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Abstract 
Different museums and cultural heritage institutions are seeking new ways to improve access to their 
artefacts and collections. The huge impact of the digital revolution shed some light on diverse 
approaches to minimize the visitor’s museum experience disruption and enhance the accessibility to the 
exhibits. This paper describes the design of a sensor system by improving the access to the cultural 
resources adopting a non invasive and low cost technology. The study will provide new suggestions to 
analyze visitors’ behaviour and their needs and design new visiting trails for the museum. 
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1. Introduction 
In the last two decades museum experience has slowly acquired more importance in the applied visitor 
and design studies field (Falk and Dierking, 2016). Since the museum experience is becoming more and 
more important, researchers and scholars have started to investigate new ways of engaging more people 
with cultural heritage resources and avoiding issues that can disrupt the museum visit such as museum 
fatigue and hypercongestion can be crucial. In addition, investigating different research methods and 
taking into account human, socio-cultural factors and last but not least, the raise of interaction 
technologies (Falk and Dierking, 2016) have given new hints on how to enhance the museum’s 
inclusivity. Studies over the past two decades have provided important information on how the global 
impact of the digital revolution is influencing the museum and visitor studies. According to Partarakis 
et al. (2016): “The global impact of the digital revolution in the cultural sector worldwide brings about 
the need to ensure the accessibility of physical exhibits’, interactive digital exhibits, digital media and 
digital content for disabled people.” This paper addresses the accessibility of cultural heritage resources, 
and the need for a new approach to accessible user interaction with cultural heritage exhibits. 
Physical and cognitive issues related to the museum experience started to be increasingly relevant 
because of the change of paradigm of the museum as an institution. Therefore, museums have gradually 
shifted their main educational role to a leisure oriented duty: they have become a place to experience 
the collections where it’s possible to increase the personal knowledge by a specific exhibit’s storytelling. 
As a result of the museum’s social role shift, this cultural institution started to appeal to a more varied 
type of visitor, ranging from connoisseurs of the collection to those who face the artefacts for the first 
time. 
And according to (Bollo and Dal Pozzolo, 2005), the less the visitors know a priori about the museum 
collection, the more their behaviour and learning experience can be disrupted by the spatial settings of 
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the exhibits. Hence, the visitors can explore the collections freely, but they can also ignore specific 
objects or showcases inside the space, neglecting disclosure from the narration proposed by the curators. 
Furthermore, visitors often ignore the reasons that lead the museum’s professionals to chose a specific 
arrangement for the exhibit, and why specific objects are shown in the display since the public often 
ignore the curator taxonomy and the selection criteria used to give a hierarchy to the artefacts (Screven, 
1976). For this reason, it’s important to focus on how to enhance the museum signage, test its efficiency 
and narrative power, and where possible, strengthen it with some adjustments with low cost technology 
(Pugacs et al., 2017). 
We used a qualitative case study approach to investigate the applicability of a low cost technology 
implementation for the design’s exhibit, and how it can effectively enhance the museum experience. 
Furthermore, in order to design and explore different solutions related to the museum experience’s issues 
we conducted a preliminary workshop with the museum’s staff and distributed questionnaires to the 
visitors as a part of our case study. 
In order to speculate the functionalities of a low cost technology for the design’s exhibit, a team was 
formed to tackle the issues related to the case study. This team was composed of professionals from 
museology, psychology, engineering, and design. The research team was set up to identify and solve 
issues that the visitors were having with their museum experience; this was achieved by the application 
of low cost technology. 
The case study presented in this paper is an ongoing project that aims to develop a sensor system that 
can help to enhance the visitor’s museum experience. The sensor system was designed to support the 
use of low cost proximity sensors by providing minor adjustments to the existing display, answering the 
needs emerged from a workshop with the project’s stakeholders. 
The aim of the project is to develop new exhibits paths supplied with the help of low cost and impact 
technology devices. In order to investigate the opportunity to use technological solutions to tackle the 
issue, it was essential to proceed first with a workshop with the staff of the museum where the case 
study took place, and to schedule all the steps of the project. Secondly, it was crucial to obtain a definite 
mapping of the visitor’s behavioural paths, in order to tackle the issues that can affect and disrupt the 
museum visit, (mostly stress, museum fatigue and hypercongestion). 
This paper attempts to show that is possible to enhance the visit by providing the museum visitors a tool 
to navigate inside the museum. The design approach we use aims to design and give guidelines to 
implement the user’s experience by giving suggestions on how to navigate inside a museum space, but 
at the same time, how to map and track visitor behaviour prior to a personalized path planning. By 
improving the museum experience, we will address the need of a shorter time length visit and also 
propose a different theme of interest for every new visiting trail. In addition, the improvement of the 
museum experience will bring benefit on the visitors’ behavioural pattern, that will include less fatigue 
and hypercongestion by reducing the overcrowding of certain areas and diminishing the average visiting 
time. 
This paper is divided into four parts. The first part deals with the description of the related work and the 
state of the art. The second part depicts the adopted approach and describes the research project. The 
third part points out the findings that lead to the design of the sensors system. And finally, the last part 
focuses on the discussion and future work. 

2. Related work  
Central to the entire discipline of visitor studies is the concept of museum experience. This experience 
“begins before the visit to the museum, includes experiences within the museum (interactions with staff 
and members of one’s own group, as well as with other visitors, exhibitions, interpretive materials, and 
programs), and continues long after the person leaves the museum” (Falk and Dierking, 2016). 
Furthermore, the museum experience is something that can be designed and enhanced (Falk and 
Dierking, 2016) with the help of technology (Ardissono et al., 2012) in order to let the visitor learn from 
the artefacts. 
According to King and Lord (2015) “museum learning is a voluntary, informal activity. The voluntary 
nature of the experience has much to do with deciding what to see within the museum space. Navigation 
is agency; people decide with their feet. The initial requirement for successful museum learning, whether 
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online or onsite, is clear navigation.” Museums often have to respond to visitors’ basic needs of locating 
themselves into an unknown space. These needs can span from finding the toilet or the café shop to 
specifically looking for a showcase or the newest exhibition (Falk and Dierking, 2016), and for this 
reason, a tool to navigate inside the museum’s space should fit the users needs with a high level of 
personalisation (Ardissono et al., 2012). A good level of personalisation can enhance the museum 
experience by tackling the physical and cognitive issues that could disrupt the visit, such as 
hypercongestion and museum fatigue. In addition, the museum visitors can belong to different target 
and age range, for this reason it can be helpful to adapt different features and contents for every user 
profile (Rubino et al., 2013). 

2.1. Museum experience issues and user experience insights 
The museum experience is mostly learning oriented and the leisure factor plays an important role in 
terms of learning (Wittlin, 1970). To allow visitors to enjoy leisure time inside the museum it’s crucial 
to understand how people interact with the collections and the showcases. The ‘stress as a human factor’ 
can influence the perception of the museums’ artefacts and could be detrimental to the learning 
experience that these cultural institutions usually offer. The stress variable can be composed of two main 
issues: hypercongestion and museum fatigue. These two issues related to visitor studies have received 
considerable critical attention in recent times (Falk and Dierking, 2016). 

2.2. Wayfingding, navigation and path planning 
According to Jansen (2008) space related issues concerning the museum’s physical environment can be 
detrimental to the museum experience and the learning activity. The digital museum experience can be 
helpful as a tool to aggregate people with social activities and engage visitor’s interaction. 
As explained by Jansen, physical element in the museum environment can: “contribute to the 
atomization of visiting groups. This atomization disrupts visitors’ abilities to engage in joint activity 
and to sustain interaction over time and space. In the absence of such coordinated activity and 
interaction, perspectival reciprocity can no longer be taken for granted – issues related to the lack of 
connectivity – physical space issues” 
With the aim of deepening the understanding of spatial navigability in museums, a significant analysis 
and discussion on route planning Apps was presented by Pugacs et al. (2017). 
In their detailed examination of a framework to evaluate the interactive route planning Apps in tourism, 
they showed that use a planning App can provide a chance to let the tourist engage with their personal 
will and time constraints. 
Drawing on an extensive range of sources, and with the creation of journey maps, the authors set out 
the different ways in which: “an alternative approach allows us to achieve two things: it provides an 
interactive environment where the user can explore many possible itineraries with little effort. It 
provides an explanation of the properties of the tour, since the tour is automatically generated based on 
preferences indicated by the User” (Pugacs et al., 2017). 
Using journey maps and heat maps to track the visitor’s behaviour can be beneficial to understand the 
user’s needs (Martella et al., 2016). According to Martella et al. (2016) the heat maps can show the 
amount of time spent in areas close to artworks and give valuable insights into visitors’ behaviour to 
researches and museum professionals. 
But why it is so important to understand how people navigate in the museum space? The need to 
understand visitors’ movement is not new to the research area of museum studies. In 1988, Nathalie 
Heinich published a study showing that a ubiquitous technology that could fully support the exhibit’s 
narrative power can be worthwhile to understand how people navigate and sense the museum space. 
Data from the studies of Heinich (1988) suggested that the multitude of museum’s spaces should work 
cohesively with the aim to guide visitors in an educational leisure experience, giving the users freedom 
to access the culture at their pace. The visitor’s pace is mostly driven by the given personal time they 
can dedicate to the visit and their personal interests. Following this purpose, the project is motivated by 
the pursuit of a ubiquitous exhibit technology, that can detect visitors’ needs but also break down the 
barriers of incomprehension toward the artefacts. 
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2.3. Low cost technological solutions – proximity sensors applications 
In order to smooth the visitor navigation inside the museum space diverse large scale European museums 
have been interested in the development of the new visitors’ trails, or have used sensor technology to 
monitor and analyze their visitors’ needs. The users’ needs ignited an impulse to speculate new 
approaches in the social and museological fields. One example of these investigations is the study 
pursued by a famous museum, the Louvre. This museum, in partnership with the MIT Seanseable City 
lab, started to observe visitor clustering alongside the collection’s masterpieces. This research was 
aiming to analyse visitors’ hypercongestion and clustering through the use of a series of Bluetooth 
proximity sensors (Yoshimura et al., 2014). 
The Louvre visitor mapping provided information on the visitors’ behaviour and circulation, however 
this research was not taken forward to find a solution to the navigation issues along the display. Instead, 
the science museum of Trento MUSE, located in the north east of Italy, uses a simple Bluetooth 
technology to suggest to the people new visiting trails by providing simple insights on the displayed 
objects. The Trento’s museum uses a simple pop-up interface installed on a tablet given to each visitor. 
This tablet works not only provides audio content, but also includes the possibility to enjoy extra 
multimedia contents triggered by the proximity of the Bluetooth sensors. At the MUSE, the Bluetooth 
technology is used for a more efficient interaction with users, while at the Louvre the same devices were 
used to monitor and analyse visitors’ behaviour. 
But according to Ardissono et al. (2012), the main challenge for an enhanced museum experience was 
to reach an increasing level of personalised support during the museum visit, since “cultural heritage 
sites have a huge amount of information to present, which must be filtered and personalized in order to 
enable the individual user to easily access it.” 
Moreover, according to Ardissono et al. (2012) and Falk (2009), since the visitor’s behaviour doesn’t 
remain consistent during the visit, it may require an ongoing adaptation to each individual and situation. 
This is mostly due to the composition of the museum visit experience that consists of a combination of 
physical, socio-cultural and identity related aspects (Falk, 2009). 
“Cultural heritage has been a powerful field of application for personalization for many years and recent 
museum studies’ research acknowledged the need for personalized, individual support” (Ardissono et 
al., 2012). John Falk’s (2009) describes the museum experience as a combination of cognitive factors. 
Therefore, it’s possible to say that a good level of personalisation can enhance the quality of the museum 
visit, since visitors “may benefit from individualized support that takes into account contextual and 
personal attributes with a support to an ongoing adaptation.” (Ardissono et al., 2012). 
This paper combines the user behavioural analysis with the visits path planning. In the case studies that 
have been taken into account, the analytical aspects are combined with the paths suggestions, in order 
to give the visitors an enhanced museum experience. 

3. Understanding the collection: A case study approach 
The project’s aim is to grant an improved fruition of the museum’s display, enhancing visitor museum 
experience. In order to investigate the combination of digital and non-technological solutions to improve 
the visitors’ experience, it was fundamental to combine different expertise from the engineering area, 
the design background and the humanities. 

3.1. Case study analysis to design an enhanced museum experience  
 A case study approach was adopted to conduct this exploratory study on ubiquitous technologies. To 
capture the complexity of the phenomenon and set up the preliminary guidelines, a workshop with the 
project’s stakeholders was organised and coordinated by the design department. 
the collaborative nature of the workshop offered clear insights into the main issues that the visitors had 
with the museum experience. The museum management proposed the following directions to the issues: 

 To expand the museum’s community, including more young adults 
 To design different visitor’s trails 
 To boost the dissemination of the museum’s events and activities aimed to increase the number 

of visitors 
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3.2. Methodologies and data analysis: Timing, tracking and mapping visitors’ behaviour 
In this section we are going to describe the procedure for the data collection, that supported the design 
of the enhanced museum experience concept. 

3.2.1. Workshop findings: Key points and tools to improve the visit 

The guidelines presented at the end of Section 3.1, such as the need “to expand the museum’s 
community, including more young adults”, the necessity “to design different visitors trails” and the 
pursuit “to boost the dissemination of the museum’s events and activities aimed to increase the number 
of visitors” lead the workshop discussion. As this case very clearly demonstrates, it is crucial to find 
better strategies to make the museum experience more engaging, through simplifying the visitors’ 
navigation inside the collection or minimizing the hypercongestion (Loomis, 1987) The large scale 
museum we are describing is the Egyptian museum (Museo Egizio) of Turin, in northern Italy. This 
Museum has welcomed more than two million visitors in almost two years after its total renovation. The 
main issues expressed by the museum management were the visitors’ hypercongestion along the 
permanent collection and showcase, and the disruptive average visiting time that usually extends over 
four hours. The average visitor should take approximately four hours to navigate the whole display of 
the museum, that is developed alongside four floors of a late XVII century building. The current 
extension of the main and only museum path is distributed over four storeys and it spans about ten 
thousand square meters. These preliminary details help to understand the stress and fatigue that most of 
the visitors are expressing to the museum institution, it’s really hard to navigate through the entire 
collection without exhibiting even minor signs of tiredness (Gillman, 1916). 
Furthermore, the majority of the objects treasured inside the Egyptian museum’s collection are related 
to material culture and everyday life because the museum is an archaeological institution. Being an 
archaeological museum means that most of the objects displayed in the showcases could be very similar 
to each other, for example the average visitor can become bored if the full display contains more than 
forty samples of the same headrest, or a hundred tiny fragments of a wide stone decoration (Tzortzi, 
2015). To optimize the learning activity inside the museum, and to tackle the museum fatigue and 
hypercongestion, it has been fundamental to settle up a way to convey, through a form of storytelling, 
the meaning and the information of the artefacts along the display (Schuman and Scott, 1987). 
In addition, the museum has been completely renovated in its image and display, and because of that 
minor changes could be operated on the showcases and the general setup. Taking into account all the 
issues described above, and the state of the art concerning the existing case analysed in the related works 
session, it would be legitimate to think about a low cost, and minor environmental impact solution to 
suggest different paths of visit. In this peculiar research project, a sensor system was designed to address 
all these issues, and the Bluetooth technology seemed the most convenient in terms of costs and device 
implementations. The overall project’s design should consider environmental and spatial variables in 
order to grasp a wider scenario of the museum’s space activity. The visitors’ clustering and their time 
of permanence in proximity of the showcases can provide better picture of how to design an interaction 
design tool to: 

 Communicate the contents of the museum’s collection in a more efficient way while testing the 
efficacy of the permanent display; 

 Deeply understand and enhance the visitor’s museum experience by tackling the weaknesses of 
the museum trails and reinforce the key points of the display; 

 Empower the museum’s services, such as the bookshop and the cafeteria, and to take account of 
general service management standards and accessibility;  

  Understand the needs of design specific pathways for families, young visitors and old visitors, 
while analysing people’s personal interests inside the museum space;  

 Enhance the potential attraction of some artefacts along the display, underlining the most and 
least seen zones by the visitors along the trails; 

 Decrease the museum fatigue and hypercongestion phenomena to improve the visitor experience 
while estimating the visitors’ permanence time and aggregation areas along the trails. 
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3.2.2. Timing and tracking 

Traditionally, visitor’s behaviour mapping has been assessing timing and tracking constraints to 
evaluate the exhibits (Loomis, 1987) (Bitgood). This approach can be fruitful to highlight the visitors’ 
expected and intended behaviour while they are approaching the collections. The behaviour’s mapping 
can be performed manually from the data collector or could rely on sensor technology, but nevertheless 
it could provide valuable information to control the process about the target collections’ display, that 
can be used for designing future exhibitions (Yalowitz and Bronnenkant, 2009). 
In addition, to make the data collection even more understandable, the spatial analysis was supported 
by a sensible mapping technique widely used in the urban planning field (Sepe, 2007). These two 
approaches were essential in order to depict the gathered data in a direct way throughout a graphical 
visual render of the visitors’ flux. 
The advantages of combining the behavioural mapping and the spatial analysis is that it is possible to 
create floor plan heat maps and have an immediate feedback on the visitors’ navigation. This technique 
has also been adopted by Bollo and Dal Pozzolo (2005) to track the user’s behaviour, but their potential 
bias in the data analysis was minimized in adopting a combined framework based on specific variables; 
we will discuss more in Section 3.2.3. 

3.2.3. Defining visitors’ scenario manual mapping and observations 

Mapping data was gathered from multiple sessions of shadowing at various time points during three 
months of observations. These observations were useful in the follow up phase to help designing the 
functionalities of the sensor system for checking the visitors’ time of permanence around the artefacts 
and obtain information on their clustering alongside the display. The mapping has been intended as an 
ethological approach and has been followed from a visitors’ questionnaire since in observational studies, 
there is a potential for bias from the real user’s behaviour that can be clarified with interviews or 
questionnaires (Loomis, 1987). 
The ethological approach has been intended in this study as a basis to attempt to understand human 
behaviour (Fink and Grammer, 2002) as an adaptive response to different stimuli from a museum’s 
space. However, these methods can highlight some restraints, but they have wide applicability in 
museum studies (Schuman and Scott, 1987) since they can support a sharp primary examination; 
particularly in our case study, because we have applied a manual analysis of the visitors’ behaviour.  
But which kind of variables were recorded during the case study described in this paper? The visitors 
behaviour mapping was based on the conceptual framework proposed by Yalowitz and Bronnenkant 
(2009). Since there’s a huge number of variables that can be analyzed in a timing and tracking study, 
the ones recorded for this investigation are based on Serrell’s work (1998) who described a methodology 
to gather data tailored on the purpose of the particular case study that can include a standardized 
approach to rely on. In addition, the basic guidelines used to evaluate and filter the results obtained from 
the mapping were given during a preliminary co-design workshop that involved the staff from the 
institutions who actively participated in the whole project. 
The following bullet list reports the Serrell’s situational variables that may affect visitors’ behaviour: 

 Levels of crowding 
 Month or season 
 Day of the week 
 Time of day 
 Any special events or programs going on at the museum 
 Any special events or programs occurring in the exhibition 
 Presence of staff, carts, or other related experiences 

As a result, from the Serrell’s framework elaboration, the following variables in the museum’s 
observations were taken into account:  

 How much time each person could spend alongside the display  
 Identify the most populated zones on each floor (visitors clustering along the display)  
 Run the observations on definite days on the calendar (festive days, week- days, special city 

holidays, and specific scheduled events)  
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 Provide basic targets of classification of the visitors (age, interests, gender)  
 Investigate the reasons that motivate the average museum visit 

 
Figure 1. Visitors navigation heat map of the first floor realised after the observation  
 sessions; The heat map depicts the clustering of people’s aggregation in the museum’s  
space; A colour indicators shift from the coldest, deep blue, to the warmest bright red;  

The areas depicted in cold colours show the lower populated portions of the floor 
plan, while on the opposite, the warmer colour has been used to show up the more 

congested areas in the map 

The data emerged from the observations according to the previous guidelines helped to understand the 
behavioural pattern of the visitors inside the museum (Gilman, 1916). The first tree variables, which 
define time and space constraints, have been used to develop the heat maps of the visitors preferred 
paths. The last two guidelines have been applied to the visitors’ survey research to deepen and complete 
a museum experience comprehensive. To achieve this preliminary overview, it was compulsory to make 
an on-site examination operated by an observer. The observer has been collecting the whole data in 
more than 35 sessions for a period of about three months, between April and June 2016. 

4. Designing the proximity sensor system 
In order to setup an automated sensory system, we rely on low-cost common location sensors and well 
established techniques. In particular, for gathering information about users’ location, a number of 
Bluetooth Low-Energy (BLE) beacons were installed inside the museum in the ground floor, located in 
the “Gallery of the Kings” room, around each artefact of interest. On the visitor side, a simple Android 
app has been developed that senses the nearest beacon, by measuring the Received Signal Strength 
(RSSI) from all nearby beacons, and sends this information over Wi-Fi to a central server. In our 
preliminary experiments, a small number of proximity sensors have been placed in the museum, and the 
app is running on the visitors’ smartphone. By aggregating the positions of the visitors by place and 
time of day, we are able to generate heat maps containing the density of visitors around each artefact at 
any given time. This preliminary implementation of the sensor system is intended to show the feasibility 
of the proposed approach. 
We adopted the Bluetooth technology because, according to Faragher and Harle (2014), is low-cost, and 
requires low maintenance efforts. In addition, this technology has been used extensively for commercial 
use, enabling a “new signal of opportunity with which to perform more fine-grained indoor positioning.  
Other indoor location methods as the Wi-Fi fingerprinting, will be less convenient to use as “Wi-Fi is a 
power-hungry protocol. Bluetooth Low Energy (BLE) uses the same 2.4 GHz ISM radio band as Wi-Fi, 
and addresses many of these shortcomings” (Faragher and Harle, 2014)”. 
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4.1. Recommending places of interest 
One important requisite is the ability to profile the visitors’ preferences in order to automatically suggest 
personalized tours. In this work we propose the use of a recommendation engine. The idea behind 
recommendation engines is that users tend to like items that are similar to other items they like, and that 
similar people like. In a recommendation engine there are two classes of entities: users and items. The 
data is expressed as a so-called utility matrix, which for each user-item pair, stores the degree of 
preference of that user for that particular item. Values are usually integers (e.g., integers from 1 to 5 
represent the number of stars that the user gave as a rating for that item). The matrix is usually sparse, 
since most ratings are not known. The objective is to learn embeddings that model these similarities 
from a set of available training data, and using these similarities to discover new and desirable things 
for the user. 
For creating our utility matrix, we first create a list of topics of interest. Each place in the museum is 
manually assigned to one or more topics of interest. Then, we need to gather user ratings, which 
represent how much each user is interested in each topic. We use a mix of questionnaires, manual 
observations and automatic user location the result of questionnaires, but ideally the utility matrix ratings 
could be obtained by looking at how long a selected subset of test users stops near each place of interest, 
using the Bluetooth sensor system. 
In this work we used the LightFM recommendation library (Kula, 2015), and in particular we use 
Weighted Approximate-Rank Pairwise loss (WARP), which works best when only positive interactions 
are available and the ratings are mostly sparse. In practice, WARP will randomly sample 
recommendations from the learned model, until it finds a pair of recommendations which it knows to 
be wrongly labelled, and will then only apply an update on the two wrongly labelled samples. At 
runtime, for each user we collect at least two ratings, then we use the learned model to predict a list of 
new topics. 

4.2. Recommending alternative paths 
In this study we crated heat maps, both manually and automatically generated, as a two-dimensional 
visual representation of data in where values are represented by colours. With these visual maps we 
want to exploit this information in order to suggest a tour that touches different points of interest, while 
minimizing hypercongestion. 
We want to suggest a personal tour to the user that guarantees visiting most of the suggested places of 
interest, with the constraint that the tour should last less than a certain amount of time. Moreover, we 
want to exploit the data we have about the density of visitors around the artefacts for suggesting 
alternative paths to the user. The problem is formulated as a Shortest Path Problem with Time Windows 
(SPPTW), and it is solved using a label-setting algorithm, which is equivalent to solving a dynamic 
programming problem. In this work, we use the path suggestion algorithm to suggest a path be- tween 
consecutive places of interest, trying to avoid crowded places. The Shortest Path Problem with Time 
Windows is a two-resources variant of the Shortest Path Problem with resource Constraints (SPPRC) 
problem, in which a cost has to be minimized, while a resource needs to remain bounded between two 
given values for each node. 
We first create an acyclic directed graph composed by a set of nodes and a set of arcs connecting adjacent 
nodes. A weight is associated to each arc, based on walking time between the two corresponding nodes. 
We want to find the shortest feasible path that satisfies the constraint on the accumulated time spent 
over the path. For creating the graph, we subsample the floor map; each pixel represents a node in the 
graph, and is assigned a visiting cost. Free areas are assigned a low cost, while obstacles are assigned a 
high cost. Edges are created between neighbouring pixels, with a traveling cost. Moreover, each node is 
assigned a time resource, based in the current density of visitors in that point. The time resource 
represents the amount of time lost due to a high density of people. The idea is to avoid crowded places, 
thus suggesting faster tours. The algorithm has been implemented using a basic implementation of the 
SPPTW problem included in the Boost Graph Library (Boost, n.d.). Figure 2 shows an example of the 
algorithm in action. The example shows a suggested path be- tween a location on top of the stairs at the 
bottom of the map, to a location on the top of the map. The shortest path, shown in blue, does not take 
into account passing through an area with a high density of visitors in the middle of the left corridor. 
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The suggested path, shown in green, takes into account the heat map and, given a higher bound on the 
time of arrival at destination, suggests a path along the right corridor, avoiding most crowded areas. 

 
Figure 2. An example of the algorithm recommending alternative paths on a section  

   of the ground floor; Blue line represents the shortest path; Green line shows the  
   suggested path taking into account density heat map (yellow and red areas) while     

    Red represents areas with a higher percentage of visitors 

5.  Early results, discussion and comparisons 
The present research explores how to enhance the visitors’ museum experience. The efforts made so far 
in this direction showed in the presented case study, that in order to achieve an enhanced museum 
experience it’s possible to adopt low cost technology. In the analysed case study, the proximity sensor 
system could achieve a good level of personalisation of the user experience and minimize the effects of 
hypercongestion and museum fatigue to improve the user’s experience. According to Ardissono et al. 
(2012) the visitor can be able to “exploit cultural heritage material before, during and after the visit, 
having different goals and requirements in each phase of their experience”. So a level of preferred 
variables can be included to enrich the users’ museum visit. On the other hand, technology can be 
ubiquitous and sometimes overwhelming in terms of the amount of given information, and still the 
content should be assisted or filtered by the curators (Ardissono et al., 2012). 
As we mentioned in the introduction, a questionnaire was distributed to the 35 museum visitors to prove 
the need of a better museum experience. This survey has been conducted in order to:  

 Understand the key issues concerning visitors’ collection’s fruition 
 Estimate and approximate the the percentage of the visitor with orientation problem inside the 

museums space 
 Estimate the average visit duration 
 Determine the composition of the visiting groups  

We can observe from the preliminary questionnaire analysis, the main issues expressed by the visitors 
are related to a slight tortuous path to follow in order to enjoy the permanent collection. Also the data 
are showing a huge average time of visit (mostly over 4 hours). Furthermore, these data have been 
beneficial to validate the preliminary functionalities’ implementation of the sensor system, since it was 
possible to identify the areas and the rooms where the sensors could be located to to possibly achieve 
an enhanced museum experience. Also with the help of the survey was possible to have an average 
expected time for each visit, around four hours (Figure 3), and to understand if people could really have 
struggled to follow a specific narrative path. These findings helped to set up the functionalities of the 
proximity sensor system. From these findings, we can assume that in order to improve the museum 
experience it’s vital to more effectively investigate the relationship between the museum and the public, 
and between the artefacts and the visitors. Creating an inclusive tool for understanding the artefact that 
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can be driven by the creation of new visitors’ paths could highlight the paucity of previous visitors’ 
experience and enrich their visit. 

 
Figure 3. The visitors’ survey data related to the average time devoted for a visit in 

the museum and the level of understanding related to the permanent collection 

 
Figure 4. Visitors’ survey shows some basic data about the reasons that mostly drive 

people to visit the museum and how knowledgeable they are about the collection 

 
Figure 5. For most of the interviewed visitors, navigating inside the museum wasn’t 

effortless 

6. Conclusions and future works  
The greatest challenge in this project was given by the pursuit of a technology that can join together, 
into a constructive dialogue, engineering, museological, architectural aspects. These aspects would be 
of great importance in order to broaden the museum audience and make a substantial chance of an 
accessible and inclusive culture. To define the future framework of activities for the next steps of this 
project, we analyzed the findings from Vouros (2001) and Colineau and Paris (2009). Both studies show 
the importance of assessing the impact of tailoring information-seeking tasks in the field of engineering 
management. Vouros highlights the importance of personalised content according to the user’s needs 
while taking into account the aspects of dynamic process navigation in museum’s spaces. In addition, 
Colineau and Paris (2009), point out the necessity of “evaluate whether providing tailored information 
would help people find the information they need more quickly and accurately”. These frameworks 
support our aim of personalisation of the museum’s content in order to provide to the users the 
information they look for and improve their understanding of the museum’s collection. 
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The results of this project will to show how cognitive and physical aspects can be relevant to influence 
any part of the museum experience, and how it’s possible to achieve an enhanced museum experience 
with minor impact to the museum’s collection and still empower its communicative content. To convey 
the cultural content, it’s possible to adopt low cost technology and achieve a good level of interaction 
with the museum’s visitors. 
In addition, the sensor system we described in our research can be used as an interaction design tool 
with a double peculiarity. This tool could work both to analyse and map visitors’ behaviour, and could 
be helpful as a tool to improve visitors’ navigation along the museum’s display. As we mentioned before 
in the related works section of this paper, other large scale museums and institutions made efforts to 
improve new visits and analyse visitors’ clustering and behaviour, but almost never together, and not 
with the same technology we would like to develop and implement. 
In the next steps, the sensor system will be improved by deploying more beacons, ideally one near each 
point of interest, in order to be able to gather punctual data about visitors’ density throughout the 
environment. Moreover, the Android app will be improved by adding and engaging a graphical user 
interface for suggesting new trails to the users, based on the recommended points of interest and path 
given by the system. The system will operate in real time, adjusting to the density of users, in order to 
minimize the hypercongestion phenomenon and the stress. 
In conclusion, the research aims to reach a good level of inclusion and personalisation of the museum 
visit, in order to define a new framework to evaluate users’ satisfaction and enrichment of the museum 
experience. 
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