
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tasr20

Architectural Science Review

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tasr20

State of XR research in architecture with focus
on professional practice – a systematic literature
review

Adeline Stals & Luisa Caldas

To cite this article: Adeline Stals & Luisa Caldas (2020): State of XR research in architecture with
focus on professional practice – a systematic literature review, Architectural Science Review, DOI:
10.1080/00038628.2020.1838258

To link to this article:  https://doi.org/10.1080/00038628.2020.1838258

Published online: 20 Nov 2020.

Submit your article to this journal 

Article views: 63

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tasr20
https://www.tandfonline.com/loi/tasr20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00038628.2020.1838258
https://doi.org/10.1080/00038628.2020.1838258
https://www.tandfonline.com/action/authorSubmission?journalCode=tasr20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tasr20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00038628.2020.1838258
https://www.tandfonline.com/doi/mlt/10.1080/00038628.2020.1838258
http://crossmark.crossref.org/dialog/?doi=10.1080/00038628.2020.1838258&domain=pdf&date_stamp=2020-11-20
http://crossmark.crossref.org/dialog/?doi=10.1080/00038628.2020.1838258&domain=pdf&date_stamp=2020-11-20


ARCHITECTURAL SCIENCE REVIEW
https://doi.org/10.1080/00038628.2020.1838258

State of XR research in architecture with focus on professional practice – a systematic
literature review

Adeline Stals and Luisa Caldas

College of Environmental Design, University of California, Berkeley, CA, USA

ABSTRACT
Immersive technologies are not only gaining popularity in various fields but are also heralded as the obvi-
ous next step in architectural practice. Now that almost five years have passed since the release of more
accurate and affordable headsets, a review focusing on immersive technology applications in the architec-
tural field is needed to reflect the current fields investigated. This systematic literature review discusses the
sample used in the 201 selected studies about immersive technologies published from 2015 to 2019. The
study identifies gaps in the current literature. The results highlight that professional architects are almost
never queried in searches conducted over the past five years in the selected database. It unveils the neces-
sity to take into consideration the context of studies in order to develop tools truly dedicated to the real
practices of professional architects. This paper constitutes a reference for further researches by facilitating
their contextualization within the research landscape.
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Introduction

Immersive technologies have been improved in terms of vari-
ety, display resolution, sensors accuracy and at the same time
have becomemore affordable. Due to the successful implemen-
tation of these technologies across various sectors, including
the aviation, medicine, military for example (Wang and Dun-
ston 2007; Jeelani, Han, and Albert 2017; Krakhofer and Kaf-
tan 2015), researchers have started to analyse the interest for
the AEC industry (Greenwood et al. 2008; Cheng, Chen, and
Chen 2020). The interest for onsite applications (Billinghurst and
Henrysson 2009), safety (Park et al. 2015; Moore and Gheisari
2019), facility management (Shi et al. 2016) have notably been
demonstrated.

New and more efficient tools are constantly being proposed
to architects. This evolution amplifies a technological wave
that sometimes stimulates them, sometimes overwhelms them,
depending essentially on their digital culture and the context
(socio-economic, structural, organizational) in which they work
on a daily basis (Bourbonnais 2014; Carpo 2017). This time, the
2013 release of the first Oculus Rift, followed by the more pop-
ular 2014 release of the Google Cardboard (Bell 2016), did not
passunnoticedby thearchitectural industry. These releaseshave
contributed to the growing popularity of immersive technology
in the field and even announced it as the obvious next step in
architectural practice.

Beyond these different approaches and the development of
new prototypes and methodologies, the potential implemen-
tation of these technologies in professional practice and there-
fore in the daily work of architects requires particular attention.

CONTACT Adeline Stals stalsade@gmail.com

Already ten years ago, Moloney opened up this question: ‘Per-
haps more importantly for design practice, how might these
technologies be implemented in a studio design environment?’
(Moloney 2009, 147).

Despite the current attention paid to immersive technology,
there is a lack of overview about the types of recent studies
that have been conducted, the conditions under which studies
have been undertaken, the challenges they address. The goal
of this paper is to review contemporary researches to explore
how immersive technologies are developed and tested in the
architectural design process. The review, therefore, identifies
gaps that will help contextualize future research. Such a con-
tribution can benefit both industry and academia to under-
stand the development requirements of immersive technolo-
gies for their successful long-term integration into architectural
practice.

In this sense, this work proposes an investigation about the
sample generally used in research about immersive technolo-
gies in architecture. To support our analysis, we present a sys-
tematic literature review on immersive technologies comprising
5 years of studies (2015–2019) from two types of databases
related to the architectural field. We determine eleven cate-
gories and classified the selected papers accordingly. Afterward,
we analyse and discuss the literature review in order to offer our
remarks about the importance of considering the sample used
in the methodology and discuss its influence on the results.

Before developing the core of the research, the next section
introduces the current context of immersive technologies and
highlights the research question.
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The implementation of immersive technologies in
architecture

Architectural design tools have evolved over the history of the
discipline, leading to the progressive transformation of archi-
tectural design practices (Schnabel 2004; Abdelhameed 2013).
While sketches and scale models are still up to date, they
have been accompanied by 2D drawing and 3D modelling soft-
ware. Nowadays, a new technological wave is underway mainly
through the development of Virtual Reality (VR) andAugmented
Reality (AR) devices.

While the development of VR took his start in 1960 with the
first head-mounted display invented by Morton Heilig, followed
by the Ultimate display by Ivan Sutherland in 1965, the inter-
est for immersive technologies took off in the 90s. The evolution
of representations in architecture until VR and the evolution of
first devices are well described by Bertol (1996). Since then, two
peaks of renewed interest in these technologies have occurred,
one at the beginning of the twenty-first century and, more
recently, since 2015, when the commercialization of affordable
headsets has made the opportunity to benefit from immersive
technologies more accessible (Heim 2017; Miltiadis 2015).

These evolutions are referred to the terms of VR (Virtual real-
ity), AR (Augmented Reality), and MR (Mixed Reality), generally
bring together under the term XR for Extended Reality. How-
ever, their differences are not always clearly defined (Hanaoka
et al. 2018; Moore and Gheisari 2019; Greenwood et al. 2008).
In order to better understand the distinction, we refer on defi-
nitions formulated by Milgram and his colleagues (Milgram and
Kishino 1994). We, therefore, group together under the term VR,
technologies in which the user is completely immersed in a fully
modelled world. AR is defined as an environment in which dig-
ital representations (e.g. texts, images, videos, virtual objects)
are superimposed on the physical world and ‘augment’ it. MR
is defined as a combination in which the virtual and the real
world are presented together. However, the concept of MR has
evolvedduring thepast twodecades. Theoriginal concept ofMR
proposed by Milgram focused solely on graphics, whereas MR
nowadays integrates different methods of human–computer
interaction, such as environmental input, sound or gestures
(Cheng, Chen, and Chen 2020). This evolution leads sometimes
to an ambiguous differentiation between AR and MR. Cheng
and his colleagues refer to the HoloLens released by Microsoft
to exemplify this ambiguity. The device is considered an MR
device, although its function is to superimpose virtual informa-
tion on the real world, which can be classified as AR according
to Milgram’s definition. In another paper describing immersive
devices, the HoloLens is this time considered as a VR devices
(Spaeth and Khali 2018).

Our focus is not on a technical point-of-view but rather on
the relevance of implementing new types of representation and
communication through immersive technologies in architec-
ture. Therefore, we do not deepen the explanations of these
three terms and we consider in this paper all the immersive
technologies developed for the architectural field. The term XR
technologies is used to describe the spectrum between VR, AR
and MR technologies.

These various immersive headsets offer different ways to
allow stakeholders to immerse themselves in 3D representations

of the design project. However, to interact and make changes
in these environments, some adjustments to workflows or even
the development of new ones are required (Sheldon et al. 2019).
In that regard, numerous researches report the growing inter-
est of these immersive tools in view of the new perspectives
they open up in terms of representation (O’Hare et al. 2018;
Schnabel et al. 2001; Caldas and Keshavarzi 2019), collaboration
(Dorta et al. 2019), non-expert users involvement (Kwiecinski,
Markusiewicz, and Pasternak 2017) to name but a few of the
ongoing challenges.

Researches showavariety of possible uses anddevelopments
to accompany designers in their architectural design process.
In parallel with the development of advanced devices, their
implementation in architecture firms needs attention.

We formulate our research question in this sense: Does
research on XR technology take into account feedback from
professional architects? The next section is dedicated to the
methodology applied to address the research question of this
paper.

Methodology

In order to answer the research question raised and identify par-
ticipants’ profiles in recent studies about XR technologies, we
have established a strict protocol for the search and appraisal of
the literature. The choice for a systematic literature reviewallows
to deal with the large number of sources, adopt a methodology
that is replicable, transparent, objective, and rigorous (Boell and
Cecez-Kecmanovic 2015; Snyder 2019).

Our dataset was built using a three-step process: (1) literature
search, (2) systematic selection, and (3) classification.

We have firstly conducted an exploratory research in order to
define the architectural reference databases. In the second step,
wehaveestablished two filters, a timeframeand somekeywords,
to constrain the search results in databases. Finally, authors have
defined categories to organize the papers selected.

Literature search

In order to find the appropriate literature, the review is based
on the combination of two sources of publications dedicated to
architectural content.

The first one is the Cumincad (Cumulative Index of Computer
Aided Architectural Design) database which records publica-
tions from conferences exclusively about digital in architecture.
This database records publications from the conferences ACA-
DIA, CAADFutures, CAADRIA, eCAADe, SIGRADI. The number of
publications selected (n = 181) shows the relevance of using
this database as a starting point (Table 1).

Additionally to Cumincad, the second part of the corpus is
basedon journals publications. Journals havebeen selected con-
sidering their ranking on Scimago (consulted on 9 December
2019). We have considered journals in the predefined subject
category ‘architecture’. This topic covers journals about engi-
neering (structures, geotechnics, energy simulation, etc.), urban
planning, architectural heritage, without a specific focus on the
architectural design process itself. Therefore, among the jour-
nals in Quartile 1 for 2018 (last updated when consulted), we
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Table 1. Selected publications per database and their representativeness (in
percent).

Name of database

Number of
selected

publications
Percentage

representativeness

Cumincad 181 90.05%
Design Studies 2
CoDesign 1
Architectural Science Review 1
Frontiers of Architectural Research 1 9.95%
Archnet-IJAR 10
IJAC 5
Total 201 100%

have retained those that are more related to the architectural
design process: Design Studies, CoDesign, Architectural Science
Review, Frontiers of Architectural Research and Archnet-IJAR.
Beside those journals, IJAC (International Journal of Architectural
Computing), which is not classified in the ‘architecture’ cate-
gory on Scimago, is selected by authors for its adequacy with
architecture and digital.

Systematic selection

While studies generally focus on a specific type of immer-
sive device, our objective is to consider a wide diversity of
immersive technologies. The review is based on this consider-
ation to reflect any investigation of immersive technologies into

Figure 1. Systematic selection of the papers constituting our dataset.

the professional architectural practice and related in scientific
publications.

Therefore, for all requests, the search terms usedwere ‘virtual
reality’, ‘augmented reality’ and ‘mixed reality’ in the title and/or
keywords. These requests have been done through the website
of each database.

After the keywords, the next filter applied restricts the pub-
lication date. The review takes into account articles published
between 2015 and 2019 (included). This limited timeframe is
defined considering the fast evolution of these technologies in
recent years and corresponds to the third wave of immersive
technologies that has made its implementation both viable and
worthwhile (Heim 2017; Miltiadis 2015).

Therefore, out of the969papers identified throughCumincad
and six architectural journals, papers occurring in two categories
were removed once. We then screened the papers to select the
ones meeting our inclusion criteria: full-text accessible, written
in English, in the scope of at least one immersive technology
(Figure 1). Accordingly, the systematic review covers 201 con-
temporary publications (full data are available on demand to
authors).

Literature classification

The literature review is framed by a systematic examination of
every article. In order to classify the selected papers, we went
through each one and looked at the methodology used and
more precisely at the sample of participants when available.
We have defined eleven categories corresponding to different
methods and samples (see Figure 2). Each paper has then been
attached tooneof theeleven categories. This section clarifies the
meaning of each one.

In order to answer our research question on the con-
sideration of architects in VR research, we have based our
segmentation on participant’ profiles. To provide an even
more detailed overview of the types of research conducted
and the objective pursued, we have established three cate-
gories which are named ‘prototype’, ‘experiment’ and ‘the-
oretical approach’. We differentiate the two first based on
the fact that the prototype includes the development phase
of a method, an interface or the interoperability between
two existing software for example. The experiment category
refers more to the analysis of a situation, collecting feedback

Figure 2. Relations between the three categories and the seven subcategories defined to classify each paper.
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on a technology already developed and tested in a defined
environment.

For each of these two categories, we have defined four sub-
categories based on the participant profiles. The segmentation
on participant profiles was derived from an analysis by Rogers
andSchnabel (2018). They argue that findings arenotnecessarily
transposable from one context to another and highlight in par-
ticular the difference between findings in the professional archi-
tectural practice and the educational environment. Two other
categories defined by authors complete this panel to reflect the
diversity of profiles that emerge fromthe selectedarticles. There-
fore, we have established the following subcategories: academic
context, architects, other profiles, undefined or incomplete pro-
tocol.

As a prototype can be tested or only developed and
described, we have established one more subcategory, namely
‘interface, method’. This subcategory ‘interface, method’ means
that researchers explain the development of the project from a
technological and technical point of view and assume that no
test phase has been carried out at this stage. The research devel-
oped by Miltiadis (2015) exemplify this category. He has devel-
oped a wireless, multi-user and easily deployable augmented
reality application that offers full body immersion through body,
head and hand tracking.

We describe and exemplify the four common subcategories
between the ‘prototype’ and ‘experiment’ categories:

• The academic context is defined by studies for which par-
ticipants are students. An example is the development of a
hybrid augmented reality platform to evaluate the possibili-
ties and limitations of the fabrication, in real time and as part
of the design (Poustinchi 2018). The researcher has tested
the interfacewith volunteer students at Kent State University,
College of Architecture and Environmental Design, to use the
system during the early stages of their own design project;

• Some studies collect feedback from professional architects.
An example of prototype tested by architects has beenmade
by Leman and his colleagues (Figen Gul and Halici 2016) to
understand the key elements of the interaction of architects
with the developed interface;

• Architects are not the only actors involved in an architectural
project. Therefore, some researchers focus on enhancing col-
laboration and integrating other profiles such as end-users.
The case of citizens can be illustrated by the study conducted
by Farinea, Markopoulou, and Sollazzo (2017) which focuses
on fostering their participation in an urban design process;

• Byundefinedor incompleteprotocol,wemeaneither that the
protocol is not explained andwe cannot know themethodol-
ogy used, or that it is incomplete in the sense that the partici-
pant profiles are not enough described. Information aremiss-
ing such as the background of participants involved in the
research, their affinity with the technology being tested, etc.
An example considered as an undefined or incomplete pro-
tocol is the recent study by Moloney et al. (2019). They have
developed an immersive VR environment and an AR applica-
tion to compare their relevance for pre-occupancy evaluation
at the early stages of architectural design. The prototypes
are implemented for the simulation of a typical commercial
office environment. Researchers have undertaken trials with

people they refer to as users. This information is not complete
enough to understand their area of expertise, whether or not
they have different profiles, for example.

Finally, beside the ‘prototype’ and ‘experiment’ categories,
we have defined a third main category under the name of ‘theo-
retical approach’. This category encompasses researches based
on a more fundamental reflection. We have identified literature
reviews or considerations such as formulated by Lescop, Suner,
andDeNantes (2018) under the question: ‘do digital tools renew
the design paradigms, or are we only involved in the evolu-
tion of practices through the integration of othermeans?’. These
authors base their purpose on fifteen years of pedagogy going
from digital drawing to virtual reality learning, without losing
sight that the subject of students’ work is the project and not
the tool.

Since some statements have been made about the impacts
of immersive environments in architecture, this categorization
basedonparticipant profiles supports our goal of identifying the
context from which these findings are drawn. It then makes it
possible to question more specifically how professional archi-
tects are taken into account in scientific architectural research
on immersive environments.

The categories being explained, we present and discuss the
results of this literature review in the following section and
present an up-to-date overview of XR research for architecture.

Results

The 201 studies identified through the literature selection pro-
cess are first presented in terms of distribution such as year,
sources of publication or authorship.We thenpresent the results
of the sample classification.

Publications distribution

Papers were selected from two different types of databases
which are CuminCad, referencing conference publications, and
six architectural journals. Table 1 lists the databases used and
the number of papers selected for each of them. The distribution
of publications indicates that most VR-AR-MR researches have
been published in conferences (90.05%) rather than in journals
(9.95%) over the last five years. Among the journals, Archnet-
IJAR has the highest number of publications with 10 papers. On
the contrary, Architectural Science Review is one of the three
journals selectedwith a single publication in the field of XR tech-
nologies between 2015 and 2019. For ASR journal, we have to
go back to 1998 to find a paper on the subject. We can therefore
consider XR technologies as an untapped field in ASR.

These 200 publications were written by a fairly wide variety
of authors. Four names stand out with at least ten publications.
Tomohiro Fukuda has published 17 papers which are almost
all co-written with Nobuyoshi Yabuki who is the second most
frequent author (14 papers). Both of them are from the Osaka
University, Japan and have developed a focus on urban scale.
Marc Aurel Schnabel counts 11 publications, co-written with
Tane Moleta (10 papers). They are from Victoria University of
Wellington, New Zeeland. The representation of these authors
constitutes 13.9% of the selected publications of this review.
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Figure 3. Numberofpublications inCumincaddatabaseandarchitectural journals
selected between 2015 and 2019.

We then organize the publications within their correspond-
ing year range. Research publication is globally increasing over
the period range from 2015 to 2019 (Figure 3). While we can
observe a significant increase between 2016 and 2018 for con-
ference publications, the number of publications in journals is
quite stable with amaximum in 2017. We discuss these trends in
the Discussion section.

Related research samples

The selected publications were then classified according to the
methodology applied and the sample of participants who took
part in the study. Table 2 shows thepercentageof representation
of each category.

The first observation is that the development of prototype
represents more than half of the selected publications (53.73%).
The secondprevailing category is experiment (35.32%), followed
by the theoretical approach (10.95%).

We can then take a closer look at the sample of participants. In
the prototype category, 34.33%of articles described a new inter-
faceormethodwhile 19.40%ofpapers also reveal the first results
of a user test. In this fifth of articles, the researchers rely more on
the academic context (7.96%), followed by incomplete protocol
(5.47%), thenother profiles (3.98%) and finally architects (1.99%).

For the experiment category, the main representative cate-
gory is also the academic context (17.91%), followed this time
by other profiles (9.95%) and incomplete protocol (7.46%), with
zero study based on architects’ feedback.

Therefore, the threemajor axes of research development are:
development of technologies such as new interfaces or meth-
ods; experiments in a controlled academic context tested on
architecture students; experiments on other profiles such as
end-users.

In order to clearly visualize the trend of the samples gener-
ally used in the last five years of research, we exclusively look at
the participant profiles merging the prototype and experiment
categories (Figure 4). The graph illustrates that researchers rely
more on the academic context with students when testing new
or existing immersive technologies. It also highlights the low
rate of feedback from professional architects compared to other
categories. Ta
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Figure 4. Representativeness of research sample, prototype and experiment cat-
egories merged.

Less than 2%of the 201 selected studies for the architects cat-
egory means that only four papers reports architects’ feedback.
As our research interest is focused on immersive technology
in the professional practice, we summarize in Table 3 the four
related researches identified in our selection.

These four studies report the development of a tool improv-
ing the communication between the architects themselves or
with other profiles such as the engineers or the clients.

The following section discusses considerations that may
affect the results of this systematic literature review and iden-
tifies existing gaps in the current literature.

Discussion

The results of our review put light on the current gap in XR
research. Researches on theAEC sector are solving issues outside
the scope of architects and are generally focusing on a specific
immersive technology. For example, a literature review focus-
ing on MR technology in the AEC industry is based on papers
published in journals until 2018 (Cheng, Chen, and Chen 2020).
However, of the 32 journals in the database, there is no journal
devoted to the architectural field. Another study conducted in
2008 (Greenwood et al. 2008), analyses the use of virtual reality
within the building industries in four countries (China, Sweden,
the U.K. and the U.S.). The aims of the research were to assess
VR usage and its benefits within the building industries of these
countries and to identify perceived barriers to VR usage and
ways of overcoming them. Authors have specifically selected
large building companies and no architects have been inter-
viewedduring theprocess. These observations point to theneed
for a state-of-the-art review focusing on XR technology applica-
tions in the architecture field to reflect the current status of XR
implementation.

Through a systematic literature review, the paper, there-
fore, provides a thorough analysis of contemporary publications
related to immersive technologies in architecture, VR, AR, MR
considered, and illustrates the current research trends over the
past five years.

The release ofmore affordable and accurate devices between
2013and2015 correspondswith the increaseof publications few
years later as shown in Figure 3. This trend is also observed in a
recent study focusing on CAADRIA publications over the past 25
years (Herr 2020).

Another study (Cerovsek and Martens 2020) analysing
CAADRIA publications shows that immersive environments is
one of the most studied subjects among other digital topics,
mainly through the three keywords ‘virtual reality’, ‘augmented
reality’, ‘mixed reality’. At the same time, the low number of pub-
lications in journals and in particular in Architectural Science
Review shows the importance of addressing this field of research
in depth and therefore publishing accurate results in journals.

These two recent CAADRIA publications (Cerovsek and
Martens 2020; Herr 2020) focus on keywords, highlighting
the most frequently discussed topics. The particularity of our
research is to lookat the context of research. By this specific focus
among recent publications about XR technologies, we highlight
the high percentage of prototypes, and moreover the high per-
centage of the interface/method category, compared to exper-
iments. These trends show that most of the publications relate
on new developments, sometimes without further questioning
the already existing tools and the relevance of their application.

Therefore, while some researchers consider XR technology to
be widely adopted (Huang, White, and Burry 2018), few stud-
ies actually address the adoption of these new technologies by
architects or even present the current rate of implementation
in the professional practice. This trend seems in fact not to be
evolving over the years as Moloney already noticed this distri-
bution in 2009. He stated that many of the prototypes and case
studies have beendeveloped as university research projects that
demonstrate technical feasibility, with scant regard for how the
technology may be used and integrated with existing design
practice (Moloney 2009). This trend could be reinforced by the
number of publications classified as undefined/incomplete pro-
tocols or experiments. In most cases, it can be assumed that
the profiles of the participants would have been classified in the
academic context category relying on students.

This review also enables the identification of studies raising
similar concerns but led in an academic context. Two studies
question the relevance and consequences of the implementa-
tion of immersive technologies in architectural education. The
first one conducted by Markusiewicz and Słyk (2015) presents

Table 3. Description of the research about XR technologies collecting architects’ feedback.

Reference Country of research Category Research goal

Coroado et al. (2015) Portugal Prototype Improve communication across different specialities enhancing project
decision process with a new VR tool

Figen Gul and Halici (2016) Turkey Prototype Understand the interaction and collaborative communication of designers
using a mobile AR platform

Costa et al. (2017) Portugal Prototype Enrich the interaction of designers with physical scale models of buildings
through an AR app

Erzetic et al. (2019) Australia Prototype Enhance communication between the client and the designer through an
effective mobile AR interface
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theprocess of implementingAR technology in architectural edu-
cation. In the same way, the other research reports the role of
VR as a new game changer in computational design education
(Sorguç et al. 2017). Researchers study how the immersion in
architectural design studio affects spatial perception through
the design process, how it will improve students’ spatial under-
standing of 3D volumes, and how it will enhance their imagina-
tion, enrich their creativity and promote their ability to experi-
ence their design’s sensations. These questions have to be raised
in a professional context in order to compare the results.

We can also point to a few studies with an approach that
can possibly be associated with the limited means of small
architectural offices. Nunes de Vasconcelos et al. (2018) as well
as Dokonal and his colleagues (Dokonal, Knight, and Dengg
2016; Dokonal and Medeiros 2019) investigate the potential
use of low-cost virtual reality devices in architectural education.
Dokonal and his colleagues have indeed highlighted in pre-
vious studies that the major part of architects are working in
small structure with low means (Dokonal, Knight, and Dengg
2016; Dokonal and Medeiros 2019) but led the experiments in
an academic context with students without questioning the
transposition of the results in a professional context.

If the academic context is an accessible environment offering
interesting results based on students practice, even raising simi-
lar research questions between this context and a professional
application, results should be reconsidered for each context.
Indeed, this distinction is confirmed by a recent study compar-
ing the integrationof creative instruments employed for adigital
design process in professional architectural practice vs educa-
tional environment (Rogers and Schnabel 2018). It emphasizes
the relevance of using software in one context and not in the
other (459):

The expert evaluations conclude that all design instruments and
methodologies implemented within the digital design ecology work
together well for educational purposes. Within the professional prac-
tice, however, the various tools could be implemented seamlessly;
whereas some of them would not suit the industry from a time–cost
perspective.

Finally, it is worth noting that this review is based on con-
temporary publications. Our review shows that a large part of
studies is focusing on the development of interfaces, workflow
or methods and moreover in the year 2019. Authors describe
the development of the process itself without testing the results
in a practical environment. This recent significant increase in
the technology development could potentially be accompanied
by a second phase of research, therefore concomitant with the
writing of our paper. An example is the research conducted by
Camacho and his colleagues in 2019 in which they announce a
second phase to test the prototype (Camacho et al. 2019).

At the present time, our systematic review points an impor-
tant development of technologies without questioning the real
needs of architects to fit their day-to-day practice. As recently
highlighted by Herr (2020), ‘research field tends to be driven by
technical innovation aswell as a playful and speculative engage-
ment with technology’ (575) while some deeper considerations
need to be taken into account in order to address more global
challenges.

This literature review does notmean that the adoption phase
of immersive technologies in architectural offices has not started

yet, but it highlights that professional architects are finally not
sufficiently integrated into the core of XR research in architec-
ture.

While our results show that studies seem to agree on the
significant potential improvement of immersive technologies as
well as on their potential in the academic context, the transpo-
sition in the professional architectural practice andmoreover, in
small offices, is still to be demonstrated.

Conclusion and future research

Looking at research in the field of digital architecture, most of
the research examining the prevalence of immersive technology
within the architectural practice dates to twenty years ago and
focused on a specific immersive technology (Bertol 1996; Frost
and Warren 2000).

This contribution reviews 201 papers on VR, AR or MR tech-
nologies in the architectural field and classifies them into three
main categories: prototype, experiment or theoretical approach,
and sub-categories defined on the sample of participants.

Despite the increasing attention for immersive technology
in education, few studies have been conducted on the current
state of immersive technology research dedicated to profes-
sional architects to our knowledge.

Studies addressing XR evolution in the dataset we have
defined aremainly focused on the development of tools and not
on understanding the phenomena of adoption and the appre-
hensions that are formulated. The coexistence of these two sci-
entific approaches is however essential if we aim to avoid the
development of technologies not very appropriate and there-
fore not very sustainable.

There is a necessity to consider more carefully the context
in which studies are conducted in order to develop tools truly
dedicated to the practices of professional architects. Generally
speaking, approaches based on the real needs of stakeholders
ensure the development of models, methods, and even tools
that respect daily practices while at the same time developing
dimensions that can be improved. This approach thus enables
researchers, and in particular software developers, to be more
relevant in the development of a solution and, consequently, to
see the results of their work being adopted more quickly and
naturally by the actors concerned. The goal of this review is to
promote a more conscientious and critical view on the evolu-
tion of immersive technologies within the architectural theory
and practice.

Considering this literature review, the next phase of the
research gathers professional architects in order to test and dis-
cuss the potential implementation of XR technologies in archi-
tectural offices of small size. Previous research has indeed shown
that offices of smaller size represent the largest part of the
market. Indeed, a European survey studying the architectural
profession in Europe in 2018 reveals that 99% of offices are com-
posed of less than ten people, and 71% of only one person
(Architects’ Council of Europe 2019). The study also showed that
the number of medium-sized offices is continuously decreasing
in favour of smaller structures. The goal of this study is a first
step to question the effective practice of the largest part of the
architecture market generally left aside and facing the digital
transformation.
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