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Students’ expectations and social media sharing in adopting augmented reality
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2 Laurea University of Applied Sciences
Purpose: This study examines students’ emotional responses to augmented reality (AR) applications
and their willingness to share on social media. It also compares user experiences of AR and virtual
reality (VR).
Design: In line with expectation disconfirmation theory, the study focuses on students’ experiences
in the post-adoption situation where they had gained actual experiences of AR applications. The
participants in this case study included 100 undergraduate students from higher educational institutes.
Findings: Augmentation as a value-creating mechanism seems to create surprising emotional
reactions, as it created completely new and unexpected experiences for first-time users. This study
also shows that positive user experiences increased the students’ willingness to share AR content on
social media channels. In addition, AR seems to be easier to adopt than does VR with “cardboard-
style” VR headsets.
Research implications: More research is needed to determine which specific features of AR
applications and pedagogical methods create positively surprising emotional experiences that affect
rewarding learning experiences and social media sharing.
Practical implications: The results of this study allow designers and educators to select educational
technologies that emotionally engage students to use and share them. Positively surprising emotional
experiences are important for rewarding learning experiences. The findings also provide hints on the
future preferences of new AR users.
Originality: This study created a new understanding of the emotional determinants of AR adoption
and sharing on social media.
Paper type: Research paper
Keywords: Augmented reality, Educational technology, Emotions, Higher Education
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1. Introduction

Studying users’ experiences while they adopt and perform new technologies provides a new
understanding of their expectations and preferences. This new knowledge allows designers to develop
more useful and user-friendly digital services specifically in the learning context. We already know
that perceived usefulness, ease of use, loss of control and user satisfaction affect the adoption of new
technologies (Lee and Park, 2008; Venkatesh and Davis, 2000). In addition, prior research (Arpaci,
2016; Hallikainen ef al., 2019a; Karjaluoto ef al., 2014) shows that several user-dependent factors—
such as personal innovativeness, perceived value, technology readiness and trust—influence the
adoption of new technologies.

However, there has been little research on the role of emotional factors in the adoption
of augmented reality (AR), and research on students’ willingness to share AR content on social media
is scant. Although AR is a promising technology in the educational context, its educational use and
research are in its infancy (Uhomoibhi ef al., 2020). This study focuses on user experiences of AR
when students use the case study AR application. It especially pays attention to initial user
experiences that provide us new knowledge concerning users’ emotional responses when they use
AR applications for the first time in their lives. In addition, the study examines the relationship
between emotional experiences and willingness to share content on social media. Previous research
(e.g. Garcia et al., 2015) shows that students spontaneously use social media tools for educational
purposes.

AR is a new technology that has gained significant interest, especially among
academicians and practitioners (e.g. Dirin and Laine, 2018; Nguyen et al., 2018; Olsson et al., 2013).
Understanding the determinants of technology adoption would allow designers, educators and
marketers to develop technologies that diffuse faster (c.f. Jahanmir and Cavadas, 2018). Similarly,

research findings about the behaviour of early adopters can provide hints on the future preferences of



new user segments (Hallikainen et al., 2019a). In addition, it is important to understand factors that
lead to strong emotional or cognitive reactions in AR usage (Ibanez et al., 2014). Negative word of
mouth (WOM) about a new technology in social media channels may decrease the rate of adoption
(Jahanmir and Cavadas, 2018). Moreover, more and more users make purchase decisions on the basis
of WOM on social media (Chen et al., 2012), and the use of social media in learning strongly supports
information learning (Dabbagh and Kitsantas, 2012). Thus, the study examines surprising experiences
and users’ willingness to share AR content on social media.

The main goal of this study was to examine user experiences of 3D (three dimensional)

-based AR applications. The research questions are as follows:

1. What are the first-time users’ initial experiences of AR applications, and does the usage
invoke emotions?

2. How do user experiences of AR differ from those of virtual reality (VR) at the general level?

3. How emotional responses relate to users’ willingness to share AR applications on social

media?

2. Related work

2.1 Augmentation as the value-creating mechanism

Kipper and Rampolla (2013) defined AR as the combination of a real-world environment and digital
information. This combination has given rise to many opportunities in various sectors. In AR
applications, a real scene viewed by the user is embedded in a virtual object. The virtual object often
carries information that is generated by a computer or mobile device. Therefore, the user remains in
the real world with augmented digital objects. Hence, AR applications are a means to provide rich
digital information and interactivity to the user’s perception in the real world. This increases the
media richness of AR applications compared to traditional mobile applications in learning and

teaching (Yoke et al., 2019).



Mobile devices are used to deliver AR content to the target audience. Mobile AR
applications are considered a tool for transferring self-augmentation into the user’s self-concepts.
This means that a mobile AR-branded application dominates the user’s selection choices because they
feel that the brand is a personal and supportive self-expression. Previous research on education (e.g.
Huang et al., 2016; Yoke et al., 2019; Yuen et al., 2011) shows that AR is able to motivate students,
improve collaborative learning, enhance emotional attachments and imagination, assist with self-
directed learning and create an authentic learning environment. Furthermore, various previous studies
in the retail context (Pantano and Servidio, 2012; Poushneh and Vasquez-Parraga, 2017) have
confirmed the impact of AR as a medium that influences user experience. Perceived augmentation
correlates with the user’s understanding of AR features and characteristics (Javornik, 2016). In line
with this, He et al. (2018) investigated how the role of AR design elements, such as information type
and environment augmentation, affects tourists’ willingness to pay more for a museum experience.
Their findings indicate that dynamic visual and verbal cues have a positive impact on users paying
more to visit a museum. This effect is likely the result of verbal communication between the AR
object and the user, which influences their decision-making. However, research on user experience
in AR technology is vague and needs more investigation (Irshad and Rambli, 2014) despite significant

improvements in user interaction solutions for this technology.

2.2 Expectation disconfirmation theory and emotional responses

For designers of new technologies, it is important to know the preferences of users in terms of the
characteristics of digital media. Users interact with digital environments using various digital media
solutions that are digital touch points to the resources, services and social networks of various service
providers (Hallikainen et al., 2019b). Rich media applications, such as VR or AR, are becoming
increasingly popular among practitioners (e.g. Laine et al., 2016; Nguyen ef al., 2018; Sanchez et al.,

2000). As audiovisual and interactive multimedia elements that enable the delivery of graphics,



images and videos, the media effect of rich media applications is based on their ability to transmit
rich audiovisual information to create virtual user experiences. To understand users’ emotional
responses related to the adoption of new technologies, we need to study user experiences in post-
adoption situations. User satisfaction describes the state of user experience in relation to certain
technologies, products or services.

Expectation disconfirmation theory (Bhattacherjee and Premkumar, 2004; Oliver, 1977;
1980, 1993) explains user satisfaction as the phenomena in the post-adoption situation: The theory
consists of expectations, perceived performance and disconfirmation of beliefs, all of which affect
user satisfaction. Expectations in the theory refer to the attributes—such as attitude, assumptions or
presumptions—that the user has before he or she uses a new technology, whereas perceived
performance is related to the usage situation where the user adopts a technology in a real-world
situation and gains actual real-time experiences from its performance. Disconfirmation of beliefs
relates to the evaluation process where the user reflects his or her experiences of performance against
the original expectations. Thus, according to expectation disconfirmation theory, overall satisfaction
is the outcome of disconfirmation of beliefs and performance of technology, but it is also affected by
the user’s original expectations before the real usage situation. Disconfirmation and original
expectations determine the level and direction of satisfaction, which influence the user’s willingness
to continue using new technology (Bhattacherjee and Premkumar, 2004; Thong et al., 2006). Hence,
disconfirmation of beliefs and affects may be both positive or negative depending on the original
expectations. Satisfaction is an affective construct, and affects and other emotional responses are
necessary in forming the level of satisfaction as the outcome of the adoption process (Mano and

Oliver 1993; Oliver, 1993).

2.3 Emotional experiences and mobile adoption



Current behavioural and neuroscientific studies have shown that emotions play an essential role in
human behaviour (Bechara and Damasio, 2005; Knutson and Greer, 2008; Pessoa, 2008). For
example, messages that create strong positive emotions make the user act in accordance with the
messages (Park et al., 2017). In this respect, messages that create a strong negative emotion make the
user act in the opposite direction of the messages (Knutson and Greer, 2008).

Users’ emotional experiences affect the adoption of new mobile services (e.g. Eastin et
al., 2016; Gerpott and Thomas, 2014; Kim et al., 2007). Users have also become more demanding in
mobile services, and more and more emotional factors are measured besides cognitive measures in
user studies (e.g. Harley et al. 2016; Huang et al., 2015; Shapsough et al., 2016). Emotional constructs
in the measurement—such as boredom, empathy, enjoyment or happiness—measure the user’s
feelings while using mobile services. It has been found that emotional factors are significant variables
to the user’s behavioural intention or actual behaviour (e.g. Alaméki et al., 2019; Anshari et al., 2016;
Huang et al., 2016). They also affect the adoption of mobile services, as they provide different levels
of emotional triggers (Alaméki et al., 2019). Thus, the speed of adoption of mobile services differs
between applications (Kongaut and Bohlin, 2016).

Emotions affect the user’s intention and actual behaviour in sharing online content
(Berger and Milkman, 2012). Berger and Milkman (2012) showed that users shared positive content
more often than they did neutral or negative content. Emotional responses are affected by triggers
that prior literature (e.g. Roos et al., 2004; Skarin et al., 2017) has reviewed as means, situations or
happenings that switch user behaviour forwards or backwards on their customer journey. Emotions
play a crucial role in the theory of triggers, where they are called affective triggers. Affective triggers
relate to feelings such as stress, safety and autonomy (Skarin et al., 2017). Digital media applications,

such as AR and VR, potentially deliver content and interactivity that triggers user behaviour.

2.4 AR in the social media era



Today, social media is very popular and used for various purposes, such as entertainment,
communication and business. Various technologies are being used to make social media applications
more robust and appealing for users. This includes AR technology exports and researchers pursuing
a window in this popular environment, especially for young generations, through entertainment
applications such as Snapchat (Vaterlaus et al., 2016).

In Snapchat, user images are augmented with predefined images that users are able to
share with peers and communities. Vaterlaus et al. (2016) have indicated that this social media has
an interpersonal behavioural impact on individuals’ and communities’ perceptions. In line with this
development in Snapchat, Pokémon Go has extended the AR functionalities of Snapchat to the next
stage. Pokemon Go (Althoff et al., 2016) is the first and most popular AR-based collective gaming
application, which has a significant impact on users’ physical performance. In addition to its physical
impact, Ruiz-Ariza et al. (2018) have demonstrated that Pokemon Go affects the user’s cognitive
performance and social relationships. This collaborative and social AR application has also derived
virtual learning researchers in recent years. Laine ef al. (2016) have used AR in gamification for
children to learn science—such as mathematics, physics and geometry—through social and physical
engagement.

The development trend of AR technology and the popularity of social media indicate
that we are moving towards more AR-based social media applications. The AR technology used in
social media applications results in the user’s emotional engagement and immersive experience. The
authors believe that soon social media applications, such as Instagram or Facebook, would come up
with AR-enhanced services to engage more users with their products as a new business opportunity
because merging AR technology with social media would surely lead to new service experiences for
consumers. The literature review shows that both academicians and practitioners are investing in the
development of AR-based social media applications specifically to engage users in gaining more

revenue (e.g. in the museum sector; Kargas and Luomos, 2020). Kargas and Luomos (2020) have



shown how merging AR with social media attracts more visitors, especially young, to museums.
Similarly, the development of a mixed reality—based social media platform concept has been proposed
by Du et al. (2019). Their geotagged information-sharing platform converts user-generated content
into interactive 3D geotagged social media. This mirrors the world, allowing users to chat and

collaborate with remote participants.

3. Research methods and data

3.1 Users and design

This was an experimental study using an explorative approach by discovering the effects of AR
applications on students (Cohen et al., 2013). We adopted a participatory technique to evaluate
students’ user experiences (Maguire, 2001). Students used AR and VR applications in real-life usage
settings that enabled us to collect authentic user experiences in the user testing situation (Holtzblatt
and Beyer, 1997). We analysed students’ experiences in the post-adoption situation by collecting
qualitative and quantitative data with a questionnaire after the experiment.

The participants included 100 undergraduate students from a Finnish university of
applied sciences. The experiments were conducted in classrooms, with 20-25 users in each group.
The selection criterion was that the participants should represent potential real-life users of AR
applications. The socio-demographic profile represented the segment of higher education students,
who were young males and females. In addition, 81% of the participants shared content on social
media at least monthly and 47% shared weekly. Table I presents the students’ socio-demographic
profiles.

A 3D-based AR application was delivered to each participant. The researcher explained
the purpose and procedure of the experiment at the beginning of the study and supervised the
experiment, which lasted for 40 minutes on average, including the briefing, test usage and

questionnaire completion. The researcher handed written instructions that included the AR target



image. In the experiment, the users downloaded the Arilyn application to their smartphones to scan
the AR application. The 3D-based AR application was a part of the campaign of a dairy firm that was
shared on their milk cans. The content of the AR application presented “an interactive 3D morning
cat”, and the users were able to play with the cat on the screen of their smartphones. They
accomplished the experiment alone or shared their devices with two or three other users when
conducting the VR headset and AR experiments. In addition to the AR experiment, we asked them to
use 360-degree exercise-videos with or without VR headsets. The purpose of the VR experiment was
to compare the user experiences of AR with those of VR mainly from the perspective of augmentation

and virtual presence. The users responded to the research questions of the questionnaire right after

they had used the AR application.

Table I. Users’ socio-demographic data, prior experiences and social media activity

Gender Number (V) Percent (%)
Female 39 39
Male 61 61

Age (years)
18-20 7 7
21-30 77 77
30+ 16 16

Previous experience

AR

Yes 55 55

No 45 45

The frequency of content sharing

on social media




Daily 12 12
Weekly 35 35
Monthly 34 34
A couple of times a year 15 15
Never 4 4

3.2 Measures

Several studies in the literature (e.g. Alaméki et al., 2019; Gerpott and Thomas, 2014) have shown
that emotional experiences or expectations affect the willingness to adopt new technologies.
Therefore, we collected user experiences related to instant feelings of AR usage. We asked the users
to respond to the following open-ended questions: “Describe your first impressions of the technology
(AR)”, “What issues surprised you about the technology (AR)?”, and “If you compare your VR and
AR user experiences, what differences are there from the user’s perspective?” The willingness to
share videos on social media was measured with the question “I would willingly share corresponding
AR applications on social media”. We adapted emotional scales on the basis of previous studies (Falk
et al., 2016; Venkatraman et al., 2015) to carry out research into the emotional responses related to
VR and AR experiences. The questionnaire included the following emotional questions rated on a 5-
point Likert scale (5 = strongly agree to 1 = strongly disagree): “AR helped me to feel the following
emotions: (boring, negative, depressing, unpleasant, exciting, encouraging, inspiring and relaxing)”.
In addition, five questions concerned the demographics and prior experience of AR applications and

the willingness to share content on social media.

3.3 Data analysis
The data set consisted of 100 completed questionnaires. In the qualitative analysis of the open-ended
questions (Tables I[I-1V), open coding was applied without predefined coding categories because the
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literature review facilitated an understanding of user experiences (Strauss & Corbin, 1998). The
coding of students’ responses involved marking all comments, mentioning or explaining user
experiences. The results showed that the students reported similar experiences with synonymous

terms in the open-ended questions, which allowed for the construction of new categories.

Data analysis was performed using SPSS Statistics (v.23; IBM Corp. Armonk, NY,
USA). First, the negative and positive experience variables were transformed so that the higher the
number, the more participants agreed with the statements. Second, the positive and negative scales
were formed by summarizingthe original variables. Because the level of Cronbach alpha was high
(between 0.82 and 0.902), we used all original experience variables in each sumscale. Thus, we used
six sum variables—negative and positive experiences relating to AR—as explainable variables in
further analysis. We conducted independent-samples #-tests and one-way analysis of variance
(ANOVA) with post hoc Tukey tests for each pairwise comparison to test the connections between
the students’ positive and negative AR experiences and their background variables. The alpha was
set at 0.05. We also ran a correlation analysis to understand the connections between all variables.
The relationships between the gender and user experiences of different applications are reported in

another article (Dirin et al., 2019) and are thus excluded from this one.

4. Results

4.1 Users’ initial AR experiences

We asked the users if they had prior experience of using AR in order to analyse their initial
experiences (“the first-timer users”). In this analysis, we used responses only from those who were
using AR for the first time; thus, they were users with no prior experience. We classified positive and
negative experiences (Table III) and grouped them into different themes. The results point out that
the users’ first experiences of AR were generally positive, and they mentioned themes to be most
often “fascinating” and “interesting”. However, the users also experienced technical challenges and

dissatisfied experiences. For example, a 20- to 30-year-old female user who had no prior experience
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with AR stated about her first experiences as follows: “I was positively surprised at how much
additional information it is possible to deliver with AR, and how it livens up advertisements”. A 20-
to 30-year-old male user who shares content on social media monthly shared his first experience with
AR: “It requires only your own phone and an app; thus, I as a user have a lower threshold to open

and watch the advertisement”.

Table II. Positive and negative experiences of using AR for the first time (N = 45)

Positive first experience of AR Number
Fascinating 22 (49%)
Interesting 11 (24%)

Surprising (unexcepted experience happened) 6 (13%)

Made the advertisement livelier 2 (4%)
Other 7 (16%)
Negative first experience of AR Number
Technical challenges 8 (18%)
Dissatisfactory experiences 9 (20%)
Useless 5(11%)

The technology, which can be used to create a wonderful experience, impressed the
users using the AR application for the first time. A male aged 20-30 years described his experience
as follows: “It was a completely new experience. The way the cat jumped out of the logo was quite

exciting and surprising”.

Table III. Surprising issues when using AR for the first time (N = 45)

Issues Number

12



Wonderful experience 16 (36%)
No surprising issues 8 (18%)
Quality 8 (18%)
Ease of use 6 (13%)
The technology itself 1 (2%)
Made to feel sick or it hurt the eyes 0 (0%)

4.2 Comparing AR and VR user experiences

We asked the users to describe the differences they experienced between their AR and VR usage. The
results show that the users found VR to be significantly more difficult to use, and even though VR
provides a more virtual presence experience, they found AR experiences to be more interactive. VR
creates a potentially deeper emotional experience because it creates “virtual presence” that the user
audiovisually experiences. A 20- to 30-year-old male user described it as “difficult and more
expensive but with the possibilities of creating great and bombastic experiences and emotions”. The
users also stated that “VR is more for watching and AR is more interactive” (male, 20-30 years, with
prior VR experience, but no prior AR experience); “AR is boring; with VR you get to be a part of
something” (male, 18-20 years, no prior VR and AR experience); and “With VR, you can only watch,
but with AR you can also do” (male, 20-30 years, with prior VR and AR experience). The results
indicate that AR is interactive and enables users to interact with the application, whereas VR involves

watching and experiencing a virtually generated audiovisual experience.

Table IV. Users’ perceived differences between VR and AR (N = 93)

VR AR
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More difficult to use 12 (13%) Easier to use 17 (18%)

Provides VR 9 (10%) Provides augmentation 6 (7%)
More emotional experiences 8 (9%) More emotional experiences 2 (2%)
Easier to begin to use 2 (2%) Easier to begin to use 6 (7%)

Hurts my eyes (unlike AR) 4 (4%) —

More expensive (requires VR headsets) 2 (2%) | —

— More interactive 9 (10%)

— More interesting 8 (9%)

Other 5 (5%) Other 7 (8%)

The wusers’ initial perception changed by experimenting with AR and VR
applications. Initially, the students hesitated to use AR and VR applications, as most lacked prior
experience with these technologies. Positive AR and VR experiences were constructed after the
experiment, although some students experienced technical challenges with the adoption of VR
headsets. The findings presented in Table V show that the positive emotional experience constructed

during the experiment affected their willingness to share them on social media.

4.3 The relationship between the willingness to share AR and the users’ emotional experience

The Pearson correlation and coefficient of determination between the user experience and willingness
to share variables are presented in Table V. A strong correlation was found between the willingness
to share AR applications and positive user experience relating to AR (r=.681, R*=0.46). In addition,
the relationship between the willingness to share AR applications and negative user experience
relating to AR (r = —.569, R? = 0.32) was statistically significant at the 0.01 level. The results show

that the willingness to share AR on social media has a strong relationship with user experiences.
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Table V. The relationship between the willingness to share and user experience variables

User experience variables

Negative AR Positive AR
Willingness to r —.569" 6817
share variable AR | R* | 0.32 0.46

r Pearson correlation.
R? Coefficient of determination.
** Correlation is significant at the 0.01 level (two-tailed).

* Correlation is significant at the 0.05 level (two-tailed).

5. Discussion

In line with expectation disconfirmation theory (Oliver, 1980, 1993), we focused on user experiences
in the post-adoption situation. In the post-adoption situation, the participants had just gained real-life
usage experiences of AR applications before they responded to the questionnaire. In the following

text, we discuss in more detail the findings from the viewpoint of the research questions.

The first research question of this study examined the users’ experiences of using AR
for the first time. The findings show that 45% had not used AR before (see Table I). The most-often-
mentioned emotional responses of the users were categorized as interesting and fascinating (see Table
IT). In addition, the users found AR to be suitable for interacting, which is an important feature in
developing user engagement. This differentiates AR applications from online videos or conventional
websites, as users are directly interacting with AR content. The AR technology illustrates
augmentation features and makes content livelier.

The augmentation as a value-creating mechanism seems to create a surprising emotional
reaction because it created a completely new experience when an interactive 3D object jumped to the

mobile phone screen while scanning the AR target (see Table III). Hence, this completes our
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understanding of expectation disconfirmation theory (Oliver, 1980, 1993), as performance may create
unexpected experiences. Thus, the adoption of AR in the first time does not necessarily confirm or
disconfirm the original expectations, but it creates new expectations that have an effect in following
usage experiences. This is an important finding in the educational context because prior research (e.g.
Berger and Milkman, 2012; Huang et al., 2016) shows that positive emotional experiences positively
affect behavioural intentions and enhance learning outcomes. The users remember better issues
related to their initial experiences, and it captures their interests.

The second research question was aimed at finding the differences between user
experiences of AR and VR headsets at the general level. This study points out that the users found
AR easier to use, and it seems to activate them more (see Table IV), which is an important finding in
the selection of suitable digital means. The AR users need to download and install the correct AR
application, scan the AR target image and interact with the content using their mobile phones. The
VR experience requires installing, managing and interacting with 360-degree videos with “cardboard-
style” VR headsets, which are more complicated to use for the first time. Prior research (Hornbak
and Hertzum, 2017) has shown that perceived enjoyment, namely emotional experience, has a
stronger effect on attitude towards new technology than perceived usefulness and ease of use.
Although this study shows that the students found AR to be easier to use, the difference was not that
clear concerning emotional responses. Some experienced VR to be more interesting, whereas some
preferred AR. Thus, emotional responses call for further research with more tight research settings.
Hornbak and Hertzum (2017) stated that it is still unclear why the relationship between emotional
factors and attitude exists and in which situations.

This study shows that AR and VR applications have different roles as platforms in
consuming digital learning content: VR creates telepresence experiences such as “I feel like I was
there”, whereas AR livens up digital content through higher interactive features such as “It embeds

virtual into the physical”. To put it simply, AR combines physical and virtual objects by activating
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interactions, whereas VR presents virtually remote visual surroundings without mixing physical and
virtual objects. For example, VR enriches learning by bringing the 3D-based audiovisual information
of remote locations or situations to the actual learning situation, whereas AR provides additional 2D-
or 3D-based audiovisual information tightly connected to physical objects or surroundings. However,
AR and VR have shortcomings compared to conventional videos or other web or mobile content that
is already widely used by the users.

The third research question focused on the relationship between the willingness to share
on social media and the users’ emotional responses to AR. The findings (see Table V) show a clear
correlation between emotional responses and willingness to share AR content (p < .01). This is an
interesting finding because 3D-based AR applications potentially promote WOM on social media,
which is the ultimate goal of social media marketing (Tiago and Verissimo, 2014). This study shows
that the more users like AR applications, the greater their willingness to share them through social
media channels. In fact, a similar effect happened in terms of both positive and negative constructs
of emotional measures. The results indicate that negative experiences decreased the willingness to
share content and positive experiences increased it. Berger and Milkman (2012) found a relationship
between emotional responses and willingness to share digital newspaper articles, but we showed in
the context of AR applications. This is also an important finding for educators, as students seem to
share AR content only if they liked it. Prior research (Chen et al., 2012; Jahanmir and Cavadas, 2018)
shows that negative WOM about new technology decreases the rate of adoption and behavioural
intention of users. Thus, we conclude that positive social media sharing related to AR content
increases the rate of adoption and students’ engagement with new technologies. Furthermore, positive
emotional experiences enhance social media sharing that promotes students’ informal learning.

The results of this study created a new understanding of the determinants of AR
adoption. This study especially emphasizes the role of surprising positive emotions from the

viewpoint of rewarding learning experiences. The findings suggest that AR is easy to adopt among
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first-time users, and it provides emotionally engaging tools to share learning content. Furthermore,
its user experience might sometimes be positively surprising, which is an important finding from the
viewpoint of rewarding learning experience (Pagnoni et al., 2002; Schultz, 2015). Positive user
experiences also promote social sharing, which is important for informational learning. This would
allow designers and educators to develop technologies that diffuse faster (Jahanmir and Cavadas,
2018) and engage students in informal learning through social media (Dabbagh and Kitsantas, 2012).

They also provide hints on the future preferences of new AR users (Hallikainen et al., 2019b).

6. Limitations and future research

This study has the following limitations: First, device-related issues may affect user experiences, for
AR might provide slightly different usability experiences depending on the mobile phone versions.
Second, this study used quite a small target group, which limits the generalizability of the results.
Nevertheless, the role of emotions, augmentation (AR) and virtual presence (VR) merits further
examination with identical content in more tight research settings. More research is needed to
determine which specific features of AR applications create an actual effect that affects user
experiences, surprising and rewarding learning experiences, and satisfaction. This knowledge could
provide a new understanding of the mechanisms that create positive and negative emotions in

adopting AR applications in different contexts.
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