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ABSTRACT

This paper presents an investigation into the impact of integrating Bluetooth Low Energy Beacons in mobile guide
applications in heritage sites. We present findings from the evaluation of a BLE beacon app, with visitors at a historic
building in the UK midlands. Our development and evaluation framework focused on the visitor experience, particularly
how the introduction of the app impacts visitor perceptions of learning and enjoyment, and of the historic building more
generally as an environment for learning. We also explored how use of the app impacts visitors’ use and engagement with
the space in terms of length of visit, how they navigate the space, where they stop, in what sequence, etc.
We found significant improvement in visitor perceptions of how much they learned during the visit and how much they
enjoyed their visit. We also found that the app had a positive impact on visitor perceptions of the site as a learning
environment, and an overall positive impact on the length of the visit. Visitors were asked to rate tours that used BLE
beacons to identify location at different levels. We found that tours that used beacons to identify points of interest within a
room scored higher than tours that used beacons to identify a room, and that visitors who took both kinds of tours reported
more learning but their perceived enjoyment was lower.
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INTRODUCTION

Mobile multimedia guides are used in museums, historic sites and tourist attractions. Building on the concepts of the
exhibition catalogue, the audio guide, and the guided tour, multimedia museum guides enable visitors to access additional
information about the site and its contents in situ. The combination of graphics, text, audio and other media significantly
enhances the engagement potential of the guide (Lanir et al. 2013). However, this comes with an orientation overhead for
the visitor (Damala et al. 2008) who needs to work out their whereabouts within the physical space of the museum in
relation to the digital information space of the guide and vice versa. This orientation issue has prevailed in the research
agenda of mobile multimedia museum guide design, with a range of indoor positioning technologies and methods being
explored as potential solutions.
Indoor positioning technologies can be broadly divided into three categories. In the first category the positioning is done
‘manually’, for example when the user specifies their location by providing input (such as typing in a code that is associated
with a specific location or object). In the second category the positioning is semi-automatic, for example when the user
invokes a location reading function on the mobile device (such as a QR code). In the third category the positioning is fully
automatic, for example when the device has a location ‘reader’ that is always on and triggers automatic retrieval of related
content whenever a location ID is read (such as infrared or Bluetooth Low Energy Beacons). Fully automatic positioning
technologies are the least intruding on the visitor experience as they do not require any interactions in order to invoke
location identification other than the user’s natural movement in space.
An indoor positioning system can be used to identify location at different levels: a floor within a building, a room on a
floor, or a specific point of interest within a room. Different types of multimedia guide require different levels of
granularity, for example, a museum tour may need to know when a user has reached a specific point of interest within a
room (e.g. an artefact), an architectural guide may need to know when a user has entered a room with specific architectural
features, or a history guide may need to know when a user has reached a floor that hosts galleries about a specific historic
period. Another variable is the sequence in which a user reaches certain locations. Some multimedia guide applications
require that the user follows a specific itinerary through galleries or points of interest; others adapt to the user’s wandering
through the space.
Using a mobile multimedia guide that was designed for a historic building in the UK and uses Bluetooth Low Energy
(BLE) Beacons (hereafter Beacons), this paper asks:
-

How does a Beacon-based multimedia guide impact the visitors’ perceptions of learning and enjoyment, and their
perceptions of the site as a learning environment?
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-

How do these perceptions vary with levels of location identification (room level vs. specific point of interest)?

The paper is structured as follows: section 2 presents an introduction to BLE Beacons and their potential usage in historic
buildings. Section 3 presents the Leicester Castle app, an app that makes use of Beacons to deliver a multimedia guide
experience for visitors to Leicester Castle. Section 4 presents the research methods and section 5 presents the findings in
relation to the research questions. Section 5 concludes the paper with a summary of the research and a reflection on
Beacons’ suitability for the interpretation of historic buildings through mobile apps.
INDOOR POSITIONING WITH BLUETOOTH LOW ENERGY BEACONS

Beacons are small devices with ultra-long battery lives (typically 1-5 years), which make use of BLE signals to transmit a
unique ID at regular, short time intervals (every few seconds) over a configurable distance range. When a Bluetoothenabled mobile device enters the beacon’s range, it picks up the beacon’s transmitted unique ID which is associated with
a location within the building, and thereby identifies its location relative to that beacon. This information can then initiate
a process of content delivery that uses the beacon ID (among other data) as a filter for the selection of content or interactions
that are specific to the beacon’s cover area.
Unlike other indoor positioning technologies like Quick Response (QR) codes or Near-Field Communication (NFC), once
a user has turned on Bluetooth on their device at the start of the visit beacons do not require any other user input in order
to notify the user’s device of its location. This makes for a seamless experience, where visitors navigate content effortlessly,
simply by moving around in the space. Other indoor location identification techniques, like Wi-Fi signal triangulation can
also achieve this, however, beacons have the advantage of being easily movable from one location to another, and BLE
achieves higher accuracy rates (Zhao et al 2014). Their small size and long battery life mean that they can easily mesh in
the site’s background, hidden away under furniture, objects, or display cases with minimal impact on the site (see Fig. 1).
In the context of historic and other heritage buildings the potential is obvious: beacons can bring to life furniture,
architectural features and structures, enabling visitors to directly interact with them through mobile or wearable BLEenabled devices, following their own interests and lines of inquiry to wander through the building and discover its stories.
THE LEICESTER CASTLE APP

Leicester Castle is a historic site in Leicester, an East Midlands city in the UK, dating back to the early 11th century. Over
the centuries the site underwent many changes, including its buildings and its uses. A Great Hall was added a century later,
as well as various other extension buildings over the following centuries. In 1821, the Great Hall was divided into two
court rooms, one civil and one criminal court, with jury room, judges’ rooms and viewing galleries and the later addition
of a cell block. It continued to function as a courts until 1992, when its functions were replaced by the High Court and the
Crown Court. Over its long and varied history, it has been used to host Parliament and occasionally as royal residence,
while the courtrooms have witnessed many trials including the notorious Green Bicycle Murder Trial (Watson 2019) in the
1920s. It is a complex building to interpret that has many fascinating stories to tell.
The app was developed on the Locly platform (locly.com) by Leicester Castle Tells its Story, a one-year project (20142015) funded by the Digital R&D Fund for the Arts in the UK. At the time, the Castle was open to the public only ten times
a year for the monthly Heritage Sunday events that take place from February to November. Historical interpretation was
available to visitors in the form of an A4 information sheet and an afternoon volunteer-run tour. Traditional interpretation
methods such as information panels could not be installed in the Great Hall due to the courtroom furniture and the listed
building restrictions. The app, which was designed to complement the site’s existing offer, featured five tours/trails, three
of which used beacons to identify specific points of interest in a room, while the other two used beacons only to identify
which courtroom the visitor is in. Two tours gave visitors specific guidance where in the room to go next, while the other
three allowed visitors to roam freely guided by interest, curiosity or serendipity (see Table 1). The tours/trails are described
in more detail below.
The Green Bicycle Murder

This audio tour was an emotive and immersive dramatization of the Green Bicycle Murder trial that took place in the Castle
Courts in 1920. Akin to a radio play with actors’ voices, music and sound effects, the trail directed visitors to specific
locations in the criminal court to hear the court clerk open proceedings, the accused in the dock giving his plea, the judge
summing up or the jury on the bench giving their verdict, all in the actual locations where they took place. The trail had to
be followed in sequence for the story to unfold, and audio instructions were given throughout to guide the visitor from one
point of interest to the next.
The Court Audio Tour

This tour presented oral histories from people who used to work in the courts from 1962 until 1992 when it closed. Audio
recordings were linked to locations within the courtroom to which the audio related. For example, court reporters talked
about carving their names into the press bench and former police officers talked about the noise and activity in the cells
beneath the courts. These oral histories were recorded in situ, which helped the interviewees recall more details and ensured
that the content was as closely linked to specific points of interest as possible. This tour allowed visitors to roam the court
rooms freely, with Beacons triggering content on their mobile device as soon as they entered a Beacon’s range. The tour
gave visitors minimal guidance regarding where to go or what to do next.
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The Family Trail

This trail, which came to fill a gap in the site’s family offer, invited young visitors aged 5-12 years and their adult
companions to explore the court rooms to discover points of interest in order to unlock historical content. A task and reward
model was adopted similar to (Nilsson et al. 2016), in a format similar to a treasure hunt. Young visitors were tasked with
finding a point of interest within the courtroom and, once they found it, the Beacon would trigger an activity – a matching
game, maze, or other interactive. Upon successful completion, the young visitors were presented with a “reward” of
additional historical content.
The Historical Timeline

This interactive guidebook provided information about the Castle’s history with key dates and events. Information was
layered (Lonsdale et al. 2005) so that it could be read in brief or in depth as required. It included audio clips of historians
pointing out features like the Norman windows or the Georgian brick front to the medieval timbered hall. Like the oral
histories, these too were recorded in situ. Unlike the previous three trails, the guidebook utilised beacons only at room level
allowing visitors to browse all of the guidebook content as soon as they entered the courtroom.
The Architecture Guidebook

This interactive guidebook provided information about key architectural features. It focused mainly on remaining evidence
of the Castle’s medieval origins. As well as text and images, this guidebook also included interactive widgets such as a
swipe interactive which helped visitors visualize what the Great Hall might have looked like in medieval times compared
to today. Like the historical timeline, it utilised beacons only at room level.
Green Bicycle

Court Audio

Family Trail

Historical
Timeline

Architecture
Guidebook

Location
identification

Point of interest
in room

Point of interest
in room

Point of interest
in room

Whole room

Whole room

Guidance

Prescriptive;
audio
instructions

Free roam; audio
instructions

Prescriptive;
text/graphic
instructions

Free roam; no
instructions

Free roam; no
instructions

Interpretation
approach

Emotive audiobased
dramatisation

Oral histories

Treasure hunt,
historical
content
(text/graphics)
rewards

Timeline-based
content (text and
graphics)

Unstructured list
of architectural
features, content in
text/graphics/audio
(interviews)

TABLE 1. Tours in the Leicester Castle app used different levels of location identification, used beacons in different ways to
guide visitors around the site, and used different approaches to interpreting the site’s history to engage visitors.

The final version of the app was available on both iOS and Android. Wi-Fi was installed at the Castle so that visitors could
download the app on their own device during the visit, or they could borrow iPad tablets. Simple instructions for connecting
to the Wi-Fi and finding and downloading the app were displayed on roller banners near the entrance (see Fig. 2). Thirty
Beacons were placed in or under court furniture to identify the required points of interest where visitors could access
location-specific content, for example the dock or the reporters’ bench. Each Beacon can be assigned to more than one item
of content, so we were able to use the same beacon/location in different tours and trails. A single beacon could trigger
content on whichever trail the visitor was following on their device. This enabled us for example to deliver different pieces
of content when a visitor was near the Judge’s seat depending on which trail they were following.

Figure 1. Beacons can be easily and safely attached under furniture, staying out of view

The app was developed by the creative project partner Metro-Boulot-Dodo (www.mbd.limited) using the platform of the
technical partner Locly (locly.com). It used round-shaped Beacons with 35mm diameter and 15mm height, powered by a
CR2477 battery (see Fig. 1). The platform provided a web-based interface where users can start a ‘project’ (e.g. ‘Leicester
Castle’), define ‘places’ for the project, and associate these places with Beacon identifiers. For example, Beacon A might
be associated with the place ‘judge’s bench in the criminal court’. The platform then allows the user to define the rules that
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will trigger content retrieval, based on Beacon signal strength and other variables such as the visitor’s prior path and tour
choices.
A Beacon’s Received Signal Strength Indicator (RSSI) indicates how strong is the signal from the Beacon that the receiving
device ‘sees’ and it depends on the receiving device’s distance from the Beacon and the Beacon’s configurable
Broadcasting Power. Compared with the Beacon’s Measured Power, which indicates expected RSSI at 1m distance, RSSI
can be used to calculate the receiving device’s distance from the Beacon. RSSI however also depends on interference from
objects including walls, furniture, and human bodies. The Beacons had a replaceable fixing patch on the back, and by
varying their location within the building we were able to measure the pattern of signals that were emitted and how they
were blocked by the various material surrounding the Beacons. In the Castle’s basement, which housed the cells, the thick
walls were impenetrable for the signal. This could be problematic, but the structure of the stone archways to each cell gave
a natural enclave for the Beacon’s signal that linked to the content that was to be associated with the cell. For some Beacons
it was safer to place them inside furniture, e.g. a desk. The wood material of the desk absorbed a small amount of the signal,
but did not impede its reception by nearby devices.
METHODS

The Leicester Castle app was developed in three stages. The first stage (Oct 2014 to Apr 2015) included a series of visitor
studies that aimed to identify the Castle’s existing and potential audiences, how they currently engage with the site, and
the motives and needs for their visit. Data was collected through entrance and exit visitor questionnaires at the Castle during
three Heritage Sundays (N=70) and exit questionnaires at other heritage sites in Leicester (N=60). Observation data was
also collected, noting how visitors moved in each of the two courtrooms (N1=60 and N2=70), which points of interest in
the courtroom they stopped at for longer than 5 seconds, and what they did there. This stage also included content research,
undertaken by Metro-Boulot-Dodo and involving historical consultancy and recording oral histories with ex-court
employees. Staff and volunteers were also interviewed, focusing on their experiences with supporting Castle visitors and
needs regarding the administration and support of the app.
The second stage (May-Jun 2015) included two iterations of app development and evaluation. Evaluation data in the second
stage was collected through entrance and exit questionnaires with visitors who used the app (N=68), focusing on who are
the app users, what are their views of their visit experience, and their ratings of the app and tours in terms of usability and
performance. Informal observation of visitors alongside Heuristic Evaluation (Nielsen, 1994) by two usability experts
provided additional evaluation data.
The final stage (Jul-Aug 2015) included release of the final version of the app on iOS and Android, based on findings from
the second stage evaluations. A summative evaluation of the app took place with visitors during the Heritage Sunday in
July and during the Castle’s opening for the Leicester City Festival over two weekends in August. The summative
evaluation included entrance and exit questionnaires with visitors (N=113). These specifically sought data that would
enable a comparison between perceptions of visitors who used the final app version with those visitors in the first stage
who had not used the app; as well as visitor assessments of the app and the tours it offered.
Results from visitor research and evaluations in all three stages of the project can be found in the project final report
(Vavoula et al. 2015). In this paper we focus on the entrance and exit visitor questionnaires from stages 1 and 3, for a
comparison of pre-app and final app visitor experiences. In both stages, all visitors who came to the Castle on research
days were approached and invited to take part in the research. A questionnaire desk was setup near the entrance, with sitting
space nearby for participants to complete the questionnaires. In stage 1, visitors were approached, introduced to the project
and asked to sign consent forms. They were then asked to complete the entrance questionnaire, after which they were told
that they were free to view the site and asked to return to the questionnaires desk when they finished. When they finished
their visit, they were asked to complete the exit questionnaire, were thanked for taking part and given a ‘thank you’
stationary gift. The procedure followed in stage 3 was similar, with the only difference that visitors were given a short
tutorial how to use the app immediately after they completed the entrance questionnaire. Visitors in stage 3 could either
borrow a device or use their own Bluetooth-enabled device to download and use the app using the Castle’s free WiFi. They
were told that they were free to take as many or as few tours as they liked, in any order they wanted, and they could choose
freely between point of interest or room-based tours – or do a combination.
The entrance questionnaires contained questions regarding visitor demographics, social context of the visit and visit
motives. The exit questionnaires contained questions regarding the visit experience, including questions on enjoyment,
learning, and the information, activities and learning opportunities available at the Castle. The available information,
activities and learning opportunities outline the engagement potential of the site. Visitor engagement not only increases the
potential for learning but is also a desirable visit outcome itself (Rubino et al. 2015) alongside cognitive learning and
enjoyment (Hooper-Greenhill 2007). The exit questionnaire in stage 1 included additional questions on mobile device
ownership and availability on site, as well as questions intending to elicit visitor requirements for the app. These questions
captured data that informed the design of the app and are not suitable for pre-app / final app comparisons, hence are not
reported here. The exit questionnaires in stage 3 included additional questions on the visitor’s experience of the app,
including which trails they did and how they rate them.
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Five-point Likert scale questions were used in the exit questionnaires in both stages to gauge visitor perceptions of learning
and enjoyment, and of the Castle as a learning environment (focusing on availability of information, activities and learning
opportunities). While questions that seek respondents’ self-reports of learning and enjoyment are prone to social desirability
bias (Grimm 2010), in this study we compare two independent samples (stage 1 participants who did not use the app and
stage 3 participants who did use the app) with comparable demographics (see related section in Findings); therefore we
assume that the bias applies equally to both samples and a comparison of self-reported learning is meaningful. Self-reports
were favoured in this study over pre- and post-visit knowledge testing because what and how much a visitor learns depends
on a complex combination of factors including personal context and motivations, context and circumstances of the visit
site, and the reinforcing events and experiences that follow the visit (Anderson 1999; Bitgood et al. 1994; Csikszentmihalyi
and Hermanson 1994; Falk and Dierking 2000). These introduce additional variables to the use of the app between and
within samples, controlling of which would in this case have been impractical.

Figure 2. Roller banners with instructions on downloading the app were placed near the entrance (left) alongside a
questionnaire station (middle) and seating space (right) for visitors to use while completing the questionnaires.

The role of the site as learning environment is also critical to the amount and quality of learning (Falk and Dierking, 2000;
Bell et al., 2009; Bitgood et al. 1994). The availability of information in the form of objects, exhibits and interpretation
material, combined with the availability of activities that invite engagement with this material and the availability of
opportunities to reflect upon that engagement enable visitors to construct meaning from their experience of the site (Hein,
1998; Black, 2012). Like learning, these attributes of the learning environment were measured through visitors’
perceptions, as each visitor is uniquely placed to assess the suitability of an environment for learning based on their own
needs, objectives, abilities and preferences.
FINDINGS
Learning and enjoyment with or without the app

Visitor perceptions of learning were captured on a 5-point Likert scale. The graph in Fig. 3 illustrates that perceptions of
learning shifted up on the scale for visitors who used the app, with over 80% app users saying that they learned a great deal
or many things, compared with less than 35% non-users. A two independent samples z-test confirms that the difference is
statistically significant (p=0.000001). Findings for perceptions of enjoyment were similar (see Fig. 3): despite the fact that
visitors who did not use the app were already reporting a good or excellent experience, the percentage of visitors who
reported an excellent experience more than doubled with the app. A z-test confirmed that this difference, too, was
statistically significant (p=0.0008). Visitors were also asked about their perceptions of the Castle as a learning environment,
specifically how they rate the information, activities, and learning opportunities that were available on site. The app had a
positive impact on all three aspects (see Fig. 3), with more noticeable increases in the ratings of available activities and
learning opportunities. Specifically, the percentage of visitors who rated ‘available information’ as excellent more than
doubled with the introduction of the app, while the percentage of visitors who gave low or average ratings fell to below
5%. Similarly, for ‘available activities’, we can see a dramatic shift from 7% to 53.5% in the percentage of visitors rating
it as ‘excellent’, while the percentages that give low or average ratings fell from over 65% to ~7%. An equally dramatic
shift from 5.4% non-users to 57.5% app users giving an ‘excellent’ rating to ‘learning opportunities’ with, again, low or
average ratings falling from nearly 45% to just 5.7%. These differences in ratings of information, activities and learning
opportunities between the two samples were also statistically highly significant.
Finally, the app has also had an overall positive impact on dwell time: visitors who used the app stayed on the site for an
average of 49 minutes compared to 38 minutes stay without the app. The difference was even bigger for those who visited
alone, who stayed for an average of 60 minutes with the app compared to 31 minutes without the app.
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Figure 3. Percentages of visitors per scale point for learning (top left), enjoyment (top right), and the available information
(bottom left), activities (bottom middle) and learning opportunities (bottom right) at the Castle, with and without the app
Learning and enjoyment with tours based on room points of interest versus whole room

Visitors did a combined total of 207 tours in stage 3 trials of the final app version. As explained earlier, the Green Bicycle,
Family Trail, and Court Audio tours used Beacons to identify the visitor location in relation to specific points of interest in
each courtroom (we refer to these as POI tours); while the Historical Timeline and the Architecture Trail only used beacons
to identify when visitors entered a specific room (we refer to these as ROOM tours). As can be seen in Fig. 4 (top), the POI
tours received generally better ratings than the ROOM tours. This prompted us to look at how POI tours compared with
ROOM tours in terms of visitor perceptions (see Fig. 4 bottom left and right). As mentioned earlier, visitors were free to
choose any and as many of the tours as they wanted. But what happens when visitors choose POI tours only, or ROOM
tours only? What impact does this choice have on learning and enjoyment? To answer this question, we segmented the app
users into three sub-groups: a POI group that included visitors who did any combination of the three POI tours only (N=65);
a ROOM group that included visitors who did any combination of the two ROOM tours only (N=10); and a MIXED group
that included visitors who did any other combination of tours (N=34). Both POI and ROOM groups did an average of 1.3
tours, while the MIXED group did an average of 3 tours. We noted higher percentages of visitors in the POI group reporting
that they learned ‘a great deal’ or ‘many things’ (81.5%) compared to visitors in the ROOM group (70%); and much higher
percentages of visitors in the POI group (69.7%) saying that their visit was ‘excellent’ compared to visitors in the ROOM
group (30%). Furthermore, a higher percentage of visitors in the MIXED group reported higher levels of learning than both
the POI and the ROOM groups (85.3% learned ‘a great deal’ or ‘many things’) but the percentage reporting an ‘excellent’
experience (50%) was halfway between the POI and the ROOM groups.

Figure 4. Percentages of visitors per scale point for the five tours (top), and for learning (bottom left) and enjoyment (bottom
right) for POI only, ROOM only, and MIXED tours

This however should be expected: there is no significant content overlap between the five tours; each tells a different Castle
story, presenting a different part of its history with only occasional cross-referencing. It is therefore logical that the more
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tours a visitor does the more content they are exposed to and the more they learn. Whether using beacons at point of interest
or room level, a tour contributes cumulatively to visitor learning. With enjoyment, however, it appears that adding ROOM
tours to the mix takes away from visitor enjoyment: POI tours appear to have a more positive effect on visitor enjoyment
than ROOM tours and some of that effect is lost when POI tours are mixed with ROOM tours.
A closer look at visitor demographics

The two samples, app users (participants in stage 3) and non-users (participants in stage 1), were demographically very
similar – in terms of percentages of visitors in sex and age groups, social setting of the visit (in group or alone), and in
terms of postcode (related to socioeconomic background). The main difference we found between the two samples was in
their motives for visiting, as visitors in the app trial sample were considerably more likely to include social motives for
their visit (to spend a day out with friends and family). Both samples were similarly likely to report learning-related
motives. Given that the two samples were self-selected (all visitors were approached and invited to participate on both the
app trial and the non-app visitor studies) and otherwise demographically comparable, this difference prompted us to
consider that perhaps those visitors who had an agenda that included a social dimension in addition to the learning
dimension, were more likely to opt in for the app trial. In fact, we found that much higher percentages of socially-oriented
visitors agreed or strongly agreed that they are likely to use mobile interpretation on a future heritage visit (see Fig. 5 left).
Interestingly though, when we look at how learning-oriented and socially-oriented visitors think they benefitted from using
the app (Fig. 5 right), the learning-oriented visitors are more likely to report that they learned ‘a great deal’ or ‘quite a lot’
when they use the app (77.3%) than when they do not use the app (25.6%) whereas for socially-oriented visitors the
difference in percentages of app users (85.7%) and non-users (54.2%) is smaller.

Figure 5. Percentage of visitors who agreed or strongly agreed that they are likely to use mobiles on future visits to heritage
sites (left) and percentage of visitors per scale point for learning, for socially-oriented and learning-oriented visitors with and
without the app

It appears then that visitors with a more socially-oriented agenda are more likely to use an app during a heritage visit.
Nevertheless, visitors with a more clearly learning-oriented agenda are more likely to report higher levels of learning.
While these findings are not generalisable, it is important that we do take into account the motives profile of app users
when designing but also when promoting mobile learning applications for heritage sites in order to ensure, on one hand,
that designs account for the social visitor who comes in to learn and socialise; and on the other hand, that mobile learning
products appeal to the strictly learning-oriented visitor whose learning agenda demonstrably benefits from their use. Rubino
et al. (2015) report similar findings for adult versus teenage and younger visitors to a heritage site in Italy who used a
location-based mobile game during their visit: while adults were reluctant to play a mobile game, they exhibited more
learning gains than teens and younger children. Clearly more needs to be done to overcome such reluctance in using
location-based mobile apps in heritage sites by visitor groups who can clearly benefit from this use – be it adults who refuse
to play games or learning-oriented visitors who refuse to use devices that are associated with more socially-oriented
agendas.
CONCLUSIONS

The Leicester Castle app provided a wide range of historical information about the Great Hall and the Castle in an engaging
way. Visitors who used it were able to access far more historical information about the site in a variety of media (audio,
text and visual). The app also enhanced the site’s offer for children and families, which was previously minimal. Through
a range of tours and trails, the app provided visitors the option to customise their visit experiences by choosing which trail
to follow and how much to engage with the content according to their interests. As a result, use of the app had a positive
impact on visitor perceptions of learning and enjoyment, as well as their perceptions of the site as a learning environment.
Using beacons to identify points of interest within a courtroom made tours more popular and led to better visitor
experiences. Not all interpretive content is suitable for positioning in this way and in a courtroom that used to be part of a
Castle’s Great Hall, it was not always possible to assign a piece of content to one specific location. In this project we
experimented with methods and approaches to generating suitable content, including a variation of the ‘walking interviews’
method (Jones et al. 2008), where interviews with historian consultants as well as oral history interviews were recorded on
location.
This research found that BLE Beacons are a viable indoor positioning option for the development of multimedia guides in
historic buildings. Although here we explored the impacts of the technology on visitor learning and enjoyment, Beacons
can help heritage sites to easily capture data about how visitors use the site, identifying potential ‘hotspots’ and, for busier
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sites, using this data for responsive management of visitor traffic. Such data can also help with understanding visitor
engagement with the space. Additionally, Beacons can be used to trigger micro-surveys during the visit regarding for
example a particular app content item (the length of a video, the quality of a piece of audio, etc.) or an exhibition design
feature (readability of a text panel, accessibility of a display, etc.).
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