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Abstract

Purpose — User-centred intelligent buildings (IBs) should respond to users’ needs holistically and the
demand for end user applications is steadily growing. The purpose of this study is to answer: What are end
user applications, what should they be called, and what are their key features?
Design/methodology/approach — This is a mixed-method study. The authors have used different data
sources, such as online research and interviews. In data processing, the authors have used word counting and
Latent Dirichlet Allocation topic modeling.

Findings — These end user applications can provide the missing user-centered elements of IBs. The authors have
found that “smart workplace solution” (SWS) is the best term to describe these applications, and they also describe
the key features, which include booking, showing free spaces, occupancy tracking, wayfinding and searching.
Research limitations/implications — As the end user applications are constantly and rapidly evolving,
the latest evolving of such applications might not be covered. Furthermore, the authors have relied on
companies’ information as given.

Originality/value — IBs have emerged over 20 years ago, and these are the first solutions that can be
considered truly user-centered.
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1. Introduction

A wide variety of definitions for intelligent buildings (IBs) have been presented in the
literature (Dakheel ef al., 2020; Wong et al., 2005). They are also known as smart buildings
(SBs) (Buckman et al., 2014; Dakheel et al, 2020), but we have chosen to use the more
commonly used term in our references: intelligent building. IBs were originally termed as
“Intelligent” if they contained electronic enhancements (Omar, 2018). IBs present a new type
of technological architecture and an environment where new technological applications and
innovations can be deployed (Kroner, 1997). IBs use combinations of various technologies,
ranging from material technologies and electronics to artificial intelligence (Al)
(Apanaviciene et al., 2020, Jia et al., 2019). Furthermore, making buildings more intelligent is
a means of improving the sustainability and increasing the energy efficiency of buildings by
using new emerging technologies and innovations. This provides economic and ecological
benefits (Apanaviciene ef al., 2020; Ghaffarianhoseini ef al., 2017).

Over the past three decades, growing interest in IBs has led to the founding of both national
and international organizations (Kroner, 1997), as well as plans by the European Commission to
introduce legislation and a metric for classifying the intelligence or “smartness” of buildings
(Verbeke et al, 2020). For this purpose, the European Commission has developed, in
collaboration with European research organizations, the Smart Readiness Indicator (SRI)
(Verbeke et al., 2020). The SRI defines the “smartness” of buildings in terms of three metrics:

(1) energy efficiency;
(2) grid flexibility; and
(3) adaptation to users’ needs (Verbeke et al., 2020).

It is the importance of the latter, users’ needs, that is highlighted in this article. We have
chosen to use the SRI as the main guideline, because there are plans to transpose it into the
legislation of European Member States, although it is currently a voluntary scheme
(Verbeke et al., 2020).

Traditionally, IBs have focused on how technology can improve the operations of a
building instead of the impact of the IB on human occupants (Omar, 2018). IBs are typically
comprised of sensors, controllers and software related to alerts and fault detection, building
technical performance analysis and automation (Clements-Croome, 1997; Kroner, 1997).
From these foundations, IBs have gradually developed into interactive, dynamic and
responsive dwellings with multiple integrated features (Apanaviciene ef al., 2020; Ronka,
2019). Such buildings have evolved into a concept that is no longer just a building, but
something more, hence a prefix, such as “intelligent” or “smart”, is needed to properly
describe them and distinguish them from traditional buildings (Omar, 2018).

In the 1990s, Kroner (Kroner, 1997) redefined the IB in terms their “intelligence of
design”. Intelligent buildings need technology to be specified during the design stage that
enhances the functional needs of the building. They also need this technology to be used and
maintained correctly during the occupancy phase (Kroner, 1997). This introduces the
importance of intelligent building technology to facility management processes (Brochner
etal,2019).

It is already been recognized that IBs should enable the users to maximize their full
potential and to provide an adequate indoor environment or micro-climate (Aksoy and
Uzunogly, 2020; Horr et al., 2016; Mofidi and Akbari, 2017, 2020). Furthermore, users’
productivity and comfort should be maximized by IB solutions while still considering the
related operating costs (Aksoy and Uzunogly, 2020; Apanaviciene et al., 2020; Mofidi and
Akbari, 2016, 2020). The idea of the holistic nature of IBs has also emerged in literature
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(Abisuga et al., 2019; Himanen, 2004; Rawte, 2017). Nevertheless, the profound change for
IBs to become truly holistically human-centered is still under development.

In the SRI framework, the adaptation to users’ needs is defined in terms of four attributes:
comfort, convenience, promoting health and well-being, as well as the building’s ability to
provide information to occupants (ItO) (Verbeke et al,, 2020). Comfort refers to the occupants’
reactions to environmental conditions, such as the temperature, lighting and noise level.
Convenience is related to making occupants’ lives easier. Health and well-being concerns not
only maintain health and well-being but also promote and enhance it. The last attribute, ItO,
describes the information provided by the building regarding its functions and operation
(Verbeke et al,, 2020). The inclusion of convenience and ItO means that the SRI takes into
consideration aspects that have traditionally been overlooked or have received little attention.

In this paper, the aspects of IBs that we are interested in are the benefits, which can be
gained by humans as users (also known as occupants) of those buildings. As has been
discussed above, the previous studies in this field have primarily focused on the operational
performance of building components such as energy, security and indoor conditions. This is
covered by comfort and health and well-being in the adaptation to users’ needs sections of
the SRI.

The other elements of the SRI that are related to users’ needs, convenience and
information for users, are very different from the traditional focus of the field. The previous
engineering dominant approach has focused on making sure that the systems work
correctly and efficiently. They have aimed to make sure that there is for example adequate
lighting, drinkable water and suitable indoor temperatures. However, the concept of making
the lives of the occupants easier has not been adequately studied. Human capital has been
acknowledged and become of great value in recent decades, especially in the field of
knowledge work (Ronka, 2019). Companies are interested in intelligent building solutions
related to helping occupants rather than just ensuring that the building functions. In the
past, solutions that have aimed to improve productivity or employee performance has
focused on indoor conditions; however, there is a growing demand to go beyond this and to
focus on elements such as employee experience and happiness (Rénka, 2019). One key driver
for this is that in many knowledge organisations, costs related to staff are approximately
90% of total business operating costs (Alker et al., 2015). We intend to go beyond indoor
conditions and already known productivity-enhancing factors by introducing how to
overcome productivity-hindering factors and emphasize the experience side of IBs. Even the
Honeywell Smart Building Score considers productivity as one of the main aspects of IBs
(Honeywell International Middle East Ltd, 2016).

End user applications can help IBs to become more user-centered. For that reason, we
have studied these kinds of applications. We have aimed to answer to two questions: What
should these end user applications be called, and what are their most relevant features?

2. User-centered
We have chosen to use the term “user-centered” to describe the user benefit side of IBs. It is
the most common term in 80 relevant papers from highly regarded journals in the field of
real estate and building automation that we have studied. Other words describing the user
are “human” and “people”. Instead of “centered”, “centred”, “centric” and “oriented” are also
used. A total of 58% of the papers we have studied had the word “user” and 38% had
“centered”. A total of 80% had a hyphen in them and thus we have used the hyphenation as
well.

For a user to benefit from an IB, the IB concept should be further developed to ensure that
it will respond to the user’s needs (Apanaviciene et al., 2020). Such development has been an



important goal for today’s IBs (Aksoy and Uzunogly, 2020; Apanaviciene et al., 2020). This
article follows the approach of the SRI and the four attributes of user’s needs are comfort,
health and well-being, convenience and ItO and have found that the majority of the
development has focused on the first two attributes. To date, there has been a lack of
progress in improving the convenience and ItO attributes which aim to make IBs easy to use
and to save time for occupants (Rénka, 2019; Xu et al., 2019).

The development of IBs has traditionally focused on office buildings (Kroner, 1997), as will
this paper. The emergence and growth of knowledge work are transforming the built
environment to serve its needs (Kroner, 1997). Furthermore, companies seek to use the best
intellectual capital available as well as to nurture this investment. This is because intellectual
capital is often the source of inventions and innovations, which in turn brings economic benefits
to the company (Harter ef al, 2003; Ronka, 2019). The traditional user-centered approach does
make sense, as for knowledge workers to be as productive as possible, their personal well-being
and comfort preferences should be taken into consideration (Aksoy and Uzunogly, 2020;
Chwalbinska-Kusek et al, 2015; Clements-Croome, 2004;). Adaptive automation and the feeling
for higher personal control creates greater satisfaction amongst building users (Ahmadi-Karvigh
et al, 2019; Froufe et al, 2020; Leaman and Bordass, 1999). The digitalization of IBs has made it
possible to extend personal control of employees to other areas as well, which adds to the
convenience and reducing friction in the workplace (Rénka, 2019). The reduction of friction refers
to the elimination or decrease of productivity-hindering factors, which include extra
complications and the loss of time due to distractions and secondary work tasks, e.g. finding and
booking an appropriate meeting room (Clements-Croome, 2015; Haynes, 2007, 2008; Ronka,
2019). Thus, the reduction of friction adds to productivity (Clements-Croome, 2015; Haynes, 2007,
2008). In addition, IB technologies increase the value of buildings and produce lower costs of
operation and maintenance which enables them to be economically sustainable (Berawi ef al,
2017; Omar, 2018; Ronka, 2019). For these reasons, the importance and value of technologies and
services of IBs have become increasingly important in recent decades (Rénka, 2019; Tham, 2016).

However, we need to go beyond the traditional user-centered approach and to also focus on
convenience and ItO. This is especially true concerning office buildings where knowledge work
is done and staff costs are a high percentage of total operating costs (Alker et al.,, 2015). To help
companies to nurture their employees, new technology solutions such as end user applications
has emerged following the evolution Internet of Things (IoT) solutions and smartphones (Dong
et al, 2019; Miorandi et al, 2012). Holistic solutions are needed to increase users’ well-being and
health and this includes the management of the IB, the services provided in it and the end user
applications (Apanaviciene ef al, 2020; Obrecht et al, 2019). Furthermore, these end user
applications make users’ lives easier (Apanaviciene et al, 2020). They help employees work-life
by increasing convenience factors, reducing friction and providing more efficient use of time,
which further benefits companies economically and ecologically (Haynes, 2007, 2008; Ronka,
2019). In addition, end user applications promote employee engagement and support the
workplace culture by improving workplace experience, which in turn promote co-operation and
togetherness for the benefit of the company (Harter et al, 2003; Ronka, 2019). The end user
applications also fulfil the employee’s desire to have an individualized workplace (Barrett and
Barrett, 2010). The balance between social and solitary work is vital for employee’s well-being
(Heerwagen et al., 2004) and end user applications can support this. Well-being can also refer to
mental health and happiness (Clements-Croome, 2015), and the increase of well-being is one of
the main goals of end user applications. Thus, they enlarge the concept of IB and provide new
business possibilities. Hence, a vast amount of end user applications providing such services
have emerged in a short amount of time. For this paper, we have studied such applications and
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Table 1.
Keywords for online
research

chosen the 33 most relevant applications for further consideration. The goal is to finally end the
debate on what those applications should be called and what are their main features.

3. Methodology

Our research is based on two research questions: what should these end user applications be
called and what are their most common features? We have used mixed methods approach
which combines quantitative and qualitative methods in our research. Our approach utilized
online research, non-probability and snowball sampling to find the most relevant solutions.
In our online research, we have used pre-selected keywords and their combinations while
using Google as our search engine. We have also conducted research interviews.

The first step was to search for the existing IB solutions that were focused on end users
and could be described as end user applications in the context of IBs. The online research
used specific keyword criteria for our non-probability sampling. Those were broken down
into three different groups (Table 1). The first group included adjectives describing
smartness: smart and intelligent. Words in the second group described the physical place:
office, facility management and building. Our main focus was on office buildings, but also
facility management companies have created similar applications, so we included them as
well. We focused on office buildings as end user applications are closely related to
improving employee performance and user satisfaction. The combination of these elements
is well suited to office buildings. As mentioned above, costs related to staff are
approximately 90% of total business operating costs for knowledge organizations (Alker
et al., 2015). The third group was about the application: application, mobile application, app,
mobile app. The online research was done by combining words from all of the groups 1-3.

To a comprehensive list of solutions we also used snowball sampling in our research by
asking our interviewees to provide the names of their closest competitors. Furthermore, when we
found a solution that met our criteria, we searched for companies that described themselves in the
same way. After finding the most relevant companies, we collected comparable data from their
websites and we also conducted interviews to get an in-depth understanding of applications.

In all, three in-depth interviews were conducted. The interviewed companies were District
Technologies, Rapal and Haltian Emphatic Building. All of the interviewed companies
presented different industry categories to get a wider range of companies. District Technologies
are concerned with community management and engagement, Rapal focus on facilities
management software and Haltian is mostly concerned with employee experience. District
Technologies are from the UK and the other two companies are from Finland. All of the
interviews consisted of the same questions. There were two sets of questions: open and binary
“yes” or “no” questions. The open questions were related to the background of the interviewee,
the background of the company and how they descried their solution. The binary questions
were related to the features that were included in the solution.

We aimed to determine what these emerging group of solutions should be called and to
uncover their most common features. A simple framework illustrating the methodology can
be seen below (Figure 1).

Group 1 2 3
Keywords Intelligent, Office, Application,
Smart Office building, Mobile application,
Building, App,

Facility management Mobile app
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3.1 RQ1: What should these end user applications be called?

The end user application providers describe their products in their websites and documents.
For that reason, we collected their short marketing slogans as they encapsulate the products.
Furthermore, we collected slightly longer marketing description (MD) to get more in-depth
descriptions than shorter slogans. In addition to slogans, MDs offered a wider selection and
a more comprehensive database of most commonly used words describing them. All of the
slogans and MDs were collected from chosen companies’ websites as they were in May 2020.

The occurrence of words in slogans and MDs were arranged into four groups. In the first
group is the occurrence of words in slogans and in the second group the occurrence in MDs.
Furthermore, two other groups have been created. The third group considers the occurrence
of words in both slogans and MDs. The last group consists of the occurrence of words in
either slogans or MDs. In all of the four groups are the number as well as the percentage of
companies having those words in slogans and/or MDs.

The companies commonly used a combination of three words to describe applications
themselves and thus our name is also a three-word term. The first word-set, which is an
adjective, is needed to describe the application and its smartness. The second word-set
describes the place where the SWS is used, e.g. office. The third word-set describes the
technology itself, e.g. application. Furthermore, we collected a random set of words, which were
seen as relevant in LDA topic modeling (Table 2). We organized the most relevant words in the
topic modeling style explained later on to already mentioned word sets (Table 2).

Adjective Subjective Technology Random

Smart, Workplace, Platform, Experience,

Better Office, Solution, Management,
Space, App, Employee,
Workspace, Technology Meeting,

Building Visitor
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After collecting the slogans and the MDs of all the companies, we studied the prevalence of
different words in slogans and MDs and we organized them to find out the synonyms.
Furthermore, we used the Latent Dirichlet Allocation (LDA) topic modeling to determine the
most suitable term for the end user applications. It is a generative probabilistic model, which
is used to find the most relevant topics from text documents (Blei et al., 2003). For the coding,
Python language was used. By combining the prevalence of different synonyms, topic
modeling and eliminating the synonyms, we concluded on the most suitable way to describe
end user applications.

3.2 RQ2: What are the most common features of these application?

Binary questions, with answers “yes” or “no”, were used to analyse the companies that were
included in this research. Most of the data were collected from companies’ Webpages, which
provided information about what was included in their end user applications and how they
worked. In three cases, information was confirmed by interviews. Answers to those binary
questions were collected to a single Excel file. Overall, 36 smart features were identified.
Those are as follows: booking, free spaces, occupancy, wayfinding, search box,
unattendance, incident reporting, people flow, calendar sync, indoor environment quality
(IEQ), equipment, hospitality, building performance, room displays, asset tracking, space
releasing, IEQ remote control, digital keys, IEQ feedback, lunch menu, financial
performance, parking spaces, scheduling assistance, event information, room service,
wellness analytics, parking analytics, personal layout, work time, concierge service,
property management, cleaning management, maintenance planning, service quality,
payment possibility and lunch queue. The final check of the Excel data was done in May
2020 and is based on the information that was available then.

4. Results

4.1 Results from the slogans and short descriptions

From our study of word prevalence in slogans and MDs, we collected the data to an Excel
file. The most relevant results are in Table 3. Both irrelevant and most of the words, which
had the occurrence of less than 5% of companies’ slogans and MDs, were left out.
Exceptions are the words, which were relevant in collecting synonyms describing the end
user applications. In addition, inflected forms, e.g. unit and plural forms, of the same words
were combined to avoid overlaps.

The results from the word occurrences in slogans and MDs and LDA modeling of word
sets (Figure 2) are based on most common words in slogans and MDs. The results are based
on actual word occurrences, as LDA topic modeling is based on the probabilities of
occurrence of words rather than exact percentages of occurrence (Blei et al, 2003).
Nevertheless, LDA topic modeling helped us to identify which words were the most
appropriate in each word set. In addition, it serves as a visual presentation of our research
results. For the adjective “smart” was most probable, for the adjective “workplace” and for
the technology “solution”. From those, we concluded that the best term to describe the end
user application is “smart workplace solution”(SWS), which is the answer to the first
research question. As was our aim, we have found a suitable term to describe the end user
applications. It can be seen in the word cloud created by LDA topic modelling (Figure 2).

4.2 Results from the binary questions

We have divided the results of 36 “yes” or “no” questions into different layers of features
based on the frequency of their occurrence. The most relevant features make up the core.
After that comes layers 1, 2 and 3 (Figure 3). The rest of the features are not included due to



Short
Words and word Slogans descriptions Both Either
combinations N (%) N (%) N (%) N (%)
Space type
workplace/-s 14 424 19 57.6 10 30.3 23 69.70
office/-s 8 24.2 15 455 7 21.2 16 4848
room/-s 1 3.0 16 485 1 3.0 16 4848
workspace/-s 3 9.1 13 39.4 3 9.1 13 39.39
building/-s 3 9.1 10 30.3 3 9.1 10 30.30
Words describing the user
employee/-s 6 182 17 515 5 152 18 54.55
Technology words
solution/-s 4 121 9 273 2 6.1 11 33.33
app/-s/-lication/-s 3 9.1 10 30.3 3 9.1 10 30.30
Adjectives
smart/-er 9 27.3 17 515 6 182 20 60.61
mobile 1 3.0 10 30.3 1 3.0 10 30.30
Miscellaneous words
work/-ing 21 63.6 29 879 20 60.6 30 90.91
your 6 18.2 22 66.7 4 12.1 24 72.73
experience/-s 8 24.2 13 39.4 5 152 16 4848
meeting 2 6.1 14 424 2 6.1 14
help/-s/-ing/-ful 2 6.1 10 30.3 0 0.0 12 36.36
productivity/-ive 0 0.0 11 33.3 0 0.0 11 33.33
management 6 18.2 5 15.2 1 3.0 10 30.30
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their minimal occurrence in the SWSs that have been studied. We have added the features,
that were present in at least 75% of the companies to the core. There are five of them and
they are booking, free spaces, occupancy, wayfinding and search box (Figure 3). The next
five features, which are present in at least 45% of companies are included in the first layer.
They are unattendance, incident reporting, people flow, calendar sync and IEQ (Figure 3).
The second layer also has six features, which are: equipment, hospitality, building
performance, room displays, asset tracking and space releasing (Figure 3). The rest of the
features are included in the third layer.

The core features require a deeper examination as they are the main answer to the second
research question. Booking refers to a user interface (UI) where office users can book a desk
or a room. Free spaces mean that the availability of spaces, whether rooms or desks, are
shown in real-time. Occupancy concerns real-time occupancy data and analytics aimed at
managers. Wayfinding refers both to indoor navigation and other kinds of wayfinding
features in UL. Wayfinding is also known as indoor localization (Deak et al, 2012; Jia et al.,
2019). We have chosen to use wayfinding as it is a more common term based on our
collection of slogans and MDs. The search box in the Ul is meant for searching for the
location of rooms and people.

Our second aim of this study was to find out, which are the most relevant features in the
SWSs. We also achieved this goal as we have got clear results, which are the core features of
SWSs, and what other kind of features are quite common in SWSs as described when
discussing other layers.
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5. Discussion

The concept of user-centered IBs is evolving and there are two distinct focus areas. Using
the categories of the SRI, we see that one focus area follows the traditional approach which
is mostly concerned with comfort and health and well-being and an emerging approach
concerned with convenience and ItO (Verbeke et al, 2020). Convenience and ItO have
received relatively little attention and this article aims to shine more light on them. This way
IBs can move further away from the engineering dominant approach towards a more
balanced approach that balances operational performance and user-centered.

The core features, and thus the most important, of the SWS’s are those that appear most
frequently across the applications offered by the 33 different companies. These features are
related to how the users interact with spaces and include: searching, showing free spaces,
wayfinding, booking and reporting the space efficiency. Hence, it could be said that the
“smartness” of workplaces is to make life easier for employees in terms of key friction
effects, which include space booking and wayfinding. Workplace friction refers to
productivity-hindering factors, which include extra complications and the loss of time due to
distractions and secondary work tasks. The SWS features commonly relate to saving time
by quickly finding a suitable space, navigating to the place you need to be and not being lost
and finding colleagues. The features go beyond traditional elements such as comfort and
user satisfaction (Kwon and Remay, 2019). They highlight the convenience and ItO aspects
of SWSs, which have been traditionally overlooked in IBs, by being easy to use and saving
time for occupants (Ronka, 2019; Xu et al., 2019). Indeed, SWSs expand the concept of IB to
be all inclusive. Furthermore, a smart space booking system with wayfinding allows the
reduction of space and costs in organizations without compromising user’s well-being
(Dooley, 2017), and thus adds a bonus layer to the user-centered aspect of the IBs.

There were relevant findings regarding the occurrence of specific words in slogans and
MDs. As space booking is relevant to meeting arrangements, it is no surprise that the word
“meeting” is used in 42.42% of SWS slogans and MDs. SWSs help employees in their
everyday work life (Apanaviciene ef al., 2020; Ronka, 2019), and the word “help” is present in
36.36% of slogans and MDs and the word “work” in 90.91%. That emphasizes the
importance of convenience and ItO. It is surprising that words “booking”, “efficiency”,
“wayfinding” and “navigation” are present in less than one quarter of slogans and MDs per
cents being 24.24%, 21.21%, 15.15% and 9.09% even though they are words describing the
most relevant features of SWSs. Furthermore, “management” is used in 30.30% of SWS
slogans and MDs, which is no surprise as SWSs serve management as well as users
(Apanaviciene et al., 2020; Omar, 2018; Xu et al., 2019).

Based on our study, it is clear that SWSs are predominately software solutions and less
focused on traditional elements hardware components or measuring the indoor climate. For
example, the abbreviation “IoT” is present in 27.27% of slogans and MDs, but the word
“sensor” is present only in 15.15% and “device” in 12.12%. Furthermore, words relevant to
the indoor climate e.g. “heating” and “lighting” are present only in 6.06% of slogans and
MDs.

There were additional findings regarding the most common words in slogans and MDs.
The word “your” was present in 72.73% of slogans and MDs and “experience” in 48,48 %. It
supports the notion that SWSs are about the personal experience (Apanaviciene ef al., 2020,
Ronka, 2019); and not just about comfort, health and well-being, which have traditionally
implied to physical aspects instead of mental. Furthermore, the words “help” and
“productivity” are common as they are in 33.33% of slogans and MDs. Especially “help”
refers to convenience. As those words imply, SWSs object is to help employees to be more
productive while present in their workplace (Apanaviciene et al, 2020; Ronka, 2019), and

Smart
workplace
solutions

49




F
40,15/16

50

that happens by adding to convenience and ItO. Thus, it was surprising that the word “user-
friendly” was present only in 6.06% of slogans and MDs and “human-centric” in 3.03%.
Furthermore, other forms of the same meaning terms were not present at all, including the
most relevant term “user-centered”. A notable increase in their use in the future would be a
logical continuation of the current trend.

We suggest that companies providing SWSs would start to use the term “user-centered”
or similar terms with the same meaning in their solution descriptions. Furthermore, we
highly recommend that all of the key features would be present in the SWSs or if lacking,
would be added to the solutions for them to stay relevant and to stay in the market. In our
view, first SWS companies to seize these proposals may potentially gain an advantage to
remain in the market as competitors are eliminated. As personalized indoor environments
are part of the future IBs (Wang et al, 2017), we believe, that SWSs are here to stay and are a
productive business. That adds to the importance of this study.

6. Conclusions

Despite all of the development that has occurred in the field of IBs, user-centered solutions
have been largely neglected. Traditional focus areas have been comfort, health and well-
being, but convenience and ItO have not been sufficiently covered. In this paper, we have
introduced SWSs to the scientific literature which help to fill that gap. They have the
potential to dramatically enhance the user-centricity of IBs, especially by adding to the
missing focus areas. SWSs are paving the road to the future as they add those increasingly
user-centered elements to IBs as well as social elements. Comfort and health and well-being
are embedded in the traditional engineering dominant approach. They relate to keeping
people warm, to having enough light or air for ventilation. SWS bring user-centered features
that are furthest from the traditional path of IB development and focus on being easy to use
and making life in the office building convenient by saving time, helping employees to avoid
getting lost and finding their colleagues. Building managers can also analyse which spaces
and desks are most popular and use the data to remove unpopular spaces and replace them
with ones that are more in demand. This might mean for example, reducing the number of
10 person meeting rooms and increasing the number of phone booths or small two-person
meeting rooms. This is also a user-centered approach as the managers use the data from the
SWS to co-create the space offering with the employees using the space.

This study had two parts. The first part was to find out how to describe SWSs. The
second was to conclude, which features are most relevant in SWSs. Our results were derived
from various descriptions and data of the most relevant features of the SWSs. From the
descriptions by using word count and LDA topic modeling we found the term “smart
workplace solution” as the best way to describe SWSs. The most relevant features of SWSs
are as follows: booking meetings and spaces; finding free spaces; occupancy data and
analytics; wayfinding (or indoor navigation); and a search box for spaces, tools, people, etc.
Those features emphasize the importance of the missing focus areas concerning IBs thus
filling a gap and making IBs holistically user-centered. It highlights the importance of our
study.

In this paper, we have defined SWSs, including what they should be called and most
common features. It finally ends the debate of terminology and gives a clear answer to what
these end user applications for indoor working environments should be called. Furthermore,
our study shows the industry what features are most relevant in SWSs because they are the
most common features and appear in at least 75% of the applications offered by the 33
companies studied. It helps the development of SWSs and helps companies to choose, which



kind of SWS they should use to stay at the forefront of user-centered IBs. Our study lays the
foundation for how user-centered future workplaces are.

We acknowledge that these kinds of state-of-the-art solutions are primarily relevant in
developed countries. The other limitation of this study is that there is a limit to the amount
of SWSs that we have covered. More of them could be found. Furthermore, the field is
constantly and rapidly developing, and the latest upgrades have not been taken into
consideration. SWSs have been used to show practical and real world examples of human
centered smart building technologies. Further research is needed to adequately explore this
phenomenon of human centered SBs and how it is compares to the previous engineering
dominant approach which focused primarily on operational performance of building. This
article uses the SRI as an IB reference which discusses user-centered elements in detail, but a
more detailed review of IB features that range from the traditional to convenience and ease
of use would be of benefit. Another element of further study is related to health and well-
being. This study discusses health and well-being in the context of IBs as defined by the
SRI. This definition of health and well-being is mostly concerned with physical health and
well-being and future studies should also consider the mental and social components of
workplace well-being.
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