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Abstract: The usefulness of building information modeling (BIM) for facilities management, alt-
hough widely demonstrated, has not been extended to use management in university spaces. In
public facilities with free access, it is uncommon to be able to check the availability of seats, which
causes capacity problems. In addition, while several studies show that the use of BIM makes the
graphic communication of useful information about buildings more attractive and intuitive for its
users, there are still challenges regarding how to make it accessible to the public, taking into ac-
count their preferences. The purpose of this study is to demonstrate the benefits of implementing
BIM in a real-time seat occupancy management system to enable reservations tailored to the user’s
needs by offering various means of consulting model information. The research method focuses on
the utility model designed for a university library in Malaga, Spain. The results, based on data
obtained from a survey, indicate that users positively assessed the quality of the information of-
fered, showed great interest in its use, and also considered it comparatively superior to other
reservation systems used. The Results and Discussion and Conclusions sections also show the
potential of the system to control social distancing and energy expenditure.

Keywords: reservation system; building information modeling; facility management; university
library; visualization

1. Introduction

The past few decades have seen a paradigm shift in the design, execution and
maintenance of architecture, engineering and construction projects [1]. Both in the de-
sign-build process of new constructions and in the facility management of existing
buildings [2], there is an evolution from 2D graphic representation using computer-aided
design (CAD) to building information modeling (BIM) [3].

A BIM model of a building is a parametric digital representation of its physical and
functional information, which allows an infinite number of applications throughout its
useful life cycle [4]. In the literature, these are generally referred to as BIM dimensions:
3D (modeling), 4D (time), 5D (cost), 6D (operation), 7D (sustainability) and 8D (safety)
[5]. While the usefulness of BIM in all these phases of a construction project has been
proven, other more imaginative uses of this methodology are possible, such as those
related to the collective and ubiquitous visualization of building information in real time
applicable, for example, to emergency evacuation situations [6], real estate services [7] or
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museum management [8]. Therefore, the exploration of new potentialities of BIM is the
focus of the more recent publications [9] and the main motivation for this research.

Accordingly, this paper proposes a new utility model for real-time space occupancy
management and analyzes the potential use of collaborative work tools under the BIM
methodology to enhance reservation management and space availability monitoring
systems. The proposal simultaneously considers user preferences as a critical factor to
maximize use efficiency and offers an additional tool for the effective management of
free-access public buildings. To this end, we study a pilot project for the occupancy
management system of the main library of the University of Malaga (UMA), called Bib-
lio-Smart. The results obtained, based on a survey, show that using BIM as a tool for the
consultation and interactive visualization of information of interest for seat selection and
reservation by the users of a free-entry facility results in greater user satisfaction by im-
proving system efficiency.

Background

Today, a wide range of BIM viewers is available (BIM Vision, Tekla, Solibri,
Navisworks, Dalux BIM Viewer, etc.). They are typically used for design reviews and
interactive presentations, thus helping to communicate ideas and share information
among the agents involved in a project, among other applications [10]. Thereby, a single
data source, such as the interactive 3D model, becomes the common element of reference
for understanding among interdisciplinary groups collaborating on the same project [11].
However, the use of BIM among professionals has not been extended to regular or po-
tential users of buildings, who could also benefit from the public consultation of infor-
mation of use to them [12]. On the other hand, most BIM viewers only provide a snapshot
of the 3D model, and many of them are not enabled for real-time operations or visuali-
zation [13]. Moreover, most of these tools are based on checking the direct parametric
information of a BIM model, which was previously represented as tables [14] or under-
stood as a simple database [15], despite containing detailed parametric information. Few
studies consider the model as a relational database specifically enabled to program func-
tions that more efficiently automate the responses to queries or needs [16].

It should also be noted that, despite the demonstrated benefits of the application of
BIM to built environments [17] and existing advances in the Internet of Things [18] and in
new technologies for visualizing spatial information using virtual reality (VR) [19] or
machine learning [20,21], these advances are not usually applied to reservation systems,
in which it is also not customary to take into account the needs and preferences of the
target audience. Moreover, they generally offer very little graphic information or specific
data on available seats, which would enable a comparison of their characteristics and
hence an informed choice. This point is particularly relevant given that studies have
shown that the attractiveness of graphic information and its ease of interpretation sig-
nificantly affect the motivation of the recipients to collaborate with the strategies de-
signed for buildings [22]. Nevertheless, in most of the research on this subject, the term
“efficiency” is approached from the viewpoint of energy and sustainability [23] in rela-
tion to the design, construction and maintenance of buildings and infrastructures [24]
and not from the perspective of the efficiency of space use by its users [25]. It is precisely
in the field of energy information visualization where it has been shown that the imple-
mentation of BIM information tools is more intuitive and more interesting for occupants
compared with other techniques for representing consumption, such as tables and line
and bar charts [26].

Some studies revealed that there are still gaps in the BIM literature in some fields
[27]. In addition, after conducting an extensive search of the existing literature, to the best
of the authors” knowledge, there is no precedent for reservation systems using the BIM
methodology. Therefore, from the analysis carried out, it is identified that one of the gaps
in state of the art is located precisely in the area of the use of BIM for the management of
the use of buildings. Therefore, one of the objectives of this document is to bridge this gap
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in knowledge so that the application of BIM for the improvement of reservation systems,
developed in Biblio-Smart, opens the way to future lines of research on this topic for
other academics. For this reason, it is only possible to compare the occupancy and res-
ervation management system designed for Biblio-Smart (without including the extra
functionalities provided by the query system based on data from the BIM model) with
other published use control systems, as performed below.

Most are focused on transportation [28], workplaces [29], tourist accommodations
[30], leisure places [31] and restaurant spaces [32]. However, the attention to the imple-
mentation of booking systems in free-entry spaces of institutional buildings [33], such as
libraries [34], computer rooms, conference rooms [35] or teaching spaces [36], is limited.

The main problems raised by these studies are related to seat management at times
of high demand [37]. This lack of anticipation of necessary control mechanisms, together
with the scarcity of seats in certain periods, leads users to resort to the traditional reser-
vation method of placing objects on seats as a sign of occupancy. These seats can remain
empty for a large part of the day, causing inefficient use of space and generating unnec-
essary movements by potential occupants in search of a free seat [38].

Among the deficiencies of the existing commercial systems [39-41], it should be
noted that most of the solutions are capable of indicating where there are free spaces, but
they do not allow online reservations through the mobile devices of its potential users.

On the other hand, when analyzing the characteristics of patents that address the
existing problem in terms of managing the use of libraries and study rooms, various
types of deficiencies are identified, according to the technology used by each remote
reservation system. Solutions based on Wi-Fi technology [42,43] have limitations in rela-
tion to accurate monitoring of the occupancy status of seats and do not identify a seat as
free, even if the user is absent from his or her post, as long as he or she does not leave the
library premises. There are solutions that require Z-Wave technology in the interaction of
both the occupant’s terminal as well as the one installed at the entrance of the library and
in beacons arranged inside the room [44], with more versatile and simple systems being
desirable. Other systems use a short-range communications beacon (Bluetooth) where, by
means of an app, they detect the presence of the user in the venue through their mobile
terminal and thus proceed to confirm the reservation of a previous place [45]. However,
this last type of system is usually limited to managing the reservation and not to the oc-
cupation or release of the seat by the user once he or she is in the room. There are also
systems that use imaging, laser or ultrasound technologies through force sensors, induc-
tive sensors or CO2 concentration meters to determine if the seats are occupied or vacant
[46], which increases their price.

In short, current occupancy management systems, in general, are usually able to in-
dicate the locations of available seats but, in general, do not offer online booking via the
mobile devices of potential users, nor do they allow on-site occupancy management in
real time. Consequently, these systems can be improved by using more economical and
effective technologies that reduce their cost and increase their versatility [47].

From this comparative analysis, it can be deduced that there is a concern among the
scientific community for designing a management system for the use of libraries and
study rooms that resolves the gap mentioned above. For this reason, from the initial ap-
proach of this research, it is considered that combining efficiency, versatility and econ-
omy should be a fundamental objective of the Biblio-Smart occupancy management sys-
tem.

In addition, this document aims to highlight the opportunities and future lines of
research that open up when applying BIM to space use management systems. This com-
bination opens up a wide range of reservation options associated with the information
contained in the model. As will be seen later, it is not only possible to introduce param-
eters and algorithms related to the user’s location preferences, as exemplified by the de-
veloped case study, but it also allows other options associated with the interests and
needs of the managers and other agents involved in a building, such as (1) restrictions on
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the use of the room for groups or specific activities, (2) identification and programming
of dates and times for maintenance tasks or inventory, (3) sectorization of the facilities for
their progressive and coordinated start-up with the allocation of positions in rooms by
the system or (4) optimization of the occupation in case of the need to apply social dis-
tancing measures, among others.

This introduction concludes by showing that the possible relevance and impact that
the application of BIM-based tools for the personalization of reservations could have in
occupancy management systems has thus far not been addressed. To this end, it must be
added that the capability of BIM to bring virtual knowledge of the building to
non-specialist users has not been quantified and verified in the field of spatial infor-
mation visualization. Therefore, the research questions to be explored, through the ex-
perimental device for seat reservations (Biblio-Smart), are related to the automatization
of interoperability between user decisions and parametric information present in a BIM
model for informed choices. The final scope of the proposed utility model is to transition
from being a modern reservation management system to a seat control system that au-
tomates in real time its response to the state of occupation of seats and to the rest of the
information that can be consulted in order to enable reservations based on the needs of
the users, thus optimizing the existing public resources, in a more efficient and versatile
way. Hence, this research is relevant.

2. Materials and Methods

The research method is presented through the Biblio-Smart case study, the pilot
project proposed for the General Library of the UMA. In its development, a cascade
model was followed with the following stages: (a) Analysis; (b) Design; (c) Implementa-
tion; (d) Verification; (e) Feedback.

In this section on materials and methods, the phases of analysis and design of the
prototype will be presented, distinguishing between the requirements and research
strategies established for the different parts that compose it: (1) the management and
reservation system and (2) the system consultation based on data from the BIM model. It
also includes the implementation design, verification and feedback phases of the Bib-
lio-Smart system as a whole.

2.1. Analysis Phase

The methodological procedure used was exploratory and experimental research.
Exploratory research aims to provide greater familiarity with the problem, helping to
improve ideas or discover insights. Regarding the technical procedures, experimental
research consists of a methodology to determine the object of study, select the variables
capable of influencing it, define the control mechanisms and observe the result of the
variables in said object.

The first phase of the research consisted of a review of the literature and allowed a
better understanding of the research gaps, the most relevant studies published in recent
years and the most used tools, which are summarized in the introduction section. Said
review included articles, patents, dissertations, theses and books available in the Scopus
bibliographic database, in the web search engine specialized in academic literature
Google Scholar and in databases specialized in patents such as Espacenet, Interpat or
Latipat. At the same time, exploratory research uncovered specific information about the
practical implementation of the tools. In this case, commercial websites and discussion
forums were the most relevant research sources, which resulted in the analysis of tutori-
als and the definition of practical criteria to support the use of the tools. This allowed to
determine the proposed objectives and requirements.

As stated in the introduction, one of the main objectives of this research is to close
the knowledge gap in the application of BIM to improve building use management sys-
tems. To do this, the following research questions are raised: (a) How to combine effi-
ciency, versatility and economy in the development of an occupation management sys-
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tem?; (b) To what extent can the application of the BIM methodology improve a reserva-
tion system according to the opinion of its users?. Therefore, the research hypothesis was
as follows: The implementation in the General Library of the UMA of an efficient, versa-
tile and economical reservation and occupancy management system which allows the
consultation of interesting information for seat reservation, based on data from the BIM
model of said space, will improve the use management of the building in the opinion of
its regular users.

2.1.1. Hardware Analysis for the Occupancy and Reservation Management System

In order to achieve the proposed objectives, the following requirements were estab-
lished that the hardware had to meet.

For saving costs, it was necessary to (1) contemplate a single device per table, which
was shared by the six study stations grouped around it, (2) choose the most suitable type
of low-cost and small-sized computer with a built-in power supply that was most suita-
ble for the system and (3) design and manufacture, in a 3D printer with free software, the
boxes that contain the hardware, with appropriate characteristics for public use.

To optimize the efficiency and versatility of the system, it was necessary to (1) in-
clude coded identifiers in each device that would visually indicate the occupancy status
of each seat, (2) enable the recharging of the occupants’ mobile devices and (3) enable two
options for reservation from the users’ smartphones—one online and the other on
site—which would speed up the reservation process in person at the room.

2.1.2. Software Analysis for the Occupancy and Reservation Management System

The following requirements were established to be met by the software in order to
accomplish the initial objectives.

To restrict the possibility of reserving seats to the UMA group, it was mandatory (1)
that the reservation app be integrated into the institutional app of said university, to
which only its members have access, and (2) to develop a hybrid reservation application
based on web technologies (HTML, CSS or JavaScript) using an open-source Ionic
Framework frontend software development kit (SDK), which allows one to develop ap-
plications for native iOS, Android and the web, from a single code base.

In order to guarantee the correct flow of use of the system, according to the con-
ceptual scheme designed, it was necessary to (1) develop the web service hosted on a
virtual server, (2) define the processes necessary for programming the app and (3) apply
established protocols for coordination between the query system based on data from the
BIM model and the occupancy and reservation management system.

To optimize the efficiency, versatility and economy of the system, it was necessary to
(1) program the reservation app in Dynamic Universal Assembly Language (DUAL)
(Wi-FI + other alternative technology) so that the Wi-FI of the library could be used by the
smartphones of the occupants of the seats without this affecting the occupancy control
system and (2) install a program on the computer of each device that reads the occupancy
status and shows it by turning on the visual identifiers installed in the hardware.

The web service is hosted on a CentOs virtual server. This service is programmed
with NodeJs, hosts a database and it is responsible for controlling the disconnection time
to release the seats when the user is absent for a predefined time.

2.1.3. Analysis of the Query System Based on Data from the BIM Model

As was already explained, the design and operation of the consulting system has the
objective of enabling the use by users of the library of tools typical of collaborative work
between BIM project technicians, being useful for consulting information associated with
the model and of interest for the choice of seat, so that it can be viewed interactively from
the smartphones of UMA members through the query interface of the app developed to
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manage reservations and thus offer them the option of an informed choice of seat based
on a comparison of the characteristics between them.

In response to this objective, the following criteria were established to be met by the
query system based on data from the BIM model.

To guarantee coordination between the parties and a correct connection and mutual
data flow between both systems, it was necessary to (1) develop a BIM execution plan
(BEP) that included the rules, tasks, milestones, procedures, technologies, level of infor-
mation need (LOIN), etc. of the project, (2) install the necessary technological infrastruc-
ture to host the central model of the building and work collaboratively and (3) define the
appropriate cloud platform that allowed the development of the applications and pro-
gramming necessary to make the query available to users of the model information,
among other elements.

For modeling the building, it was necessary to (1) previously compile the existing
planimetry and carry out the pertinent data collection in situ and (2) follow the workflow
of the BIM project, consisting of structuring the model, creating the development matrix,
designing the parameterization strategy, creating the necessary planning tables and
custom families, etc.

In order for the information of the BIM model to be properly consulted from the
users’ smartphones, it was necessary to select an appropriate information display system,
identify and configure the deliverables and data of interest of the BIM model for seat
reservation, define the exchange formats, configure and map the IFC parameters, specify
the maximum weight of the native model file with its inserted families, define the view
templates, thicknesses, materials, annotations and filters, configure the export of images
and rendered videos, select the editing and programming software, design the graphical
query interface for the app, elaborate on this interface, host in the cloud and create links
to the app of files that can be consulted, etc.

2.1.4. Analysis for the Implementation of the Biblio-Smart Prototype

In the prototype development phase, the stages were defined to establish the nec-
essary infrastructure for each of the two systems that made it up and were interconnected
through the app developed for Biblio-Smart: (1) the reservation and management system
for occupancy and (2) the query system based on data from the BIM model. These sys-
tems are described in detail in their corresponding subsections.

2.1.5. Analysis for the Verification of the Biblio-Smart Prototype

As a requirement of the evaluation phase of the prototype, its transparency was es-
tablished regarding the data collection and analysis process, as can be seen in the link
available in the data availability statement of this document. The verification of the hy-
pothesis had a quantitative approach of observation through a questionnaire and de-
scription and analysis of a case that deserved interest for research in the field of univer-
sities. Research of this type focused on a case study had an exploratory and descriptive
function [48]. Therefore, it fit perfectly into the methodological strategy established to
achieve the proposed objectives.

2.2. Design Phase

Secondly, we proceeded to define and test the tools. In this phase, the main objective
was to determine the technologies, tools and equipment necessary to create the prototype
of the system. As a product of the literature review indicated in the previous phase, the
defined requirements guided the procedures adopted.

As shown in Figure 1, the conceptual design of the Biblio-Smart prototype consisted
of two parts interconnected with the institutional application (app) of the UMA through
a virtual server, by which users interacted from their mobile devices with (1) an occu-
pancy and reservation management system, made up of a hardware prototype and three
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software applications which controlled it, and (2) a consultation system based on data
from the BIM model, which allowed personalized seat reservations to be made through
the application.
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Figure 1. Diagram of the Biblio-Smart prototype components and the functions managed by each
one.

2.2.1. Hardware Design for the Occupancy and Reservation Management System

Based on the criteria established in the analysis phase, one device per table was
projected, covering six study stations. Thus, each of them was designed to connect the
mobile phones of six students to the reservation and seat management system.

The hardware prototype was a device designed to contain a low-cost, small form
factor (SFF) computer with a built-in power supply, 6 universal serial bus (USB) chargers
for mobile recharging and 18 light-emitting diodes (LEDs), which indicated the different
occupancy statuses of the 6 workstations it served: free (green), reserved (amber) and
occupied (red). In addition, each seat included a quick response (QR) code, which con-
tained a unique indicator to identify the seat location and also served to enable
face-to-face reservation by scanning the QR code.

The support box contained a Raspberry PI, which is a computer the size of a credit
card. It consisted of a motherboard that supported different components of a computer to
which, through its ports and inputs, peripheral devices could be connected, and a con-
nection to the network could be established through the Ethernet port. It also had an SD
slot that allowed installation, by means of a microSD card, of free operating systems.

The SFF computer case layout, with its holes for the power supply, USB charging
ports and LEDs, was designed in 3D using AutoCAD software. The 3D printing of the
case was performed with Cura slicing software to convert the 3D CAD model into a
G-code file, which provided the necessary instructions to the 3D printer. Cura software
was chosen as it is free, open source, easy to use, supports different file formats (STL,
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OBJ, X3D and 3MF) and is compatible with the most common operating systems (Win-
dows, Mac and Linux). Each case, measuring 140 x 80 x 110 mm, was printed with an
Ultimaker 2+ printer using Ultimaker PC (polycarbonate) material, which gave the
molded parts strength, resistance and dimensional stability at high temperatures, making
them ideal for this functional prototype.

2.2.2. Software Design for the Occupancy and Reservation Management System

According to the identified requirements, software was designed in which the web
service was hosted on a CentOs virtual server. This service was programmed with
NodeJs and also hosted a database. It was responsible for controlling the disconnection
time to release the seats when the user was absent for a predefined time.

Python code was in charge of connecting with the web service, reading the status of
the reservations and displaying them by turning on the hardware LEDs. It also turned
the computer into a beacon generator, which was programmed in DUAL to be used for
Wi-Fi and Bluetooth Low Energy (BLE) connections.

The app installed on the mobile device was responsible for reserving a seat, both
remotely and in person by scanning the QR code on a specific seat. This application lo-
cates the beacon generated by the hardware device and informs the web service whether
or not the device is near the workstation. Likewise, it also sends a beacon loss signal
when the seat is vacated, initiating the web service to begin counting the time until the
established maximum break period before changing the seat status back to available.

The app, programmed with Ionic 4 FrameWork and Angular 8, was designed so that
it could be integrated into a superior application (the UMA institutional app), offering
greater scalability.

2.2.3. Design of the Consultation System Based on Data from the BIM Model

The definitions of the structure and relationship between elements, described in this
section, respond to the requirements and conceptual design set forth above.

First, a specific project plan was designed with its corresponding BEP, in which the
bases, rules and internal norms of the project to be developed under the BIM methodol-
ogy were defined so that all the agents involved could perform coordinated and con-
sistent work.

At the same time the information display system was selected. For this, the follow-
ing were evaluated: (1) the large amount of graphic and non-graphic information that the
shared 3D digital representation of the BIM model was capable of containing and (2) the
visualization tools available for it. Finally, the decision was made to use the Revit appli-
cation programming interface in the integrated BIM spatial visualization approach de-
veloped in this document.

Second, the data were collected for BIM modeling of the necessary elements of the
constructed building with the appropriate LOIN for this purpose, such as the building
envelope and public interior spaces, including the furniture, structure and exposed in-
stallations.

Next, the technological infrastructure was configured to be able to work collabora-
tively, enabling a server to host the central BIM model, and to have Revit Server installed.

Subsequently, the central model was created according to the BEP in terms of or-
ganization of the project browser and creation of the view templates necessary for the
initial phase of the project’s architectural model, to which the project files were linked.
After this, the reference model was created, levels and grids were defined, and the central
architecture model was built according to the LOIN defined in the BEP, starting with
default elements that became progressively more detailed in certain areas (layers, thick-
nesses, properties, materials, finishes, etc.). Later, the necessary view files were generated
to reflect, through labels, the legends collected in the annotation file.

Once the custom families for each modeling phase were created, in their corre-
sponding LOIN, a series of necessary parameters was inserted to refer to them in the
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programming of the plugins created to be applied to the BIM model. For example, the
default parameter “subject” was added to the shelves to indicate the subjects of the books
for each instance of this type of family. Thus, these data appeared among the properties
of any shelf item selected by the user in A360 and were reflected in the data summary
table of each seat within the item “subjects of books of nearby shelves”.

Materials were also assigned to the finishes of the visible elements in public areas to
make them look as realistic as possible. This was shown when rendering the necessary
views and made the final editing process of the walkthrough video easier. By inserting
the Revit model with the material parameters nested in each family, the Lumion software
automatically recognized them.

In addition, the project was organized through tasks that facilitated and expedited
the processing of information embedded in the model, such as (1) organization of the
project elements into subprojects according to the BEP, allowing the creation of faster
filters and speeding up the exchange of information, (2) the creation of planning tables
and (3) the creation and application of new view templates to the model to highlight the
desired aspects in each view of the application, as can be seen in Figure 2.

Figure 2. A 3D view of the air conditioning and lighting installations highlighted, through the ap-
plication of view templates, with respect to the architectural and structural elements of the model.

At this point in the project, scripts were created that simulated the building’s occu-
pancy situation in order to carry out performance tests on the connection methodology
between the query system and the reservation system. These tests were conducted by
executing a Python script integrated in Dynamo files, which incorporated functions to
modify the visualization of graphics in the Revit model, to facilitate understanding of the
occupancy, similar to that shown in Figure 3.

Dynamo is a graphical programming interface that allows customization of the
building information workflow, broadening the capabilities of BIM models. In this case,
this tool was essential for developing a “live” model that would allow interaction with
the virtual building, depending on the variation in some of its parameters. In addition,
Dynamo enables the immediate visualization of these changes graphically in the same
model, which facilitates their understanding. In this way, it is shown that by combining
the appropriate parameters, variables and operations, the model could respond instantly
to the use of the application, displaying the information in the interface of the app to
which it was connected.
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Generate random occupancy status

Element SetParameterByName

OCUPPANCY PERCENTAGE nt | (n1/180)%*n2; | >
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(b) (0

Figure 3. Example of a visual programming definition in which custom algorithms are created (a)
using Dynamo and (b) with the help of Python scripts, which automates (c) the graphic display of
changes in the occupancy status of seats by applying filters of color, thus providing said infor-
mation as parameters to the Revit model and rendering them able to be displayed in the app in-
terface.

In parallel to all of this, the data of interest to the BIM model for seat reservations
were determined, and the graphic query interface for the Biblio-Smat app (Supplemen-
tary Materials S1). Consequently, prior to linking to the “information sheet” of each seat,
it was necessary to perform the following tasks:

(1) Generate 360-degree rendered panoramas that could be observed from each seat,
such as the one in Figure 4, offering the user an immersive experience through the free
rotation of the model from that fixed point, which facilitates understanding of the spatial
information of the environment. The stereoscopic image, in png file format, was rendered
in cloud using A360, choosing the stereopanorama or 360-degree view option, and was
visible in the application through its URL link (Supplementary Materials 52).

INFORMATION SHEET
Seat 30 / Room 2.1/ First floor / UMA General Library [0)

Click on the image to access a 360° view from the seat

(b)

Figure 4. Link to the online 360-degree image viewer from the app’s query interface (Supplemen-
tary Materials S2) (a) and stereoscopic image created with Revit in A360 (b).
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(2) Upload the library building rvt file to Autodesk A360, which converts it into a
lighter format for online viewing through its link to the system app from the mobile de-
vices of users with Android or iOS operating systems. To accomplish this, an A360 free
account was used, which allows a model with up to 5 GB of storage to be shared publicly
and free of charge, so that all users could use the A360 BIM model consultation services.
These features included pan and zoom, orbit, explode, perform component search, query
element properties, perform user-customized virtual tours, select from a list of linked
view planes to display, such as the floors of the building with their legends (Figure 5),
section (Figure 6), as well as other utilities to examine the virtual building in more detail
(Supplementary Materials S3).

[“’ . 4 (] STUDYROOM 1.1
\\‘ _— : 3 \\ . h 0\

prupnanx

(a) (b)

Figure 5. Views rendered with Lumion of the first floor (a) and ground floor (b) of the General Li-
brary of the UMA, available by clicking the option “show images uploaded to A360”.

Figure 6. The 3D views of the full model (a) and a horizontal section (b) using one of the A360 tools.

(3) Prepare cloud hosting and linking to the app of the solar analysis videos for one
day of each month of the year in the room where the consulted seat is located (Supple-
mentary Materials S4). This allows the user to check the time of day during which the
sun’s rays fall on the seats inside the room on the date the user intends to occupy a seat in
the library, which helps the user decide which seat to reserve, as can be seen in the frames
from the video in Figure 7.

To carry out the solar analysis of one day of each month, we first located true north
in the project, and then a 3D view of the interior of the room was selected from its win-
dows with shadows activated. Then, it was previewed, saved and exported in video
format so that it could be hosted on the cloud and its URL linked to the corresponding
month icon in the app’s query interface.
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15, 2019 - 09:30 15, 2019 - 10.30

(a) (b)

Figure 7. Two frames from one of the daylight simulation videos, showing the evolution of the
sun’s rays inside the library’s study room through the 15th of January.

(4) Link to the summary table of the data of interest for each seat for seat selection of
a position, which are automatically extracted from the parameters entered for each seat
family in the BIM model and from the functions, programmed for this using Python and
Dynamo, in a manner similar to that shown in Figure 4. In this case, however, the pa-
rameters entered into each of the personalized family of seats were “plug availability”,
“distance to the nearest window”, “distance to the nearest toilet”, “distance to nearest
evacuation exit” and “subjects of books on nearest shelves”. Thus, each function pro-
grammed with Dynamo automates one of the necessary calculation formulas so that the
data for these parameters are auto-filled in the properties for each instance of that type of
family. Next, a planning table was generated for each seat with its calculated parameters,
and through Python, they were linked to the query interface of the app.

(5) Prepare a video tutorial on the use of Biblio-Smart (Supplementary Materials S5)
and rendered videos of virtual tours of the BIM model of the building using Lumion
software (Figure 8). Subsequently, these videos were edited with Filmora software to
merge them into one, including text and audio so that the resulting video, linked to the
app’s consultation interface, allowed any member of the UMA to intuitively learn to use
all system options designed. The video was also intended to help new users (first-year
students, exchange students, people on stay, research, etc.) to familiarize themselves with
the UMA facilities before visiting them. This option may be useful to them in deciding
which library to use once the prototype is implemented in the rest of the libraries on the
UMA campuses.

(@)

Figure 8. Frames of the virtual tour of the BIM model, included in the video tutorial of the system.
(a) View of rooms on the ground floor and basement, (b) View of first floor room.

2.2.4. Design for the Implementation of the Biblio-Smart Prototype

The reservation procedure comprises the following steps, as shown in Figure 9
(Supplementary Materials S5). UMA members, after logging in to the university app on
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their smartphones and accessing the “Services” option of “Reserve a seat in the library”,
will see a drop-down menu of the campus libraries in which this system is implemented.
By selecting a library, they can check the occupancy status of each seat (green = free,
amber = reserved and red = occupied). Next, after clicking on any of those shown in
green, two options are offered: (1) “Reserve a seat” or (2) “Consult seat information”,
which allows them to compare seat data with those of other free study stations and
choose the one that best suits their needs, thus customizing the reservation system. This
option integrates all the previously described information tools linked to BIM model
data.

After comparing the data and choosing the desired seat or without having previ-
ously used the query option, users can click on the “Reserve seat” option, and it will
appear as reserved (amber) both in the application’s occupancy map and on the LED of
the device. Immediately afterward, the app sends a confirmation to the corresponding
UMA email with the reservation data: name and surname, seat number, library and room
where the seat is located and the time limit to occupy it. Once students approach the re-
served study station, the occupancy management system verifies their identities, pairs
with their smartphones and displays the seat as occupied (red) on the interface and on its
corresponding LEDs. Similarly, the system also controls the disconnection time to free up
seats when users are absent from their seats for longer than the scheduled break time.

1.a. IN PERSON. Scan QR code located in
any free seatin a UMA library (identified
with green LED on) and the query and
reservation app options will appear

1.b. ONLINE. User identification in the

university APP and choice the options:
eserve aseatina library

3. SELECT a ROOM and click on a FREE SEAT
in the plan view which shows its occupancy
status: green (free), amber (reserved) and

%

ﬁ

E!ﬂ _____ i 1 .
p:-8 PN

red (occupied)

.a. CONSULT SEAT INFORMATION using
any of the 5 information display tools of the
BIM model, available in this app interface,
to make a reservation adapted to the user's
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consulting seat information) and the color
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of the seat will change from green to
amber, both on the plan view and on its LED

AKE THE SEAT and its color will change
from amber to red, allowing the user to be

absent for a maximum time, during which it
will remain reserved

(@ (b)

Figure 9. Diagram of the reservation procedure and system communication flows. Clockwise, we
have (a) the cloud-hosted BIM model, (b) the user’s smartphone with the UMA app.

As an alternative to booking online, the option of booking in person is also possible.
To accomplish this, UMA members must scan with their smartphones, using the QR code
reader of the UMA app, the unique identifier of any free seat in the library where they are
currently located, which will have its corresponding green LED on the device. This step
identifies the potential occupant and the seat, and this allows users to reserve it and sit
directly if they do not want to consult any information about the study stations.
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2.2.5. Biblio-Smart Prototype Verification Design

The presentation and analysis of the results to respond to the research objective were
carried out based on the consideration that the Biblio-Smart system could be measured
based on the assessments that the users themselves made regarding its quality, interest
and comparison with other reservation systems used. From here, an analytical strategy
articulated in two phases was followed. First, by means of univariate and bivariate
analyses, the evaluations carried out on a total of 27 indicators were described. Secondly,
it was desired to to find out, through exploratory factor analysis, if this type of evaluation
would constitute factors and how, if so, they would contribute to understanding the
evaluations that users made of the Biblio-Smart system.

The survey sought to collect the opinions of the respondents by obtaining indicators
of the six dimensions of greatest importance to instrumentalize the concept “Evaluation
of the Biblio-Smart system for seat reservation according to members of the UMA, regu-
lar users of the library where the prototype was developed”.

The survey was undertaken through a structured online questionnaire with 40
questions designed using the Google Forms tool, with 5 questions about the profile of the
respondents (gender, age, verification of belonging to the population of interest, branch
of study and degree course), 5 questions about the use of the UMA libraries, 3 questions
related to previous experience in the use of online reservation systems and the opinion on
their efficiency and 27 questions to evaluate the Biblio-Smart reservation system.

The design of the operationalization of the concept, the questionnaire and the anal-
ysis of results were validated by experts from the Sociological Practice Research Com-
mittee of the Spanish Federation of Sociology. As a validation indicator, a test or pretest
of the questionnaire was administered to a group of 24 students. In addition to being able
to estimate the completion time, this phase made it possible to clarify the content of cer-
tain questions and improve their wording for faster reading and to avoid drop-outs by
potential respondents.

An online web-based questionnaire through Google Forms was chosen to be used
for the following reasons: (1) it was an economical means of obtaining the primary in-
formation, (2) it had a responsive design, which enabled proper visualization on any de-
vice, (3) it corrected possible interviewer biases, (4) it provided access to the entire uni-
verse under study through the emails of all students enrolled at the UMA, (5) its ease of
access and short completion time (10 min) encouraged student participation and (6) it
guaranteed anonymity, thus achieving a higher participation rate.

The link to the online questionnaire, accessible for 6 months, was disseminated
through websites, institutional social networks, virtual campus thematic forums and
emails with the collaboration of UMA staff and official services.

The target population of the survey was limited to “UMA members who regularly
use individual study stations in the rooms of its General Library”, given that this was the
public and the environment for which the prototype of the Biblio-Smart system was de-
signed. A field study was conducted, and the target population was determined to be
1200 individuals (N). Thus, the minimum sample size necessary to obtain statistically
significant results, depending on the number of study subjects, was between 20% and
30% of the total population.

The criteria for operationalizing variables are set out below. To evaluate the Bib-
lio-Smart seat reservation system, quantitative research was carried out based on the
measurement of the dimensions “Quality of the Biblio-Smart seat reservation system”,
“Interest in the consultation information for reservations offered by Biblio-Smart” and
“Comparison of Biblio-Smart with other reservation systems used”. The subjective and
comparative quality indicators selected were based on the most significant quality vari-
ables raised by experts in the field (summarized in Table 1), such as usefulness [49],
suitability for use [50], attractiveness [51], excellence [52,53], user satisfaction
[49,50,54,55], effectiveness [56], efficiency [56], compliance with requirements [56-58],
affordability [49] or comparative superiority [51], among others.
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Table 1. Subjective and comparative quality indicators according to the experts, on which some
selected subdimensions were based to operationalize the analyzed concept.

Author Year  Indicator Concept of Quality According to Its Indicator
American Society for . Quality is the set of functions and characteristics of a product, process or
] User satisfac- . S . .
Quality Control 1974 tion service that gives it the necessary capacity to satisfy the needs of a cer-
(ASQQC) tain user.
Compliance
Crosby 1996 with require- Quality is compliance with precise standards and requirements.
ments
Quality is assimilated to something distinctive or exceptional, associating
Harvey and Green 1993  Excellence it with excellence, in the sense of exceeding high standards, highlighting

the difficulty of achieving them.

International Standar

Organization 1974 User satisfac-  Quality is the set of characteristics of an entity that gives it the ability to
(ISO)-ISO Standard tion satisfy stated or implied needs.
N° 8402:1994
International Standar Compliance
Organization . . Quality is the degree to which a set of inherent characteristics meets re-
2005 with require- .
(ISO)-ISO Standard ments quirements.
N° 9000:2005
Usefulness ~ Working in quality consists of designing, producing and serving a prod-
Ishikawa 1988 Affordability uct or service that is useful, as economical as possible and always satis-
Use satisfaction factory for the user.
Suitability for
Juran 1993 dse Quality is the suitability for use, satisfying the needs of the client.

User satisfac-

tion
Peters and Waterman 1984  Excellence Excellence is quality at the level of exceptionality.
Attracti
. TS Quality products must be attractive to the customer and better than
Taguchi 1986 Comparative e
o those of the competition.
superiority
Compliance
with require- To achieve quality, a series of requirements demanded by the client must
Valls 2007 ments be met as efficiently as possible while prioritizing effectiveness in
Effectiveness achieving said objective.
Efficiency

This strategy made it possible to evaluate the three main dimensions, the indicators
of which covered the most important subdimensions and were considered as observable
manifestations of these characteristics of interest, which could be evaluated for im-
provement. These indicators were compared with dimension 1, associated with the “So-
ciodemographic profile of the respondents”. Crucial factors for the validation of their
answers were their experience in the use of libraries—included in dimension 2, “Usabil-
ity of UMA libraries” —and in the use of other online seat reservation systems, included
in dimension 3, “Previous experience using online reservation systems”, allowing a
comparative evaluation of the new system designed for the case study.

For the first three dimensions, direct, closed, simple or multiple-choice questions
were used and in the fourth, fifth and sixth dimensions. Questions with a Likert-type
scale with five preconfigured measurement levels were used with an intermediate neu-
tral element. The Likert scale was considered the most appropriate for understanding the
opinions and attitudes of the respondents in relation to the concept operationalized in
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those dimensions of the research, as it allowed us to determine the degree of agreement,
with the affirmative sentences stated as indicators. The data supporting the findings of
this study (survey questions and answers, etc.) were deposited in an institutional repos-
itory and published openly with the DOI indicated in the data availability statement.

The dimensions, subdimensions and indicators of the operationalization proposal
are summarized in Table 2.

Table 2. Proposed operationalization of the concept “Evaluation of the Biblio-Smart system for seat
reservation according to members of the UMA, regular users of the library where the prototype
was developed”.

Dimensions Subdimensions Indicators
Gender 1. What is your gender?
Age 2. What age range do you fall under?
1.PROFILE

Verification of belonging to the study

of questionnaire ; 3. Are you a member of the UMA and a regular user of the General Library?
population
respondents
Branch of study 4. In which of the following schools or faculties do you study?
Degree course 5. What is the highest course you are enrolled in?
Library use 6. Do you ever use library seating?
JIf “yes” to th i ion, pl indi hich li
Most used library 7.1f you answered “yes” to the previous question, please indicate which library you use
most often.
2. USABILITY
) ) . . . o
of UMA libraries Frequency of use outside exam periods 8. How often do you use library seating outside of exam periods?
Frequency of use during exam periods 9. How often do you use seating in any of the libraries during exam periods?

Availability of seats during exam peri- 10. Do you usually find it difficult to find an available seat in the library you would like
ods to use during exam periods?

Previous experience using online res- 11. Have you ever used an online seat reservation system in any type of space (library,
ervation systems cinema, etc.) before?

3. PREVIOUS
EXPERIENCE

using online reser-
vation systems Opinion on the effectiveness of online

reservation systems vs. reserving with

Types of spaces in which online reser-  12. If you answered “yes” to the previous question, please indicate in which types of
vation systems have been used spaces you have used reservation systems (multiple answers possible).

13. Do you think that online reservation systems are more effective than placing an
object on the seat as a sign of occupancy?

objects
Usefulness 14. It is useful for the user.
4. QUALITY Suitability for use 15. It is suitable for use (choice of seat to be reserved).
of the Biblio-Smart Attractiveness 16. It is attractive for optional consultation.
seat reservation 17. It is a mark of excellence for the institution that offers it because it is based on high
system Excellence standards.
User satisfaction 18. It meets the needs and the requirements of the user.
2D and 3D views of the BIM model 19. Visualization of the 2D and 3D views of the virtual model.
Real-time color codification of seat 20. Real-time color-coded visualization of seat occupancy (red = occupied, amber =
occupancy reserved and green = free).
Summary table of data of interest for 21. Consultation of data of interest for the reservation in the summary table of each seat,
the reservation linked to the BIM pa- such as availability of power outlets, distance to bathrooms or subjects of nearby
rameters of each seat shelves.
5. INTEREST

Daylight simulation videos extracted ~ 22. Visualization of the daily changes in sunlight exposure for the seats available in

in the consultation from the BIM model daylight simulation videos with date and time.

information for

reservations offere d360-degree interactive panoramas of the 23. Using 360-degree interactive panoramas to see virtual representations of the virtual
by Biblio-Smart BIM model from each seat. model from each seat.

Interaction in A360 with the virtual = 24. Interactive virtual reality visualization of the building in A360 that offers the possi-
reality of the BIM model of the building. bility of orbiting it, enlarging it, sectioning it, creating personalized tours, etc.

Consultation of the properties of the 25. Personalized query of the properties of the virtual model elements in A360, such as
BIM model elements in A360. the characteristics of each seat or the subjects of the shelves.

Explanatory video of the system with a 26. Visualization of the explanatory video of how to use the system and an overview of
virtual tour of the BIM model included. the library, showing a virtual tour of the building.
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Relative quality 27. Its quality is better.

Relative interest 28. The degree of interest it arouses is higher.

Relative efficiency

29. It has greater efficiency (relation between the result achieved and the resources

6. COMPARISON

used).
Relative effectiveness 30. It has greater effectiveness (ability to achieve the expected effect or result).
Relative functionality 31. It has greater functionality (characteristics that make something practical).
Relative ease of understanding 32. 1t is easier to understand.
Relative attractiveness 33 It is more attractive (quality of pleasing or attracting attention).

of Biblio-Smart
with respect to
other reservation

Relative innovation

34. It has a higher degree of innovation (action of changing things by introducing
something new).

systems used

Relative motivation 35. Motivation for optional consultations is greater.
Relative versatility of use 36. It is more versatile to use (for building management, virtual tours, etc.).
. - 37. Its adaptability to other types of spaces or to changes in requirements (such as not
Relative adaptability P y yP P & d (

offering reserved seating less than 1.5 m apart) is greater.

Relative personalization

38. It has greater personalization and consideration of the diversity of user needs (per-
sonalized queries, interactive 360-degree tours and views and specific data on seats).

Relative completeness 39. Its completeness (quality of being complete) is greater.

Relative overall satisfaction 40. Overall satisfaction with it is higher.

After grouping the questions according to the dimensions and subdimensions de-
fined in the concept operationalization proposal table, the data obtained were analyzed
with the SPSS program and can be consulted in the results section.

Once these results were obtained, a comparison was made of the mean values ob-
tained in each of the main subdimensions analyzed to evaluate the system (quality, in-
terest and comparison). With these scores, the mean value of each dimension was calcu-
lated on a Likert scale from 1 to 5, and in this way, they could be compared with each
other and obtain a global vision of the opinion of those surveyed about the Biblio-Smart
system.

Next, through graphs, the entire variation range was analyzed from the minimum to
the maximum, with the probable variation range and a typical value of each of the three
main dimensions analyzed, in addition to their quartiles. This allowed identifying the
mean values and the dispersion of the data set, including the signs of asymmetry.
Moreover, with these data, the variance and standard deviation of the three main varia-
bles were calculated.

As noted previously, the initial analysis strategy in this work had an exploratory
and descriptive function, presented through univariate and bivariate analyses, which
was complemented by exploratory factorial analysis, which made it possible to identify
the factors that configured the uses and utilities of the Biblio-Smart seat reservation sys-
tem and confirm the proposed theoretical model with the results obtained.

2.2.6. Biblio-Smart Prototype Feedback Design

Finally, a discussion and conclusions phase is designed by presenting the most out-
standing results of the research, the limitations detected, the researchers’ perception of
the challenges and benefits to support the improvement of the application and the pos-
sibilities expansion of the system for future studies.

3. Results
This section presents the results of implementing and evaluating the Biblio-Smart
prototype.
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3.1. Results of Implementing the Biblio-Smart Prototype

As a result of the development of the Biblio-Smart prototype, Figure 10 shows the
app interface that appeared when a user selected the option “check seat information”
(Supplementary Materials S1). Clockwise in the figure are (1) a link to the BIM model on
Autodesk A360, a central workspace in the cloud for projects, allowing users to interact
with the library building and view the parameters of any element in the model BIM
(Supplementary Materials 52), (2) links to the videos of the monthly solar analysis of the
interior of the room where the selected seat was located to check the hours during which
the sun hit the seats next to the windows (Supplementary Materials S3), (3) a link to the
video tutorial for the use of the system, which includes a virtual tour of the library for
new users (Supplementary Materials 54), (4) a data summary table of interest for book-
ing, connected with the BIM model, and (5) a spherical image that allowed the user to
rotate the rendered scene 360 degrees around the selected seat on the screen via a link to
its URL (Supplementary Materials S5).
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Figure 10. Biblio-Smart app interface designed to consult information of interest for the reservation
from BIM model data, with its expanded options and icons of the file format or tool used.

It should be noted that the use of the BIM model as a relational database, as used in
this case study, opens the door to multiple configuration options for the reservation sys-
tem with a different approach than the informed choice of seat for online reservation by
users, as was already mentioned in the introduction. To verify the simplicity of the ap-
proach, we present here an experiment in which, hypothetically, other restrictions asso-
ciated, in this case, with requirements of the building manager to guarantee compliance
with the regulation of use were imposed on the developed system.

Let us take as an example the situation experienced during the course of the
COVID-19 pandemic, when the need was detected for the distribution of occupiable seats
to meet social distancing restrictions and comply with the health regulations in force at
any given time. Within the framework of this situation, this research experimented with
the possibility of offering, through the reservation app, a dynamic occupancy model
based on compliance with current separation distance restrictions. Thus, for example, all
seats were initially shown as free, and each time a user reserved a seat, the programming
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recalculated the optimal configuration of available study stations that met the condition
of being at a distance greater than 1.5 m from the newly reserved seat and those already
occupied, as required by Spanish regulations. This information was provided as param-
eters to the Revit model, which was automated to graphically display parametric changes
through filters, as shown in Figure 11. New custom algorithms were created using Dy-
namo with the help of Python scripts which fulfilled social distancing restrictions such
that they were adaptable to compliance with current regulations.
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Figure 11. (a) Example of programming with Dynamo to simulate the optimal occupancy of seats
complying with the social distancing regulations during the pandemic and (b) floor plan view of
the occupancy status complying with the programmed distance restriction between users, indi-
cated by 1.5-m radius circumferences over the occupied seats.

The consideration of the model as a relational database was based on the fact that
the information related to the distance between the seats was already intrinsically con-
tained in the model, as can be seen in the example contained in the video provided as a
supplementary material (Supplementary Materials S6). However, since there was no
parameter for each seat element that showed the distance between them, this also had to
be calculated. Therefore, the first step was to determine which of the hundreds of possi-
ble seating options that met this distance specification offered the maximum possible
seating capacity. Once the optimal distribution was chosen, this information from the
model was linked to the system application so that the app only offered those seats as
available for reservation (green) and showed the rest as not available (amber).

In this way, the potential of the parameterization offered by BIM for occupancy
control systems was tested, given its versatility and adaptation to each specific case, es-
tablishing different types of restrictions using a similar methodology.

3.2. Results of Evaluating the Biblio-Smart Prototype

This section presents the most relevant results of the analyses carried out to evaluate
the Biblio-Smart protopype.
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3.2.1. Population and Sample

Table 3 shows the distribution of the percentages of responses to the questionnaire,
according to the branches of knowledge that make up the UMA'’s study offerings, in re-
lation to the number of students enrolled in each branch and the total number of students
enrolled in UMA degree programs. As can be seen, sample responses were obtained from
undergraduate students and regular users of the UMA General Library from each branch
of knowledge and with a reasonable percentage in each of them.

Table 3. Percentage of responses to the survey according to percentage of enrolled students in each
branch of knowledge at the University of Malaga (UMA).

% Enrolled in

Branch of Number of Stu- Degrees Com- % Responses to
UMA Faculty or School dents Enrolled Survey by
Knowledge . pared to Total by
in UMA Degrees Branch
Branch
Arts and Faculty of Fine Arts 392 116 104
Humanities Faculty of Philosophy and Letters 3154
Faculty of Communication Sciences 1647
Faculty of Education Sciences 2930
Social and Faculty of Economics and Business Sciences 3330
Labor Sci- Faculty of Commerce and Management 1568 46.2 24.4
ences Faculty of Law 1982
Faculty of Social and Labor Sciences 1892
Faculty of Tourism 779
Health Sci- Faculty of Health Sciences 1375
ences Faculty of Medicine 1087 12.9 249
Faculty of Psychology and Speech Therapy 1491
Sciences Faculty of Sciences 2330 7.6 17.1
School of Industrial Engineering 3705
Engineering Higher Technical School of Architecture 437
and Archi- Higher Technical School of Telecommunications En- 1057 21.7 21.2
tecture gineering
Higher Technical School of Computer Engineering 1448
Totals 17 30,604 100.0 100.0

As already stated in the section on evaluation methodology, the survey’s target
population was limited to “UMA members who regularly use seats in the study rooms of
its General Library”, composed of 1200 individuals (N). On the other hand, the minimum
sample size to obtain statistically significant results, depending on the number of study
subjects, had to be between 20% and 30% of the target population.

In this case, 242 complete responses were obtained, corresponding to members of
the study group who voluntarily responded to the survey. Therefore, the sample was
representative, since it corresponded to 20.17% of the total population of interest, which
allowed results to be generalized.

3.2.2. Profile of Questionnaire Respondents

To contextualize the results obtained, the basic profile of the participants is pre-
sented in Figure 12. The questionnaire was answered in its entirety by UMA students and
regular users of the General Library to a greater extent by women (66.5%) than by men
(33.5%). A total of 69.7% of the participants were between 18 and 22 years of age, and the
majority were in their first (33.6%) or second year (22.0%) of their degree programs. As
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displayed in the following chart, participation by women was higher in the branches that
tended to be female-dominated in health sciences and arts and humanities.

Men Women Total

40% 36.3%
30% 28.8% 37.29 27.7% 26.6% >0.85%
21.0% e 1908
20% 146% 19 70,14.3%
12.2% 10.0%
10%
0%
ARTSAND  SOCIAL AND LABOR HEALTH SCIENCES SCIENCE ENGINEERING AND
HUMANITIES SCIENCES ARCHITECTURE
Figure 12. Percentages of answers obtained according to branch of study and gender.
3.2.3. Usability of UMA Libraries

As can be deduced from Table 4, the frequency of use of UMA libraries was influ-
enced by the exam variable. Accordingly, while outside of exam periods, 42.3% of those
surveyed used reading posts in UMA libraries only a few times each term, while during
exam periods, half of them (49.8%) did so almost every day.

Therefore, most of the students consulted (78.7%) stated that they had difficulties
finding available seats in the UMA libraries at exam time, as indicated in Table 4. The
degree of difficulty in finding available seats during exam periods was high in all the
UMA libraries and was 88.6% in the General Library.

Table 4. Difficulty in reserving a seat during exam periods according to the most commonly used

UMA libraries.
Name of the Library Yes No
General Library 88.6% 11.4%
Humanities Library 84.6% 15.4%
Computer Science and Telecommunications Library 92.9% 7.1%
Industrial Engineering Library 87.5% 12.5%
Medicine Library 90.9% 9.1%
Tourism Library 50.0% 50.0%
Architecture and Fine Arts Library 58.8% 41.2%
Science Library 91.2% 8.8%
Communication Sciences Library 100.0% 0.0%
Education Sciences and Psychology Library 88.9% 11.1%
Economics and Business Sciences Library 68.0% 32.0%
Law Library 100.0% 0.0%
Social and Labor Sciences Library 75.0% 25.0%
Total 78.7% 21.3%

3.2.4. Previous Experience Using Online Reservation Systems

Contrary to expectations, 36.9% of the university students had never used an online
seat reservation system in any space (cinema, airplane, etc.), as shown in Figure 13. Of
these, almost all were between 18 and 22 years (62.9%), compared with those aged 23 to
27 years (24.7%).
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Figure 13. Percentage of use of an online seat reservation system according to branch of study.

Among the students who had used some type of online seat reservation system
(63.1%), a large majority (88.3%) considered it more effective than placing objects on the
seats to indicate occupancy. The spaces with seat reservation systems most used by uni-
versity students were cinemas, theaters, auditoriums and other similar venues (82.1%) as
well as public transport (80.8%), followed by restaurants (44.9%) and sports stadiums
(28.8%), with libraries or study rooms in second-to-last place (17.3%), only ahead of
meeting rooms and coworking spaces (9%).

3.2.5. Quality of the Biblio-Smart Prototype

An elevated percentage of the students surveyed positively assessed the information
provided by the Biblio-Smart prototype. More than 70% believed that it was useful for
the user, suitable for the choice of seat to be reserved, pleasing to consult, a mark of ex-
cellence for the institution that offers it, and that it met the needs and requirements of the
user. Figure 14 illustrates this positive evaluation, with special emphasis on the suitabil-
ity of the system for choosing the seat to be reserved (85.7) and the usefulness for the user
(84.9%).

W % agree + % strongly agree

. I 30.
It meets the needs and requirements of the user. 80.7

It is a mark of excellence for the institution offering it I 17
because it is based on high standards. :

I 78.5

It is attractive for consultation

I 85.7
I 84.9

It is suitable for use (choice of seat to be reserved)

It is useful for the user

60 70 80 90

Figure 14. Assessment of the quality of the Biblio-Smart prototype.
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3.2.6. Interest in the Consultation Information for Reservations Offered by Biblio-Smart

Concerning the assessment of the interest shown in the Biblio-Smart consultation
options, the results obtained were positive, as illustrated in Figure 15. Overall, more than
60% of those surveyed in the eight proposed indicators considered them to be interesting
or very interesting. Of these, the most highly rated indicators were the real-time col-
or-coded display of seat occupancy (90.7%) and the visualization of information of in-

terest for choosing a seat, which was associated with each seat (90.3%).

% interesting + % very interesting

Visualization of the explanatory video of how to use the system and an
overview of the library, showing a virtual tour of the building.

Personalized query of the properties of the virtual model elements in
A360, such as the characteristics of each seat or the subjects of the
shelves.
Interactive virtual reality visualization of the building in A360 that offers
the possibility of orbiting it, enlarging it, sectioning it, creating
personalized tours, etc.

Using 360-degree interactive panoramas to see virtual representations of
the virtual model from each seat.
Visualization of the daily changes in sunlight exposure for the seats

available in daylight simulation videos with date and time.

Consultation of data of interest in the summary table of each seat such as
availability of power outlets, distance to bathrooms, theme of nearby
shelves, etc.

Real-time color-coded visualization of seat occupancy (red-occupied,

amber-reserved, green-free).

Visualization of the 2D and 3D views of the virtual model.

0 10 20 30 40 50 60

70.8

74.3

64.4

71.5

73.5

90.3

90.7

76.5

70 80 90 100

Figure 15. Degree of interest in the visual information offered by Biblio-Smart applying BIM.

3.2.7. Comparison of Biblio-Smart with Other Reservation Systems Used

The evaluation of the characteristics of the information displayed by the Bib-
lio-Smart seat reservation system was conducted using a list of 14 statements on a scale
from 1 (strongly disagree) to 5 (strongly agree). As indicated in Table 5, all received a
very positive assessments (between 3.86 and 4.23) by the respondents.

Table 5. Comparative assessment of Biblio-Smart compared with other reservation systems used.

% Agree +

Statements % Strongly
Agree
Its quality is better. 71.2%
The degree of interest it arouses is higher. 76.8%
It has greater efficiency (relation between the result achieved and the resources used). 65.3%
It has greater effectiveness (ability to achieve the expected effect or result). 68.1%
It has greater functionality (characteristics that make something practical). 75.1%
It is easier to understand. 66.0%
It is more attractive (qualities that are pleasing or attract attention). 78.2%

It has a higher degree of innovation (the action of changing things by introducing something new). 83.2%
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Motivation for optional consultation is greater. 77.6%
It is more versatile to use (ability to adapt quickly and easily to different functions). 76.3%
Its adaptability to other types of spaces or to changes in requirements (such as not offering reserved 78.1%
seating less than 1.5 m apart) is greater.

It has greater personalization and consideration of the diversity of user needs (offering personalized 75 8%
consultations, interactive 360-degree tours and views and specific data for each seat).

Its completeness (quality of being complete) is greater. 78.1%
Overall satisfaction with it is higher. 75.9%

Based on the above considerations, four characteristics can be highlighted as re-
ceiving particularly high ratings: degree of innovation was the most appreciated aspect
(83.2%), followed by attractiveness (78.2%), adaptability to other types of spaces or
changes in requirements (78.1%) and completeness (78.1%), all of which were superior to
similar applications. Furthermore, as reflected in Table A5, 75.9% of those surveyed
agreed or strongly agreed that overall satisfaction with the Biblio-Smart reservation sys-
tem was greater than that with other systems used.

3.2.8. Comparison between the Mean Values of the Main Subdimensions for the Evalua-
tion of the System, Considering Their Standard Deviations

Table 6 shows a comparison of the mean values obtained in each of the main sub-
dimensions analyzed to evaluate the system. With these scores, the mean value of each
dimension was calculated on a Likert scale from 1 to 5, and in this way, they could be
compared with each other, and an overall view of the respondents’ opinions of the Bib-
lio-Smart system could be obtained.

Table 6. Comparison of mean values obtained in each indicator and in each of the three main di-
mensions analyzed.

Average of Average of
Dimensions Subdimension ) 8 Dimen-
Indicators .
sions
QUALITY Usefulness 4.30
of the Biblio-Smart Suitability for use 4.26
seat reservation sys- Attractiveness 4.12
tem Excellence 4.04 4.18
(1 = totally disagree
and 5 = totally agree) User satisfaction 4.18
2D and 3D views of the BIM model 4.09
Real-time color codification of seat occupancy 4.55
INTEREST . T
] . Summary table of data of interest for the reservation linked to the BIM
in the consultation 4.54
formation for res- parameters of each seat
2 ations offered b Daylight simulation videos extracted from the BIM model 4.14
v
Biblio-Smart y 360-degree interactive panoramas of the BIM model from each seat 4.19 4.16
_ . Interaction in A360 with the virtual reality of the BIM model of the
(1 =very uninterest- o 3.76
. ) building
ing and 5 = very in- - - -
teresting) Consultation of the properties of the BIM model elements in A360 4.03
Explanatory video of the system with a virtual tour of the BIM model 3 96
included !
COMPARISON Relative quality 3.95
of Biblio-Smart with Relative interest 4.09 4.04

other reservation

Relative efficiency 3.86
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systems used
(1 = totally disagree
and 5 = totally agree)

Relative effectiveness 3.93
Relative functionality 4.06
Relative ease of understanding 3.87
Relative attractiveness 4.10
Relative innovation 4.23
Relative motivation 4.07
Relative versatility of use 4.07
Relative adaptability 4.10
Relative personalization 4.07
Relative completeness 4.13
Relative overall satisfaction 4.09

Thus, the analysis of the average scores obtained shows that the respondents as-
sessed the quality of the Biblio-Smart system positively (an average of 4.18 out of 5), they
showed great interest in the information it offered (an average of 4.16 out of 5), and they
considered it comparatively superior to the other reservation systems used (an average of
4.04 out of 5).

Next, the box plots in Figure 16 show the entire range of variation from the mini-
mum to the maximum, the probable range of variation and a typical value for each of the
three main dimensions analyzed. Thus, each of the three boxes visually represents the
data corresponding to the minimum, the first quartile, the median (second quartile), the
third quartile and the maximum in ascending order. This makes it possible to quickly and
easily identify the mean values as well as the spread of the data set, including signs of
skewness.

05
05
T 4, QUALITY

05 of Biblio-Smart seat
v 04 reservation system
[=]
Z 04 =
© o 5. INTEREST
g 04 L 1| 0o in the visual information
= o 8 offered by Biblio-Smart
3 04 T o 5@(
— o

04

04 E [] Likert scale 1 to 5

04

04

Figure 16. Comparative box plots of data of interest on the three main dimensions analyzed
(minimum, first quartile, median, third quartile, maximum, etc).

With the data obtained, the variance (X (x — ¢)2/N) and the standard deviation (o) of
the three main variables were calculated using the following formula, where x is the data
obtained in each subdimension, u is its arithmetic mean and N is the amount of data:

Z [x — pl?

o = N

As can be seen in Table 7, in the three dimensions analyzed, the standard deviation
and the variance data were very low, which indicates that the values were close to each
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other and close to the mean. Among the three variables, the responses to “interest in the
information for reservations offered by Biblio-Smart” had the highest dispersion value
(0.25), although their difference with respect to the other two variables did not exceed
0.16 points in the standard deviation or 0.05 points in the variance, which is not relevant
due to the lack of concentration of the observations around the mean.

Table 7. Summary of indicators of the three variables analyzed, including their standard devia-
tions.

Quality of the Biblio-Smart Interest ?n the Consultat'ion Com‘parison of Biblio-‘Smart
Seat Reservation System Information for. Rt?servatlons with Other Reservation
Offered by Biblio-Smart Systems Used

MEAN 4.18 4.16 4.04
Minimum 4.04 3.76 3.86
First quartile 4.08 3.98 3.95
Median 4.18 4.12 4.07
Third quartile 4.28 4.45 4.10
Maximum 4.30 4.55 4.13
Variance 0.01 0.06 0.01
STANDARD

DEVIATION 0.09 0.25 0.10

In summary, the results of validating the method showed quite similar mean scores,
which evaluated the system as having a score always higher than 3.75 out of 5 and a low
deviation in the responses from their mean or expected values. This indicates that the
Biblio-Smart reservation system was rated as outstanding by a representative sample of
the population and that this result was consistent.

3.2.9. Exploratory Factor Analysis

The objective of this section is to explore whether the instrument used allows us to
differentiate between different evaluations of the Biblio-Smart system and, if so, whether
it can be said to manifest itself differently depending on the COMPARISON, INTEREST
and QUALITY dimensions. To accomplish this, with the 27 items of the survey referring
to these three dimensions, an exploratory factorial analysis of the principal components
with varimax rotation was carried out with the SPSS program, resulting in an optimal
model with 72.61% explained variance.

The Kaiser-Meyer—Olkin (KMO) sample adequacy test obtained a value greater than
0.9, so it can be said that the data matrix was quite appropriate for factoring. In addition,
as shown in Table 8, the significance test of the Bartlett sphericity test was significant
(0.000).

Table 8. KMO and Bartlett tests.

Kaiser-Meyer-Olkin Measure of Sample Adequacy 0.934
Bartlett’s sphericity test Approximate chi-squared 4333.660
Gl 351
Sig. 0.000

Table 9 shows the four factors detected by the analysis that met the criteria of having
eigenvalues or eigenvalues greater than unity. The four factors, as already indicated, ex-
plained 72.61% of the variance, with the first being the most important (51.91%) and
precisely the factor that grouped all the indicators of the COMPARISON dimension of
Biblio-Smart with the other reservation systems used.
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Table 9. Total explained variance.

f th Loadi f th
Initial Eigenvalues Sums of the Squared Loadings of the

Extraction
Factor % Accumu-
Total % Variance % Accumulated Total % Variance lated
1 14.017 51914 51.914 14.,017 51.910 51.914
2 2.727 10.099 62.013 2.727 10.100 62.013
3 1.640 6.073 68.086 1.640 6.070 68.086
4 1.222 4.524 72.610 1.222 4.520 72.610

The results in this table came from the principal component analysis extraction method.

Table 10 shows the component matrix that reports on the unique contribution of
each item to the corresponding factor. To obtain it, it was decided to apply a varimax
rotation, since it usually provides good convergence and easily interpretable factorial
solutions [59].

Table 10. Matrix of rotated components.

1 2 3 4
Factors and Items Comparison Interest A Quality InterestB
4a. Usefulness 0.439 0.156 0.710 0.258
4b. Suitability for use 0.350 0.148 0.763 0.192
4c. Attractiveness 0.470 0.240 0.668 0.120
4d. Excellence 0.412 0.194 0.713 0.009
4e. User satisfaction 0.399 0.120 0.752 -0.080
5a. 2D and 3D views of the BIM model 0.315 0.641 0.193 0.193
5b. Real-time color codification of seat occupancy 0.138 0.241 0.043 0.832
5c. Summary table of data of interest for the reservation linked to 0.060 0.050 0.145 0.879

the BIM parameters of each seat
5d. Daylight simulation videos extracted from the BIM model 0.173 0.779 0.069 0.072
5e. 360-degree interactive panoramas of the BIM model from each

seat 0.322 0.804 0.121 0.046
5f. Inte:'ra.ctlon in A360 with the virtual reality of the BIM model of 0.147 0.895 0.054 0,034
the building

5g. Consultation of the properties of the BIM model elements in 0161 0.798 0.095 0.155
A360

ISil(;(]iEeﬁplanatory video of the system with a virtual tour of the BIM 0164 0.679 0216 0.061
6a. Relative quality 0.793 0.275 0.207 0.081
6b. Relative interest 0.721 0.220 0.347 0.111
6¢. Relative efficiency 0.765 0.262 0.224 -0.045
6d. Relative effectiveness 0.808 0.160 0.205 0.076
6e. Relative functionality 0.789 0.251 0.191 0.099
6f. Relative ease of understanding 0.766 0.297 0.116 -0.030
6g. Relative attractiveness 0.774 0.167 0.253 0.081
6h. Relative innovation 0.734 0.062 0.355 0.280
6i. Relative motivation 0.769 0.159 0.345 0.077
6j. Relative versatility of use 0.778 0.257 0.291 -0.004
6k. Relative adaptability 0.758 0.105 0.374 0.058
6l. Relative personalization 0.777 0.257 0.225 0.144

6m. Relative completeness 0.789 0.111 0.290 0.121
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6n. Relative overall satisfaction 0.799 0.207 0.290 0.014

The results in this table came from the principal component analysis extraction method and the
varimax rotation method with Kaiser normalization, converging the rotation in six iterations.

The factorial solution offered indicates the existence of four factors grouping all the
variables included in the analysis and, in all cases, with factorial loads greater than 0.6.
The first was made up of the 14 items of the COMPARISON dimension (from P6a to
Pén). The second appeared to be formed by six of the eight specific items of INTEREST,
called INTEREST A (P5a, P5d, P5e, P5f, P5g and P5h), appearing as a new fourth factor
of said dimension, called INTEREST B, which contained the remaining two items (P5b
and P5c¢). This nomenclature differentiation between both factors was due to the fact that
the INTEREST B eigenvalues were scored higher than those in the INTEREST A factor.
The third factor that configured the evaluations of the Biblio-Smart system was com-
posed of the five specific items of the QUALITY dimension (from P4a to P4d).

It seems reasonable to think that the differences in valuations between the factors of
INTEREST were because the items corresponding to “INTEREST B” (P5b (color at-
tributed to the state of occupation of the seat) and P5c (summary table of data of interest
of each seat)) presented two characteristics different from the rest. On the one hand,
there is the quick display of one’s information in the app without the need to use links,
as occurs in the others (P5a, P5d, P5e, P5f, P5g and P5h). On the other hand, there is the
general usefulness of its content for the majority of users, while the remaining options
could be considered as complementary information for a more restricted audience, ren-
dering them less in a hurry when booking and wanting to consult specific aspects relat-
ed to their personal needs.

These results therefore allowed us to identify four ways or expressions of evalua-
tion of the Biblio-Smart system corresponding to COMPARISON (factor 1), INTEREST A
at the level of general information (factor 2), INTEREST B at the level of specific infor-
mation (factor 4) and a QUALITY level (factor 3). Moreover, if the sign of the factorial
scores is observed, then the four factors can be interpreted positively.

4. Discussion and Conclusions

To begin, certain limitations of the project will be presented before continuing with a
discussion of the results and final conclusions.

The first limitation is related to the system chosen for hosting and showing the BIM
model to the users: Autodesk A360. Although the reasons for choosing Autodesk A360
were explained in the Materials and Methods section, it should be mentioned that budg-
etary factors were also decisive for the project, which led to the use of free services.
Therefore, for the implementation of the system in the rest of the UMA libraries, the use
of Autodesk Forge is planned. This is because this cloud platform, made up of a set of
web service application programming interfaces (APIs), enables the creation of custom
applications, automating processes and accessing data and the models hosted in the
Autodesk cloud more efficiently. This will improve the update of the BIM model in re-
sponse to each scheduled task in the C# language to optimize the workflow and real-time
data visualization in the reservation system app.

As for limitations, it is also worth mentioning other functions proposed during the
research process that ultimately were not included in the prototype due to budgetary
limitations but are expected to be implemented in the future. The first one was the inte-
gration into the device of a decibel measurement system and another LED (flashing blue
light) that would serve as a visual warning indicator to the occupants of a table of having
exceeded the noise level allowed in the library and to keep silence or reduce noise. This
module would also help librarians to follow established protocols if, on their control
screens, an excessive noise alert appeared several times at the same table. Another option
considered was the possibility of incorporating a lighting controller to automatically turn
off the lights of unoccupied tables. It was also suggested to include an algorithm for
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suggesting seats based on the interests specified by the user. These could be of a physical
nature (level, area, close proximity to the subject of the books to be consulted, etc.) or
even the type of user (undergraduate, master’s or doctorate students, researchers, pro-
fessors, etc.). This would facilitate detection by the managers of the characteristics pre-
ferred by the users, which would allow making informed decisions when prioritizing
between types of improvements to be made in the enclosure and would also allow the
detection of priority areas by groups, which would make it possible to restrict or enable a
minimum number of seats in certain rooms or areas for use by certain occupant profiles.

On the other hand, the option of associating a study planning system with the job
reservation system was proposed. In other words, given that it is possible to count the
hours of library use with this system as well as the dates on which they take place, an-
other innovation could consist of linking the reservation app with another programming
app, which would allow students to plan their study schedules based on the dates of
their exams. Likewise, as the designed system was linked to the BIM model of the space
where the device was located, there are other information options that can enrich the
virtual model and be linked to the reservation system application. For example, it would
be feasible to insert families with a low level of detail into the model which are associated
with each book in the library. Thus, as in a BIM project, each element has a unique iden-
tifier (id) associated with it, and each id could be associated with its corresponding ref-
erence in the library database. This would allow options such as a virtual 2D or 3D visu-
alization of the location of each volume to speed up the location of the copies to be con-
sulted by users or to be replaced and inventoried by library staff.

This prototype was developed to test its effectiveness with a view toward future
implementation of the system in the rest of the UMA libraries. Thus, it has been designed
so that the management of the system in each library can be carried out individually and
independently. Consequently, this means that it could even be used to send communi-
cations to the users of each particular center and establish differentiated reservation times
based on the degree of occupation of each library or the exam dates of each faculty or
school, for example.

As discussed in the background section, currently existing systems do not usually
detect the abandonment of a seat until its occupant leaves the library. The solutions de-
vised to evaluate this task are too expensive to be borne by universities. Therefore, it is
also important to note that the Biblio-Smart system is not only capable of managing res-
ervations both remotely and in person but also controlling seat occupancy in real time,
allowing web service managers to define a period of time during which users can take
breaks without losing their reservations. This is an important added value for the opti-
mization of the management of spaces during peak times which could be widely im-
plemented in other systems.

Requiring users to identify themselves in order to use the institutional application,
both for online and in-person seat reservations, by scanning the QR code of the study
station with the QR code reader of the UMA app prevents fraudulent use of the facilities
by people who are not members of the UMA, as occurs with the use of cards. Moreover,
as it is integrated into the official application used by all students enrolled in the UMA,
all of them have easy access to the reservation module, avoiding the need for new in-
stallations.

Unlike other systems, programming in DUAL allows its use through two different
wireless connection technologies, such as Wi-fi and BLE. First of all, the possibility of
using Bluetooth technology allows multiple devices to be paired simultaneously with a
single device, which reduces costs. However, in addition, programming in DUAL gives
the system a comparative advantage over others using Bluetooth technology for two
reasons. The first is the battery savings that this entails, and the second is that since it is
not necessary to use the smartphone’s Bluetooth to maintain pairing, it can be used to
pair the phone with other devices such as watches, handsfree devices or headsets.



Buildings 2022, 12, 1786

30 of 34

Apart from this, the increased comfort for the user that the incorporation of USB
connections in the physical device means cable recharging of portable devices, which also
prevents the smartphone’s occupant from running out of battery and unpairing from the
device. Moreover, as a result of its design and the use of a single, inexpensive small
computer included in the hardware, which serves six workstations, manufacturing costs
and energy consumption are reduced, optimizing management costs.

Regarding the survey conducted to evaluate the Biblio-Smart prototype, several
aspects should be noted. The difficulty of locating vacant seats, especially during exam
periods, a time when library use soars, underscores the need for an efficient reservation
system. The results support the usefulness, suitability for use, attractiveness, excellence
and user satisfaction, qualities that support the Biblio-Smart prototype’s quality and ef-
ficiency. When compared with other similar booking applications, the survey shows its
general comparative superiority with respect to other reservation systems previously
used by the respondents, with the most valuable aspect recognized by students being its
degree of innovation.

Likewise, the results of the univariate and bivariate analysis suggest that the quality
of the information offered to users to consult information of interest regarding reserva-
tions, using BIM methodology, provides an optimal representation of the data necessary
for personalized seat selection. Among the information query options most valued by the
respondents, the following stand out: the summary table of data of interest for reserva-
tions linked to the BIM parameters of each seat (4.54 out of 5), the 360-degree interactive
panoramas of the BIM model from each seat (4.19 out of 5) and the consultation of the
properties of the BIM model elements in A360 (4.03 out of 5). It was also verified that the
virtual tour embedded in the explanatory video of the system (Supplementary Materials
S5) was quite useful, possibly because most of the respondents were students enrolled in
their first two years of study who, therefore, had limited knowledge of the physical fa-
cilities of the library.

The exploratory factorial analysis has made it possible to detect the Biblio-Smart
system’s strengths based on the assessments. Thus, the existence of four configuration
factors of the evaluation made by the users of said system with respect to its quality, in-
terest and comparison with other reservation systems has been shown. The first is
COMPARISON, the second INTEREST A at the level of general information, the third is
QUALITY, and the fourth INTEREST B at the level of specific information. It has also
been verified that the evaluations related to INTEREST at the level of general information
are better valued than the level of specific information, because they contain information
related to the reservation of direct visualization without the need to use links and general
utility for most of the users.

In short, all the reasons stated above demonstrate that the Biblio-Smart system is a
utility model for real-time management of occupancy and reservations in university li-
braries and, by extension, in other free-entry spaces of institutional buildings, which
guarantees maximum efficiency at the minimum cost.

Extending the use of BIM models from the construction process to the management
of the building (6D) also contributes to the optimization of the human dimension of
comfort, as it expands efficiency to a greater extent from more traditional energetic ap-
proaches. It not only introduces advances in the state of the art of occupancy manage-
ment, but it also opens innovative lines of research. It can be concluded that the adapta-
bility of the BIM model as a relational database in multiple fields makes possible the
development of many new uses in which it can be exploited, as shown in the example of
seat occupancy, to comply with the different social distancing restrictions imposed dur-
ing the course of the COVID-19 pandemic. Moreover, extending the centralized control of
buildings will undoubtedly lead to more efficient management of buildings. For exam-
ple, as described earlier, the system could easily be configured to optimize lighting,
heating, ventilation and air conditioning (HVAC) infrastructures by initially making
seats available in just one room until the room reaches full capacity and only then al-
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lowing reservations in the adjoining room which, in the meantime, would be without
lighting or air conditioning. This method of progressive occupancy, combined with the
sectorization of lighting and HVAC systems, would result in considerable savings in en-
ergy costs and finally in the optimization of the efficiency of these systems.

Additionally, if this model is designed for use in a public library, then its general
structure and coding could be easily exported to many other free or paid environments or
events. In fact, it would only require the implementation of a payment gateway as the last
step in the process of reservation.

As a final remark, with the introduction of machine learning, the use of this system
could allow the university institution to better understand the behavior and tastes of its
members, to predict vacancies based on occupancy patterns and preferences and to offer
personalized seats. BIM visualization could also be used to predict and offer vacancies
based on occupancy preferences. Most importantly, it also opens the use of BIM models
to ubiquitous real-time viewing by the public of the information stored in them, as the
Biblio-Smart occupancy management system has shown.

This is an important added value for the optimization of the management of public
spaces during peak times, which should be a general implementation in other systems. In
fact, at the moment, only more expensive solutions are sometimes implemented for as-
sessing this task, and reservations are often managed for a full period of time (morning
and afternoon slots) and not for the real time each student is really occupying the seat.
Another topic of interest is the possibility offered by the mobile application of reserving a
seat through a login system, both remotely and in person, by scanning the QR code cor-
responding to the selected seat.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/buildings12111786/s1, S1: Biblio-Smart (accessed on 4 Sep-
tember 2022). Ficha 1 (Information sheet for seat 1 that appears in the system app when selecting
the query option). Biblio-Smart website at UMA
https://eventos.uma.es/29973/section/20989/biblio-smart-sistema-inteligente-de-reserva-de-puestos
-en-edificios-universitarios-con-modelo-bim.html?private=5e05baedf812573e986b. S2: Biblio-Smart
(accessed on 4 September 2022). V01: Visual panoramica 360° (360° panoramic render). Facebook.
https://www.facebook.com/photo.php?fbid=101094047885262&set=pb.100039540001379.-22075200
00.1565681177 .&type=3&theater%3B. S3: Biblio-Smart (accessed on 4 September 2022). Bibli-
oSmart_Central_Arquitectura_10-9-2019+S5TR (BIM model in Autodesk A360). Myhub.
https://myhub.autodesk360.com/ue2c2c45e/g/shares/SH56a43QTfd62c1cd9686c5d9de9b7deladb.
54: Biblio-Smart (accessed on 4 September 2022). Soleamiento enero (video). Youtube.
https://www.youtube.com/watch?v=PpQEs_i81x8. S5: Garcia-Granja, M.]. (accessed on 4 Septem-
ber 2022). Video of the prototype (video). Institutional repository of the Universidad de Mdlaga.
https://riuma.uma.es/xmlui/handle/10630/23893. S6: Garcia-Granja, M.]. (accessed on 4 September
2022). Demo video of the potential of using BIM as a relational database for the management of
“live” models. Example of a Dynamo script that calculates the distance between elements of a BIM
model and updates it if their location changes. (video). Youtube. https://youtu.be/z07AZavOXeg

Author Contributions: Conceptualization, M.].G.-G. and F.G.-N.; methodology, M.].G.-G. and
F.G.-N.; software, M.].G.-G. and F.G.-N.; validation, M.].G.-G. and E.B.B.-P.; formal analysis,
M.]J.G.-G. and E.B.B.-P.; investigation, M.].G.-G. and F.G.-N,; resources, M.].G.-G. and F.G.-N.; data
curation, M.J.G.-G.; writing—original draft preparation, M.].G.-G.; writing—review and editing,
M.J.G.-G., EB.B.-P. and G.C.; visualization, M.].G.-G.; funding acquisition, M.].G.-G. and F.G.-N.
All authors have read and agreed to the published version of the manuscript.

Funding: The Biblio-Smart project was funded by the Vicerrectorado de Smart-Campus of the
Universidad de Malaga within the I Plan Propio Smart-Campus. The APC for the publication in
OA of this paper was funded by the II Plan Propio de Investigacion, Transferencia y Divulgacion
Cientifica de la Universidad de Malaga.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.


https://myhub.autodesk360.com/ue2c2c45e/g/shares/SH56a43QTfd62c1cd9686c5d9de9b7de1adb

Buildings 2022, 12, 1786 32 of 34

Data Availability Statement: The data that support the findings of this study are openly available
at the following link from the Institutional Repository of the University of Malaga (RIUMA):
https://dx.doi.org/10.24310/riuma.23893.

Acknowledgments: The authors would like to acknowledge the other members of the Biblio-Smart
project team for their participation in the development of the case study on which this research is
based, particularly Juan Jestis del Pino Campos. They also thank Maria Repice for her help with the
English language version of the text and the students at the University of Malaga for their partici-
pation in the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the man-
uscript, or in the decision to publish the results.

References

1. Liu, Z;Lu, Y,; Peh C.P. A Review and Scientometric Analysis of Global Building Information Modeling (BIM) Research in the
Architecture, Engineering and Construction (AEC) Industry. Buildings 2019, 9, 210. https://doi.org/10.3390/buildings9100210.

2. Moreno, ].V.; Machete, R; Falcao, A.P.; Gongalves, A.B.; Bento, R. Dynamic Data Feeding into BIM for Facility Management: A
Prototype Application to a University Building. Buildings 2022, 12, 645. http//:doi.org/10.3390/buildings12050645,

3. Park, J.H.; Lee, G. Design coordination strategies in a 2D and BIM mixed-project environment: Social dynamics and produc-
tivity. Build. Res. Inf. 2017, 45, 631-648. https://doi.org/10.1080/09613218.2017.1288998,

4. Najjar, M,; Figueiredo, K.; Hammad, A.; Haddad, A. Integrated optimization with building information modeling and life
cycle assessment for generating energy efficient buildings. Appl. Energy 2019, 250, 1366-1382.
https://doi.org/10.1016/j.apenergy.2019.05.101.

5. Charef, R.; Alaka, H.; Emmitt, S. Beyond the third dimension of BIM: A systematic review of literature and assessment of
professional views. |. Build. Eng. 2018, 19, 242-257. https://doi.org/10.1016/j.jobe.2018.04.028.

6.  Chen, X.S; Liu, C.C.; Wu, I.C. A BIM-based visualization and warning system for fire rescue. Adv. Eng. Inform. 2018, 37, 42-53.
https://doi.org/10.1016/j.aei.2018.04.015,

7. Mahdjoubi, L.; Moobela, C.; Laing, R. Providing real-estate services through the integration of 3D laser scanning and building
information modelling. Comput. Ind. 2013, 64, 1272-1281. https://doi.org/10.1016/j.compind.2013.09.003.

8.  Tucci, G.; Conti, A.; Fiorini, L.; Corongiu, M.; Valdambrini, N.; Matta, C. M-BIM: A new tool for the Galleria dell’Accademia di
Firenze. Virtual Archaeol. Rev. 2019, 10, 40-55. https://doi.org/10.4995/var.2019.11943.

9.  Wen, QJ.; Ren, Z],; Lu, H,; Wu, J.E. The progress and trend of BIM research: A bibliometrics-based visualization analysis.
Autom. Constr. 2021, 124, 103558. https://doi.org/10.1016/j.autcon.2021.103558.

10. Ivson, P.; Moreira, A.; Queiroz, F.; Santos, W.; Celes, W. A systematic review of visualization in building information model-
ing. IEEE Trans. Vis. Comput. Graph. 2019, 26, 3109-3127. https://doi.org/10.1109/TVCG.2019.2907583.

11. Lai, H.; Deng, X.; Chang, T.Y. BIM-Based Platform for Collaborative Building Design and Project Management. . Comput. Civ.
Eng. 2019, 33, 05019001. https://doi.org/10.1061/(ASCE)CP.1943-5487.0000830.

12. Wu, Z; Chen, C; Cai, Y.; Lu, C,; Wang, H.; Yu, T. BIM-Based Visualization Research in the Construction Industry: A Network
Analysis. Int. ]. Environ. Res. Public Health 2019, 16, 3473. http://dx.doi.org/10.3390/ijerph16183473.

13. Johansson, M.; Roupé, M.; Bosch-Sijtsema, P. Real-time visualization of building information models (BIM). Autom. Constr.
2015, 54, 69-82. http://dx.doi.org/10.1016/j.autcon.2015.03.018.

14. Garcia-Granja, M.].; de-Cézar-Macias, O.D,; Blazquez-Parra, E.B.; Gutiérrez-Sanchez, A.B. Optimization of the management
and maintenance of urban elements through geolocation and linking of interactive database to the construction information
model. In International Conference on The Digital Transformation in the Graphic Engineering; Springer: Cham, Switzerland, 2019; pp.
597-604. Available online: https://link.springer.com/chapter/10.1007/978-3-030-41200-5 65 (accessed on 4 September 2022).

15. Pezeshki, Z.; Soleimani, A.; Darabi, A. Application of BEM and using BIM database for BEM: A review. . Build. Eng. 2019, 23,
1-17. https://doi.org/10.1016/j.jobe.2019.01.021.

16. Solihin, W.; Eastman, C.; Lee, Y.C.; Yang, D.H. A simplified relational database schema for transformation of BIM data into a
query-efficient and spatially enabled database. Autom. Constr. 2017, 84, 367-383. https://doi.org/10.1016/j.autcon.2017.10.002.

17.  Olawumi, T.O.; Chan, D.W. An empirical survey of the perceived benefits of executing BIM and sustainability practices in the
built environment. Constr. Innov. 2019, 19, 321-342. https://doi.org/10.1108/CI-08-2018-0065.

18. Tang, S.; Shelden, D.R.; Eastman, C.M.; Pishdad-Bozorgi, P.; Gao, X. A review of building information modeling (BIM) and the
internet of things (IoT) devices integration: Present status and future trends. Autom. Constr. 2019, 101, 127-139.
https://doi.org/10.1016/j.autcon.2019.01.020.

19. Motamedi, A.; Wang, Z.; Yabuki, N.; Fukuda, T.; Michikawa, T. Signage visibility analysis and optimization system using
BIM-enabled virtual reality (VR) environments. Adv. Eng. Inform. 2017, 32, 248-262. https://doi.org/10.1016/j.aei.2017.03.005.

20. Tardioli, G.; Filho, R.; Bernaud, P.; Ntimos, D. An Innovative Modelling Approach Based on Building Physics and Machine

Learning for the Prediction of Indoor Thermal Comfort in an Office Building. Buildings 2022, 12, 475.
https://doi.org/10.3390/buildings12040475.



Buildings 2022, 12, 1786 33 of 34

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

McArthur, ].J.; Shahbazi, N.; Fok, R.; Raghubar, C.; Bortoluzzi, B.; An, A. Machine learning and BIM visualization for mainte-
nance issue classification and enhanced data collection. Adv. Eng. Inform. 2018, 38, 101-112.
https://doi.org/10.1016/j.aei.2018.06.007.

Herrmann, M.R.; Brumby, D.P.; Oreszczyn, T.; Gilbert, X. Does data visualization affect users’ understanding of electricity
consumption? Build. Res. Inf. 2018, 46, 238-250. https://doi.org/10.1080/09613218.2017.1356164.

Zhang, L.; Chu, ZW.; He, Q.; Zhai, P.P. Investigating the Constraints to Building Information Modeling (BIM) Applications for
Sustainable Building Projects: A Case of China. Sustainability 2019, 11, 1896. https://doi.org/10.3390/su11071896.

Seghezzi, E.; Locatelli, M.; Pellegrini, L.; Pattini, G.; Di Giuda, G.M.; Tagliabue, L.C.; Boella, G. Towards an Occupan-
cy-Oriented Digital Twin for Management: Test Campaign and Sensors Assessment. Appl. Sci. 2021, 11, 3108.
https://doi.org/10.3390/app11073108.

Jia, M,; Srinivasan, R.S.; Raheem, A.A. From occupancy to occupant behavior: An analytical survey of data acquisition tech-
nologies, modeling methodologies and simulation coupling mechanisms for building energy efficiency. Renew. Sustain. Energy
Rev. 2017, 68, 525-540. https://doi.org/10.1016/j.rser.2016.10.011,

Francisco, A.; Truong, H.; Khosrowpour, A.; Taylor, J.; Mohammadi, N. Occupant perceptions of building information mod-
el-based energy visualizations in eco-feedback systems. Appl. Energy 2018, 221, 220-228.
https://doi.org/10.1016/j.apenergy.2018.03.132.

Santos, R.; Aguiar Costa, A.; Grilo, A. Bibliometric analysis and review of Building Information Modelling literature published
between 2005 and 2015. Autom. Constr. 2017, 80, 118-136. https://doi.org/10.1016/j.autcon.2017.03.005.

Shao, S.; Kauermann, G.; Smith, M. Whether, when and which: Modelling advanced seat reservations by airline passengers.
Transp. Res. Part A Policy Pract. 2020, 132, 490-514. https://doi.org/10.1016/j.tra.2019.12.002.

Cooper, P.; Maraslis, K.; Tryfonas, T.; Oikonomou, G. An intelligent hot-desking model harnessing the power of occupancy
sensing data. Facilities 2017, 35, 766-786. https://doi.org/10.1108/F-01-2016-0014.

Williams, K.; Micheal, A. Design and Implementation of Reservation Management System Case Study: Grand Ville Hotels. J.
Inf. Technol. Softw. Eng. 2018, 8, 2. https://doi.org/10.4172/2165-7866.1000243.

Nishino, N.; Fukuya, K.; Ueda, K. Service Design in Movie Theaters Using Auction Mechanism with Seat Reservations. In
Proceedings of the International Conference of Soft Computing and Pattern Recognition, Malacca, Malaysia, 4-7 December
2009; pp. 528-533, https://doi.org/10.1109/SoCPaR.2009.106.

Du, B.; Nishino, N.; Kimita, K.; Sasaki, K. Restaurant Reservation System: Allocating Customers with Space Management
Under the Impact of COVID-19. In International Conference on Applied Human Factors and Ergonomics; Springer: Cham, Switzer-
land, 2021; pp. 311-319. https://doi.org/10.1007/978-3-030-80840-2 36.

Anand, P.; Deb, C; Yan, K; Yang, J.; Cheong, D.; Sekhar, C. Occupancy-based energy consumption modelling using machine
learning algorithms for institutional buildings. Energy Build. 2021, 252, 111478. https://doi.org/10.1016/j.enbuild.2021.111478.
Zhou, D. (2019, October). Case Study on Seat Management of University Library Based on WeChat Public Number Cli-
ent—Taking Jianghan University Library as an Example. In Proceedings of the 4th International Conference on Mechanical,
Control and Computer Engineering, Hohhot, China, 24-26 October 2019; PP 630-6303.
http//:doi.org/10.1109/ICMCCE48743.2019.00146.

Badawi, U.A.; Alshabanah, M.; Alrajhi, D. Developing and implementing web-based online university facilities reservation
system. Int. ]. Appl. Eng. Res. 2018, 13, 6700-6708. Available online: http://www.ripublication.com (accessed on 4 September
2022).

Beyrouthy, C.; Burke, E.; Landa-Silva, D.; McCollum, B.; McMullan, P.; Parkes, A. Towards improving the utilization of uni-
versity teaching space. J. Oper. Res. Soc. 2009, 60, 130-143. https://doi.org/10.1057/palgrave.jors.2602523.

Breen, M.; Dundon, M.; McCaffrey, C. Making Every Seat Count: Space Management at Peak Times in a University Library.
New Rev. Acad. Librariansh. 2018, 24, 105-118. https://doi.org/10.1080/13614533.2017.1414066.

Ekwevugbe, T.; Brown, N.; Pakka, V.; Fan, D. Improved occupancy monitoring in non-domestic buildings. Sustain. Cities Soc.
2017, 30, 97-107. https://doi.org/10.1016/j.scs.2017.01.003.

Serpoosh, S. (s.5). Occupancy Monitoring App for University Library. Available online:
https://community.estimote.com/hc/en-us/articles/202669233-Occupancy-Monitoring-App-for-University-Library  (accessed
on 10 September 2022).

FM:Systems. ~ OccupEye is Now  Part of  FM:Systems. 15  August  2022.  Available  online:
https://www.occupeye.com/acq/occupeye-is-now-part-of-fmsystems/_(accessed on 10 September 2022).

Smart Sensors. Enlighted. 10 August 2022. Available online:
http://www .enlightedinc.com/system-and-solutions/iot-system/smart-sensors/ (accessed on 10 September 2022).

Jung, KM. Seat Reservations are Smart Devices and Operating Systems Using the Library. South Korea Patent No.
KR20140030707 A, 2014. Available online:
https://worldwide.espacenet.com/patent/search/family/050643097/publication/KR20140030707A?q=KR20140030707 A (ac-
cessed on 4 September 2022).

Wan, K.K,; Hyun, L.D.; Woo, K.F.; Ri, C.G. Library Seating Management Systems and Its Control Method. South Korea Patent
No. KR20150096850A, 2015. Available online:
https://worldwide.espacenet.com/patent/search/family/054058966/publication/KR20150096850A?q=KR20150096850 (accessed
on 4 September 2022).




Buildings 2022, 12, 1786 34 of 34

44.

45.

46.

47.
48.
49.
50.
51.
52.
53.
54.

55.

56.

57.

58.

59.

Yeon, Y.S; Tae, P.S. System for Seat Allocation Used Local Area Communition Based Position. South Korea Patent No.
KR20160110697A, 2016. Available online:
https://worldwide.espacenet.com/patent/search/family/057102568/publication/KR20160110697A?q=KR%2020160110697 __ (ac-
cessed on 4 September 2022).

Hoon, LY. Apparatus and Method for Managing Seat of Reading Room using Beacon. South Korea Patent No.
KR20160138670A, 2015. Available online:
https://worldwide.espacenet.com/patent/search/family/057576531/publication/KR20160138670A?q=KR20160138670A (ac-
cessed on 4 September 2022).

Daniel, O.C.; Ramsurrun, V.; Seeam, A.K. Smart Library Seat, Occupant and Occupancy Information System, using Pressure
and RFID Sensors. In Proceedings of the 2019 Conference on Next Generation Computing Applications (NextComp), Mauri-
tius, 19-21 September 2019; pp. 1-5, https://doi.org/10.1109/NEXTCOMP.2019.8883610.

Rueda, L.; Agbossou, K.; Cardenas, A.; Henao, N.; Kelouwani, S. A comprehensive review of approaches to building occu-
pancy detection. Build. Environ. 2020, 180, 106966. https://doi.org/10.1016/j.buildenv.2020.106966.

Yin, R K. Case study research: Design and methods, revised edition. Appl. Soc. Res. Methods Ser. 1989, 5, 69-71.

Ishikawa, K. Group wide quality control. J. Qual. Particip. 1988, 11, 4-6.

Juran, ].M. Mode in USA: A Renoissonce in Quality. Harv. Bus. Rev. 1993, 72, 42-50.

Taguchi, G. Introduction to Quality Engineering: Designing Quality into Products and Processes; No. 658.562 T3; Asian Productivity
Organization: Tokyo, Japan, 1986.

Harvey, L. Green, D. Defining Quality. Assess. Eval. High. Educ. 1993, 18, 9-34. https://doi.org/10.1080/0260293930180102.
Peters, T.J.; Waterman, R.H. In search of excellence. Nurs. Adm. Q. 1984, 8, 85-86.

American Society for Quality Control. Chemical Division. Annual Technical Conference Transactions; American Society for
Quality Control: Milwaukee, WI, USA, 1974; Volume 28.

ISO Standard N° 8402:1994; Quality Management and Quality Assurance—Vocabulary. International Organization for Stand-
ardization: Geneva, Switzerland, 1994. Available online: https://www .iso.org/standard/20115.html(accessed on 4 September
2022).

Valls, A. Calidad y Satisfaccion del Cliente. 2007. Available online:
http://www .antoniovalls.com/pdf/Calidad %20y %20satisfacci%C3%B3n%20del %20cliente.pdf (accessed on 4 September 2022).
Crosby, P.B. Los Principios Absolutos del Liderazgo; No. 658.4/C94aE; Prentice-Hall: México, 1996.

ISO Standard No. 9000:2005; Quality Management Systems—Fundamentals and Vocabulary. International Organization for
Standardization: Geneva, Switzerland, 2005. Available online: https://www.iso.org/standard/42180.html (accessed on 4 Sep-
tember 2022).

Lee, S.; Jennrich, R. A study of algorithms for covariance structure analysis with specific comparisons using factor analysis.
Psychometrika 1979, 44, 99-113. https://doi.org/10.1007/BF02294078.




