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Recommender System for Virtual Assistant Supported Museum Tours
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Personalization technology and services have been widely adopted in many domains, especially on
various web platforms. This kind of technology is also finding its way to cultural heritage applications
since it can broaden the interest for visiting cultural sights. Recommendation systems suggest to users
some specific domains that they might be interested in but were unfamiliar with due to their lesser
popularity. In this paper we propose a web service for virtual museum tours that is based on intelligent
virtual assistants that can learn user preferences and provide recommendations regarding museum
exhibitions.

Povzetek: V pricujocem prispevku predstavimo sistem za virtualne vodene oglede muzejev. Temelji na
konceptih virtualnih asistentov, kjer uporabnik postavi vprasanje v naravnem jeziku, sistem najde
najprimernejsi odgovor in ga prikaze v tekstovni ter graficni obliki z uporabo posnetkov muzeja. Sistem
vsebuje tudi priporocilni sistem, ki na podlagi zgrajenega modela preferenc uporabnika priporoca

oglede predmetov, za katere meni, da bodo uporabniku zanimivi.

1 Introduction

Different museums around the world offer to its visitors a
wide selection of artwork, sculptures, vases, ancient
objects, and other exhibits. This might be overwhelming
for the visitors and most of the exhibits they see might
not be of a particular interest to them. This might cause
them to lose interest in the exhibition and miss artwork
or other objects that are more linked to their personal
preferences. This problem has been identified as an
increasingly significant trend and addressed in various
museums [1][2]. To address this, more and more
museums are providing access to their collections in
virtual environments (applications, web services, etc.)
and are interested in providing new ways to deploy
appealing exhibitions to improve the understanding and
promote cultural heritage also in younger generations
[3][4]. Based on the available digital data, applications
can be developed that augment the tours for museum
visitors. Ho et al. [5] reported a study where Secondary
students were involved in the design and construction of
a virtual museum. Virtual tours that exploit VR and AR
are already available as an addition to the exhibitions in
several museums and offer a more interesting and
immersive experience for museum visitors. Several
mobile applications and devices are already available and
can be integrated in custom virtual reality interfaces [6].

Since more and more content is available in digital form
and published on the internet, users would benefit from
services and applications that provide virtual tours and
suggest specific exhibits that users might like more.

Monitoring what the user is doing, what he likes and
dislikes, thus building a model of his preferences is an
important step forward from most of the current
application that mainly deliver static content to the user.
Personalizing the virtual tour applications and deliver
different content for each user is the next step in a
modern user oriented application. There are several
demanding challenges [7] when designing such systems:
lack of content, learning data and users when deploying
applications  (cold start); data sparsity; rating
mechanisms; motivating users to use the system and
provide feedback, etc.

In this paper we propose a novel online web service
that offers virtual tours in museums that are covered with
the Google Arts & Culture project (Google Street View).
The application provides a natural language interface
using a virtual assistant (VA), where users can type
questions or requests in the user interface and the VA
takes care of identifying the correct answer and displays
the corresponding feed from Google Street View.
Moreover, a recommender system is integrated in the
web service that provides suggestions regarding exhibits
targeted for a specific user. We will present a proof-of-
concept realization (http://www.projekt-
asistent.si/eheritage) of the system and define the
experimental setup.

The paper is organized as follows: firstly, a review of
the related literature in the field of recommender system
for virtual museum tours is provided; in Section 3, the
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description of the virtual assistant is provided, along with
all the functionalities available to the user. In Section 4,
the recommendation algorithms are presented and the
experimental results are presented in Section 5.

2 Related work

Petridis et al. [8] presented two different virtual reality
applications developed for the Herbert Museum and Art
Gallery that enrich the user experience of their visitors.
The first application uses mobile devices in order to
deliver additional information regarding exhibitions to
visitors. The second application is a serious game based
scenario of the Benedictine monastery that requires
solving puzzles and quizzes.

In the literature, several research papers were
published on recommendation systems for museum
visits. Pechenizkiy and Calders in [9] presented a simple
user-focused framework for personalizing museum tours.
They focused on efficient learning since the system
should be able to quickly provide relevant suggestions
only after a small set of user preferences.

Mathias et al. [10] proposed a new method for
personalized museum tour recommendations. Their
research tackles the problem of optimizing museum visits
according to visitor’s preferences and artwork
importance. Through questionnaires they showed that the
system clearly improves the satisfaction of visitors who
follow the proposed tour.

Huang et al. [11] proposed a method for personalized
guide recommendation system for museum visitors. The
developed system used association rule mining to
discover recommendations from both collective and
individual visiting behavior. Using this system the
visitors avoid the exposure to excessive exhibit
information. Using questionnaires they showed that
visitors had a positive attitude towards the provided
suggestions.

Keller and Viennet [12] have evaluated several
recommendation methods to suggest relevant content to
museum visitors. Their dataset was collected through a
mobile interface that displayed audiovisual content to
museum visitors. They were able to bookmark (like)
certain content which was later regarded as positive data
for the learner. Their system is similar to ours in the way
they collected and regarded the data since they do not use
five star ratings.

Although research has already been performed in
this area, our approach is different than the one presented
in most other papers in the way it interacts with the user
and presents the content.

3 Virtual museum guide

One of the most important concepts when creating
applications that support virtual tours is the usability and
user-friendliness of the user interface. We have
developed a virtual assistant that understands queries
typed in natural language form and provides descriptions
or suggestions regarding the searched concepts.
Moreover, the system can model the preferences of the
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users and can provide targeted recommendations
regarding exhibitions in a virtual museum.

3.1 Virtual assistant

The core of the whole system is a web based virtual
assistant that can, to a certain degree, understand the
questions typed by the users in the natural language
form. The VA is instantiated from an existing web
framework that allows the creation of basic virtual
assistants. It provides functionalities for a full
customization of the User Interface and the creation of
the VA knowledge base. Its content is created from part
of the exhibits of the British  Museum
(http:/iwww.britishmuseum.org/). In addition, to create a
better user experience, the background page that is linked
to each knowledge base entry is a Google Street View
representation of the location where the exhibit is
situated. Figure 1 shows the initial page that is displayed
when the VA is instantiated to the content of the British
Museum. The designed application can be regarded as an
intelligent interface between the user and the recordings
of the exhibits in Google Street View. The VA analyses
the question of the user, finds the appropriate answer or
description and points the user to the correct location of
the object in the museum.

Figure 1: The initial view of the British Museum
application.

The knowledge base entries can be related to a
specific room in the museum, a similar group of objects,
or to an important exhibit. The VA displays a description
of the object, while the page in the background shows a
Google Street View representation of the searched
object. The user can freely move around and observe the
object from different point of views (see Figure 2).
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Figure 2: Virtual tour of the Rosetta stone exhibition.

As already mentioned, the VA analyses the question
posed by the user, it then searches in its knowledge base
and displays the answer. If the query is regarding a
specific exhibit then the answer is a description of the
object that can contain links where additional
information can be found. Figure 3 displays a close-up of
the VA and the answer when the user searched for
information regarding the Rosetta Stone.

» The Brifish Museum %

The Rosetta Stone is a rock stele, found in 1799,
inscribed with a decree issued at Memphis, Egypt,
in 196 BC on behalf of King Ptolemy V. The decree
appears in three scripts: the upper text is Ancient
Egyptian hieroglyphs, the middle portion

is Demotic script, and the lowest is Ancient Greek.
Because it presents essentially the same textin all
three scripts (with some minor differences among
them), the stone provided the key to the modern

understanding of Egyptian hieroglyphs.

| = |
Figure 3: A predefined answer regarding the Rosetta
stone.

Every exhibit or description is stored in the museum
management web portal. The records regarding specific

exhibits are marked and are later used by the
recommender system to build a model of user
preferences.

3.2 Backend interface

The virtual assistants provide a separate interface (see
Figure 4) for each application that can be used to add
new content, modify and remove existing entries from
the knowledge base. In addition, it provides a mechanism
to define keywords or attributes that are used to describe
items for the recommender system (tag ‘“Lastnosti” in
Figure 4). The sets of keywords are usually different for
each item and are used to characterize the object. Based
on them, the preference profile of the user is build.

The virtual assistants deliver content based on the IF
THEN conditional logic (see tag “Pravilo”). For the
Rosetta stone entry the rule is presented below:

IF rosetta AND stone THEN {show_entry_n}

The system provides a simple mechanism to define
rules for each entry. Sentences are composed of stemmed
keywords that must be included in the search query and
are linked together with the logical operators AND, OR,
and NOT. The rule is defined in the “Pravila” section as
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follows: a comma between keywords denotes OR, a new
line is an AND, and the exclamation point a NOT.

Each entry in the knowledge base has assigned one
or more answers or descriptions of the searched object.
The responses can be formatted and links assigned to
words. In addition, it is possible to set a link that will be
shown in the background when the entry is triggered. In
our case, the link points to the Google Street View
location of the searched object.
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Figure 4. The backend form for defining entries in the
knowledge base of the virtual assistant.

The second important functionality in the backend is
the online editor for defining the recommendation
algorithm (see Figure 5). It enables the definition of the
recommender directly in the backend interface, without
the need of redeploying the code. This functionality
enables each user to have a different recommendation
algorithm, based on their needs. The description below
the editor provides guidelines for defining a custom
recommendation mechanism. It lists the set of attributes
that can be used in the code, as well as the output
variables that need to be defined and are required to
produce recommendations. The system is initialized with
a simple content-based algorithm that builds the
preference vector of the user based on the attributes
linked to each object. The algorithm uses the Cosine
similarity to compute the distance between the user
preference vector and other items in the database. The
items with the highest similarity are presented to the
users as recommendations.
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£ Priporocanje

Pozon! Skripto spreminjajte samo, ce to&no veste kaj pocnete, ker lanko napatna koda popoinoma onemogoi delovanje Asistenta

Skripta za priporoganje

from numpy import dot,transpose, linalg,divide
port random

1):entry for entry in entry_list}
for attribute in attribute_list}

Aif entry[’ ect
muTti 2.0%entry["votes"]

11 += multiplier * int(entries[int(entry[ entry_id"1)]

ni boljSa izbira

Figure 5: The online editor form for defining the
recommendation algorithm.

4 Recommender system

The virtual assistant by itself is a useful interaction tool
and can deliver to the user a lot of information regarding
museum exhibitions. However, such a simple system is
not very different from an online search even though it
can provide better targeted information faster. Therefore,
we designed a recommendation system linked to the
virtual assistant.

Due to the specificity of the problem (no implicit
rating from users) we had to design a recommendation
system that learns user preferences based on implicit data
(queries, time spent on each answer, motion, etc.) and
item features. We decided to implement two content-
based filtering algorithms, each with a different approach
for providing recommendations. The first is a simple
version that will serve as a baseline. To generate a
recommendation, the algorithm does not compare users
directly, but instead it tries to find the best
recommendations for the specific and active user profile.
The algorithm computes the similarities between the user
profile and the items in the dataset that the user has not
seen yet. The similarities are computed using the cosine
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similarity (see Eqg. 1) on the profile and item vectors.
Vectors that have the same orientation are the same, thus
have a cosine similarity of 1. The closest is the computed
value between the profile and item vectors to 1, the more
similar these two vectors are.

Similarity.,s(profile, item) = profile item

lprofitell|litem|| )

The algorithm then ranks the similarities and
identifies the item with the highest similarity for the
active user.

Figure 6 shows a schematic representation of the
basic recommendation mechanism. It uses a vector of
keywords or attributes that describes each item, or in our
case the exhibit. The top vase in the figure has assigned
the vector:

V, = {vase, china, ancient, big, colored}

The vector of the second vase is:
V, = {vase, greek, ancient, big, colored}

The vector of the third vase is:
Vs = {vase, general, ancient, big, colored}

Since User 1 searched for the first two vases, his
preference model might state that he likes big, colored
and ancient vases. Based on the similarities of the user
preference vector and V3, the third vase is recommended
to the user. A similar mechanism is adopted for User 2.

Figure 6: A simplified content-based recommendation
mechanism for the virtual museum tour system.

The recommendation mechanism for the second
version is based on item-item similarities. This time, the
model of the user is not a vector composed of attribute
values; instead, the user model contains the list of items
he searched for or liked. The algorithm then computes all
pairs of similarities (see Eq. 2) between these and new
items that the user has not seen yet.
item;- item;

)

Slmllarltyws(ltemi, Ltemj) = Wﬂitemj”

The unseen item with the highest similarity among
all pairs is recommended to the user.

Items .
Similarities

Preferences

User2
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The main idea is to recommend similar items to the
objects the user already liked. This way, the vector model
does not get overpopulated with attributes and specific
traits remain visible. This approach opens up several
variations of the algorithm, which will be explored in
future work.

5 Experimental results

In order to initially verify the quality of
recommendations and the accuracy of the system, we
designed a small experiment involving three users. Users
were invited to use the virtual assistant and ask various
questions, depending on their preferences. All the queries
from the users were collected and stored separately as the
learning set. Next, both versions of the recommendation
algorithm were used to create a user model and 10-fold
cross validation mechanism was used to validate the
performance of the model. In each fold, part of the
learning set is used to create the vector of user
preferences and the other part is used as the test set for
validating the recommendations. Each item is classified
using the model of user preferences. If the model would
recommend the item from the test set, then the
recommender has correctly classified the item.

To fully evaluate the model, the receiver operating
characteristic (ROC) curve was created. It is a graphical
plot that illustrates the performance of a binary classifier
as its discrimination threshold is varied. The curve is
created by plotting the true positive rate (recall) against
the false positive rate (fall-out) at various threshold
settings. The closest is the curve to the top left corner, the
better the model performs (perfect classification). A
point on a diagonal line results from a completely
random guess. Based on the performance of the
recommender model on the test set, the ROC curve was

TPR
o

FPR
Figure 7: ROC curve of the baseline recommender
algorithm.

plotted. Figure 7 shows the ROC curve for the baseline
algorithm, where items are directly compared to the
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Figure 8: ROC curve of the
recommender algorithm.

item comparison

vector profile of the user. The AUC measure for this
experiment was 0.67.

Figure 8 shows the ROC curve obtained from the item
comparison recommendation algorithm, where the model
of the user is a list of items he searched for. Items to
recommend are generated by computing the similarity
between items in the user model and unseen objects. The
AUC measure for this algorithm was 0.79, which is
significantly better as the baseline version. Future
versions will build upon this algorithm, since the
problem domain seems to fit well with the designed
approach.

6 Conclusions

This paper presents a web-based application for virtual
tours of museums and other locations related to cultural
heritage. The system enables the user to visit the
exhibitions of museums using a web browser and
delivers the content in a user-friendly manner.

The core of the application is the virtual assistant
that facilitates the communication with the user using
natural language processing. The user would type a
question to the virtual assistant in the same way he would
ask another human. The system processes the query and
identifies the most appropriate answer from its
knowledge base. The knowledge of the assistant contains
the information regarding exhibits, groups of objects and
exhibition rooms of the British Museum, obtained from
the Google Arts and Culture project. In addition, each
answer is linked to a specific location from the Google
Street view service so the user can experience a virtual
tour of the museum. Moreover, the virtual assistant uses
a recommendation engine that suggests specific exhibits
based on the preference model of the user. We evaluated
the performance of the recommendation system and
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showed promising results. For future work, additional International  Workshop ~ on  Personalization
algorithms could be implemented that would exploit the Enhanced Access to Cultural Heritage (CHIP).
characteristics of the data. In addition, the virtual tour  [10] Mathias, M., Moussa, A., Zhou, F., Torres-Moreno,
application could be improved by adding immersive et al. 2014. Optimisation using Natural Language
technologies. Processing: Personalized Tour Recommendation for
Museums. Proceedings of the 2014 Federated
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