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Abstract—The user’s emotional involvement plays an important role in
adopting new technologies. The level of engagement with and adoption of new
digital applications depends on various personal, contextual, and emotional fac-
tors. In our study, we assessed the personal factors, such as gender differences,
of perceiving and adopting technologies such as virtual reality (VR), augmented
reality (AR), and conventional video. Furthermore, we assessed what kind of
emotions are involved in and invoked by the context of new technologies. This
is a quantitative study in which students were asked to perform experiments on
VR, AR, and conventional videos. After the experiments, participants were
asked to fill out a predefined survey about their emotional reactions to the ex-
periments. The results show, unlike the prior research, that female participants
were more enthusiastic about the usage of new technologies than males. The us-
er experience of VR, AR and conventional videos triggered more positive emo-
tions among females than males. For practitioners, the results suggest that the
audio-visual technologies could engage more females than males. For academ-
ics, this study provides further research on how to trigger users to adopt new
audio-visual technologies.

Keywords—Virtual Reality, Augmented Reality, Conventional Video, User
Experience

1 Introduction

People have different desires and preferences when choosing new smart gadgets to
use. These desires are mainly rooted in gender, personality, interest, values, and social
setup (Etkin & Sela, 2014). Therefore, the design and development of a robust appli-
cation mandates that these issues be investigated thoroughly. Furthermore, the popu-
larity of mobile devices and the significant technological advancement in recent years
have made these devices central tools in various fields, including in the marketing
sector.

Therefore, primitive advertisement approaches, such as using posters to promote
products, no longer cover a wide audience (Dennis, Josko Brakus, & Alamanos,
2013). This is rooted into two main reasons. First, primitive advertisement does not
draw the attention of a digital audience (Marciniak, 2014). Second, the new digital
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generations prefer to use their mobile devices for most activities, including consuming
advertisements, despite its occasional inconvenience. The demands and needs of ad-
vertising have shifted from traditional media to digital content presentation. To pro-
mote new services for the aforementioned generations, the designers must anticipate
the needs of the users’ segments and their emotional engagement factors.

Smart gadgets such as smartphones are continuously expanding and extending their
reach with advanced technologies such as virtual reality (VR) and augmented reality
(AR). VR and AR technology has been utilized in various industries for more than
two decades. Their popularity has rapidly increased as VR and AR applications have
become feasible in smart gadgets like smart phones (Mazuryk, Gervautz, & Smith,
2013). For example, VR and AR are now used in educational environments (Hussein
& Nitterdal, 2015), in psychotherapy (Diemer, Pauli, & Miihlberger, 2015), and in
tourism (Guttentag, 2010). Less than two decades ago, VR and AR applications were
feasible only behind closed doors with dedicated laboratories and powerful computers
for testing and experimentation. Smart phones have shifted the application of VR and
AR from laboratories to people’s pockets. However, those who are skeptical of new
technologies are still cautious when it comes to experimenting with new technologies
such as AR and VR.

This study aims to reveal how new generations feel about using these technologies
on a daily basis. Furthermore, we want to clarify whether there are gender differences
in emotional perceptions of new technology. The results of this study will help the
designers of VR and AR to consider the proper design approach for providing content
in new technologies.

2 Related Studies

Research into gender differences in the use of VR and AR technologies is scant,
but prior research on gender differences in the use of mobile technologies provide
some insight into the phenomenon. Hamza and Shah (2014) found that males had
higher perceived ease of use than the females when using mobile technology, while
social norms influenced the female students more than the males in adopting mobile
payment methods. They did not, however, find significant differences in the general
adoption of mobile payment systems between genders. Wood and Li (2005) found
that males were more willing to adopt new technologies than females. They studied
differences by using the model of a technology adoption curve. They found that gen-
der affects one’s behavioral intention to use mobile internet, but not in all cases.
Wang and Wang (2010) found that the effect of performance expectancy, in other
words, expected benefits to job performance from the usage of mobile internet, was a
stronger determinant of adoption for male users, whereas effort expectancy, which
refers to ease of use, was significant for females. In investigating the adoption of
mobile banking, Riquelme and Rios (2010) found that ease of use has a stronger effect
on female users than male users, whereas the male users were more affected by per-
ceived usefulness. The female users were more impacted by social norms, which
means that they were more likely to involve others in decision-making. Kongaut and
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Bohlin (2016) did not find differences between Swedish males and females in the use
of mobile applications, except that males were more active online ticket shoppers,
whereas females used more social-media applications. Li, Glass, and Redords (2008)
studied gender differences in the adoption and use of mobile commerce services. They
did not find significant differences between males and females, as the adoption rates
and adopted stage patterns were similar. The only difference that they found was in
the use of communication, information, and transaction services, in which males were
more active. They concluded that males probably move through the adoption stages
faster than females. From the viewpoint of mobile usage, males moving faster through
adoption stages of mobile commerce services would suggest some differences in the
use of VR and AR as well.

Studies of gender differences in the acceptance of new technologies are not new.
For example, Wang and Wang (2008) conducted a study on the gender differences in
perceiving the playfulness of an online game. Venkatesh, Morris, and Ackerman
(2000) conducted a study to investigate the gender differences in individual technolo-
gy adoption decision-making processes. Their findings indicate that men are more
strongly inclined to use new technology. Goswami and Dutta (2016) conducted a
literature review on the gender differences in the use of new technologies in various
domains, such as education, banking, health care etc. Their findings reveal that gender
has a significant impact on the intention to accept new technology.

Companies apply various approaches to promote their products to consumers. Tra-
ditionally printed media were the main source of promotion, but in recent years, the
popularity of smart devices has caused the promotion of new products to shift toward
new methods such as text, audio, and video delivered to people’s pockets. In the latest
wireless technologies advances such as AR and VR, consumers are enabled to engage
emotionally with their applications, especially in tourism industries. AR (Sowmya,
Parthipan, & Sriram Kumar, 2015) and VR (Negrotti, 2012) have been around for
more than two decades. The applications of these technologies were mainly imple-
mented behind closed doors and with Personal Computers (Li, Yi, Chi, Wang, &
Chan, 2018). However, in recent years, VR and AR have become also enabled on
smart devices. Furthermore, 360 degree video clips (Corbillon, Simon, Devlic, &
Chakareski, 2017) have also become feasible as a panorama view in smartphones.

Outdoor activities in Finland are very popular (Alaméki & Dirin, 2015). The activi-
ties that the outdoor services’ providers offer cover a wide range of entertainment and
sports services. They often promote their services both to national and international
customers. To promote outdoors activities, the authors have conducted much research
in this field, and some of the research results have been published in international
journals such as (Alamaiki, Dirin, Huotari, & Korhonen, 2016) , and (Alamiki &
Dirin, 2014). Nature in every country has its own tourism industry, and often govern-
ments promote nature to tourists through advertisements. Geffroy, Samia, Bessa, and
Blumstein (2015) conducted a global study on trends in nature-based tourism that
indicated a decline in the number of nature-based tourists globally. Therefore, various
attempts have been made to tackle this decline. For example, Wood, Guerry, Silver,
and Lacayo (2013) have used social media to increase nature-based tourism. They
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shared photos to Flickr and then traced who, when, and which countries had visited
the photos; they then collected this information and aggregated it as big data.

3 Research Methodology and Processes

3.1 Research questions

In this study, we conducted an experiment with students of various degree pro-
grams. After each experiment, students were asked to fill out a hardcopy survey. The
aim of this study was to investigate gender differences in user experiments with video,
VR, and AR. This study aims to answer the following research question:

Is there a relationship between gender and user experiments with video, VR, and
AR?

3.2  Participants

This is quantitative research that we have conducted with students in the Infor-
mation Technology and in Tourism Management degree programs. The participants
were of various nationalities and were both male (n=61) and female (n=39). The age
of the students varied between 19 and 34 years old.

3.3  Data gathering

In each experiment, we prepared and printed a survey and handed it to students.
After the survey, we compared the females’ and males’ differences in their emotional
reactions using independent t-tests.

The students were instructed to execute the experiments either individually or in a
group of two or three members. The task order and the instructions were given as
follows:

e Access and watch the conventional videos

o The access, use and watch 360 videos by using VR classes

e Download the Arilyn AR application, scan the target image and interact with the
AR virtual object

o Answer the questionnaire independently

The test users were able to test the experiments either on PCs or on smartphones.
We provided a barcode for the experiment applications to make the experiment fast
and easy for students. The content in the videos, VR and AR were marketing material
and originally designed for marketing purposes. This created the same type of content
for all experiments. Figure 1 shows an example of AR application.
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Fig. 1. Sample of the AR object that pop-upped from the target image.

We have collected a significant amount of data, but in this paper, the focus is on
gender difference in perceptions and behaviours of participants towards video, VR,
and AR. In the survey, we asked students their age, nationality, study year, previous
knowledge of the VR and AR experiment, and their emotional experience of the ex-
periment. The sample questionnaire that we utilized in this study is shown in Figure 2.
For each emotional word, the statement was translated into numeric values (5 = fully
agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = completely disagree) for statistical
analyses.

Please choose the option after each emotional word that best describe your emotion during the
experiment

1. Relaxing [ 1fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree
2. |Inspiring [ 1fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree
3. Encouraging [ 1fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree
4, Exciting [ 1fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree
5. Unpleasant [ ]fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree
6. Depressing [ 1fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree
7. Boring [ 1fully agree, [ ] agree, [ ] neutral, [ ] disagree, [ ] completely disagree

Fig. 2. Sample questionnaire that students were asked to complete.

For the AR experiments, we did not develop any new application but instead used
Arilyn (“Arilyn,” 2019) and Arla’s (“Arla,” 2019) joint AR product. Students were
asked to scan a cat figure in a milk packet and determine whether they could see a live
cat on their smartphone’s screen.
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3.4  Data analysis

The data set consisted of 100 completed questionnaires. The data analysis was
conducted with IBM® SPSS® Statistics. The values of the variables in the Figure 2
were encoded so that the more the participant agreed with the statement, the greater
the value of it is (i.e. fully agree =5; complete disagree =1).

4 Result

Table 1 presents students’ perspective based on the emotional terms used in the
survey for normal video, VR, and AR. The sample size was 100, of which n=61 were
male and n=39 were female. SPSS ignored the values that have not been provided in
the table. We collected a significant amount of data during the experiment; however,
in this study, we only present the gender differences concerning the three aforemen-
tioned technologies. Table 1 presents the independent sample test of the gender differ-
ences collected through the questionnaire during the experiments.

Table 1. Independent sample test of the gender differences
Technology Emotion Female Male t-value | df' sig.

Conventional video x sd X sd
Inspiring 3.56|0,72 3218 0,83 | -2,19 95 | p<0,05

360 Video
Boring 1.92]0,10 | 2.555 | 1,25| -2.75 |91.02 | p<0,01
Depressing 1.58 10,68 2.15 (0,10 -3,11 95 p<0,01
Exciting 384(092| 342 |1,12| 2,01 95 | p<0,05
Inspiring 3.95]0,73| 3.56 | 1,05| 2,20 |23.43 | p<0,05

lAugmented Reality Video
Boring 208 |1,15| 2.69 | 1,29 | -2,37 94 | p<0,05
Depressing 1.68 10,84 | 2.12 (1,11 | -2,07 94 p<0,05
[Unpleasant 1.7310,80| 2.21 |1,02| -2,40 93 p<0,05
Exciting 3.65(095| 3.13 | 1,16 | 2,40 94 | p<0,05

4.1 Conventional Video Clip

Statistically, females (n=39) felt that the conventional video was more inspirational
(x = 3.56; sd = 0.72) than males (58) did (x = 3.22; sd = 0.83), t(95) = -2,187, p <
.05).

4.2 360 Video using VR glasses

Females (n = 38) felt that the 360 video was statistically less boring (x = 1.92; sd =
0.10) than males (n = 60) did (x = 2.56; sd = 1.25), t(91,02) =-2,75, p < .01.

In addition, females (n = 38) felt that the 360 video was statistically less depressive
(x = 1.58; sd = 0.68) than males (n = 59) did (x = 2.15; sd = 0,10), t(95) = -3,11, p <
.01.
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Similarly, females (n = 38) felt that the 360 video was statistically more exciting (x
= 3.84; sd = 0,92) than males (n =59) did (x = 3.42; sd = 1,12), t(95) = 2.01, p < .05.

Furthermore, females (n = 38) considered the 360 video to be statistically more in-
spiring (x = 3.95; sd = 0.73) than males (n = 59) did (x = 3.56; sd = 1,05), t(23.43) = -
2,20, p < .05. Finally, in the answer to the question about the intention of participants
to share the 360 video, females (n = 38) showed statistically more intention to share
the 360 video (x = 3.53; sd = 1.08) than males (n = 61) did (x = 2.97; sd = 1,224),
t(97)=2,31, p <.05.

4.3  Augmented Reality Experiment

The question concerning perceptions that AR is boring showed that females (n=38)
felt that the AR video was statistically less boring (x = 2.08; sd = 1.15) than males (n
= 58) did (x = 2.69; sd = 1.29), (94) =-2,37, p < .05. Aligned with this is the finding
that females (n = 38) felt that the AR video was statistically less depressive (x = 1.68;
sd = 0.84) than males (x = 58) did (x = 2.12; sd = 1,11), t(94) = 2,07, p < .05. Addi-
tionally, females (n = 37) felt that the AR video was statistically less unpleasant (x =
1.73; sd = 0.80) than males (n = 58) did (x = 2.21; sd = 1.02), t(93) = -2.40, p < .05.
Furthermore, females (n = 37) felt that the AR video was statistically more exciting (x
= 3.65; sd = 0.95) than males (n = 59) did (x = 3.13; sd = 1.16), t(94) =-2,40, p < .05.

Overall the females experiences about the conventional video, the 360 video and
AR-application were more positive than male’s experiences.

5 Discussion

The aim of this study was to examine students’ experiences with normal video,
VR, and AR application usage. Furthermore, we aimed to study gender differences in
emotional perceptions of new technology use. In addition, through this study, we tried
to elaborate the students’ preferences regarding video, AR, and VR technology use
rather than the content of the selected technologies.

Among all participants, females considered conventional video more inspiring than
males. Aligned with this is the finding that female participants considered the VR to
be more inspiring than males. On the other hand, male participants considered the 360
video to be more boring, less exciting, and more depressing than females. The main
reason for the result is that the 360 clip mandates that the user wear VR glasses, which
are often associated with many challenges (Guttentag, 2010). This result, surprisingly,
is similar in the AR experiment. Males identified the AR as more unpleasant and
depressive, and less exciting than females.

The findings are not align with the research of Wood and Li (2005), who found that
males were more willing to adopt new technologies than females. They concluded that
males probably move through adoption stages faster than females, which is not sub-
stantiated by this study. However, our findings partly align with the studies of Kon-
gaut and Bohlin (2016) and Li, Glass, and Redords (2008), who did not find signifi-
cant gender differences in mobile technology adoption. Wang and Wang (2010) and
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Riquelme and Rios (2010) found that the ease of use of new technology was a strong-
er determinant of adoption for females than for males. This finding is interesting from
the perspective of this study, as VR and AR are not necessarily easy to use. In particu-
lar, VR glasses are difficult to use for the first time, and many users do not know how
to set them up. Thus, gender differences in the use of VR and AR merit further re-
search. The use of VR and AR does not involve just browsing web content or clicking
mobile apps, but it requires several interactive steps. In using VR glasses with their
smartphones, users need to find a 360 video, click the cardboard-icon, and pair the
smartphone to the VR glasses. While using an AR application, users need to down-
load the right mobile app to scan the target and be able to get content to jump out
from the screen. This study suggests that adapting VR and AR applications to the
educational context would require a special focus on technical support and ease of
use.

The results indicate that there are significant differences in male and female per-
ception of new technology use. Female students show more interest in new technolo-
gy use and experimentation. A previous study (Saballe, Le, & Dirin, 2018) has
demonstrated that these experiments themselves change perceptions.We asked the
participants to evaluate how different emotional concepts illustrate their emotional
reactions in using conventional videos, VR and AR application. The findings show,
unlike the prior research (e.g. Kongaut & Bohlin, 2016; Li, Glass & Redords, 2008;
Wood & Li, 2005), that the videos, VR and AR caused more positive emotional re-
sponses to females than males. The emotional response to the new technology is im-
portant in adopting new technology to various purposes. Thus, the findings contribute
to the many fields where the positive user experience is essential for the successful
implementation. The digital service designer and marketers can utilize findings in
designing VR and AR services that are targeted to the female customers. In addition,
the findings suggest that females would prefer audio-visual and interactive technolo-
gies that could be an important knowledge in the career selection debate. The females
may also prefer more VR and AR applications than other digital applications creating
a new potential channel for marketers, educators, game developers and administrators
to deliver and sell digital content and services.

6 Conclusion

This study has demonstrated that gender impacts the adoption of new technologies.
This study does not confirm previous general findings about male capabilities to adopt
new technologies. In our study, we found that females adopt AR applications, VR
applications, and conventional video clips faster than male participants.

The findings of this study are only valid in the context in which we conducted the
study, so it is not feasible to draw a general conclusion. Furthermore, in this study, we
were not able to assess what types of triggers the participants evaluated, the special
features of tools or the digital content elements. This could have been clarified by
conducting a follow-up study—for example, with interviews. Hence, we plan to ex-
tend the study with more participants in order to validate its findings.
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