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Abstract. The great amount of musical content available is represented
in a wide variety of different format and structures. This creates a enor-
mous obstacle to the ones who wants to study, analyse and share this
kind of information. Right now, there is no consensus on how the musical
information should be represented, specially on the web. The information
is spread across multiple institutions, museums, archives and databases,
each with their own data schema. With this problem in mind, the PROF-
MUS application is presented.
The PROFMUS application emerges with scientific motivation, where
information about musicians, works, professional careers, etc., is being
gathered and a system is needed to store it. This application does not
try to create a fixed schema, but rather accepts every different schema
and stores it in a knowledge base. This means, that independently of the
schema a data set may have, it will always be accepted by the system.
The goal of this application is to allow researchers to import, export and
publish data in the most simple and flexible way possible. To allow this
we created a tight integration with MediaWiki and Wikibase.
This document will show the process of development of the application,
from the conceptual solution to the usability tests with the target users.

1 Introduction

As the study of music history in Portugal has been mainly focused on individualized
biographic research, lately, the interest in studying wider contextual subjects has in-
creased. Due to the data fragmentation between various institutions, any attempt to
achieve a wide range in terms of data and time has not been possible so far. With the
purpose of fixing this issue, the PROFMUS application was created. This application
allows data to be gathered in the same knowledge base, independently of it’s structure
or origin. This means that data from every museum, university or data base can be
imported and, therefore it can be analysed as a whole.

The goal of the PROFMUS application is to store and publish information, using
MediaWiki and Wikibase as storage solutions, with an interface that can be easy and
flexible to use by anyone.
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2 Related Work

2.1 MediaWiki and Wikibase

MediaWiki is an open-source documentation platform that allows multiple users to im-
port and edit data from a web browser. This makes MediaWiki an appealing choice for
knowledge management systems. MediaWiki also has an extension architecture, which
mean that its functionalities can be expanded through the installation of extensions[1].

One of the available extensions is Wikibase, that turns MediaWiki into a structured
data storage by creating a data repository. This means that, with Wikibase installed,
a MediaWiki can be a knowledge base about any subject and domain.

2.1.1 Wikibase Data Model
The Wikibase data model[2] has Entities as the most basic element. An Entity can
either be an Item or a Property.

Items are the entity that represent anything that needs to be described. Every item
has its own web page, an identifier, a label (which is usually the name of the item),
a description and aliases. Each item can have their own set of statements. Statements
are pairs of properties and values. This is how facts about an item are described.

On the other hand, Properties have a structure similar to the one found on Items.
This includes a label, a description, aliases, and even statements. Additionally, proper-
ties have a data type associated to it. This means that each property can only accept
values of one type. These types can be a string, an integer, coordinates, an object, etc.

Statements can also include qualifiers and references. Qualifiers are pairs of prop-
erties and values that can add context and additional information to a statement. For
example, if a statement says that a musician was married to a specific person, two
possible qualifiers are the date of marriage and the place of marriage. The purpose of
references is to indicate the source of the information in the statement. A reference can
be an URL to an external, a book reference or even a Wikibase object. The structure
of a statement is represented in fig. 1.

Fig. 1. Structure of statements[3].
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2.2 Wikidata

Wikidata[4] is a knowledge base created to host structured data that can be read
both by humans and machines. Since information in Wikipedia was initially mostly
text based, as the amount of pages and different languages in which those pages were
available was growing very fast, it became very difficult to keep every page up to date
with the most recent or new data[5]. Wikidata was developed as a solution for this
problem.

Having data stored in a structured way, allowed for automatic updates for all
287 languages when new data is inserted in the knowledge base. So Wikidata will
automate the process of updating data in Wikipedia while also leaving less room for
inconsistencies between languages.

Wikidata is a sister project of MediaWiki and Wikibase, and therefore it uses Wik-
ibase’s data model described before. The data is stored by a community of volunteers,
but can also come from a variety of other sources, just like other databases or authority
controls. Data coming from this kind of source usually have an external ID to link it
to its original source.

Wikidata also features the Wikidata Query Service[6] that provides a SPARQL
endpoint over the data in Wikidata.

3 Problem Analysis and Conceptual Solution

To better understand the possible use cases and requirements for this application, there
was the need to meet with the researchers. These meetings were also important to un-
derstand the researcher’s workflow and how it could be improved with the PROFMUS
application.

3.1 Requirements

To create a system that fitted the target user needs, some requirements should be met:

– The application should be simple enough so that less technically skilled users can
use it with no major difficulties.

– Different data structures from different source should all be supported. Through
the meetings with the researchers, it was clear that Excel files were heavily used
so it was important that the system supported this kind of file.

– Data collectors most of the time use forms to collect data, so the application should
have support for some kind of forms that can be shared across users.

– It should be possible to create subsets of data and publish them for other users or
even for the web.

– Reuse of information is important, so the application should be able to export
data (items, properties, forms, etc.) so that it can be used in other applications or
scenarios.

3.2 Constraints

When using the MediaWiki software, two main constraints emerged:

– The API is not the most complete and does not offer some basic operations, like
retrieving all the items or all the properties.

– It is not trivial to make queries to a Wikibase deploy, since there is no support
available for such feature.
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3.3 Conceptual Solution

This solution will work as an independent application that will have associated a Me-
diaWiki deploy with Wikibase installed. This means that the focus of this project will
lean into trying to simplify as much as possible the management of the stored data,
and not so much on how the data is stored.

For the purpose of this project, two new concepts were introduced: Views and
Forms. A View is sub-collection of the knowledge base that consists in a set of items
and properties. Views are created and managed by users and their purpose is to be
published. Publishing a view means that the content of that view will be displayed
in its own web page, where Items and Properties can be viewed in a more visually
pleasing way.

Any file imported to the system that can originate new items or define and save a
specific structure for data uploading is considered a Form. The re-utilization of forms
reduces the work needed to upload data into the system.

These two concepts will not be added into MediaWiki’s code, but instead they will
be implemented, stored and managed in the PROFMUS application. This avoids future
compatibility problems if, for instance, the MediaWiki deploy is updated to a newer
version.

Users will also be categorized based on their permissions. An anonymous user,
with no account or not logged in, will not be able to access the application. When an
user creates an account, that account will have read-only permissions. This avoids, for
instance, that people not so familiarized with the system creates or deletes unintended
data. To be able to actually manage data, a request must be made to an administrative
user.

3.4 Use Cases

Given the requirements and the knowledge acquired from the meetings with the re-
searchers, the following set of use cases was created (see also fig. 2):

– Create account and login: An user creates an account, logs in and has access both
to the objects in the system. At this point only some of the functionalities will
be available. User will have write permissions only until this is changed by an
administrator.

– Import item set : An user imports a file containing data. The data is arranged in
columns and lines on a spreadsheet file, where each line represents an object and
each column represents the values for a property. This can lead, or not, to the
creation of a normalized form.

– Export item set : An user selects a set of items to export and the system creates a
file that can be downloaded with the objects selected and the properties that hold
values about those objects.

– Create normalized form: In order to facilitate the import of data to the knowledge
base, both to the user itself and to others, a normalized form is created by importing
a file containing a template of the form to be used. This will be saved in the system
and can be exported in any time by users with permissions to access it.

– Create View : An user intends to create a collection of items, called a view, that
can be managed and published. So the user either selects the items or uploads a
file with the items that will belong to the view, gives it a name, a description and
defines its privacy. A new view will be created with its own web page.
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– Export view : An user can export the items in a view to an Excel file. This file can
then be used to edit the view or generate a new one.

– Manage item: When items are stored in the knowledge base, they can then be
managed by users that have permissions to do so. This includes:

• Delete items from the system, by selecting them from the list of items or
importing a file with the QIDs of the items to be deleted.

• Restore items from the deleted items list. Wikibase does not allow for items
to be truly removed from the knowledge system. So, for example, if an item
was deleted by mistake, it can easily be restored later.

• Edit items already imported to the system. The changes made to the system
are made using the interface provided by MediaWiki.

– Manage permissions: To change the permissions of a specific user, an admin can
choose the best fitting set of permissions that the user should have.

Fig. 2. Application use cases

4 Architecture

The application consists in four different components. The Object Controller is a Me-
diaWiki deploy that will manage and support the Object Repository. Additional infor-
mation, such as users, views, forms, etc, will be stored in the Management Database.
These three components will be coordinated by the Application Controller. The fig. 3
shows the full conceptual architecture of the system.
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Fig. 3. Conceptual PROFMUS application architecture.

4.1 Application Controller

The Application Controller was built using Django[7] and contains all the logic of the
application for both the back-end and front-end. This contains the interface users will
mostly interact with. The application will process data from imported files, connect
to MediaWiki and Wikibase through the use of bots, and interact with Management
Database to manage its content.

4.2 Management Database

The Management Database is an SQLite data base connected to the Application Con-
troller and serves as the storage for Views, Forms, users, usage logs, and to keep track
of deleted items. This database is completely independent from both the Object Con-
troller and the Object Repository.

4.3 Object Controller and Object Repository

The Object Controller corresponds to a MediaWiki deploy and is where most of the
data, such as items, properties, and all the relationships between them, is stored. It also
provides a more granular management of the data, but it also adds more complexity
to the operations.
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It was decided to include two separate deploys of both MediaWiki and Wikibase.
This allow us two create two environments inside the application, one for testing pur-
poses (e.g. try to import a specific data set), and another one for production, which
will contain the data available online to browse.

5 Implementation

5.1 User Management

For users to be able to register and login into the application, the authentication
service built in Django is used. This assures the easy and secure way of implementing
an authentication service. In order to restrict user permissions, we divide them into
three categories:

– A basic user is only allowed to view data, which means it cannot upload files, nor
create Views or Forms. This will be the default category for every user created.

– A regular user is allowed to view data, and is allowed to import files both to create
Views and import new items to the system.

– Finally, an admin user has all the permissions of the two previous user categories,
but can also create forms, new properties and manage other user’s permissions.

5.2 Data Import Syntax Algorithm

To streamline the process of importing data, a syntax was created. This syntax is
placed in the headers of the Excel files that are imported to the system in the form of
codes that follow certain patterns. To process a file containing the syntax created, we
first start by iterating the headers of the file to find the properties of the item being
imported. When a property is found we create a statement, and two different things
can happen:

– If the value is not an item or is an item already in the knowledge base, we add the
value to the statement, and we start searching for qualifiers by constructing the
pattern based on that property code and then iterating the headers. If qualifiers
are found we add them to the statement.

– If the value is an item that is not yet created, a new item will be created. Then,
we construct a new the pattern based on the property code, search for properties
of that new item, and qualifiers of those properties. When the item is fully created
with its properties and imported to the Wikibase, we create the statement, and
add its QID as the value. And then we search for qualifiers.

The function that looks for properties runs recursively, so every time the value of a
statement is an item that needs to be created, we call that function and give it the new
pattern of codes it should look for. To find and recognize the patterns we use regular
expressions. This process is represented as a flowchart in fig. 4.

5.3 MediaWiki and Wikibase Integration

To communicate with the MediaWiki API it is used a bot that performs the changes
to the corresponding MediaWiki deploy, depending on the endpoint being used by the
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Fig. 4. Process of uploading a file with syntax.

end user. To facilitate the integration, two libraries were used WikidataIntegrator[8]
and Wikibase-api[9].

The WikidataIntegrator was created to work with Wikidata as the endpoint, but
it allows to change the endpoint to any Wikibase through the MediaWiki API. This
library simplifies some of the processes to import objects using bots, but unfortunately
it does not have all the features needed. For instance, it does not allow to restore items
that were previously deleted. For that reason it is also used the Wikibase-api, a library
to connect to the Wikibase API. Again, by default Wikibase-api also points to the
Wikidata endpoint but allows us to change the API url to our own.

5.4 Current Limitations

There are yet some limitations to the system. It only supports xlsx files at the moment,
and while this is the preferred file type by the users, there are still other types of files
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that would be useful to add support to, like Access files. Another limitation is with
data edit.

6 Evaluation

To evaluate the system, usability tests were performed with the help of seven volunteers.
These volunteers were people either from the PROFMUS or similar projects, which
means they match our target user group.

6.1 Methodology

The usability tests consisted in seven tasks that each user should perform, in order.
After each task, the user classified it in terms of completeness and difficulty. These
tasks were:

1. Create an account, login in the system and verify that the login was successful.
2. Import a file using a normalized form and verify that a new view was created with

the data imported.
3. Create a new public view from the list of all items and verify that the view was

created successfully.
4. Export a form and verify that the file was successfully downloaded.
5. Using the form exported in the previous task, create a fictitious item, import it

and verify that the item was created in the system.
6. Export all items of the system to a file and verify that the file was downloaded

successfully.
7. Edit the file exported in the previous task, create a view by importing the file and

verify that the view was created.

After the execution of all the seven tasks, some questions were also asked regarding
the overall experience of using the application and the user manual.

6.2 Results

For each task users were asked if they considered the task was completed successfully.
For all the seven tasks, every user answered "Yes", which corresponds to what happened
during the evaluation. They were also asked to evaluate the difficulty on each task
according to the following scale:

1. Very difficult
2. Difficult
3. Somewhat difficult
4. Moderate
5. Somewhat easy
6. Easy
7. Very easy

In table 1 are represented the perceived difficulty of each task.



10 Luís Filipe Santos

Table 1. User evaluation of difficulty per task

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7
User 1 7 6 6 7 7 7 7
User 2 7 7 7 7 7 7 7
User 3 7 6 7 7 7 7 6
User 4 7 7 5 7 6 7 7
User 5 7 6 6 7 7 7 7
User 6 7 7 7 7 7 7 7
User 7 7 6 6 7 7 7 6
Average 7 6.43 6.29 7 6.86 7 6.71

6.3 Discussion

The results of the usability tests were very satisfactory. Some of the tasks were already
expected to be considered very easy, such as tasks 1, 4 and 6. With the exception of
the task 3, where one of the users considered it somewhat easy, every other task was
classified either as easy or very easy.

When asked about general problems that may have been encountered during the
evaluation tests, the following feedback was given by some of the users:

– "The only questions were related to the fact that I did not read the manual
in full. But it was easy to locate the information."

– "More user interaction (hourglass, alerts, help in the menu bar)"

The users also expressed how they liked the simplicity of the application. Most of
the times it was clear what was needed to do and how to do it. This is very important,
since it was one of our requirements that the application needed to be simple to use.
Users also had positive feedback about the organization of the functionalities within
the application and how intuitive was to execute every task. When asked what they
liked and did not liked about the application, this was the feedback of some of the
users:

– "It is intuitive and easy to understand. Importing and exporting data is
easy. The manual is understandable for a basic user. What I liked least was
the layout, but I think it will still be worked on."

– "It is very accessible and will allow a cohesive and structured work of
several researchers, which will bring auspicious results, right away, in the
short term."

7 Conclusions

The study of the historical music domain is a topic that has gain some traction lately
in the Portuguese context, but the fragmentation of data over various institutions has
placed some difficulties. As data is separated and in different formats and structures,
it becomes very difficult to study a broad period of time or extend the analysis to more
musicians.
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The ideal solution would be to aggregate all the data in one place independently
of the data structure, and have that data published and accessible.

The PROFMUS application aims to be a platform to import, export and publish,
essentially, musicians and music related data. It was chosen for this project the use of
MediaWiki software due to its scalability and the fact that successful projects, such as
Wikidata, use the same technology.

Using a type of file widely used in this field by researchers, Excel, transform it in
Wikibase items. This allows for a simple experience for the users while still having the
flexibility of working with complex data.

The act of importing data is based on forms, where an user imports an Excel file
and the application transforms the data into items. These forms can be either saved in
the application (normalized forms) or can be spontaneous and used once by the users
(free forms).

Using the items imported to the system, it is then possible to create Views, a subset
of items, that belongs to a user and can be published. The current visualisation of a
View consists in a a list of the items that belong to the View, but the future goal is
that a View can originate a website where data can be displayed and analysed visually
through graphics and timelines.

The goals were achieved and the application is successfully working. This means
that, as it stands, the application is ready for production. This will not happen right
now since more features and functionalities are still being implemented by other mem-
bers of this project.
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