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Abstract
Augmented reality (AR) and virtual reality (VR), collectively referred to as “extended reality” (XR), have begun to diffuse 
in industry. However, the current levels of awareness, perceived limitations, and use of AR and VR, as well as the potential 
differences on these aspects between these technologies are still not well known. Moreover, it is unknown whether small 
and medium-sized enterprises (SMEs) differ from large companies on these issues. This research employed a mixed meth-
ods research design to address this gap by carrying out a cross-sectional survey (n = 208) to gauge European industrial 
companies’ level of AR and VR awareness and adoption, and by interviewing 45 companies in nine European countries in 
order to identify critical enabling factors in the adoption of XR for SMEs. Results show no statistical difference between the 
respondents’ perceptions toward AR and VR or in their use levels. Thus, examining AR and VR under the umbrella term 
XR seems justified, especially in the context of their organizational use. However, larger companies were found to be using 
XR more than SMEs. Analysis of interviews based on the technology–organization–environment framework also yielded 
several enabling factors affecting XR adoption and specified whether they are particularly highlighted in the SME context. 
Overall, this paper contributes to XR research by providing a holistic multi-country overview that highlights key issues for 
managers aiming to invest in these technologies, as well as critical organizational perspectives to be considered by scholars.

Keywords Augmented reality · Virtual reality · Extended reality · Technology adoption · Industry 4.0 · Small and medium-
sized enterprises

1 Introduction

In recent years, the augmented reality (AR) and virtual real-
ity (VR), collectively known as extended reality (XR), mar-
kets have been predicted to grow significantly (e.g., Grand 
View Research 2021; IDC 2020). However, these predictions 
usually pertain to all types of use, both consumer and enter-
prise. Accordingly, the current level of XR use in organi-
zations, and, more specifically, in small and medium-sized 
enterprises (SMEs), is still not clear, and further investi-
gation is needed. Due to the slowness of diffusion in con-
sumer use, many XR developers have also begun pivoting 
toward the enterprise sector. For example, Google Glass and 
Magic Leap were initially aimed at the consumer sector, but 
later began focusing their offerings toward enterprise cli-
ents (Hammond 2020; Miller 2015). Moreover, many of the 
major technology companies are now developing XR solu-
tions specifically for enterprise use (e.g., Microsoft Mesh 
and Nvidia Omniverse).
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Accordingly, both AR and VR have been identified as 
technologies that organizations could potentially capitalize 
on (see e.g., Berg and Vance 2017; Porter and Heppelmann 
2017; Torro et al. 2021); this fits as part of the overall trend 
of digitalization, which has been critical for the competitive-
ness of companies during recent decades. Companies’ inter-
est in utilizing XR has also increased consistently, especially 
among larger companies (Porter and Heppelmann 2017). 
However, SMEs have been lagging behind larger companies 
when it comes to digital transformation (OECD 2021), due 
to lack of resources and more focused competencies, which 
affect their innovation capability and readiness to digital-
ize their operations (Denicolai et al. 2021). As the pace at 
which technology is adopted increases (Denning and Lewis 
2020), SMEs risk being left behind. This can have dire con-
sequences for societies as SMEs constitute the majority of 
all businesses and employ the majority of people (European 
Central Bank 2021). It is therefore crucial to understand 
the overall organizational situation and the challenges that 
accompany XR in order to support companies in their adop-
tion efforts.

Interest in XR is also growing from the research view-
point. Nevertheless, most of the extant organizational XR 
studies have focused on a single industry or country; very 
few overall quantitative accounts exist on the topic of how 
widespread their use is. Due to the rapid developments in 
XR, it is important to assess how much these technologies 
have diffused into enterprise use and what issues companies 
perceive to be critical in their adoption. This paper aims to 
examine the overall diffusion of XR in European industrial 
companies as of 2020, with a specific focus on SMEs. The 
twofold research question of this paper is:

1. Do the current levels of XR awareness, use, and per-
ceived limitations differ between European SMEs and 
larger companies?

2. What are the critical enabling factors of XR adoption for 
SMEs?

We employed a mixed methods research approach to 
get a wider and more complete perspective on XR adop-
tion (Venkatesh et al. 2013). Firstly, quantitative data were 
collected via a cross-sectional online survey with 208 
respondents from European companies belonging to dif-
ferent sectors. The analysis examined the potential differ-
ences in perceptions toward AR and VR and investigated 
whether it is empirically justified to examine AR and VR 
conjointly under the recently popularized umbrella term XR. 
In addition, 45 semi-structured interviews were carried out 
in nine European countries to explore XR adoption in more 
depth. The interviews were framed and analyzed by using 
the Technology–Organization–Environment (TOE) frame-
work (DePietro et al. 1990). The analysis identified relevant 

XR adoption enabling factors for companies and evaluated 
whether the enabling factors were specifically highlighted 
in the SME context.

This paper contributes to research by providing a com-
prehensive overview about the current level of AR and VR 
adoption and use in European industrial companies. We 
found no statistical difference in the respondents’ percep-
tions or level of use between these technologies. However, 
AR and VR use levels were found to differ between SMEs 
and large companies, although the levels of awareness and 
perceived limitations of adoption were similar for both types 
of companies. We also uncovered 13 important enabling fac-
tors affecting XR adoption, eight of which were noted to be 
especially important in the SME context. This contribution 
is valuable, as these technologies have had several previous 
waves which failed to materialize into widespread industrial 
use (Walsh and Pawlowski 2002). These findings help to 
illuminate the most important determining factors affecting 
their adoption that organizations (especially SMEs) would 
benefit from investigating.

The rest of the paper is structured as follows. First, the 
theoretical background on AR and VR as well as their adop-
tion is examined in Sect. 2. Second, the methodology relat-
ing to the survey and semi-structured interviews is described 
in Sect. 3. Third, the results of the survey and the findings 
from the interviews are presented in Sects. 4 and 5. Finally, 
the results and findings are discussed in Sect. 6, along with 
the contributions and limitations of the study. The paper 
ends with suggestions for future research.

2  Literature review

AR can be defined as a technology that combines or super-
imposes digital information into the user’s view of the real 
world (Azuma 1997), and VR as a technology that replaces 
the user’s view of the real world with an immersive and 
interactive 3D virtual environment (Bryson 1995; Jerald 
2015). Both AR and VR utilize head-mounted displays 
(HMDs) to achieve these outcomes for the user; however, 
smartphones and tablets are also widely used to create AR 
experiences (Jalo et al. 2020; Porter and Heppelmann 2017). 
AR and VR can essentially be seen as tools with which one 
can present digital information to the user in a more immer-
sive and interactive fashion (Davila Delgado et al. 2020). 
This is achieved either by transplanting information into the 
real-life context with AR, or by examining it in a completely 
virtual space in VR. AR and VR are also often researched 
in conjunction (see e.g., Cipresso et al. 2018; Li et al. 2018; 
Ong and Nee 2013; Steffen et al. 2019), and, more recently, 
the umbrella term XR has been used to refer to both AR 
and VR together (Bujić et al. 2021; Chuah 2019; Dwivedi 
et al. 2021; Gong et al. 2021). However, it is uncertain if 
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the use levels and perceptions of industrial companies dif-
fer between these technologies, or whether common adop-
tion factors affect their implementation in the organizational 
context.

Recent years have seen an increase in empirical research 
on industry adoption of XR from the organizational point 
of view. Ten articles examining organizational XR adoption 
were identified in total for this literature review. Three of 
these articles examined XR adoption with a cross-industry 
sample (Berg and Vance 2017; Masood and Egger 2019, 
2020). Berg and Vance (2017) qualitatively surveyed the 
use of VR in the US; they found measuring the return on 
investment (ROI) of VR to be important for maintaining 
top management support. Tailoring the VR solution to focus 
either on visual fidelity or interactivity and technical details 
depending on the user group was found to be an important 
factor for leveraging the affordances of VR for specific use 
cases. Masood and Egger (2019) conducted a survey on the 
importance of various adoption factors for AR. They found 
organizational fit, technology compatibility and hardware 
maturity, and tailoring of the system to fit the organization’s 
needs via piloting and user training to be statistically sig-
nificant factors affecting AR adoption. Masood and Egger 
(2020) further examined AR adoption factors based on prac-
tical field experiments using AR HMDs with organizations 
from the UK and found user acceptance to be crucial for AR 
adoption; the study also confirmed the importance of system 
configuration and organizational fit.

Five articles examining XR adoption in the architecture, 
engineering, and construction (AEC) context were also iden-
tified (Badamasi et al. 2022; Davila Delgado et al. 2020; Jalo 
et al. 2018, 2020; Noghabaei et al. 2020). Jalo et al. (2018) 
identified different factors affecting the adoption of AR in 
the Finnish Facility Management industry via interviews 
and focus groups. They found the compatibility of infor-
mation systems (IS) and AR and wider interorganizational 
cooperation to be crucial for their organizational use. Jalo 
et al. (2020) researched different enabling factors relating 
to social virtual reality (SVR) diffusion in AEC organiza-
tions in Finland via interviews and focus groups. They found 
that identifying visual work tasks that rely on remote col-
laboration leads to an increase in adoption. IS and software 
compatibility with SVR and ensuring multi-device access 
to SVR were also found to aid in SVR diffusion. Lastly, the 
perceived complexity of SVR could be mitigated by utiliz-
ing more user-friendly stand-alone VR HMDs, as well as by 
training users in 3D modeling skills, by carrying out initial 
testing in a group, and by designating VR lead users. A sur-
vey study conducted in the UK by Badamasi et al. (2022) 
found that the high cost of VR devices, employees’ lack of 
VR skills, and the required cultural change brought about 
by VR adoption were the most crucial barriers hindering 
the adoption of VR. Davila Delgado et al. (2020) identified 

relevant XR adoption factors in the UK via focus groups 
and ranked them based on a quantitative survey. Similar 
to Badamasi et al. (2022), high costs and low maturity of 
XR technologies, lack of XR skills, and general reluctance 
regarding new technologies were identified as the most criti-
cal limiting factors in their study. Lastly, Noghabaei et al. 
(2020) carried out a two-wave survey in the USA and found 
lack of financial resources and lack of knowledge about XR 
within top management and design teams to be the most 
important barriers for XR adoption.

The two final articles examined XR adoption in the retail 
context (Chandra and Kumar 2018; Alam et  al. 2021). 
Chandra and Kumar (2018) examined the adoption of AR 
in e-commerce in Singapore, India, and the USA with a 
survey. Their results highlighted the key roles of relative 
advantage, securing top management support, the readiness 
of customers to use AR, and a sufficient level of technologi-
cal competence to implement and maintain AR in increasing 
organizational adoption intention. Alam et al. (2021) used 
a survey to assess which factors influence the adoption of 
AR in Malaysian retail companies. They found that pressure 
from competitors and customers, and the managers’ techno-
logical knowledge and awareness of AR to be key drivers 
of AR adoption, whereas high costs relating to AR were 
hindering adoption. Moreover, the perceived usefulness of 
AR and the managers’ self-efficacy influenced managerial 
attitudes and adoption intentions.

The literature review shows that this stream of research 
has largely focused on a single country or industry, so stud-
ies containing larger multi-country and multi-industry sam-
ples could enhance the transferability and generalizability 
of the findings for industry in general. Moreover, key issues 
for SMEs are often not considered. Our study thus aims to 
provide a more holistic perspective on the current stage of 
XR adoption in industry, as well as to identify which adop-
tion enablers are specifically critical for SMEs.

3  Methodology

This study was carried out according to a mixed methods 
approach (Venkatesh et al. 2013), including a cross-sectional 
online survey and semi-structured interviews. Both the sur-
vey and interviews were carried out between April 2020 and 
October 2020. This research had a specific focus on SMEs 
due to their prominent role in the European manufacturing 
industry, and the related need to understand the current gaps 
in SMEs’ innovation processes in order to properly under-
stand and support the implementation of new digital tech-
nologies such as AR and VR. However, larger companies 
were also included in the sample to provide a more complete 
and possibly contrasting view on the adoption of AR and 
VR. First, possible differences in the companies’ situations 
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and perceptions between AR and VR were investigated and 
SMEs’ and large companies’ situations with these technolo-
gies were compared via the survey. Second, a set of relevant 
adoption factors relating to both technologies emerged from 
the semi-structured interviews. Their importance for SMEs 
was then evaluated and corroborating evidence for the ena-
bling factors was sought from the extant literature.

The online survey statements were exploratory in nature 
and were formulated to address the respondent compa-
nies’ awareness and perceived limitations pertaining to 
AR and VR and their current level of use. In the survey, 
each respondent answered identical questions related to AR 
and VR according to a 7-point Likert scale ranging from 
“strongly disagree” to “strongly agree,” or a 5-point Likert 
scale ranging from “never” to “a great deal,” based on the 
specific question. The statements are listed in Tables 2 and 3. 
All of the statements were first asked about AR, followed by 
VR. The order of the statements was not randomized, how-
ever, as the identical questions were not placed directly after 
each other, the respondents were less likely to be induced 
to answer them similarly (Nederhoff 1985). The survey was 
revised based on feedback from pilot tests with two SMEs 
in Finland and Italy. The final survey instrument was then 
translated into German, Italian, and Spanish. The survey 
included questions about the background of the respondents, 
followed by questions about the overall status of AR and VR 
use in their companies.

The survey was carried out in the context of a European 
research project and distributed among the professional 
networks of the research consortium. As we had no means 
to secure responses from each potential respondent, we 
acknowledge the possibility of some degree of selection 
bias, as those who are already familiar with AR or VR to 
some degree or are interested in these technologies are pos-
sibly more likely to answer such a survey (Armstrong and 
Overton 1977). However, based on the results of the survey, 
this bias is likely not significant, with approximately 60% of 
the respondents still answering that their companies do not 
use AR or VR. We also aimed to reduce nonresponsiveness 
by assuring the respondents that their anonymity would be 
protected (Armstrong and Overton 1977). The survey was 
opened by 451 people; 208 people provided valid complete 
responses to the survey (159 of these were from SMEs). We 
thus had a response rate of 46.1%, which is consistent with 
prior IS adoption studies (see e.g., Kim and Kankanhalli 
2009; Wolf et al. 2012). We also assessed nonresponse bias 
by carrying out a Levene’s homogeneity of variance test 
with respondents from the first and last 33% of the responses 
to the statements in Tables 2 and 3 (Armstrong and Overton 
1977). The early and late groups did not differ from each 
other in a statistically significant way (p > 0.05 for all group 
comparisons), suggesting that nonresponse bias was not a 
significant threat to the results.

The survey respondents were quite evenly distributed 
between lower (24%), middle (31.3%), and top management 
(30.8%), with 13.9% choosing the option “other” (indicat-
ing they were experts or other employees). A clear majority 
(79.8%) of the respondents were male and the rest (20.2%) 
were female. As for the age of the respondents, 31.2% of 
them were 18–34 years old, 52.8% were 35–54 years old, 
and 16% were 55–74 years old. A majority of the respond-
ents (61.5%) had an advanced degree (Master's, Ph.D., 
M.D.), 22.6% had a bachelor’s degree, and the rest (15.9%) 
had a lower level of education (e.g., a high school degree).

Table  1 provides background information about the 
companies of the respondents. As shown in Table 1, no sin-
gle industry or country dominated the responses. Most of 
the responses (76.5%) were from SMEs (with under 250 
employees), with the remaining responses coming from 
larger companies. Most of the companies were also interna-
tionally focused (58.5%) or operated at least at the national 
level (29.3%). The companies were also mainly focused on 
providing products and solutions to other companies (60.6%) 
or consumers (16.3%).

IBM SPSS Statistics version 27 was used to perform the 
data analysis. The survey data was first tested for normality 
with the Shapiro–Wilk test, which indicated that all of the 
data were non-normally distributed (p < 0.001). After the 
data were logarithmically transformed, they were still found 
to be not normally distributed. Therefore, the nonparametric 
Wilcoxon Signed-Rank (WSR) and Mann–Whitney U tests 
were adopted to carry out the analysis, as recommended in 
the literature (Blair and Higgins 1985; Rasmussen and Dun-
lap 1991; Serlin and Harwell 2004). The WSR test was used 
to compare the differences between AR and VR within the 
entire sample (n = 208). A within-subjects repeated meas-
ures design was thus used for this test. We also carried out 
a Spearman’s nonparametric correlation test on the answer 
pairs. The differences between the SMEs (n = 159) and large 
companies (n = 49) were examined with the Mann–Whitney 
U test, which can be used to compare two independent sam-
ples with different sample sizes (George and Mallery 2019).

The semi-structured interviews were also carried out as 
part of the activities of the same European research pro-
ject involving several researchers from different countries, 
with the lead author providing the interview protocol for 
the other researchers. The interviews represented multiple 
case-studies involving 45 companies from nine European 
countries (five from Austria, Belgium, Cyprus, Estonia, 
Finland, the Netherlands, and Spain, six from Italy, and 
four from Germany). Of these companies, 31 were SMEs 
(below 250 employees) and 14 were large companies (over 
250 employees). Interviewees consisted of senior manage-
ment (16), middle management (18), lower management (4), 
and experts (7). The interviewees were selected by the pro-
ject partners from their professional networks. Purposeful 
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Table 1  Information about 
the respondents’ companies 
(n = 208)

Frequency and 
percentage

Frequency 
and percent-
age

Location Industry
Austria 24 (11.5%) Aerospace 5 (2.4%)
Belgium 25 (12.0%) Architecture and construction 32 (15.4%)
Cyprus 27 (13.0%) Automotives and vehicles 17 (8.2%)
Estonia 11 (5.3%) Biotechnology 1 (0.5%)
Finland 28 (13.5%) Chemicals 3 (1.4%)
Germany 20 (9.6%) Clothes and textiles 1 (0.5%)
Greece 2 (1.0%) Computers and electronics 14 (6.7%)
Ireland 1 (0.5%) Electrical equipment 6 (2.9%)
Italy 16 (7.7%) Food and beverages 8 (3.9%)
Netherlands 24 (11.5%) Furniture 3 (1.4%)
Romania 1 (0.5%) Healthcare and pharmaceuticals 14 (6.7%)
Spain 29 (13.9%) Industrial installation and maintenance 12 (5.8%)
Employees Machinery and equipment 21 (10.1%)
1–9 39 (18.8%) Metals 19 (9.1%)
10–49 66 (31.7%) Plastics 3 (1.4%)
50–250 54 (26.0%) Other (e.g., Consulting) 49 (23.6%)
251–500 13 (6.2%)
501–1000 5 (2.4%)
> 1000 31 (14.9%)

Table 2  Survey responses on AR and VR awareness and limitations (n = 208)

Strongly disagree Disagree Somewhat disagree Neither 
agree nor 
disagree

Somewhat agree Agree Strongly agree

Our organization is well-
aware of the potential of 
AR [1]

18 (8.7%) 33 (15.9%) 15 (7.2%) 18 (8.7%) 47 (22.6%) 39 (18.8%) 38 (18.3%)

Our organization is well-
aware of the potential of 
VR [1]

17 (8.2%) 31 (14.9%) 16 (7.7%) 20 (9.6%) 42 (20.2%) 43 (20.7%) 39 (18.8%)

There are many limita-
tions to using AR in our 
organization. [2]

17 (8.2%) 34 (16.3%) 21 (10.1%) 53 (25.5%) 40 (19.2%) 31 (14.9%) 12 (5.8%)

There are many limita-
tions to using VR in our 
organization. [2]

16 (7.7%) 37 (17.8%) 23 (11.1%) 43 (20.7%) 38 (18.3%) 37 (17.8%) 14 (6.7%)

Table 3  Survey responses on 
AR and VR use levels (n = 208)

Never Rarely Occasionally A moderate amount A great deal

Our organization 
is making use 
of AR [3]

123 (59.1%) 27 (13.0%) 30 (14.4%) 16 (7.7%) 12 (5.8%)

Our organization 
is making use 
of VR [3]

119 (57.2%) 24 (11.5%) 25 (12.0%) 21 (10.1%) 19 (9.1%)
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sampling was thus used at this stage to gather insights from 
companies that were either considering using XR or had 
already adopted such solutions (Patton 2002). The informa-
tion collected through these interviews was also integrated 
with secondary sources, including internal documentation 
provided by companies, as well as data available on the 
internet (e.g., company websites), in order to triangulate data 
and assure the consistency of related findings (Yin 2013).

In order to provide a comprehensive accounting of fac-
tors affecting the adoption of XR in organizations, the TOE 
framework was utilized in structuring the interviews and 
in analyzing the collected data to illuminate relevant tech-
nological, organizational, and environmental adoption fac-
tors (DePietro et al. 1990). The TOE framework provided a 
good basis for further identification of enabling factors from 
the data, as it does not predetermine the particular factors 
influencing adoption. The application of the TOE frame-
work has also found wide empirical support in the context of 
many Industry 4.0 technologies (e.g., Borgman et al. 2013; 
Chandra and Kumar 2018; Martins et al. 2016), and it has 
been argued to be useful for analyzing the adoption of novel 
technologies in the context of a wide variety of organiza-
tions (Schiavone et al. 2022), attesting to its suitability in 
our research context. The interview protocol (see “Appen-
dix”) was developed based on the themes highlighted in the 
literature review described in Sect. 2 and the lead author’s 
experience on several XR research projects. The interview 
protocol was also circulated among the researchers and 
refined based on their feedback. The interviews were carried 
out via remote video conferencing software (such as Zoom 
and Microsoft Teams) due to the COVID-19 pandemic. The 
interviews lasted between 45 and 75 min and were recorded 
with the consent of the interviewees. The semi-structured 
nature of the interviews allowed the interviewers flexibility 
to ask follow-up questions and follow the natural flow of the 
conversation, while still following a common structure (Gill-
ham 2005). The interviewers created a summary of all the 
interviews and transcribed insightful quotes from each inter-
view into English. The qualitative analysis of the interviews 
adopted an interpretive approach (Walsham 1995). The 
analysis process began by giving codes to smaller pieces of 
data, and then grouping them under the TOE framework cat-
egories (Creswell 2015; DePietro et al. 1990). These codes 
were iteratively combined into higher-level main codes to 
develop themes (Creswell 2015). Disconfirming evidence 

for the themes was also sought from the data (Creswell and 
Miller 2000). Illustrative quotations for each main code are 
included in the findings. The coding was mainly done by the 
lead author; however, co-authors later reviewed the findings 
to confirm their accuracy, as they also participated in the 
data collection (Creswell 2015).

Next, we will first present the analysis of the survey data, 
followed by the findings from the interviews.

4  Companies’ perceptions and adoption 
levels of AR and VR

The WSR test (Table 4) was carried out on the survey data 
to determine if there were statistical differences between the 
answers to similar statements in terms of awareness, limita-
tions, and use of AR and VR (depicted in Tables 2 and 3). 
Overall, if the companies were to perceive these technolo-
gies to be very different, we would expect the distribution 
of the responses to change between AR and VR statements.

In the WSR test, if the significance levels of the paired 
samples reach statistical significance (p < 0.05), the test 
would indicate that there is a statistically significant dif-
ference in the medians between the two samples. From 
Table 4, we can see that none of the pairs reach this level 
of significance. We can therefore conclude that there was 
not a statistically significant difference between AR and VR 
perceptions or use for the respondents in this sample. The 
correlations between the answer pairs were also significant 
at the p < 0.01 level, with the first pair having a strong posi-
tive correlation and the last two having a moderately strong 
positive correlation (Dancey and Reidy 2007). The respond-
ents’ answers were thus significantly paired in regard to AR 
and VR (i.e., if they were well aware of the potential of AR, 
they answered similarly with regards to VR). These analyses 
provide further evidence justifying examining AR and VR 
conjointly as XR, as has already been done in previous lit-
erature (e.g., Davila Delgado et al. 2020; Steffen et al. 2019). 
Thus, the following analysis in Sect. 5 will also examine 
these technologies collectively as XR.

Finally, we also tested for differences between SMEs and 
large companies within the sample with the Mann–Whitney 
U test. As can be seen in Table 5, SMEs and large companies 
differed significantly in their AR use (p = 0.011, p < 0.05) 
with a small effect size (r = 0.175) and statistically more 

Table 4  Wilcoxon signed-rank 
test and Spearman’s correlation 
test results (n = 208)

**p < 0.01

Z p Spearman’s 
correlation

Our organization is well-aware of the potential of [AR/VR] − 0.724 0.469 0.745**
There are many limitations to using [AR/VR] in our organization − 0.447 0.655 0.652**
Our organization is making use of [AR/VR] − 1.449 0.147 0.455**
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marginally with VR use (p = 0.06, p < 0.1) with a small effect 
size (r = 0.13; Cohen 1988). However, there were no differ-
ences in their awareness levels or perceived limitations to 
using these technologies.

5  XR adoption enabling factors

In this section, the qualitative findings of the study are 
described by distinguishing technological, organizational, 
and environmental enabling factors for XR adoption, based 
on the TOE framework.

5.1  Technological factors

Main technological enabling factors that emerged from the 
findings include: the extent of the XR hardware install-base 
and related network effects, finding the right balance of fea-
tures in XR hardware (depending on the business process), 
securing XR testing opportunities, and ensuring XR and IS 
compatibility as well as rapidness of IS-XR workflows.

5.1.1  Technological install‑base and network effects

Many of the interviewees noted that the required install-
base for widespread XR use was often missing. For instance, 
one interviewee noted that their customers do not have VR 
HMDs which could be used in business processes. If XR 
hardware are still not widely diffused, the network effects 
which can induce others to adopt XR are also lower. Special-
ized XR applications are also often unavailable for various 
industry contexts.

“I had great hope that somebody in the VR commu-
nity would have provided apps for our profession to 
improve safety at work. I know some apps for [our] 
industry, but unfortunately, they are not suitable for 
our needs.” Development Manager, Austria

Overall, companies show a higher readiness in the AR con-
text as AR can often be utilized with existing smartphones 
with both internal and external stakeholders. Nevertheless, 
smartphones with the required features for advanced AR 

solutions are still not widely in use in industry. However, 
this issue was seen to automatically improve over time as 
stakeholders switch to newer devices.

5.1.2  Balancing performance and ease of use in XR 
hardware

The companies widely noted the challenge of finding the 
correct balance between visual fidelity, performance, ease 
of use, and quick setup of the XR devices. For VR, stand-
alone HMDs were widely seen to be the preferred option due 
to their simplicity and smooth user experience, which were 
seen to be especially important factors in customer-facing 
business processes. However, tethered VR HMDs were still 
preferred in use cases that require more advanced functional-
ities and higher visual fidelity (e.g., high-end presentations).

“I see that there’s a divide [on what type of VR will 
be used]. For example, the design cases, work site, and 
design meetings will use stand-alone [VR] because 
they need to be as easy to use as possible. The cost is 
also an issue […]. Then again, if we want to sell some-
thing specific to clients, in that case it tilts toward the 
higher quality [VR] glasses.” Manager, Finland

For AR, the interviewed companies had mainly focused 
on using smartphones and tablets (hand-held devices, or 
HHDs); HMDs (e.g., Microsoft HoloLens) were preferred 
in tasks where freedom of movement for both hands was 
needed. However, some interviewees noted that AR HMDs 
were still often not robust enough for industrial use, espe-
cially in more demanding conditions (e.g., dust and rain). 
In the short term, HHDs were seen to offer the most poten-
tial due to their wide install-base, low costs, and minimal 
training needs. The AR capabilities of these devices were 
also expected to increase automatically over the years; how-
ever, more advanced AR use cases (e.g., fitting wiring sche-
matics in a building site) still had accuracy and reliability 
challenges.

“We have to be sure about the reliability and precision 
of these technologies before their use. Is the presented 
information and data accurate? There is no room for 

Table 5  Mann–Whitney U 
test results comparing SMEs 
(n = 159) and large companies 
(n = 49)

Median 
(SME)

Median 
(Large)

U Z p

Our organization is well-aware of the potential of AR 5 5 3853 − 0.117 0.907
Our organization is well-aware of the potential of VR 5 5 3734 − 0.445 0.656
There are many limitations to using AR in our organization 4 4 3578.5 − 0.875 0.381
There are many limitations to using VR in our organization 4 5 3594.5 − 0.829 0.407
Our organization is making use of AR 1 2 3068.5 − 2.530 0.011
Our organization is making use of VR 1 2 3272.5 − 1.882 0.060
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big mistakes in construction. Small mistakes can cost 
a lot of money.” Manager, Cyprus

5.1.3  Opportunities to test XR devices and software

Many of the interviewed companies had been testing a wide 
variety of XR devices. Practical opportunities to test the XR 
devices were seen as one of the crucial enablers to under-
stand their potential and challenges. The main limitation 
here was seen to be with hardware, as, on the software end of 
things, most enterprise XR solutions in fact frequently offer 
free trial periods. Due to their novelty, relatively high cost, 
and initial complexity, many interviewees found that facili-
tated and supportive settings (such as industry and university 
events) provided the best opportunities for experimenting 
with the newest solutions. However, in particular the inter-
viewed SMEs were often unaware of these possibilities. A 
crucial limitation that was widely reported in the testing 
situations was that they did not enable multi-user testing, a 
feature that is judged to be fundamental to using these tools 
collaboratively.

“We would like to be offered a demonstration or a free 
trial before we use these technologies, in order to be 
sure about the results and if it actually produces profit 
for the company.” Manager, Cyprus

5.1.4  XR compatibility with information systems 
and software

Recent improvements in XR hardware were seen to be essen-
tial for their usefulness, however, their compatibility with 
organizational IS was still a barrier for their widespread 
adoption. Consequently, many interviewees had decided to 
first focus on modernizing their IS to enable later XR adop-
tion and to ensure that application programming interfaces 
(APIs) were available for easy data access. Some interview-
ees also noted the difficulty of integrating legacy assets into 
XR processes (such as 2D design drawings), and thus judged 
the path-dependence from earlier choices with organiza-
tional IS to be a key limitation. Due to the challenges and 
work required in this area, especially with highly custom-
ized IS, many interviewees expected that many legacy assets 
would remain siloed and would not be incorporated into XR 
environments. For instance, the AEC industry has been tran-
sitioning toward using digital design tools (namely building 
information modeling, BIM), but very little digital informa-
tion was reported to exist for many of the older properties. 
Accordingly, an AR maintenance app, for instance, could 
thus only be used in the context of new buildings.

“The issue with this technology [XR] is the lack of 
compatibility and integration with current systems 

and CAD software.” Business Operations Manager, 
Germany

5.1.5  Fast workflows between information systems and XR

Many interviewees noted that they had experienced signifi-
cant difficulties with the speed of workflows between XR 
and their existing IS. As an example of the importance of 
this factor, the CEO of one of the interviewed companies 
reportedly changed his mind completely about VR after 
he saw the design information being transferred quickly 
between their design software and a VR software. This was 
seen to be crucial for the practicality and efficiency of new 
VR-enabled business processes. Some interviewees also 
reported that digital content can often already be accessed 
in AR or VR from the software with a single click, and that 
the cumbersome and time-consuming file transformations 
between several different software were not needed anymore. 
Automatic bi-directional workflows from software and IS to 
XR (and back) were seen as a key enabler in reducing work 
redundancy and in ensuring the reliability of the decisions 
and work being done in XR.

“Historically the workflows have been more custom 
[for VR], so we’ve exported the model into something 
else, then something more was done to it in some other 
software, and only then it became viewable, and even 
then not necessarily in a multi-user setting. Whereas 
now when we have the model, there’s a button which 
says ‘View in VR,’ and we can then go view it with a 
group.” Manager, Finland

5.2  Organizational factors

Five organizational enabling factors were identified, includ-
ing: securing top management support via practical XR 
testing, availability of XR development resources, ability 
to recruit XR experts, mitigating potential employee resist-
ance toward XR, and effective facilitation of the initial XR 
adoption and use situations.

5.2.1  Top management knowledge and first‑hand 
experience with XR

In many of the interviewed companies, the top management 
was generally aware of the potential of XR, but most com-
panies had not yet actively begun implementing it. Top man-
agement interest and willingness to promote XR in the com-
pany was thus seen as a critical enabler. Practical experience 
and testing of XR devices and software by top management 
was seen to help them better understand their applicability 
and limitations in their company and thus secure the needed 
adoption resources. However, finding the time for upper 
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management to learn how XR could transform organiza-
tional business processes was still a limitation.

“The CEO’s view on these technologies has become 
much more positive, he’s really taken this whole devel-
opment thing as his own. He’s been complaining that 
we’ve been talking about this for years and years, 
(I’ve been working here for a year now), and we’ve 
just refined these things further but haven’t gotten to 
the practical part yet. Now it’s much more like ‘Let’s 
take this app into use,’; ‘Show this to the people at 
the building site and ask them whether this could be a 
good thing.’” Manager, Finland

5.2.2  Availability of resources and personnel for XR 
research and development

The perceived complexity of XR adoption was seen to 
require that key employees familiarize themselves with 
XR in detail and evaluate its effects on the company’s busi-
ness processes, or even the overall business model. Most 
of the interviewed companies reported struggling with this 
issue and found it to be a limiting factor in adopting XR or 
expanding its use. In particular, SMEs felt this to be a key 
challenge as they reported already being stretched thin on 
personnel; however, larger companies did not feel this to be 
as serious of an issue.

“The pitfall however is that management doesn’t free 
up time for the employees to delve deeper into this 
technology and to do some experiments. As a conse-
quence, only the most basic features of the software 
are used and the other features remain unexplored.” 
Manufacturing Engineer, Belgium

5.2.3  Ability to recruit people with XR expertise

Another challenge faced by the interviewed companies was 
in finding employees with XR experience. In the short term, 
XR competences were seen to be achieved either by self-
learning or at university courses. One interviewee also noted 
that many of the employees with XR skills would likely not 
have extensive industry experience and transforming the 
company’s business processes with XR would thus need to 
be done in cooperation with senior employees.

“One of the problems we have is that our age distribu-
tion is such that we have guys like me [younger genera-
tion] and then there are supervisors that are closer to 
60. To get them to use it [XR], we have to balance for 
a while between two things; I handle the facilitating 
[relating to the use of XR], and the other guy handles 
the construction management side [...], and then we try 
to share [domain] knowledge between us, because we 

still don’t have people who can handle both.” Manager, 
Finland

Many of the interviewees also noted that they were still more 
familiar with XR in entertainment rather than industrial use. 
Accordingly, some interviewees noted that these hedonic 
experiences could be used as a good starting point for think-
ing about how XR could be used in their companies.

5.2.4  Mitigating employee resistance toward adoption

Employee resistance toward adopting XR, especially from 
older employees, was identified as a crucial barrier. As 
XR can be used to transform operations significantly (e.g., 
from physical design reviews to remote XR reviews), the 
readiness and proclivity from both the management and the 
employees to adopt new ways of working was seen to be 
essential. An organizational culture that supports innova-
tion and testing of technologies with a low threshold were 
seen to be important for mitigating possible user resistance. 
Incorporating employees into the XR adoption process from 
the beginning was also seen as a one of the greatest potential 
mitigation strategies; as one interviewee explained:

“Older employees were a bit skeptical about this tech-
nology [AR], but they have been consulted from the 
start, resulting in two equivalent systems they can 
choose from (Vuzix glasses or tablet) and finally, the 
whole technological change has been accepted and 
turns out to be successful today.” COO, Belgium

Providing extra hands-on training both for XR use and other 
enabling technologies (e.g., digital model exporting from 
IS) were seen to be essential in ensuring a smooth adop-
tion process. The employees were seen to need sufficient 
XR skills to operate the solutions independently in order to 
transfer the ownership for the solutions to the business units. 
Although support should be available when needed, the pri-
mary responsibility for using the XR solutions effectively 
should be with the end-users.

5.2.5  Facilitating the initial adoption and use

Due to the importance of overcoming the initial skepticism 
and inertia toward XR adoption, some interviewees noted 
the importance of designing the first XR testing and adop-
tion events to be as practical and engaging as possible. These 
sessions should include hands-on testing of devices as well 
as identification of a few key users who would be trained to 
be able to provide peer support.

“[...] it’s the job of sales to train the sellers to use VR, 
I’ll certainly be there to support as well, or I’ll train 
the main users who will then take it into everyday use 
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so it’ll come into use more effectively. Then the know-
how and ownership are there too.” Manager, Finland

Expectation management was also noted to be important 
due to the existing misinformation about XR caused by the 
hype surrounding these technologies. Choosing multi-user 
XR solutions with advanced user management features (e.g., 
gathering users to the event manager) was also identified 
to be important to ensuring smooth initial XR experiences. 
These solutions should also be multi-device compatible in 
order to enable reluctant users to participate in testing by 
viewing the XR event via, for example, desktops.

5.3  Environmental factors

Three environmental enabling factors were identified: XR 
capabilities and readiness of the company’s stakeholders, 
competitor pressure from successful XR use, and the matu-
rity of the XR vendor and training ecosystem.

5.3.1  Increased stakeholder XR capabilities and readiness

To enable large-scale XR use, many interviewees empha-
sized that their stakeholders need to increase their skills and 
readiness to use XR. Companies operating globally faced the 
largest limitations in this regard, because the significant het-
erogeneity of their stakeholders’ XR capabilities constrained 
the use of XR to a few select partners. This meant that XR 
could currently mainly be used in internal operations or in 
facilitated settings with customers.

“I think the most needed skill would be to train our 
customers in using AR technology to report missing or 
damaged machinery parts and to order replacements. 
This is also one of the reasons why the use of AR in 
our customer service is currently not considered eco-
nomically viable. […] The main problem with this is 
that our clients are located all over the world, some-
times in very remote places. Adopting AR technology 
does not happen overnight and requires some basic 
infrastructural elements.” Clerk, Austria

Some interviewees also noted that their customers still often 
preferred to use smartphones or tablets rather than HMDs. 
Cultural factors were also seen to have a role in determining 
stakeholders’ propensity toward XR use.

“Especially in Italy the customer prefers to see the 
service person face-to-face, physical meetings are still 
preferred to solve problems.” Vice President, Italy

5.3.2  Observed XR benefits achieved by competitors

Most of the interviewees reported that their competitors 
and other relevant stakeholders were still not using XR in 

a significant way. Many interviewees noted that once XR 
use starts becoming more widespread, companies would 
start feeling the pressure to adopt XR solutions. However, it 
was seen to be easier for companies to identify competitors 
using XR in customer-facing business processes rather than 
in internal operations. Moreover, many interviewees noted 
that SMEs often wait for larger companies to successfully 
adopt and thereby demonstrate new technologies’ applica-
bility before they consider adopting it. This risk-aversion 
was mostly due to their limited resources when compared 
to larger companies.

“Extended use of these technologies by competitors or 
relevant partners can influence our company to adopt 
them.” Manager, Cyprus

5.3.3  Maturity of XR vendor and training ecosystem

Many of the interviewed companies noted that they do not 
have many employees who would have the technological 
inclination to delve into XR to find out what solutions would 
work best for them. Generally, most of the information tech-
nology (IT) infrastructure and maintenance is outsourced in 
SMEs, decreasing SMEs’ internal capabilities to adopt and 
integrate new technologies. In contrast, some of the larger 
interviewed companies felt they would be able to adopt XR 
independently. Many of the interviewees thus felt it was 
essential for them to identify a suitable external partner or 
vendor who could handle the required XR hardware and 
software installations.

“We would need to purchase full equipment (hardware 
and software) and we need external consulting in order 
to know which equipment is best for our needs and 
purposes.” IT and HR Manager, Austria

Overall, there were significant differences between the 
companies in their abilities to adopt XR independently. For 
example, one interviewee noted that he could most likely 
carry out the installations independently because he had 
already spent a lot of time learning about XR devices, soft-
ware, and the overall ecosystem; however, many of their 
competitors were still struggling with this. Moreover, in 
smaller countries XR vendors and consultants were seen to 
be not readily available, as XR was still seen to be a novel 
and niche market.

6  Discussion and conclusion

This mixed-methods study provides a holistic view on the 
current state of AR and VR adoption in European indus-
trial companies and identifies key enabling factors affecting 
XR adoption. A cross-sectional online survey (n = 208) was 
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carried out to answer the first research question: “Do the cur-
rent levels of XR awareness, use, and perceived limitations 
differ between European SMEs and larger companies?” 
Our study revealed that, overall, there were no differences 
in perceptions or use levels between AR and VR. However, 
large companies positively differed from SMEs on AR use 
levels (p = 0.011, p < 0.05, r = 0.175) and more marginally 
with VR use levels (p = 0.06, p < 0.1, r = 0.13), even though 
there were no differences between SMEs and large compa-
nies regarding awareness or perceived limitations relating to 
AR and VR. In addition, we interviewed 45 companies and 
identified 13 enabling factors for XR adoption and catego-
rized them under the TOE framework in order to answer the 
second research question: “What are the critical enabling 
factors of XR adoption for SMEs?” The summary of these 
findings is presented in Fig. 1. Further analysis presented in 
the next section found that eight of these enabling factors 
were specifically highlighted in the SME context.

6.1  Theoretical contributions

The present study makes a twofold contribution to theory. 
First, the quantitative analysis based on an industry survey 
found there to be no statistically significant differences in 
organizations’ AR and VR use levels or the awareness and 
perceived limitations regarding these technologies. These 
results give further evidence and justification for examining 
both of these technologies simultaneously, as has already 
been practiced in prior literature (e.g., Davila Delgado et al. 

2020; Steffen et al. 2019). These results also bring into ques-
tion whether or not AR and VR really are at different devel-
opment stages from an organizational point of view, as has 
been reported previously (e.g., Gartner 2017). Even though 
HMD implementations of AR are still likely less mature 
than VR implementations, it is possible that organizations 
view AR as a whole to be at the same level of maturity as 
VR when smartphone- and tablet-based AR are included. 
Moreover, analysis of the survey data found that larger com-
panies were using AR and VR more than SMEs, although 
both were similarly aware of their potential and perceived 
similar levels of limitations in their adoption. This further 
corroborates earlier findings that large companies are more 
likely to adopt emerging technologies first before they have 
become well established in industry (Porter and Heppelmann 
2017) and confirms the need to support, especially, SMEs in 
the adoption of digital technologies through the identifica-
tion of enabling factors that are specifically applicable to 
them.

Second, this study provides an organizational perspec-
tive on XR adoption based on the TOE framework with a 
specific focus on SMEs. The present study contributes to 
the nascent literature on organizational XR adoption by 
uncovering key technological, organizational, and envi-
ronmental enabling factors and assessing their specific 
importance for SMEs. The identified enabling factors and 
whether their importance is highlighted in the SME con-
text are summarized in Table 6. Moreover, the novelty of 
the enabling factors is compared against previous findings 

XR adoption in organizations

Maturity of XR vendor and training ecosystem

Observed XR benefits achieved by competitors

Fast workflows between information systems and XR

XR compatibility with information systems and software

Opportunities to test XR devices and software

Balancing performance and ease of use in XR hardware

Technological install-base and network effects

Facilitating the initial adoption and use

Increased stakeholder XR capabilities and readiness

Organization

Technology

Environment

Mitigating employee resistance towards adoption

Ability to recruit people with XR expertise

Availability of resources and personnel for XR R&D

Top management knowledge and first-hand experience with XR

Fig. 1  The identified XR adoption enabling factors categorized under the TOE framework
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from literature. This comparison provides a concise view 
on the state of extant XR adoption literature.

The identified technological enabling factors (Table 6) 
were found to be mainly focused on XR and IS compat-
ibility, and in the diffusion of the technology in the larger 
ecosystem, which can enable the use of XR in external 
business processes due to increased network effects. As 
more organizations begin adopting XR, its value proposi-
tion for other organizations increases simultaneously, as 
it opens up new opportunities for collaboration. This is 
especially crucial for SMEs, as the intraorganizational 
application potential of XR will likely be wider in large 
companies. In addition, wider diffusion provides opportu-
nities for organizations to test XR. This can be especially 
helpful for SMEs, which often do not possess the extra 
resources to obtain XR devices for experimentation pur-
poses. Testing opportunities can also help companies in 
finding the right balance between performance and ease of 
use with their chosen XR solution. Last, although IS com-
patibility has been highlighted in extant literature (e.g., 
Davila Delgado et al. 2020), the rapidness of the IS-XR 
workflows is noted here as a distinct factor, as it can help 
in incorporating XR into everyday business processes. The 
off-the-shelf compatibility of XR with IS is also likely 
more relevant for SMEs, as tailoring of the solutions car-
ries higher financial risks.

At the organizational level, the top management not 
only needs to be knowledgeable about XR (Berg and Vance 
2017), but they also need to test these devices in practice 
due to their immersive and novel nature in order to grasp 
their enterprise-application potential. As SME managers 
can often also be the direct owners of the company, con-
vincing them about XR’s potential can significantly help 
in securing the required resources for XR. Berg and Vance 
(2017) also noted that the VR champion in an organization 
should encourage the end users to test VR in practice to fully 
recognize its potential. Securing the needed personnel and 
development resources for XR was also found to be crucial, 
especially for SMEs that are often limited in this regard. 
The required XR expertise can be found by recruiting the 
necessary talent from external sources or internally from 
employees who have self-learned how to use XR. Although 
XR is still often perceived to be more applicable in enter-
tainment rather than demanding industrial and engineering 
use (Davila Delgado et al. 2020), its hedonic use can also 
develop skills that can be applied in the organizational con-
text. Mitigating employee resistance toward XR was also 
found to be critical, a theme that has also gained increasing 
interest in recent literature (see e.g., Kim and Kankanhalli 
2009). Some of the most promising ways to mitigate such 
resistance include involving the employees in the XR devel-
opment process from the beginning and ensuring the initial 
testing and use of XR to be as practical and engaging as 

possible. An organizational culture supporting innovation 
can also lower the threshold for experimentation.

The maturity level of the XR vendor and training ecosys-
tem was found to be an especially relevant environmental 
factor for SMEs, which often do not possess sufficient capa-
bilities for independent system implementation and train-
ing. Successful XR adoption by competitors can also create 
pressure for adopting XR. Such mimetic pressures were also 
found to be critical for the adoption of virtual worlds by 
Yoon and George (2013). However, our analysis also noted 
that XR adoption by competitors was likely to be more vis-
ible in external customer-facing processes, which are already 
more difficult to implement in comparison to XR utiliza-
tion in internal business processes. Thus, if companies wait 
for visible signs of XR adoption in their competitors, they 
are likely lagging far behind them in applying XR, as XR 
will likely be initially adopted in internal business processes 
that then create organizational capabilities for wider XR use. 
At this point, the required XR capabilities and readiness of 
other stakeholders will also probably be higher.

In summary, although the affordances created by AR and 
VR can be slightly different (Steffen et al. 2019), common 
factors can be identified that are relevant for adopting both 
of these technologies, as they are essentially both focused on 
presenting digital information to organizational users visu-
ally in an immersive manner, and in enabling new ways to 
interact with this digital content. However, this study also 
shows that the importance of specific enabling factors can 
vary depending on the size of the company and its business 
environment.

6.2  Practical contributions

From a practical point of view, the holistic multi-country 
overview provided by this study highlights key issues for 
industry managers aiming to invest in XR by highlighting 
critical technological, organizational, and environmental 
factors they need to focus on to ensure a smoother adoption 
process. The in-depth analysis of enablers based on the three 
dimensions of the TOE framework can represent a reference 
for organizational managers and decision-makers interested 
in identifying existing barriers in their companies and in lev-
eraging the most relevant enablers to drive their companies 
toward effective adoption of XR. In particular, aside from 
the technological and organizational aspects, the multidi-
mensional level of analysis includes essential environmental 
factors such as the maturity of the related innovation ecosys-
tem, which can provide essential support for organizations 
considering adopting XR. The findings of the study can thus 
help companies in systematically addressing the key issues 
which can hinder organizational XR adoption.

SME managers and decision-makers can especially 
benefit from understanding which XR adoption factors are 
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highlighted in their own context, thus enabling them to 
shape their digital transformation path according to the spe-
cific competencies, resources, and strategic goals pursued by 
their organization. As SMEs often do not have enough slack 
resources for experimenting with new technologies on their 
own, seeking external opportunities for testing XR solu-
tions and acquiring expertise from the external innovation 
ecosystem can thus be specifically useful for SMEs. These 
trial opportunities can also help them choose appropriate 
XR equipment and enable their top management to test XR 
in practice to help them better understand how XR might fit 
in with their current IS and software, as well as their overall 
business strategy. As many SMEs often follow larger com-
panies when it comes to adopting new technologies, the sur-
vey overview about the XR adoption situation in European 
companies can also help managers in evaluating the overall 
market situation and in determining whether their compa-
nies should start investing in XR. Monitoring how widely 
XR has already diffused within their stakeholders and what 
level of capabilities they possess can also help companies 
understand in which business processes XR can already be 
leveraged effectively.

6.3  Limitations and future research

This study has certain limitations pertaining to its quantita-
tive and qualitative aspects. First, the survey data collection 
was placed at the beginning of the COVID-19 pandemic, 
which was a turbulent period for many companies. This 
may have influenced what types of companies were able to 
answer the survey. The shift toward remote work has also 
possibly spurred further interest in XR. Longitudinal studies 
on organizations’ perceptions and situations after the pan-
demic might provide different results. As the pace of digi-
talization and adoption of technologies has increased more 
generally (Denning and Lewis 2020) as well as specifically 
due to the pandemic (OECD 2021), more research is needed 
on what company traits and capabilities are highlighted in 
the effective adoption of emerging technologies, both in 
SMEs and large companies. Moreover, even though both 
the quantitative and qualitative samples were mainly focused 
on SMEs, larger companies were also included. However, 
we view this choice as justified, as this sample is more rep-
resentative of the overall enterprise market composition of 
the European industrial sector. This also allowed us to com-
pare whether the situation with AR and VR differed between 
SMEs and larger companies and to assess the specific impor-
tance for SMEs of key technological, organizational, and 
environmental enabling factors identified in this research.

Second, although the semi-structured interview protocol 
was shared among the researchers and iteratively refined 
based on their feedback, it is possible that both the inter-
viewers and the interviewees understood and interpreted 

the questions differently due to cultural and person-specific 
issues. Moreover, neither the relative significance nor the 
interrelationships of the identified enabling factors were 
examined in this study. Future research could thus operation-
alize the enabling factors and quantitatively evaluate their 
importance for organizations. Our findings are also mainly 
focused on the organizational level of adoption. As XR can 
be used to radically transform organizational activities and 
social structures, more research on employee perspectives on 
potential conflicts and changes that XR adoption can bring 
about could prove to be useful. Both quantitative and quali-
tative longitudinal pre- and post-adoption research designs 
could be employed to examine these issues.

Appendix

Interview protocol

The interview protocol below was phrased to be used with 
companies who have not yet used AR or VR. Another inter-
view protocol was also developed to be used with companies 
who were already using AR or VR. The protocol had only 
slightly differed phrasings, so it was omitted here due to 
space limitations.

Familiarity with AR/VR

Shortly, how aware are you of Augmented Reality (AR) or 
Virtual Reality (VR)?

• Have you used them yourself? Or have you seen them 
being used somewhere?

Has your organization thought about using AR and VR? 
Which one has more potential for your organization?

• Where and how could you use them in your organization?

• e.g., visualizations, information access, multi-user 
collaboration, remote support?

• Which tasks and processes?

• Has your organization been testing any kind of AR or VR 
devices?
• Do you know where you could test them?

• Why haven’t you started using AR or VR yet?

• Is the problem with the technology itself (e.g. cost, 
too complex…)?

• Or are there some organizational barriers that prevent 
you from using AR or VR (e.g. ease of integration 
with business processes)?
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• Or is the issue with the employees (e.g. lack of 
skills)?

Organizational issues

How knowledgeable is top management about AR or VR?

• Is someone in top management promoting their use?

Do you think your organization could start using AR or 
VR on your own (e.g., buy devices, install software, teach 
your employees on how to use the technology) or would you 
need external support?

• In what areas would you need support?
• e.g. technological issues, adapting business processes, 

training employees to use the technology…
• Where would you want to get the support from?

• University collaboration? Industry associations? 
Technology vendors?

What kind of skills would your employees and managers 
need to learn to use AR or VR effectively?

• Do you think your employees could learn to use AR or 
VR by themselves?

• Where do you think these skills could be learned?
• Self-learning? Internal company courses? Vendor 

training? Consultant companies?
How could universities help your organization in the 

adoption of these technologies?

• What sort of cooperation would you prefer?
• What would increase your interest in adopting these tech-

nologies?

How well does your organizational culture support exper-
imenting and testing new technologies?

Technological issues

What kind of content would you want to use in AR or VR 
(e.g. 3D models, visualizations, organizational data etc.)?

• How would you get this content to AR or VR?
• What kind of issues do you think you would face in inte-

grating AR or VR into these systems?

Have you been able to test out different AR or VR 
solutions?

• Where did you test them? How was the experience?
  What benefits do you think AR or VR would bring to 

your organization?

  Do you think your employees would resist using AR 
or VR? Why?

  Do you plan to use AR or VR in the future?
• When?
• What needs to happen with these technologies for you to 

start using them in your organization?

External issues

Have your competitors used and benefited from AR or VR?

• Is this creating pressure to adopt these technologies?
  Are any of your stakeholders (e.g. suppliers, custom-

ers) using these technologies?
• Is this creating pressure to adopt these technologies?

Acknowledgements The authors would like to thank Ian O’Donovan, 
Carsten Domann, Michael Schwaiger, Dominika Stiger, Maria Solo-
mou, Marios Zittis, Joseba Sainz de Baranda, Ignace Martens, Geert de 
Lepeleer, Kari Peltola, Eduard Petlenkov, Ahmet Kose, Marco Sacco, 
Luca Greci, Sandra Verweij, José Laan and Daniel Andersson from 
the VAM Realities project for their help in the data collection for this 
research.

Authors' contributions Conceptualization: HJ, HP; Methodology: HJ, 
HP; Investigation: HJ, HP, OT, EP, AZ, AT; Data curation: HJ; Formal 
analysis: HJ; Writing—original draft: HJ; Writing—review and editing: 
HJ, HP, OT, EP, AZ, AT; Project administration: HJ; Visualization: HJ.

Funding This research has been funded with support from the Euro-
pean Commission. This publication [communication] reflects the views 
only of the author, and the Commission cannot be held responsible 
for any use which may be made of the information contained therein. 
[Project number: 612618-EPP-1-2019-1-DE-EPPKA2-KA].

Availability of data and materials The fully anonymized data of this 
study are available from the corresponding author on reasonable 
request.

Code availability Not applicable.

Declarations 

Conflict of interest The authors have no conflict of interest to declare 
that are relevant to the content of this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

http://creativecommons.org/licenses/by/4.0/


 Virtual Reality

1 3

References

Alam SS, Susmit S, Lin CY et al (2021) Factors affecting augmented 
reality adoption in the retail industry. J Open Innov Technol Mark 
Complex 7(2):142. https:// doi. org/ 10. 3390/ joitm c7020 142

Armstrong JS, Overton TS (1977) Estimating nonresponse bias. J Mark 
Res 14(3):396–402

Azuma RT (1997) A survey of augmented reality. Presence Teleoper 
Virtual Environ 6(4):355–385. https:// doi. org/ 10. 1162/ pres. 
1997.6. 4. 355

Badamasi AA, Aryal KR, Makarfi UU, Dodo M (2022) Drivers 
and barriers of virtual reality adoption in UK AEC industry. 
Eng Constr Archit 29(3):1307–1318. https:// doi. org/ 10. 1108/ 
ECAM- 09- 2020- 0685

Berg LP, Vance JM (2017) Industry use of virtual reality in product 
design and manufacturing: a survey. Virtual Real 21(1):1–17. 
https:// doi. org/ 10. 1007/ s10055- 016- 0293-9

Blair RC, Higgins JJ (1985) Comparison of the power of the paired 
samples t test to that of Wilcoxon’s signed-ranks test under various 
population shapes. Psychol Bull 97(1):119–128. https:// doi. org/ 
10. 1037/ 0033- 2909. 97.1. 119

Borgman HP, Bahli, B, Heier H, Schewski F (2013) Cloudrise: explor-
ing cloud computing adoption and governance with the TOE 
framework. In: Proceedings of the 46th Hawaii international 
conference on system sciences, pp 4425–4435. https:// doi. org/ 
10. 1109/ HICSS. 2013. 132

Bryson S (1995) Approaches to the successful design and implementa-
tion of VR applications. In: Earnshaw R, Vince J, Jones H (eds) 
Virtual reality applications. Academic Press, San Diego, pp 3–15

Bujić M, Xi N, Hamari J (2021) Emotional response to extended reali-
ties: the effects of augmented and virtual technologies in a shop-
ping context. In: Proceedings of the 54th Hawaii international 
conference on system sciences, pp 628–637. https:// doi. org/ 10. 
24251/ HICSS. 2021. 077

Chandra S, Kumar KN (2018) exploring factors influencing organiza-
tional adoption of augmented reality in e-commerce: empirical 
analysis using technology-organization-environment model. J 
Electron Commer Res 19(3):237–265

Chuah SHW (2019) Wearable XR-technology: literature review, con-
ceptual framework and future research directions. Int J Technol 
Mark 13(3/4):205–259. https:// doi. org/ 10. 1504/ IJTMKT. 2019. 
104586

Cipresso P, Giglioli IAC, Raya MA, Riva G (2018) The past, present, 
and future of virtual and augmented reality research: a network 
and cluster analysis of the literature. Front Psychol 9:2086. https:// 
doi. org/ 10. 3389/ fpsyg. 2018. 02086

Cohen J (1988) Statistical power analysis for the behavioral sciences, 
2nd edn. Lawrence Erlbaum Associates Publishers, Hillsdale

Creswell JW (2015) 30 Essential skills for the qualitative researcher. 
SAGE Publications, Los Angeles

Creswell JW, Miller DL (2000) Determining validity in qualitative 
inquiry. Theory Pract 39(3):124–130. https:// doi. org/ 10. 1207/ 
s1543 0421t ip3903_2

Dancey CP, Reidy J (2007) Statistics without maths for psychology, 
4th edn. Pearson Education, London

Davila Delgado JM, Oyedele L, Beach T, Demian P (2020) Augmented 
and virtual reality in construction: drivers and limitations for 
industry adoption. J Constr Eng Manag 146(7):04020079. https:// 
doi. org/ 10. 1061/ (ASCE) CO. 1943- 7862. 00018 44

Denicolai S, Zucchella A, Magnani G (2021) Internationalization, 
digitalization, and sustainability: Are SMEs ready? A survey on 
synergies and substituting effects among growth paths. Technol 
Forecast Soc Change 166:120650. https:// doi. org/ 10. 1016/j. techf 
ore. 2021. 120650

Denning PJ, Lewis TG (2020) Technology adoption. Commun ACM 
63(6):27–29. https:// doi. org/ 10. 1145/ 33962 65

DePietro R, Wiarda E, Fleischer M (1990) The context for change: 
organization, technology and environment. In: Tornatzky LG, 
Fleischer M (eds) The processes of technological innovation. 
Lexington Books, Lexington, pp 151–175

Dwivedi YK, Ismagilova E, Hughes DL et al (2021) Setting the future 
of digital and social media marketing research: perspectives and 
research propositions. Int J Inf Manag 59:102168. https:// doi. org/ 
10. 1016/j. ijinf omgt. 2020. 102168

European Central Bank (2021) The coronavirus crisis and SMEs—
speech by Christine Lagarde, President of the ECB, at the “Jah-
resimpuls Mittelstand 2021” of Bundesverband Mittelständische 
Wirtschaft. European Central Bank. https:// www. ecb. europa. 
eu/ press/ key/ date/ 2021/ html/ ecb. sp210 301_ 1~ab924 b7e65. en. 
html. Accessed 25 Feb 2022

Gartner (2017) Top trends in the gartner hype cycle for emerging 
technologies, 2017. Gartner. https:// www. gartn er. com/ smart 
erwit hgart ner/ top- trends- in- the- gartn er- hype- cycle- for- emerg 
ing- techn ologi es- 2017/. Accessed 25 Feb 2022

George D, Mallery P (2019) IBM SPSS statistics 26 step by step: a 
simple guide and reference. Routledge, Milton Park

Gillham B (2005) Research interviewing: the range of techniques. 
Open University Press, Berkshire

Gong L, Fast-Berglund A, Johansson B (2021) A framework for 
extended reality system development in manufacturing. IEEE 
Access 9:24796–24813. https:// doi. org/ 10. 1109/ access. 2021. 
30567 52

Grand View Research (2021) Virtual reality market size, share and 
trends analysis report by technology (semi and fully immersive, 
non-immersive), by device (HMD, GTD), by component (hard-
ware, software), by application, and segment forecasts, 2021–
2028. Grand View Research. https:// www. grand viewr esear ch. 
com/ indus try- analy sis/ virtu al- reali ty- vr- market. Accessed 25 
Feb 2022

Hammond E (2020) Magic leap cuts half of jobs in major restruc-
turing. Bloomberg. https:// www. bloom berg. com/ news/ artic les/ 
2020- 04- 22/ magic- leap- is- said- to- cut- half- of- jobs- in- major- 
restr uctur ing. Accessed 25 Feb 2022

IDC (2020) Worldwide spending on augmented and virtual reality 
forecast to deliver strong growth through 2024, according to a 
new IDC spending guide. IDC. https:// www. idc. com/ getdoc. jsp? 
conta inerId= prUS4 70120 20. Accessed 25 Feb 2022

Jalo H, Pirkkalainen H, Torro O, Kärkkäinen H, Puhto J, Kankaan-
pää T (2018) How can collaborative augmented reality support 
operative work in the facility management industry?. In: Pro-
ceedings of the 10th international joint conference on knowl-
edge discovery, knowledge engineering and knowledge manage-
ment (IC3K 2018), vol 3, KMIS, pp 41–51. https:// doi. org/ 10. 
5220/ 00068 89800 410051

Jalo H, Pirkkalainen H, Torro O, Lounakoski M, Puhto J (2020) Ena-
bling factors of social virtual reality diffusion in organizations. 
In: Proceedings of the 28th European conference on information 
systems (ECIS): an online AIS conference, pp 1–15

Jerald J (2015) The VR book: human-centered design for virtual 
reality. Morgan & Claypool, San Rafael

Kim HW, Kankanhalli A (2009) Investigating user resistance to 
information systems implementation: a status quo bias perspec-
tive. MIS Q 33(3):567–582. https:// doi. org/ 10. 2307/ 20650 309

Li X, Yi W, Chi HL et al (2018) A critical review of virtual and 
augmented reality (VR/AR) applications in construction safety. 
Autom Constr 86:150–162. https:// doi. org/ 10. 1016/j. autcon. 
2017. 11. 003

Martins R, Oliveira T, Thomas MA (2016) An empirical analysis to 
assess the determinants of SaaS diffusion in firms. Comput Hum 
Behav 62:19–33. https:// doi. org/ 10. 1016/j. chb. 2016. 03. 049

https://doi.org/10.3390/joitmc7020142
https://doi.org/10.1162/pres.1997.6.4.355
https://doi.org/10.1162/pres.1997.6.4.355
https://doi.org/10.1108/ECAM-09-2020-0685
https://doi.org/10.1108/ECAM-09-2020-0685
https://doi.org/10.1007/s10055-016-0293-9
https://doi.org/10.1037/0033-2909.97.1.119
https://doi.org/10.1037/0033-2909.97.1.119
https://doi.org/10.1109/HICSS.2013.132
https://doi.org/10.1109/HICSS.2013.132
https://doi.org/10.24251/HICSS.2021.077
https://doi.org/10.24251/HICSS.2021.077
https://doi.org/10.1504/IJTMKT.2019.104586
https://doi.org/10.1504/IJTMKT.2019.104586
https://doi.org/10.3389/fpsyg.2018.02086
https://doi.org/10.3389/fpsyg.2018.02086
https://doi.org/10.1207/s15430421tip3903_2
https://doi.org/10.1207/s15430421tip3903_2
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001844
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001844
https://doi.org/10.1016/j.techfore.2021.120650
https://doi.org/10.1016/j.techfore.2021.120650
https://doi.org/10.1145/3396265
https://doi.org/10.1016/j.ijinfomgt.2020.102168
https://doi.org/10.1016/j.ijinfomgt.2020.102168
https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210301_1~ab924b7e65.en.html
https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210301_1~ab924b7e65.en.html
https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210301_1~ab924b7e65.en.html
https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-technologies-2017/
https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-technologies-2017/
https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-technologies-2017/
https://doi.org/10.1109/access.2021.3056752
https://doi.org/10.1109/access.2021.3056752
https://www.grandviewresearch.com/industry-analysis/virtual-reality-vr-market
https://www.grandviewresearch.com/industry-analysis/virtual-reality-vr-market
https://www.bloomberg.com/news/articles/2020-04-22/magic-leap-is-said-to-cut-half-of-jobs-in-major-restructuring
https://www.bloomberg.com/news/articles/2020-04-22/magic-leap-is-said-to-cut-half-of-jobs-in-major-restructuring
https://www.bloomberg.com/news/articles/2020-04-22/magic-leap-is-said-to-cut-half-of-jobs-in-major-restructuring
https://www.idc.com/getdoc.jsp?containerId=prUS47012020
https://www.idc.com/getdoc.jsp?containerId=prUS47012020
https://doi.org/10.5220/0006889800410051
https://doi.org/10.5220/0006889800410051
https://doi.org/10.2307/20650309
https://doi.org/10.1016/j.autcon.2017.11.003
https://doi.org/10.1016/j.autcon.2017.11.003
https://doi.org/10.1016/j.chb.2016.03.049


Virtual Reality 

1 3

Masood T, Egger J (2019) Augmented reality in support of Indus-
try 4.0—implementation challenges and success factors. Robot 
Comput Integr Manuf 58:181–195. https:// doi. org/ 10. 1016/j. 
rcim. 2019. 02. 003

Masood T, Egger J (2020) Adopting augmented reality in the age of 
industrial digitalisation. Comput Ind 115:103112. https:// doi. 
org/ 10. 1016/j. compi nd. 2019. 07. 002

Miller R (2015) Google glass is alive and well and living in the 
enterprise. TechCrunch. https:// techc runch. com/ 2015/ 03/ 04/ 
google- glass- is- alive- and- well- and- living- in- the- enter prise/. 
Accessed 25 Feb 2022

Nederhof AJ (1985) Methods of coping with social desirability bias: a 
review. Eur J Soc Psychol 15:263–280

Noghabaei M, Heydarian A, Balali V, Han K (2020) Trend analysis 
on adoption of virtual and augmented reality in the architecture, 
engineering, and construction industry. Data 5:26. https:// doi. org/ 
10. 3390/ data5 010026

OECD (2021) The digital transformation of SMEs. OECD Studies on 
SMEs and Entrepreneurship. OECD Publishing, Paris

Ong SK, Nee AYC (2013) Virtual and augmented reality applica-
tions in manufacturing. Springer, Berlin. https:// doi. org/ 10. 1007/ 
978-1- 4471- 3873-0

Patton MQ (2002) Qualitative research and evaluation methods, 3rd 
edn. SAGE Publications, Thousand Oaks

Porter ME, Heppelmann JE (2017) Why every organization needs an 
augmented reality strategy. Harv Bus Rev 95(6):46–57

Rasmussen JL, Dunlap WP (1991) Dealing with nonnormal data: para-
metric analysis of transformed data vs nonparametric analysis. 
Educ Psychol Meas 51(4):809–820. https:// doi. org/ 10. 1177/ 00131 
64491 05100 402

Schiavone F, Leone D, Caporuscio A, Kumar A (2022) Revealing the 
role of intellectual capital in digitalized health networks. A meso-
level analysis for building and monitoring a KPI dashboard. Tech-
nol Forecast Soc Change 175:121325. https:// doi. org/ 10. 1016/j. 
techf ore. 2021. 121325

Serlin RC, Harwell MR (2004) More powerful tests of predictor sub-
sets in regression analysis under nonnormality. Psychol Methods 
9(4):492–509. https:// doi. org/ 10. 1037/ 1082- 989X.9. 4. 492

Steffen JH, Gaskin JE, Meservy TO et al (2019) Framework of affor-
dances for virtual reality and augmented reality. J Manag Inf Syst 
36(3):683–729. https:// doi. org/ 10. 1080/ 07421 222. 2019. 16288 77

Torro O, Jalo H, Pirkkalainen H (2021) Six reasons why virtual reality 
is a game-changing computing and communication platform for 
organizations. Commun ACM 64(10):48–55. https:// doi. org/ 10. 
1145/ 34408 68

Venkatesh V, Brown SA, Bala H (2013) Bridging the qualitative-quan-
titative divide: guidelines for conducting mixed methods research 
in information systems. MIS Q 37(1):21–54. https:// doi. org/ 10. 
25300/ MISQ/ 2013/ 37.1. 02

Walsh KR, Pawlowski SD (2002) Virtual reality: a technology in need 
of IS research. Commun Assoc Inf Syst 8:20. https:// doi. org/ 10. 
17705/ 1CAIS. 00820

Walsham G (1995) Interpretive case studies in IS research: nature and 
method. Eur J Inf Syst 4(2):74–81. https:// doi. org/ 10. 1057/ ejis. 
1995.9

Wolf M, Beck R, Pahlke I (2012) Mindfully resisting the bandwagon: 
reconceptualising IT innovation assimilation in highly turbulent 
environments. J Inf Technol 27(3):213–235. https:// doi. org/ 10. 
1057/ jit. 2012. 13

Yin RK (2013) Case study research design and methods, 5th edn. 
SAGE Publications, Thousand Oaks

Yoon TE, George JF (2013) Why aren’t organizations adopting virtual 
worlds? Comput Hum Behav 29(3):772–790. https:// doi. org/ 10. 
1016/j. chb. 2012. 12. 003

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.rcim.2019.02.003
https://doi.org/10.1016/j.rcim.2019.02.003
https://doi.org/10.1016/j.compind.2019.07.002
https://doi.org/10.1016/j.compind.2019.07.002
https://techcrunch.com/2015/03/04/google-glass-is-alive-and-well-and-living-in-the-enterprise/
https://techcrunch.com/2015/03/04/google-glass-is-alive-and-well-and-living-in-the-enterprise/
https://doi.org/10.3390/data5010026
https://doi.org/10.3390/data5010026
https://doi.org/10.1007/978-1-4471-3873-0
https://doi.org/10.1007/978-1-4471-3873-0
https://doi.org/10.1177/001316449105100402
https://doi.org/10.1177/001316449105100402
https://doi.org/10.1016/j.techfore.2021.121325
https://doi.org/10.1016/j.techfore.2021.121325
https://doi.org/10.1037/1082-989X.9.4.492
https://doi.org/10.1080/07421222.2019.1628877
https://doi.org/10.1145/3440868
https://doi.org/10.1145/3440868
https://doi.org/10.25300/MISQ/2013/37.1.02
https://doi.org/10.25300/MISQ/2013/37.1.02
https://doi.org/10.17705/1CAIS.00820
https://doi.org/10.17705/1CAIS.00820
https://doi.org/10.1057/ejis.1995.9
https://doi.org/10.1057/ejis.1995.9
https://doi.org/10.1057/jit.2012.13
https://doi.org/10.1057/jit.2012.13
https://doi.org/10.1016/j.chb.2012.12.003
https://doi.org/10.1016/j.chb.2012.12.003

	Extended reality technologies in small and medium-sized European industrial companies: level of awareness, diffusion and enablers of adoption
	Abstract
	1 Introduction
	2 Literature review
	3 Methodology
	4 Companies’ perceptions and adoption levels of AR and VR
	5 XR adoption enabling factors
	5.1 Technological factors
	5.1.1 Technological install-base and network effects
	5.1.2 Balancing performance and ease of use in XR hardware
	5.1.3 Opportunities to test XR devices and software
	5.1.4 XR compatibility with information systems and software
	5.1.5 Fast workflows between information systems and XR

	5.2 Organizational factors
	5.2.1 Top management knowledge and first-hand experience with XR
	5.2.2 Availability of resources and personnel for XR research and development
	5.2.3 Ability to recruit people with XR expertise
	5.2.4 Mitigating employee resistance toward adoption
	5.2.5 Facilitating the initial adoption and use

	5.3 Environmental factors
	5.3.1 Increased stakeholder XR capabilities and readiness
	5.3.2 Observed XR benefits achieved by competitors
	5.3.3 Maturity of XR vendor and training ecosystem


	6 Discussion and conclusion
	6.1 Theoretical contributions
	6.2 Practical contributions
	6.3 Limitations and future research

	Acknowledgements 
	References




