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Abstract: The use of gamification and AR technology is found to have the capacity to enhance
students’ interest. In this study, the researchers chose a class in a vocational college in China as a
specific case that used the gamified AR mobile application, called XploreRAFE+. This study aimed to
explore the use of XploreRAFE+ in the formation of learners’ interest in order to answer the research
question: What is the process of interest formation among vocational college students in a gamified
AR environment, and how does it sustain students’ motivation in learning English? The data for the
study were collected via observations, interviews, and document analysis. The findings of the study
indicated that in a gamified AR environment, vocational college students’ interest was triggered by
piquing curiosity. This then led to optimal learning experiences, where eventually the students began
to have positive perceptions of English lessons and were motivated to extend learning experience
on their own. These three components of interest formation formed a dynamic loop where interest
formation was developed in a cyclical process. It is proposed that a cyclical formation of interest
developed through a gamified AR environment over time could sustain learners’ motivation.

Keywords: interest formation; gamification; augmented reality; vocational college students

1. Introduction

There has been an increasing focus in recent years on emerging contemporary ap-
proaches to learning, with gamification being among them [1]. Gamification incorporates
game mechanics into learning design to create a fun and engaging learning atmosphere.
All kinds of technical knowledge can be incorporated to make learning activities more
enjoyable [2]. In the case of China, with the advent of the Fourth Industrial Revolution,
in 2017, China’s State Council issued the Notice on the Development Plan of the New
Generation of Artificial Intelligence, which is a significant governmental document that
emphasized the importance of artificial intelligence and relevant technologies, such as
augmented reality (AR) technology, in various fields including education [3]. Subsequently,
augmented reality (AR) technology has gradually been utilized with gamification to bring
about a new digital learning experience among students. Past studies have shown that
gamification, an innovative learning design compared to traditional education methods,
can increase students’ interest and motivation to learn [4–6]. Interest, as one of the strongest
motivations in learning, has long been considered a primary factor influencing the learning
process [7]. Learning interest has also been receiving much attention in vocational colleges
in China [8].

In China, vocational colleges, commonly known as trade schools or trade colleges
in western countries, are different from undergraduate universities in that they mainly
emphasize the practical application of knowledge and seek to cultivate students’ applied
skills [9]. Vocational colleges are one of the post-secondary school institutions for students
who have completed high school to further their studies, especially in the field of practical
skills. The admission score required by vocational colleges is generally lower than that
of undergraduate universities. It is a matter of concern that owing to outdated teaching
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methods in vocational colleges in China and students’ weak learning motivation and
learning interest [10], almost 40% of students in vocational colleges have moderate or higher
levels of learning burnout [8]. Evidently, vocational college students in China suffer a lack
of interest in learning [8,11]. Although the benefit of gamification and AR technologies for
enhancing learning interest and motivation have been well-documented, most vocational
college teachers are not ready to gamify their lessons as they lack relevant technological
knowledge. More specifically, they lack an understanding of how the application of
gamification that uses AR technology could enhance learning interest [12]. This study,
therefore, aimed to explore the process of interest formation among vocational college
students in a gamified AR environment and understand how it could sustain students’
motivation in learning English.

2. Literature Review

Gamification in education is characterized by competition which stimulates students’
interest and participation in the learning process [13]. In games, students are required to
beat rivals, become winners, and contribute their own effort to their teams. In higher edu-
cation, commonly utilized incentives include points, badges, levels, and leader boards [1].
Many studies have been conducted on these elements and forms of gamification using
samples comprising students in higher education [1]. Findings from such studies indicate
that gamification can enhance learners’ interest and motivation in learning [4–6]. For exam-
ple, Bjaelde used levels in games that provided students with diverse challenges to learn
in a quantum mechanics course, with different games representing different challenges
in the course [14]. They conducted a pretest and a post-test to measure student motiva-
tion. The findings of the study revealed that gamification was a good way of boosting
the students’ motivation to study quantum mechanics. Similarly, in a study by Owens,
the researcher evaluated the potential of inquiry-based and game-based learning styles to
enhance students’ motivation to learn about the evolutionary life history of plants [15]. In
the study, one hundred and forty undergraduates were randomly allocated into one of four
conditions: control, repeat-testing, leaderboard, and leaderboard with repeat-testing. The
researchers found that game-based learning, including repeated testing and leaderboard
elements, significantly increased students’ motivation to learn biology, while leaderboards
enhanced students’ motivation, engagement, and interest in preparing for classes.

Many researchers have focused on the effect of gamification on language learning,
finding, for example, that gamification, combined with other learning conditions, can effec-
tively enhance students’ learning motivation [16,17]. For instance, in support of learning
the Italian language, James used an online language learning game, Duolingo, that used a
variety of game-like methods, such as sentence and phrase translations, multiple-choice
questions, and pictures, to teach languages [18]. Compared to traditional lessons involving
one slideshow per day for seven lessons, students were found to be more motivated to play
the game than to watch the slides. Duolingo’s motivational and emotional benefits suggest
that it is a promising alternative to motivate students to learn compared to traditional
teaching methods.

A similar finding was also obtained in a study on English language learning. In
a study by Zarzycka-Piskorz, an online game, Kahoot, was used to help students learn
English grammar in a general English language course [19]. In this application, every
user could adapt existing public tasks/tests to his or her own needs, as well as being
able to share tasks/tests with other users. The researcher observed a group of university
students during English classes conducted by their teachers and found that the use of
online games increased their desire to learn grammar. Wichadee conducted a quasi-
experimental study on two groups of students at a private university in Thailand [20]. The
experimental group was taught English vocabulary and grammar using the digital game
Kahoot, while the control group was taught using traditional methods. The researchers
prepared 10 vocabulary quizzes and 5 grammar quizzes so that students in both groups
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could review the lessons taught each time. The findings showed that the motivation of
students in the experimental group was significantly higher than that of the control group.

Similarly, in Sartini’s study, the use of Kahoot for learning maritime English was
investigated [21]. In the study, two cycles of Kahoot were conducted. The pre-action
Kahoot cycle aimed to confirm whether Kahoot as a vocabulary drill could support cadets’
oral reproduction skills in the evaluation of early learning, whereas the post-action Kahoot
cycle was utilized to assess improvement in learning outcomes. The results of the study
showed that the Kahoot quiz had a significant influence on the mastery of vocabulary and
terms in maritime English and supported the fluency and articulation of the cadets’ speech.
This improvement in intrinsic motivation was brought about by the students’ ability to
gain a better understanding of their lessons. Therefore, past studies have demonstrated
that the use of gamification can effectively enhance students’ interest and motivation [4–6].

AR technology refers to the technology of superimposing virtual objects in the real
world to represent the real world [22]. AR technology can encourage students to interact
with the real environment, a learning approach that was previously considered impossi-
ble [23]. AR technology can combine different forms of virtual materials, such as vivid
animation, sound, and virtual figures, to build a real and virtual learning environment,
thus enhancing learning motivation [24,25]. Furthermore, many studies have shown that
AR technology can enhance students’ interest [26,27]. For example, Chin adopted an
augmented, reality-based, mobile touring system to promote learning interest in cultural
heritage sites [28]. The findings of the study suggested that AR technology has the potential
to increase students’ learning interest. Additionally, AR technology can combine various
forms of gamification to create an attractive learning environment [29]. For instance, in a
study by Bressler, the researchers used a vision-based AR game in a school environment
with sixty-eight middle school, student participants [26]; the findings indicated much
potential for mobile AR science games to increase learning interest in science.

Interest is an important component in a technology-supported learning process [30].
When students’ interest is triggered during learning, they can become immersed in the
learning process and their interest can be extended to new learning [30]. There are many
studies which focus on situational or individual interest in the investigation of interest
formation in various contexts [31,32]. Rotgans investigated the development process
of situational interest in an active learning environment [33]. In this study, sixty-nine
polytechnic students in a problem-based learning session were evaluated to find out
how situational interest would develop during a one-day experimental study. The results
showed that situational interest was significantly enhanced because of the problem stimulus
provided. Subsequently, situational interest gradually decreased but increased again
at the end of the day. Korsun investigated the transformation, when learning physics,
from situational interest to personal interest in the context of sustainable development of
education [34]. In the study, the sequence of interest formation was analysed in terms of
multiple steps, including curiosity, active curiosity, trying to understand, gathering strong
knowledge, and conducting scientific research. The process represents the transition from
situational interest to individual interest. The study revealed that active training and active
learning methods, such as heuristic conversation and the creation of problematic situations,
increased the level of motivation in the learning of physics. In these studies, the theory of
interest development [35] and the scheme for the formation of learners’ interest [36] were
used as frameworks, which both assume that the development of interest formation occurs
linearly. But is this so in all learning environments?

According to the Interest-Driven Creator (IDC) Theory, interest is regarded as a crucial
component of learning and can be sustained during the whole learning process under
technology-supported circumstances. The IDC theory highlights three anchored concepts,
interest (Figure 1), creation (Figure 2), and habit (Figure 3), each of which undergoes a
coherent learning process, forming a cycle.
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This study mainly considered the interest loop of the IDC theory, which includes
triggering interest, immersing interest, and extending interest (Figure 1) to answer the
question, “What is the process of interest formation among vocational college students
in a gamified AR environment and how does it sustain students’ motivation in learning
English?”. The IDC theory proposes that suitable learning strategies can nurture interest.
These strategies can be characterized by three key words: “curiosity” that triggers interest,
“flow” that immerses interest, and “meaning” that extends interest. In the context of IDC
theory, the “interest loop” starts by tapping students’ curiosity to trigger their situational
interest and retain their interest by immersing them in relevant learning activities. Finally,
emergent individual interest is nurtured when students discover areas of study that are
truly meaningful to them. Chan proposed that the interest loop of the IDC theory is a dy-
namic and cyclical process [30]. In this study, the researchers theorized that the continuous
feeling of curiosity, flow, and meaning cultivate sustained motivation in learning.

IDC theory has been applied and explored in different fields, such as program de-
sign [37], and robotics education [38]. Furthermore, some studies have applied IDC theory
in gamified contexts [39,40]. For example, in Yeh’s study, the researcher used IDC theory to
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explain the findings of the study regarding the use of a game-based learning system, named
“Math-Island” in mathematics learning [39]. In the study, an experiment was conducted
with 215 elementary students for two years; the findings of the study were that the top
students and the lower students in the experimental school both maintained a high-level of
interest in mathematics through use of the system. Liu used the interest loop of IDC theory
as the fundamental design of a gamified learning system named Character Monster [40].
Specifically, their research was focused on learning engagement among fifth graders by
making learning Chinese characters a joyful experience with the support of a game-based
mobile technology application. However, findings regarding the effect of this system on
Chinese character learning interest and motivation were not explored in their study.

The present study employed a different approach to previous studies by utilizing
the interest loop as a theoretical basis to explore the process of interest formation in a
gamified AR environment, positing that interest formation occurs as a continuous, cyclical
process that can foster motivation. Given problems faced by vocational college students
and developmental trends in education in China, it is important to explore how students’
learning interest and motivation can be engaged in a gamified AR environment. The
study can help to inform understanding of the issue of a lack of learning interest among
students of vocational colleges [8], and can help address the research gap regarding interest
formation and sustainability of learning motivation.

3. Research Method

This study employed a qualitative case study methodology and focused on a particular
group of students to provide an in-depth description and analysis of a bounded system [41].
Case studies do not depend on a single method to collect data, and a major strength of the
case study methodology is its use of many different sources of evidence [42]. The methods
used were observations, interviews, and document analysis. Prior to the study, approval
from the Ethics Committee for Research Involving Human Subjects (JKEUPM) was obtained
on August 13, 2020 (JKEUPM-2020-086). The JKEUPM stance and decisions are based on
the principles expressed in the Declaration of Helsinki (2008). All the participants gave
their informed consent for inclusion before they participated in the study.

A class in a vocational college in China was selected as a specific case that used the
gamified AR app XploreRAFE+ to learn English. The researchers began by building rapport
with the vocational college management staff, through whom a lecturer’s English class
was identified as a suitable case. The lecturer was then recruited and trained to use Xplor-
eRAFE+ so that she could conduct English lessons by employing the mobile application
to create gamified AR environments. Thirty-eight naïve students from her English class
then became the participants of the study and were trained to use XploreRAFE+. The
training was provided for both the lecturer and the students so that they could familiarize
themselves with the mobile application, and so that interest formation and learning moti-
vation could be observed and understood without disruption caused by lack of familiarity
with the technology. Of the 38 students involved, two were males, and 36 were females,
aged between 18 and 20. The students were majoring in preschool education at the time
of the study. Based on the college entrance examination data (Table 1), the majority of
the students received relatively poor English scores in the college entrance examination.
In China’s college entrance examination, the maximum mark for English is one hundred
and fifty, and the pass mark is ninety. The table shows that only seven students in this
class passed the college entrance examination in English, while the remaining thirty-one
students had low scores or had failed.
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Table 1. Participants’ English scores for college entrance examination.

English Scores The Number of Students

110 > scores > 100 4
100 > scores > 90 3
90 > scores > 80 5
80 > scores > 70 10
70 > scores > 60 5
60 > scores > 50 9
50 > scores > 40 1
40 > scores > 30 1

All students willingly participated in this study. Their role in the study was explained
and they were given guidance on how to use and familiarize themselves with the Xplor-
eRAFE+ mobile application prior to the first round of data collection. Once the lecturer and
her students were comfortable with the mobile application, the data collection commenced.
Figure 4 illustrates the process of participants’ recruitment.
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The researchers took into consideration the selected vocational college’s regulations
and teaching situation. The teacher required four weeks to complete one new English unit,
with English classes conducted on a weekly basis, with a class duration of 90 minutes,
including a ten-minute break. The four-week duration to complete one unit was sufficient
for the research design as it allowed the interest loop to continuously recur from the use of
XploreRAFE+ each week. It was also sufficient to identify and observe learners’ motivation
each time XploreRAFE+ was used in the four-week course.

Observations of the 38 participating students were conducted four times for a duration
of 90 minutes each time the English lesson was conducted. At every observation, the
researchers jotted down field notes and wrote memos to record the important data from
the actions of the participants [43,44]. These data included, how the students’ interests
were piqued, how immersed they were in the learning, how their learning extended to
real life situations, and, finally, how the gamified AR environment sustained their learning
motivation in English lessons each week.

To obtain a more in-depth understanding of the actions of the study participants and
to enhance the credibility of this research, focus group interviews (FGIs) and individual
interviews were conducted following each class.The FGIs were conducted with all partici-
pants to gain an understanding of their actions through interactions among themselves and
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with the researchers. The participants were divided into smaller groups, with six learning
groups interviewed at different points during the four-week lesson period. There were
six to seven students in each focus group reflecting the number in each learning group
in the class. This was consistent with Denscombe’s recommendation that focus groups
consist of a small group of people, ideally between six and nine, to ensure effective data
collection [45]. The FGIs were conducted each week after the classes ended for between 60
and 90 minutes each.

Individual interviews were conducted with participants who had shown active par-
ticipation in the lessons. The individual interviews provided the researchers with the
opportunity to spend extended time with the targeted participants to gain a richer un-
derstanding of their experience. A total of nine students were involved in the individual
interviews, with two students interviewed twice and the remainder once. Each interview
session lasted for approximately 50 to 90 minutes. In addition, documents, such as students’
video recordings and students’ essays, were collected to support and triangulate against the
other types of data collected. The process of data collection and the types of data collected
within the four-week period is presented in Table 2.

Table 2. The process of data collection and types of data collected.

Type of Data
Collected

Data Collection Process

Week 1 Week 2 Week 3 Week 4

Observational
field notes

38 students
Duration:

90 minutes
Remarks:
6 scenes
observed

38 students
Duration:

90 minutes
Remarks:
6 scenes
observed

38 students
Duration:

90 minutes
Remarks:
6 scenes
observed

38 students
Duration:

90 minutes
Remarks:
6 scenes
observed

Focus group
interview

transcripts

Group 1
(7 students)
Duration:

70 minutes

Group 2
(7 students)
Duration:

90 minutes

Group 3
(6 students)
Duration:

90 minutes

Group 4
(6 students)
Duration:

70 minutes

Group 5
(6 students)
Duration:

90 minutes

Group 6
(6 students)
Duration:

60 minutes

Individual
interview

transcripts

Student ID:
S15

Duration:
65 minutes

Student ID:
S30

Duration:
70 minutes

Student ID:
S19

Duration:
70 minutes

Student ID:
S13

Duration:
50 minutes

Student ID:
S22

Duration:
90 minutes

Student ID:
S36

Duration:
50 minutes

Student ID: S11
Duration:

70 minutes

Student ID:
S2

Duration:
50 minutes

Student ID:
S1

Duration:
50 minutes

Student ID:
S15

Duration:
90 minutes
Remarks:

2nd interview

Student ID:
S2

Duration:
50 minutes
Remarks:

2nd interview
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Table 2. Cont.

Type of Data
Collected

Data Collection Process

Week 1 Week 2 Week 3 Week 4

Documents

Students’ video
recording.
Students’
essays.

Students’ video
recording.
Students’
essays.

Students’ video
recording.
Students’
essays.

Students’ video
recording.
Students’
essays.

The observational field notes, interview transcripts, and documents were analyzed
with the assistance of NVivo software. There were four stages to the data analysis. The
first stage involved transcribing interviews into type-written transcripts and entering them
into NVivo for further data analysis. The second stage involved reading the transcripts
and field notes and reviewing documents several times for familiarization and to gain a
sense of the data before categorisation, and the taking of notes of emergent ideas. The
third stage involved coding and developing categories and themes. In the process, a
constant comparative method informed by grounded theory [46] was utilized. The final
stage involved developing a related set of interpretations, and composing interpretations
of the formation of interest in English learning among vocational college students with
use of a gamified AR environment. Further analyses were carried out to find out whether
interest formation may have a follow-on impact on students’ learning motivation. To
respect individual confidentiality, serial numbers were assigned to each participant when
describing the themes emerging from the data analysis.

The mobile application used in the class was a gamified augmented reality system
named XploreRAFE+ developed by the researchers. XploreRAFE+ utilizes the linked
concepts of exploration in a real (R) environment to promote active (A) participation
among learners in a fun (F) and engaging (E) lesson using augmented reality (signified
by the + symbol). The system provided an AR map for students to search for trigger
images which were positioned at different locations so that students could learn English in
a realistic environment. At each location, learners were able to activate the AR images and
videos by scanning their mobile phones on the trigger images provided at that location
area, to understand the situation at each scene and perform some tasks that could stimulate
their learning of English language skills, such as writing, speaking, reading, and listening.
In addition, a leader board and a timer were incorporated to generate competitiveness
among learners who needed to correctly accomplish their tasks at each location. A timer
enabled bonus points to be allocated to groups that completed the tasks in a shorter period
of time. A section for the learners to input their reflections at the end of each lesson in the
form of video recordings was included in the system to extend learners’ interest and to
sustain their motivation to practice their English language fluency by letting them relate to
a real-life environment. The interface of the app is presented in Figure 5.

A library scene was selected as an example to present the gamified learning process in
class. At the beginning of the English course, an AR map was provided, in which there were
various learning scenarios, such as scenarios at a library, supermarket, clinic, dormitory,
dining hall and gymnasium. The AR map was used as a course trigger marker. The students
were divided into small learning groups. Each learning group used the application to scan
the first scene they had selected in the AR map to obtain the sequence of learning scenarios.
Once the students had received the reference books that provided an introduction to the
app for the learning process in each scene with a basic description in English, the learning
groups started the English lesson. The students would be “transported” to the scene of
a library where they would first scan a marker, i.e., “AR English class,” to obtain a video
regarding learning requirements and tasks for the library scenarios. They scanned a library
card to obtain a relevant introduction in English regarding the library, and 3D books and
its relevant information would then be displayed. Then, the students would go to the
bookshelves to look for and scan the real books which were presented when scanning the
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library card. With each book that they scanned, they would be shown an AR image of the
relevant content of the book; these would be the seed materials, including AR images, AR
videos, AR audios, and a real physical environment. Figure 6 shows a student scanning the
cover of a real book to acquire a relevant AR image in a library scene.
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Figure 6. A student scanning the cover of a real book with her smartphone and an AR video
popped-up on the screen.

With the seed materials, the students were required to write a 100-word English essay
related to the actual scene. Then, every team was required to video record themselves
on XploreRAFE+ reading the short essay. Subsequently, they had to click “Submit.” Im-
mediately, the app would generate a ranking of times on the leader board. If a team was
not satisfied with their recording or their essay write-up, they could make a revision by
resubmitting the assignments. The learning time would then be recalculated so that bonus
points could be given for each task. The essays were submitted to the course teacher after
class for each team. The quality of the essays and recordings were to be assessed by their
instructor. When the class was over, the students could revisit their video recording by
scanning a trigger image titled “sharing.” This feature allowed the students to share their
assignments made for different scenarios with their classmates, thus facilitating discussions
after class.
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4. Results and Discussion

In order to validate the data, the researchers observed the class and triangulated
the findings of the study. According to the analysis of data collected, the researchers
found that three main themes emerged during interest formation, which were, (i) piquing
curiosity, (ii) optimal experience, and (iii) experiencing meaningfulness. Furthermore,
curiosity comprised three categories: perceptual curiosity, interest epistemic curiosity, and
deprivation of epistemic curiosity. Optimal experience included the experience of pursuing
the pleasure of looking for new information, the flow of balancing learning challenge
with skills, and the experience of building positive relationships with fellow learners.
With respect to experiencing meaningfulness, there were two categories, construction of
knowledge and connection to real life. These themes emerged as a result of thinking
about the process of interest formation and learning motivation among vocational college
students in the gamified AR environment. The discussion of these themes sought to answer
the research question: “What is the process of interest formation among vocational college
students in a gamified AR environment, and how does it sustain students’ motivation in
learning English?”.

4.1. Piquing Curiosity

As students were not familiar with this teaching technique, their teacher assembled
them before starting the class for a briefing about the new learning method that used a
gamified AR mobile application. The students were provided with reference books which
provided information on the procedures in using the app and scenes in the app, together
with basic English sentences about the scenes. After the briefing, the researchers observed
six scenes at the beginning of the class and watched the video recording in each scene after
the class. Table 3 presents the memo extracted from field notes, showing a summary of
the main findings of the researchers’ observations when students began to learn English in
this environment.

Table 3. Summary of students’ behaviors in the beginning of class.

Categories Obvious Behaviors (OB)

Specific
exploratory

behavior

OB1. Students’ eyes were attracted to the presented AR materials. The
students looked as if they were trying to understand the content.
OB2. After scanning the pictures, if the volume was found to be too low, the
students would turn up the volume and they looked as if they were
listening intently.
OB3. Students touched the objects found in the scene and tried to interact
with the real objects.
OB4. Students referred to the reference book many times and viewed the
relevant content of the scene.
OB5. The students scanned the markers several times, focusing their eyes on
the content presented and showing their desire to know more about
the content.
OB6. Students took screenshots of a specific sentence and they seemed to
ponder about the meaning of the sentence.

Diversive
exploratory

behavior

OB7. The students walked very fast on their way to the scene.
OB8. Students looked for markers around a scene with excited expressions
on their faces.

Based on the observation results above, students’ behaviors at the beginning of class
could be divided into specific exploratory behaviors and diverse exploratory behaviors
in the gamified AR environment. This finding was consistent with Berlyne’s exploratory
behaviors [47]. According to the IDC theory, specific–epistemic curiosity drives students’
specific exploratory behaviors. Based on the data analysis of the observations of the
students in the gamified AR environment, specific and diverse exploratory behaviors were
evident. The initial data analysis of group interviews indicated that the two exploratory
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behaviors were motivated by three kinds of curiosity, namely, perceptual curiosity (PC),
interest epistemic curiosity (IEC), and deprivation epistemic curiosity (DEC).

4.1.1. Perceptual Curiosity

Perceptual curiosity refers to students’ curiosity about the representation of AR tech-
nology and its features, such as superimposing virtual materials on real objects in the
environment. Many students mentioned their curiosity about AR. For example, participant
S9 said:

I think the AR technology is very cool. It can superimpose a lot of learning content
on concrete objects. When I scanned objects, there would be videos, audios or 3D
objects appearing. I found it fascinating and made me want to scan more objects. (FGI,
26 October 2020)

Participant S11 and S14, who had similar views to S9, added:

When I scanned an object, I could also touch it. The feeling of holding it in my hand
made me very curious about the object I was touching . . . I wanted to know more about
it. In the past, what I learned in class was very abstract, it was all in my imagination.
(FGI, S11, 26 October 2020)

I thought this technology was very novel. When I scanned the first object at the scene, a
video popped up. I thought it was so funny that I wanted to keep finding new AR objects
and scanning them to see what was superimposed on them. (FGI, S14, 26 October 2020)

The participants’ statements indicated that perceptual curiosity was evoked by the va-
riety of representations of AR technology and features that superimposed virtual materials
on real objects. This finding echoed the observation by Berlyne that perceptual curiosity
involves interest in and attention to novel perceptual stimulations [48,49]. The finding was
also in line with Huang who pointed out that the gamified AR is better at capturing and
retaining students’ attention [50].

The researchers observed that when students explained their curiosity about the
representations of AR technology and its features, the specific exploratory behaviors
observed, such as OB1, OB2, and OB3 in Table 3 were close to perceptual curiosity. For
example, participant S15’s description of his feelings corresponded to OB1 in Table 3, i.e.,
that the students kept their eyes on the presented AR materials, as if they were trying to
understand the content.

After I scanned the pictures, the 3D characters presented on the screen were very lovely;
they caught my attention, and I was very curious about what we would learn. Then
I read the content and tried to understand the AR content (Individual interview, S15,
26 October 2020).

The students’ perceptual curiosity was evoked by 3D characters presented on the
screen, motivating him to read the specific AR content. As recorded in OB2, after scanning
the pictures, if the volume was found to be too low, the students would turn up the volume
as they wanted to listen attentively, as mentioned by S30:

When I scanned a picture, an AR video started with English subtitles and sounds. I
thought the pronunciation was very standard and a little fast, but the presentation was
very attractive. I became very curious to know what was happening, so I was all ears.
(Individual interview, S30, 26 October 2020)

The participants’ description showed that perceptual curiosity, evoked by the va-
riety of representations of AR technology and its features, motivated students’ specific
exploratory behavior. This finding echoed the findings of Berlyne’s studies that percep-
tual curiosity involves interest in and attention to novel perceptual stimulations, thus
motivating students to acquire new information [48,49].
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4.1.2. Interest Epistemic Curiosity

According to the data analysis, interest epistemic curiosity involved curiosity regard-
ing the learning scenes in the environment. For example, participants said:

The AR map reminded me of a game map. It aroused my curiosity about the scenes and
made me want to discover more unknown scenes. The exploratory process was fun and
enjoyable. (FGI, S1, 26 October 2020)

This was my first AR experience. I thought it was so cool. I was very curious about
the AR content in each scene. I was also attracted by the cool map which reminded me
of maps in the game called “Player Unknown’s Battle Grounds” (PUBG). The way the
course started made me feel as if I was about to play a game; I was very eager to explore
all the scenes in the map. (FGI, S7, 26 October 2020)

The students’ statements showed that in this learning environment, the gamified
AR map evoked students’ curiosity regarding the learning scenes. In other words, in-
terest epistemic curiosity can bring about stimulating pleasurable feelings of situational
interest [51].

Moreover, interest epistemic curiosity explained the generation of the diverse behavior
in Table 3; e.g., as recorded in OB 8, students walked very fast on their way to the scene
and in OB 9, students looked for markers around a scene with excited expressions on their
faces. Some of the students who expressed these behaviors had this to say:

I really wanted to go to the real scene and find new markers. I was curious about the
scenes and markers, so I started walking fast because I wanted to start learning as soon
as I could. (FGI, S5, 26 October 2020)

The AR map was interesting and it looked like a game map that I usually play. It
aroused my curiosity about the scenes and made me want to discover the map. (FGI, S6,
26 October 2020)

The students’ comments showed that interest epistemic curiosity, evoked by the
gamified AR map, drove the students to search for new markers or information, i.e.,
interest epistemic curiosity motivated students’ diverse behavior [52].

4.1.3. Deprivation of Epistemic Curiosity

The data analysis revealed the students’ desire to discover the meanings of new
English words and phrases to close the English knowledge gap. According to Litman,
deprivation of epistemic curiosity reflects students’ desire to understand new English
knowledge to relieve the negative affective conditions of feeling deprived of knowledge [49].
For example, participant S30 said:

When I saw an English AR image (snacks) appearing on the screen, I was a little
nervous that I might not understand the content because of my poor command of English.
Nevertheless, I was curious and wanted to know what it said about the snacks. I didn’t
understand some words, so I just took a screenshot and went online to look up the
definitions of the words. (Individual interview, 26 October 2020)

The students’ description of their actions and thoughts showed that the English
knowledge gap created by the AR content stimulated students’ desire to acquire new
English knowledge. This finding was congruent with Chan who is of the view that creating
information gaps would arouse students’ curiosity for them to seek more information to
build on what they already know as well as to find out what may happen [30].

The students also reported that, because they had to complete the learning task to
attain a good ranking, they needed to understand the content. For example, student
S2 said:

I was afraid that I could not write an essay about the scene. I wanted to write a good
essay so that I could get a good ranking. So, I tried very hard to understand the English
content in the scene. (FGI, 26 October 2020)
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From the students’ comments and the researchers’ observations, the AR English
content and the gamification mechanism of competition provided by the leaderboard
evoked the students’ desire to understand new English words as well as the desire to
eliminate the knowledge gap [52].

Deprivation epistemic curiosity also explains some students’ specific exploratory
behavior in Table 3, e.g., OB4: students referred to their reference books many times and
viewed the relevant content of the scene; OB5: students scanned the real markers several
times, focusing their eyes on the content presented and showing their desire to know more
about the content; OB6: students took screenshots of specific sentences and they seemed
to ponder the meaning of the sentence. The segments of interview transcripts that reflect
these behaviors and feelings are as follows:

When I arrived at the gym, I did not know what suitable English phrases could be used to
describe the scene (gym). As we all had a reference book that provided some basic English
sentences about the gym, I constantly browsed through it to look for words and phrases
that I could use to describe the scene. (FGI, S18, 2 November 2020)

When I read the specific AR English materials, the content in English was superimposed
on the real object. I really wanted to understand the English content. I was eager to
know how to use appropriate English words to describe the specific object. So, I scanned
the markers many times and took screenshots of specific sentences so that I could search
for their meanings online. That was what I did to try to understand the meaning of the
sentence. (FGI, S19, 2 November 2020)

These descriptions showed that students tried to search for more specific English
information to help them understand the content and to carry out the writing task. This
is consistent with Berlyne who points out that deprivation epistemic curiosity motivates
testing hypotheses or asking questions in order to gain knowledge [47].

The three categories of curiosity were evident through the data gathered from inter-
views and observations. These findings echo those of several studies which have found that
the use of AR technology or gamification in learning could pique students’ curiosity [53,54].
Moreover, they are congruent with Berlyne who postulated that curiosity reflects a desire
for new information and stimulates exploratory behavior [47].

4.2. Optimal Learning Experience

According to IDC theory, students’ interest could be maintained through “flow,”
i.e., the experience of intense emotional involvement when students are fully engaged
in learning. The researchers observed that the students experienced intense emotional
involvement at each of five points: when they were looking for markers, when learning AR
materials, when discussing with their group members, when writing the essay, and when
reading the essay. From the researchers’ observations, there was a particularly interesting
phenomenon in which students were very active and noisy while they were searching for
markers, when they were involved in group discussions, and when they were reading
their essays. However, students were relatively quiet when learning AR materials and
writing their essays although these activities were often accompanied by discussion. After
observing the students, the researchers conducted group interviews, during which the
students mentioned some signs of flow experience in the five noted instances. Table 4
shows a summary of the main findings about the signs of flow experience based on field
notes and interview transcripts.



Sustainability 2021, 13, 12792 14 of 26

Table 4. Summary of emotions during optimal experience.

When Flow Took Place Main Emergent Feelings

Learning AR materials

a feeling of energized focus
being unaware of the passage of time

a loss of self-consciousness
a sense of connection to the inner self

a feeling of control over actions and environment

Reading the essay
a feeling of energized focus

being unaware of the passage of time
a loss of self-consciousness

Writing the essay

a feeling of energized focus
being unaware of the passage of time
a sense of connection to the inner self

a feeling of control over actions and environment

Looking for markers being unaware of the passage of time
momentary loss of anxiety and constraint

Group discussion
being unaware of the passage of time

momentary loss of anxiety and constraint
a feeling of control over actions and environment

The following interview segments reflect the emotional states of the students during
the five moments. For example, when the students described that they were learning
AR materials:

I was able to be focused; I just concentrated on trying to understand the sentences in the
AR materials. (FGI, S30, 16 November 2020)

We gave the AR materials full attention. We concentrated on the task of solving problems
by going online to look for answers. (FGI, S8, 26 October 2020)

The students described how they felt when they were reading their essay:

When we shot the videos and practiced reading aloud, I felt time fly. (FGI, S30,
16 November 2020)

When I read aloud, I found that I had difficulty pronouncing some new words. After
checking out their pronunciation, all my energy was focused on articulating the words
correctly (FGI, S21, 16 November 2020).

The students described their feelings during essay-writing:

When I was writing my essay, I was absorbed in it because I had to think about how to
use some new knowledge I had learned about the scene. I had to organize sentences and
finish the composition. We tried our best as our group was eager to get a good ranking.
(FGI, S8, 26 October 2020)

When I was writing, I was very involved in thinking about how to use the words and
phrases correctly. (FGI, S15, 2 November 2020)

The students described how they felt while looking for markers:

When we were looking for markers, I did not realize the time passing us by as I was
enjoying the process very much. (FGI, S11, 26 October 2020)

When I was looking for markers, I felt very relaxed and had fun. (FGI, S19, 2 November 2020)

Students described their feelings during group discussions:

When we were in a group discussion, I felt that time passed very quickly. We managed to
solve our problems after having a good and enjoyable discussion. The atmosphere of the
discussion was good. (FGI, S21, 9 November 2020)
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I really enjoy group discussions. During a discussion, we can share ideas and discuss the
content for our essays. It was very relaxing and fun. (FGI, S17, 2 November 2020).

In summary, according to the participants’ descriptions of their feelings regarding
learning English in the gamified environment, the researchers found that not only were
they eager to solve the problems they encountered during learning AR materials, group
discussion, writing the essay and reading the essay, but they also enjoyed themselves in
looking for markers, so much so that they lost track of time. This finding was consistent
with IDC theory which states, “When students experience flow, they seek out increasingly
greater challenges while devoting more attention to stretch their skills to confront such
challenges, resulting in personal development as well as feelings of efficacy ([55], p. 6)”.
Further analysis of the data showed that the students’ experiences in the five moments can
be categorized as: (1) pursuing the pleasure of looking for new information, (2) balancing
the challenge with skills, (3) building positive relationships with other learners. The
following section will further analyze these three experiences.

4.2.1. Pursuing the Pleasure of Looking for New Information

According to the data from the interviews, most students said that when they were
looking for markers, they experienced a feeling of momentary loss of anxiety and constraint.
The students mentioned this many times, indicating that that they enjoyed looking for new
markers. They forgot the pressure and constraint of learning English. They enjoyed the
process so much that they did not notice the passage of time. For example, participants S27
and S2 said:

There were many markers to explore in this environment, and each setting was different.
Each learning task was full of new discoveries and we learned many different things. This
process of exploration made me very happy and I didn’t notice the passage of time. I like
to discover things; there so many unknowns.

Meanwhile, since task completion time for each group was ranked, we didn’t waste time
on just having fun. I thought the process of exploration made learning enjoyable and
effective. (Individual interview, S27, 16 November 2020)

We enjoyed searching for markers in each learning situation because it’s a relaxing
process. Nevertheless, when we were immersed in the process, because of the ranking
and the tasks, we would remind each other not to spend too much time on it. (Individual
interview, S2, 16 November 2020)

The students’ responses showed that the gamified setting (looking for clues to learn)
provided enjoyable learning experiences. Furthermore, a timer that provided bonus points
for each remaining second gave the students a feeling of success in a non-penalizing
fashion when they were able to solve the tasks within the given duration. The combined
use of tasks and a timer created a sense of competitiveness amongst the students. This
finding is consistent with that of Yu, i.e., that the timer can stimulate students to engage in
learning [56].

Some students also mentioned that in the process of looking for clues, the unknown
interactive AR materials also provided many pleasant surprises, thus enhancing their
enjoyment of the learning experience, making them eager to pursue new information. For
example, participants S36 and S22 said:

I enjoyed looking for markers in a setting, not only because I wanted to find new markers,
but also because I could find so many different forms of AR content each time – it was
like going on an exploration that was full of wonderful surprises. Meanwhile, I could
also interact with the AR content. I really enjoyed the process of exploring. (Individual
interview, S36, 9 November 2020)

I think AR materials were very cool, and I was very curious about how AR materials
would be presented in every scene. I also enjoyed looking for markers in real surroundings.
I had so much fun; time passed too fast. (Individual interview, S22, 3 November 2020)
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These comments by the students showed that the gamified setting, coupled with
unknown interactive AR materials, created an enjoyable learning experience and the
students enjoyed looking for new information. This finding lends support to the view that
gamified AR could promote enjoyment in learning [57].

4.2.2. Balancing Challenges with Skills

Many students said that when they were learning with AR materials, writing their
essays, and reading the essays aloud, they experienced a feeling of energized focus, a
suspension of time, a sense of connection to the inner self, a loss of self-consciousness,
and a feeling of control over their actions and environment. The students said that during
those moments, they were completely focused on trying to execute the learning task by
themselves, balancing the challenges that the task posed, extending their abilities, and thus
falling into the flow. The following interview segments described the emotional and mental
states of students when they were completely engaged in learning the English language.

When I was writing, I was most focused. I kept recalling what I had learned in the scene
and some sentences that I knew before, trying to figure out how to put them together.
Then I would look up some new words that could be used in the essay and discussed
them with my classmates. During the whole process of thinking about how to write, I
was completely absorbed in my task. After I finished the composition, I began to practice
reading aloud several times as I did not read well at the beginning. I would look up the
pronunciation of difficult words and then read my essay again and again. (Individual
interview, S13, 3 November 2020)

My English foundation is not very good. So, when I came across unfamiliar words in
learning the AR materials. I would go online to look up the definitions of these new words
as I wanted to write a better essay. When writing, I wanted to incorporate what I had
learned from the scene into my composition. When I was uncertain about my grammar
and vocabulary, I would go online to check out the correct usage. After finishing the
composition, I immediately began to practice reading aloud; I would practice many times.
I felt totally immersed in the whole process, especially when I practiced reading the essay.
I would find a quiet spot, lean against the wall and immerse myself in reading aloud.
(Individual interview, S11, 10 November 2020).

The participants’ feedback showed that, stimulated by challenges that the task posed,
they were completely immersed in learning with AR materials as they wrote and read aloud
their essays. This finding highlighted the view that challenges can strengthen students’
involvement, thus supporting Wong’s claim [55].

Furthermore, in the process of data analysis, the researchers noted that the students
always talked about task setting and the leaderboard when asked about challenges and
skills. For example, participants S2 and S1 said:

I was curious about the whole AR content. I tried to understand it. When I came
across some English sentences that I did not understand, I went online to search for their
meanings. I was fully immersed in the learning process. Of course, I also wanted to
understand the content so that I could write a better composition. (Individual interview,
S2, 10 November 2020).

When I scanned the AR content, I became very curious to find out more about it. I wanted
to understand it so that I could write a better essay. So, I would read it a few times and
then look up the meanings of the difficult words. After that, I would try to understand
the whole English content. During this process, I was very focused on learning. I also
wanted to get a good ranking. (Individual interview, S2, 10 November 2020)

According to the feedback of the students, task setting and the use of the leaderboard
in the learning environment further motivated students to be completely engaged in the
learning process, thus enabling them to finish their tasks. This finding was consistent with
that of Alomari who showed that the leaderboard could stimulate students’ motivation
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and sustain learning motivation by providing a sense of competitiveness in the learning
process [1].

4.2.3. Building Positive Relationships

Initially, data analysis from the observations and interviews showed that students also
tried to solve problems in group discussions. Just like turning to the Internet for help, they
turned to their teammates. The students reported that in the process of communicating
with others, they were unaware of the passage of time. They also experienced a feeling of
momentary loss of anxiety and constraint. The group discussions were helpful in fostering
positive relationships with fellow learners. Most students said that they formed good
friendship among themselves through discussion, sharing of knowledge, solving problems
together, and helping one another. Such positive relationship helped relieve anxiety and
pressure that are usually present in the traditional classroom. For example, participant
S15 said:

In our group discussions, we shared our own understanding of the AR content and what
ideas we used for our composition. Although we sometimes had heated discussions and
even felt that we were about to quarrel, it was not a real quarrel as we were very happy
during most of the whole discussion. And we were unaware of the passage of time. We all
felt very relaxed during the whole process and there was no sense of restraint, unlike in a
traditional classroom. (Individual interview, S15, 17 November 2020).

The student’s comments showed that the gamified environment provided learners
with opportunities to discuss and share knowledge of English, thus making them feel that
they belonged to a group. The need to have teammates and group discussions, as required
by the gamified environment, fostered relatedness [2]. This finding agreed with Wong’s
view that when flow activities are collaborative, engaging in such activities with immersing
interest allows students to build positive social relations by benefiting others [55].

Based on the data analysis, in such a learning environment, students constantly
experienced the pleasure of looking for new information as well as the flow of balancing
the challenge of acquiring new skills, along with building positive relationships. This
finding echoed some studies which have indicated that the use of gamification or AR
technology could immerse students in learning [1,58].

4.3. Experience Meaningfulness of Learning English

From the data analysis, the researchers found that most of the students, having
experienced revising and resubmitting their video recordings and watching the shared
videos, thought that English language learning had become more meaningful.

The interview segments below reflect these sentiments:

When I realized that I had used some words wrongly, I discussed my mistakes with my
teammates. After rectifying my mistakes, I resubmitted my work. This process made me
feel that English learning had become more meaningful. I had a better understanding of
the difficult words. (FGI, S38, 16 November 2020).

Watching the shared videos motivated me to reflect on my own writing and reading
aloud. Furthermore, it also stimulated me to think about how I could write a better essay
and to have correct pronunciation for my video recording. I made more effort to preview
the English content of the subsequent scene and practice my pronunciation after class.
(Individual interview, S1, 10 November 2020)

As shown in the above students’ comments, the gamified mechanism of resubmission
and the “sharing” video function provided opportunities for them to reflect on their
learning content and to share their thoughts with their teammates. Through further
data analysis, the researchers found that the students perceived the meaningfulness of
English language learning when they submitted their video recordings and watched the
shared videos. Perceived meaningfulness involved two aspects: (1) construction of English
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knowledge, i.e., using new English vocabulary and phrases in sentences to describe scenes,
and (2) a connection to real life.

4.3.1. Construction of English Knowledge

Some students mentioned that after submission of their videos, they went back to
revise the content of the video and the corresponding essay repeatedly. In this process,
they felt that they improved their English language knowledge. For example, Participant
S19 said:

Since we could submit our videos many times, we would check whether there was
any problem with the videos even after we submitted them. We focused mainly on
the correctness of our pronunciation, the correct usage of words and construction of
sentences. If there was any mistake in the video, we would discuss it with our teammates,
rectify it and resubmit the video. However, if we did that, the submission time would
be recalculated, and that would impact the ranking of our group in the leader board.
Therefore, every time before we submitted our video, we would first check it carefully to
make sure that our sentences were correctly constructed and that the pronunciation of
difficult words was correct. We would try our best to make no mistakes. During this
process, both my teammates and I had a deeper understanding of new words and phrases.
In the process of revision, my group members sometimes helped me correct my mistakes
in writing and pronunciation. (Individual interview, S19, 2 November 2020)

According to the students’ feedback, the gamified mechanism of resubmission com-
bined with the timer provided them the opportunity to reflect on the learning content and
to share their thoughts with their team members, thus reinforcing their mastery of new
English knowledge.

In addition, some students mentioned that during the revision of the content of their
videos, they recalled the AR English content they had learned. They thought that the AR
English content was memorable because they could always relate to a specific real-life
scene or objects when discussing new English words, phrases, or sentences. These real-life
scenes or objects enhanced their understanding and improved their ability to remember
new English words, phrases, and sentences. For example, participants S15 and S36 stated:

When I submitted my video, I would check what I had written. I tried to recall the
learning scene. I found that I could remember the AR content superimposed on each
marker very clearly because it always allowed me to relate to the object. At the same
time, I was deeply impressed by the new English words, phrases and sentences in the AR
content. I found that I could easily remember what I had learnt as they were meaningful.
In the past, I always had problems remembering what I had learnt in my English class.
(Individual interview, S15, 17 November 2020)

The AR content for the English lesson had real-life scenes. This made the content of the
lesson more meaningful as we could use the English content in these scenes in the future.
At the same time, I expanded my English vocabulary quite extensively. (Individual
interview, S36, 9 November 2020)

The students’ description showed that the AR technology feature which superimposed
learning contents on the real objects in real-life scenes helped to enhance understanding of
English content. This finding confirmed that AR games improved students’ understanding
of their learning materials [50] and echoed Sydorenko’s point that AR games provide
a useful background for English learning and are particularly helpful for collaborative
deconstruction of the meaning of abstract concepts [59].

4.3.2. Connection to Real Life

There are two aspects to how the use of gamified AR exercise connects to real life, i.e.,
applying English language skills in real-life situations, and integrating English skills into
topics depicting real scenes. Some students said that they might study abroad in the future.
They used to think learning English was abstract and served little purpose, but now they
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felt that the English content learned in this environment would be useful for their future
daily life abroad. Participant S34 mentioned:

I may go abroad to study in the future. I think learning English in this environment will
be very helpful for me in many aspects in the future. (FGI, S34, 16 November 2020)

Because the students were majoring in preschool education, it is very beneficial for
them to master the English language as it will be used in the teaching of young children in
the future. Most students reported that the English content learned in this environment
would be useful for their future careers. Participant S2 explained:

As we would use English in our future teaching career, what I have learned in these
real-life situations would be useful when I start working. (FGI, S2, 2 October 2020)

The students’ remarks highlighted the relevance between their gamified AR English
lessons and their needs in real life. They were aware that mastery of the English language
would be beneficial for their careers, and that the gamified AR learning of English was
meaningful, unlike the traditional way of learning English. The contextual learning moti-
vated the students to link the learning material and new knowledge with real situations in
the family and society [60]. This finding was consistent with Ho’s study which indicated
that the use of AR technology in the English class that combined learning and real-life
events helped enliven the English learning experience [61].

In addition, many students mentioned that the gamified AR environment provided
topics that integrated English language skills, such as reading, listening, writing, and
speaking on topics with real-life scenes. The students felt that mastering English skills was
meaningful and useful for them. They mentioned that integrating English skills with topics
related to daily life made them feel that what they had learned was very meaningful and
useful. Below are excerpts from the interviews.

When I learned English in a scene that depicted a real-life setting, I found that I could
learn and practice English skills, such as speaking, reading, listening and writing on one
topic. The learning materials were useful and meaningful. (FGI, S27, 16 November 2020)

In the traditional English class, we would also learn English based on different topics.
But the learning process was very boring and very abstract. We would all sit in the
classroom and learned mechanically. But in this new environment, we acquired English
language skills in an environment that simulated real-life settings. The learning content
was very attractive and meaningful. The new environment allowed me to integrate what
I had learned, and practiced the skills of listening, speaking, reading and writing for a
specific scene. (FGI, S32, 16 November 2020)

According to the students’ comments above, the new environment integrated English
language skills, such as reading, listening, writing, and speaking, with topics that were
related to real life settings. This made the students realize the usefulness of learning
the English language. Firstly, students noted that the thematic learning with specific
topics helped them better understand the learning content, especially since the topics
were related to daily life events and settings. In this regard the thematic learning in
a real environment supported English language skills learning [60]. The data analysis
also showed that integrating English skills in real-life scenes made English content more
relevant and memorable, as pointed out by Liu who was of the view that thematic learning
provides students with a framework to facilitate learning [62].

4.4. Interest Formation and Learning Motivation

As indicated by the students’ reactions and comments regarding the gamified learning
environment using AR technology, students’ interest was developed through piquing
curiosity, experiencing optimal learning experience, and perceiving meaningfulness.

With the constant circulation of the three elements of interest formation in the gamified
AR environment, students’ interest in learning English was enhanced, and students noted
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their change from lacking interest in English learning to having the motivation to learn En-
glish. Most students mentioned that in the cyclical process, their autonomy was enhanced
when they were experiencing optimal learning experience. For instance, participants S1,
S27 and S24 mentioned that:

I used to feel very restricted in traditional classes, I often want to find some new content on
my own, but it is not allowed in class. In this environment, even though we had markers
we wanted to look at, but we didn’t know where they were, we could wander around
the locations to look for the markers. I really enjoy this sense of freedom. Besides, in the
process of looking for the new markers, I also encountered other new contents that made
me want to explore more in the future. (Prolonged interview, S1, 10 November 2020)

We were pleasantly surprised and amused by the variety of AR content while looking
for markers. These different presentation of AR content made the process of exploration
became more interesting and made us enjoy the process more. Our group members were
fully engaged in the process. (FGI, S27, 16 November 2020)

I really hated English writing before because first I didn’t know what I could write and
writing was too abstract for me. Besides, the writing topics were always rigid and boring.
But in this environment, we had a broad theme about this real scene and there were a lot
of topics we can freely choose which were so close to us. The whole writing process made
me feel happy, although I still have some difficulties in writing, I was fully engaged in
the process of solving the problems and writing the essay and I no longer resist writing
in English. (FGI, S24, 9 November 2020)

Students’ comments showed that the gamified setting, looking for clues to learn,
provided students with a chance to play, allowing free exploration [63]. This way of
facilitating exploration has been suggested to be a way of easing engagement in a required
task, as Nicholson has claimed [64]. In this playful space, students were allowed to decide
which exploration pathways they wanted to pursue [63] to enjoy the process of looking for
new learning content. The finding also echoed Schrier’s study which found that exploring
a physical location also motivated participants to learn more and engaged them further in
the game [65]. The participants especially enjoyed actively walking around and learning
rather than sitting passively in a classroom. Moreover, the statement also showed that the
AR presentations, which were initially unfamiliar to the students, enhanced the pleasure
of exploration, thus immersing them in the pursuit of the pleasure of exploration. The
finding also highlighted that the use of play combined with AR further enhanced the
enjoyable atmosphere. This was, as Castañeda claimed, the fun ambiance provided by the
gamified AR environment that keeps students motivated in using the tool for learning [66].
Meanwhile, the findings also showed that AR has the potential to engage students by
seeing and understanding information in its context through which they can creatively
explore the content by exploring scenarios through the lens of games [67]. Moreover,
students’ statements also showed that the gamified AR environment that provided choices
enabled them to be more autonomous [68], which was significant for intrinsic motivation.
This is because choices were closely related to the play, and the use of choice created a more
playful ambience in the learning process [64].

Most students mentioned that in the cyclical process, their relatedness was enhanced
when they had optimal learning experiences. The students expressed the view that, due to
their past English learning experience, they were afraid to express their opinions in front
of their classmates because they were not good at English, which made them nervous.
However, now that they were very familiar with their group members and had developed
a good relationship, they felt more confident. As the number of times the students shared
their opinions increased, they were more open to share their thoughts in group discussions.
For example, student S19 said that:

In the beginning, we were unfamiliar and not close with each other. But because we were
learning English in this environment, our group members became familiar with each
other, and that makes us became very active in the group discussion later. As we became
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familiar with each other, we dared to express our opinions in front of them. (Prolonged
interview, S19, 2 November 2020)

Meanwhile, students also stated that their English competency improved when they
perceived the meaningfulness of learning English. Student S1 stated:

The sharing videos motivated me to reflect my own writing and reading aloud. Meanwhile,
it also stimulated me to think about how I can write a better essay and have a better
pronunciation in the video in that real scene. I began to preview English content of
the next scene and practice the pronunciation after class. (Individual interview, S1,
10 November 2020)

According to the students’ feedback, the cyclical formation of interest that they ex-
perienced from the use of XploreRAFE+ for a duration of four weeks maintained their
motivation. The researchers suggest that this process was analogous to the continuous
energy produced from the oscillating charges of an electromagnetic field. Similarly, the con-
tinuous experience of interest formation from the use of XploreRAFE+ in four consecutive
English lessons led to sustained motivation in learning English. This is because the students’
psychological needs, namely competence, autonomy, and relatedness, were continuously
satisfied in the cyclical process. This finding echoed Deci’s claims that competence, auton-
omy, and relatedness are closely related to motivation [69]. The conceptualization of the
findings of this study is illustrated in Figure 7.
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5. Limitations

There are some limitations to this study. The first limitation relates to the process
of selection of participants. The selected vocational college where this study was con-
ducted emphasized the use of emerging technology in teaching. This vocational college
fully supports teachers in reforming teaching. Moreover, the college is relatively better
equipped than general vocational colleges in Sichuan Province in terms of teaching facil-
ities and environment. Therefore, the teaching and learning environment in this college
is not representative of most ordinary vocational colleges. Furthermore, in this study, the
researchers wanted to explore the use of gamified AR technology in interest formation
among vocational college students, and therefore the choice of vocational college that uses
gamified AR technology was an important factor guiding the researcher’s choice. In the
selection process, the researcher chose a class in this vocational college that used gamified
AR technology to carry out teaching reform in English courses.

A second limitation relates to the potential for a Hawthorne effect such that students
might have been behaving differently knowing that they were being studied. Before
the course began, the teacher of this course had introduced the research to the class and
informed them that a researcher would come to observe their learning process. Although
the researchers did not participate in the course and did not affect the normal course
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learning, when the researchers videotaped the learning processes, the researchers found
that at the beginning of the course the students in the class were nervous. This might have
affected their behaviors and, in turn, their behavioral assessments. Nevertheless, as the
course progressed, the students became acclimatized to the observations and recording of
videos. A third limitation concerns theoretical lenses. In this research, the researchers chose
the interest loop of IDC theory as the theoretical basis and selected three components of it as
an important means of explaining the formation of interest. The results might be different
had the researchers chosen another theory. A fourth limitation relates to the research design.
The study was conducted within four weeks—were the research to be conducted over a
prolonged period the increase in duration might affect the findings obtained.

6. Conclusions

Using the framework provided by IDC theory, this study found that in the gamified
AR environment, interest formation could be attributed to three themes, (i) piquing curios-
ity, (ii) optimal experience, and (iii) experiencing meaningfulness. Furthermore, curiosity
comprised three categories, (1) perceptual curiosity, (2) interest epistemic curiosity, and
(3) deprivation epistemic curiosity. Optimal learning experience could be categorized as:
(1) pursuing the pleasure of looking for new information, (2) balancing the challenge with
skills, and (3) the experience of building positive relationships. Experiencing meaning-
fulness of English language learning consisted of two aspects: (1) construction of English
knowledge, and (2) connection to real life. This process is illustrated in Figure 8.
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The researchers found that interest formation in the gamified AR environment was
a dynamic process. In the beginning, the students’ curiosity was triggered by the variety
of representations of AR technology and its features, including the gamified map, AR
English content, and the mechanism of competition provided by the leaderboard. The
three categories of curiosity motivated students’ specific and diverse exploratory behavior.
Exploratory behavior, the result of three categories of curiosity, was the basis of the students’
optimal learning experience.

With the stimulation of the learning tasks and ranking provided by the leaderboard,
students experienced the flow of balancing the challenges of practicing the skills when
learning with AR materials, writing the essay, and reading it. In the gamified setting that
required the students to look for clues while exploring the environment using unknown
interactive AR materials, the students experienced the pleasure of looking for new informa-
tion. Working as teammates in a gamified setting, the students built positive relationships
with team members while discussing and sharing ideas.

After undergoing the optimal learning experience, the gamified mechanism of re-
submission and the use of “sharing” videos provided the students with opportunities to
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reflect on their learning content and to share their thoughts with teammates. The features
of AR technology that superimposed learning content onto real objects in real-life scenes
enhanced the understanding of English content and connection with real life situations,
thus helping the students perceive the meaningfulness of learning the English language.
With the circulation of interest loop in the gamified AR environment, students in a play-
ful environment became more engaged in learning, developed good relationships with
classmates, and were able to extend their English proficiency. In short, students’ needs for
competence, autonomy, and relatedness were satisfied. The cyclical formation of interest
developed through gamified AR environments over time was able to sustain learners’
motivation, analogously to the oscillating charges of an electromagnetic field producing
continuous energy.

There are many studies on the positive effect of gamified AR on learning that show
gamified AR can improve students’ learning by enhancing students’ learning motivation
and interest [26,70], facilitating students’ engagement, interaction and collaboration [26,67],
enhancing enjoyable learning experience [57,71,72], boosting understanding of knowl-
edge [71], and through experiencing flow [50,70]. However, very little is known about
the process of interest formation in a gamified AR environment and how it could sustain
learners’ motivation. Within the theoretical framework of IDC theory, the study has filled
some gaps in the literature as the findings of the study showed that interest formation
includes piquing curiosity, experiencing optimal learning experience, and perceiving mean-
ingfulness of learning. These stages occur in a perpetual loop that may further sustain
learners’ motivation in learning.

In existing studies on the formation of interest, the focus is usually on situational and
individual interest. These research studies discuss the development process of situational
interest in an active learning environment and factors affecting this, and the transition from
situational interest to individual interest [33,34]. From these past studies the process of
interest formation has been assumed to occur in a linear way. However, the findings of
the current study indicate that, in the gamified AR environment, interest formation is a
dynamic process. The “interest loop” starts by tapping students’ three kinds of curiosity
to trigger students’ situational interest. Immersing students in English language learning
helps maintain situational interest and allows them to have optimal learning experiences.
Finally, emergent individual interest is nurtured when the students find that learning the
English language is genuinely meaningful for them. When students constantly experience
the “interest loop”, they developed genuine interest in learning. Subsequently, sustained
motivation in learning could be achieved by the continuous cyclical process of interest
formation from the use of gamified AR mobile application for several weeks.

The researchers believe that there are opportunities to expand this study to other
disciplines, such as science, mathematics and history, as well as to other levels of education,
such as primary and secondary school students. This study employed a qualitative method-
ology, and a case study was used. The researchers recommend that other methods should
also be used to validate the findings. Since this study is qualitative in nature, the findings
of this study are not generalizable. However, it may be transferable to situations that are
similar to the case under study. Additionally, this study can be used as an exploratory basis
for subsequent research in quantifying the interest and motivation level of learners in a
prolonged experimentation process.
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