has important consequences: it makes it possible to think of a use of our LE with a 
wider and more general scope than the one defined so far for our project. In fact, because of such 
separation, it become possible to introduce substantial changes to the contents of the LMs without 
affecting the general augmented environment hosting the LMs. And this opens up the possibility of 
using the same general LE in different settings, with different contents and for different types of users. 

4.1 Future Work 
We plan to add the LMs and their learning contents to the prototype, so to have a fully working 
prototype of LE. Also, we plan to improve the virtual assistant and make it more capable of interacting 
with the user, since we believe that a more interactive assistant could greatly increase the quality of 
the learning experience. Finally, we intend to use the LE with groups of older adults to test the LE, and 
to explore the impact AR has on older adults.  
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