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Abstract Archaeological excavations provide us with important clues about
the past. Excavated artefacts represent an important connection to civilisa-
tions that no longer exist and help us understand some of their customs, tra-
ditions and common practices. With the help of academics and practitioners
from various disciplines the results of archaeological excavations can be anal-
ysed and a body of knowledge about the corresponding society can be created
and shared with members of the general public. Museums have traditionally
served the purpose of communicating this knowledge and backing it up with
the help of the excavated artefacts. Many museum visitors, however, find it
difficult to develop a coherent understanding of the corresponding society only
based on the artefacts and annotations showed in museums. Effective modern
techniques that have high potential in helping museum visitors with better
understanding of the past are 3D reconstruction and Virtual Reality. 3D re-
construction offers a cost effective way of recreating historical settlements in
a computer-generated virtual environment, while Virtual Reality helps with
immersing people into such environments and reaching a high degree of real-
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ism. With the help of these technologies it becomes possible to relive history,
imagine yourself being a part of the reconstructed society and learn about its
culture firsthand. The combination of 3D reconstruction and Virtual Reality
represents a very powerful learning tool, however this tool has been rarely
used in a museum setting and its correct use has not been properly investi-
gated. In this paper we present a study into using Virtual Reality in itinerant
archaeological exhibitions. We discuss the lessons we have learned from devel-
oping an interactive Virtual Reality simulation of the Neolithic settlement of
La Draga. These lessons feature our analysis of qualitative and quantitative
feedback of museum visitors, as well as what we have learned from analysing
their navigation and interaction patterns.
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1 Introduction

While it is important for archaeological museum curators to demonstrate ex-
cavated artefacts to let museum visitors witness those firsthand, it is probably
even more important to educate the public about how these artefacts were used
and to explain their significance in the cultural and technological development
of the corresponding society. For many museum visitors this educational pro-
cess happens through the mechanism of Informal Learning (IL), which is an
instructional activity that is not part of the curriculum of educational insti-
tutions. IL provides the users with knowledge and understanding of a variety
of subjects in museums, science centres, exhibitions, even in online communi-
ties or the workplace [1] [2]. The three types of Informal Learning, based on
intention and awareness of the learning process, are: self-directed, incidental
and tacit learning [3].

A cost effective form of Informal Learning is self-directed learning. Interac-
tive Virtual Reality is a great technology that can effectively support this type
of learning. In a virtual environment we can easily create static and interactive
learning experiences that require little or no assistance from an educator.

One particular form of Informal Learning that we find useful for museum
settings is blended learning [4]. Blended learning is often focused on combin-
ing online and face-to-face modalities, however, informal blended learning is
generally conceived as ”learning by knowing”, i.e. passive learning through
multimedia content facilitated by point and click or web-based interfaces [5].
Virtual Reality (VR) represents a modern alternative to point and click style
interaction and is a useful technique for blended learning in a museum setting.

In recent years many VR experiences in museums have helped visitors to
develop a coherent understanding of the corresponding society and the roles
of the excavated artefacts featured in exhibitions [6] [7] [8]. For example, the
Modigliani VR exhibition at the Tate Modern recreated the artist’s studio [9]
to let visitors take a virtual tour at their leisure. The British museum created
a VR Bronze Age site [10], where users explored the landscape freely and
could interact with objects while hearing the explanation. These and other
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experiences in museums have raised VR design issues such as modelling of 3D
content, the strong connections between the VR experience and the physical
artefacts in the museum, the lack of VR experience for many users [11], as
well as making sure that the VR experience is sufficiently short (to avoid
queues) yet educational. Nevertheless, there is still room for improvement such
as designing more interactive experiences and making the user aware of their
own informal learning.

In this paper we design and evaluate an informal blended learning expe-
rience in the context of cultural heritage dissemination, La Draga Neolithic
settlement [12]. Our contribution is twofold: i) put together traditional meth-
ods in museums (in-site workshops conducted by expert archaeologists, and
exhibitions of objects, videos and photos) with digital learning materials (a
360�video with Samsung Gear glasses, and a gamified and interactive VR ex-
perience using HTC Vive headset); and ii) a study of user behaviour patterns
when interacting in VR. We stress that the novelty of our research is the
proposal of a hedonic, interactive and conscious learning experience, and the
identification of user behaviour patterns using data analytics. Results show
that visitors highly valued the blended learning experience, scoring it with
9,3 out of 10. Moreover, they had a good perception of their learning, 85% of
visitors considered they had learned during the exhibition. On the other hand,
the study of user behaviours identified three profiles of users (Novice, Medium
and Pro). Specifically, from the analysis of Newbies behaviour arised design
recommendations useful for other researchers, such as the wise management
of training tutorials, the incorporation of attractive and strategic locations to
favour space exploration and the use of natural and adaptive interactions to
avoid users struggling with VR devices.

In the following, section 2 presents related work. Next, section 3 introduces
La Draga settlement and the process of construction of the Virtual Draga. Sec-
tion 4 describes the design of the informal learning experience of La Draga.
The design consists of a set of activities with the ultimate goal of delivering
knowledge and understanding to the user. Section 5 presents results of the
blended learning experience performed in a museum. Section 6 analyses user
behaviour in the gamified VR experience, which was conducted in the mu-
seum as well as in several itinerant exhibitions. Section 7 discusses the results.
Finally, section 8 concludes and presents future work.

2 Related work

There is no doubt that cultural heritage organisations may benefit from the
use of digital technology to widespread knowledge and understanding of past
cultures [13] [14] [15]. Applications for enhancing visitors’ experience range
from virtual guides in digital museums [16] to Augmented Reality (AR) [17]
[18] and Virtual Reality (VR) [19] [20].

Focusing on VR, we find contributions from industry and academia. On
the one hand, companies provide their services to cultural institutions, devel-
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oping historical recreations and virtual museums, such as, for instance, the
virtual Dutch Men’s EUseum [21] by ChroniclesVR [22]. On the other hand,
several research works have studied the use of VR in museums during the
last years [23], [24], [25]. Carrozino et al. [26] proposed a taxonomy of VR
settings for cultural heritage applications and used it to analyse some case
studies. The goal was to provide a tool for evaluating costs, risks, usability and
quality of immersive experiences. Related to risks, they defined the “Guggen-
heim effect” as ”the appeal of the container pushing into the background the
essential element, the content, resulting a distracter rather than an opportu-
nity to convey information”. Our multidisciplinary research team, composed
by experts on archaeology, 3D graphics, game design and programming, paid
particular attention to disseminating the knowledge on Draga settlement (the
content) while incorporating interactive and game elements in the experience
(the container).

Gaitatzes [20] proposed a cave-based system to let museum visitors walk
through various ancient sites, specifically, through the Greek city of Miletus.
Encouraged by the high number of visitors and their positive feedback, they
advocated for further development of cultural and educational experiences
in museums. Another research used phone-based VR with the novelty of a
homemade designed headset. This headset was a robust and safe hardware
for long-term exhibitions, composed of an external battery, high quality head-
phones, and designed as a Viking wooden mask. Curators, technicians, artists,
and archaeologists collaborated to design 3D vignettes of Viking settlements
(scenes, objects and activities) in Ireland. They used fixed viewpoints, which
constraint users’ interactions with objects and their free movement around the
exhibition space [24].

A recent VR research [25] studied the impact of different communication
media (VR, website, video) on the UX (User eXperience) of visitors of the Na-
tional Palace Museum in Taipei. Specifically, they presented the information
about the Jade Cabbage to the users and measured their attention and engage-
ment using questionnaires. They also aimed to study how users’ personality
and prior experience could influence the UX. Results highlighted the ability
of VR to catch users’ attention, and the influence of attention in increased
engagement [20].

Previous works conceptualize and operationalize different edutainment VR
experiences in museums and exhibitions. They were mainly designed contain-
ing virtual recreations (3D content depicting landscape, people and objects
from the historic period) for the user to walk around, including virtual guides
for visiting the space at most. Our research, with the aim of further engaging
the user, incorporates the gamification element to target (hedonic-based) VR
experiences. Moreover, we focus on the design of a game played by visitors
that become aware of their learning during an exhibition, even encouraging
them to eventually revisit parts of the exhibition after playing.

Related to blended learning in museums, the Blended Mobile Museum
Learning Environment (BMMLE) was applied to three blended museum learn-
ing modes [27]: i) the traditional museum visit, ii) paper-based learning sheets
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used during museum visits, and iii) interactive mobile learning system used
during museum visits, all of them accompanied by a learning website. We dif-
fer from them in the modalities of blended learning; while they studied online
and mobile-based learning, we implemented experiential and active learning
activities such as a workshop, and a VR experience. Additionally, as previously
remarked, we included gamification and interactivity in the design of this VR
learning experience.

Indeed, the interest in users’ engagement led research works to use gamifi-
cation in the context of museums. Thus far, however, these works were limited
to contributions on design and methodological perspectives, neither imple-
mented nor evaluated. In [28] several use cases of a gamified museum guide
were designed and evaluated. Although authors revealed some weaknesses of
the evaluation method, which was strongly based on subjective criteria, they
bet for meaningful gamification based on a coherent story and with a limited
number of game design elements. Another work [29] presented a framework of
user experience for museum based on gamification. They considered important
to understand museum audiences and so meet the needs and expectations of
users’ profiles. In our research we take a different perspective to previous works
that focused on theoretical contributions. We aim to go through the entire pro-
cess from the design, to the deployment and the evaluation of gamification in
a museum.

Finally, regarding adaptive technologies, museums around the world adopted
them to customise information for different target groups in web applications
and hand-held devices [30] [31]. Another research study [32] used observation
and questionnaires answered by visitors of museums, with the aim of study-
ing their visiting style. Styles were defined based on animals: an ant visitor
follows a linear and clear path, a fish visitor sees the big picture of the exhibi-
tion and does not stop frequently, a butterfly visitor moves non-linearly, and
does not pay attention to the curators’ indications, and finally, a grasshopper
visitor has particular interests and only approaches certain items, spending
significant amount of time in front of them. They found a high correlation
between visiting styles and cognitive styles. Using the knowledge gained by
them, and making an analogy between the visit to a museum and the visit to
a virtual recreation of a historical settlement, we designed our experience as an
open-world with free movement, trying to cover the variety of aforementioned
visiting styles.

To our knowledge there are no other works based on data analytics to
study user profiling in Virtual Reality heritage projects. However, in recent
years profiling in games has gained attention for informing game design, ROI,
study of human behaviour, and driving adaptive systems [33]. Multi-game so-
cial networking platforms like Steam provide analysts with data from million
of players. Unlike traditional profiling methods based on surveys and observa-
tions (as proposed by Bartle [34]), nowadays a myriad of AI (Artificial Intel-
ligence) techniques (k-means, decision trees, random forest) are used to build
players profiles [35] [36]. In this research we perform a preliminary study of
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user pro�ling for VR in museums. We use aggregate statistics and basic ML
(Machine Learning) clustering.

3 La Draga settlement: Reconstruction of the past

La Draga settlement is an Early Neolithic pile-dwelling settlement located at
the NE of the Iberian Peninsula, on the eastern shore of the Banyoles Lake,
dated back 5.300-4.800 BC (see �rst row of Figure 2). Its singular location,
partially under water, has facilitated a high degree of conservation of its ar-
chaeological remains, highlighting the preservation of items elaborated with
wooden and vegetal �bres - an organic material rarely preserved. This fact
allowed the study of technical procedures used to manufacture such tools and
some construction elements. Moreover, archaeologists have hypothesised and
reconstructed the buildings' architecture, as well as achieved knowledge about
the subsistence and the working activities performed by the Neolithic farming
society in that environment. All the reconstructed data comes from previous
palynological1, carpological2 and anthracological3 studies [37] [38] [39] [40].
Additionally, although no information exists about the appearance of Draga's
inhabitants, and neither about their customs, data about people and animals
came from ethnographic resources, from Levantino rock-art paintings and ar-
chaeological investigations elaborated at other sites from the period.

However, despite the importance of the site due to its well-preserved re-
mains, there is still room for promoting actions to attract more visitors and
to disseminate La Draga beyond the Banyoles settlement.

4 Informal learning design of La Draga settlement

The main goal of the archaeological community was to design an itinerant ex-
hibition to spread the spirit of La Draga to the general public. Moreover, they
wanted to provide a holistic experience to visitors so that they not only could
feel and understand the settlement, but also they would be aware that they
had retained new knowledge at the end of the experience, arousing visitor's
curiosity to go to the physical site. Speci�cally they were interested in the
visitors experiencing La Draga, the way its inhabitants lived, what they ate,
the activities that they carried out beyond agriculture and livestock, etc.

To obtain such a holistic experience, a blended learning approach seemed
to be appropriate. It combines educational materials, experimental workshops
and virtual experiences in a whole exhibition. We decided to include non-
interactive and interactive activities letting visitors explore and experiment

1 Palynology is the science that studies live and fossil spores, pollen grains, and other
microscopic plant structures.

2 Carpology is the study of the structure of seeds and fruit.
3 Anthracology is the analysis and identi�cation of charcoal which is preserved after car-

bonization, based on wood anatomy.
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respectively, as \experts" of the past. First, we designed physical activities,
where attendants could watch preserved pieces of La Draga, could explore a
physical reconstruction of a hut, could watch short �lms concerning the ac-
tivities of the daily life of Neolithic inhabitants, and could experiment the
technique for carving 
int stones. Nevertheless, all these activities in an itin-
erant exhibition could not re
ect the whole environment neither help visitors
place objects in context. Second, the incorporation of VR appeared as a pow-
erful way to enable visitors to contextualize objects and activities as well as
to provide them with a digital experience in line with the digital era we live.
We designed two di�erent experiences to reach di�erent types of users: those
reluctant to VR technology - a 360-degree walk becomes an easy introduction
to VR -, and bold users eager to face new challenges - for which interactive
VR is more appropriate.

Our �rst digital experience was a 360-degree video of a reconstructed 3D
virtual scene that guides users through the environment of La Draga, a set
of objects, huts and activities at their own pace. The second one was a VR
immersive experience where users could freely explore outdoors, manipulate
objects and activate animations. Moreover, in this second approach, to make
visitors aware of their learning during the exhibition, we included a little game
with the main goal of distinguishing non-Neolithic from Neolithic objects.

Fig. 1 Some representative objects of La Draga and 
int knapping workshop.

In summary, we conceived six di�erent resources to be located in a shared
space: (1) an exhibition of two hundred archaeological heritage preserved pieces
of La Draga settlement, (2) a physical reconstruction of a decorated hut, as
they have appeared in the excavation and that can be manipulated, (3) eight
videos that show the peculiarities of the archaeological team working around
the settlement and bring the vision of leading specialists on several topics
(Ferran Adri�a - cooking and food, Mart�� Boada - human footprint on the
environment, Marc Boada - technological innovation, and Eul�alia Subir�a -
the origins of the community Draga from the paleogenetics), (4) experimental
workshops to learn the 
int knapping (see Figure 1), (5) a 360� virtual reality
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