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Introduction
Today, mobile technology has become a fundamental part of students’ lives. These Gen-
eration Z students are so-called digital natives. Thus, many students worldwide have 
handheld devices such as tablets and smartphones. Using mobile technologies, students 
may overcome time and geographical constraints (He, Ren, Zhu, Cai, & Chen, 2014). 
They can obtain information without visiting a library or sitting in front of a computer. 
Mobile devices are also used for entertainment purposes. For instance, learners can 
play games, watch videos, or listen to podcasts for the sake of their amusement without 
being constrained by time and location. A vast majority of teenagers (97%) play video 
games, and three billion hours a week are spent on gameplay (McGonigal, 2011). Con-
versely, English language teachers are frequently troubled by their students’ disinterest 
in their classroom approaches (Ekiz & Kulmetov, 2016; Demir, 2017). Technology is, so 
to speak, advancing at an alarming rate. If one thing does not change forever, it is the 
change. English as a foreign language (EFL) teachers need to adapt to these changes and 
capitalize on the developments to help learners better. As games may provide a great 

Abstract 

The advancement of technology has provided new avenues for English language 
teachers to assist students in improving their language learning processes. Augmented 
reality is an emerging technology that can implement virtual objects into the physi-
cal learning environment. This quantitative study aimed to determine the impact of 
employing augmented reality in a CLIL lesson. The study also looks at EFL learners’ 
attitudes about the use of AR. For this purpose, 76 high school students (38 males and 
38 females) have taken part in this study. The results showed that using an AR-based 
mobile application improved the language achievements of the learners. The learners 
who used AR have gathered better results in the CLIL lesson. Additionally, the learners 
had positive attitudes towards the use of augmented reality. They found it satisfying 
and engaging and were willing to use it in the future again. Based on the study find-
ings, EFL teachers are encouraged to use AR in their classes to teach both content and 
the language.

Keywords: Metaverse, Augmented reality, CLIL, Gamification, Attitudes

Open Access

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// 
creat iveco mmons. org/ licen ses/ by/4. 0/.

RESEARCH

Çelik and Yangın Ersanlı  
Smart Learning Environments            (2022) 9:30  
https://doi.org/10.1186/s40561‑022‑00211‑z

Smart Learning Environments

*Correspondence:   
ferdicelik99@gmail.com

Ondokuz Mayıs University, 
Samsun, Turkey

http://orcid.org/0000-0001-8272-4720
http://orcid.org/0000-0002-4180-4027
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40561-022-00211-z&domain=pdf


Page 2 of 18Çelik and Yangın Ersanlı  Smart Learning Environments            (2022) 9:30 

deal of engagement, why do we not gamify our lessons? In addition, Augmented Reality 
(AR) may be utilized to enhance language learning alongside a gamification technique 
for teaching English. For this reason, investigating the effect of an AR based mobile 
application in a gamified Content and Language Integrated (CLIL) class can help us gain 
insights and employ beneficial pedagogical techniques.

Literature review

In this section, a brief overview of relevant literature has been provided. The underpin-
ning theoretical framework and key terms related to the study have been described.

Gamification

Gamification refers to using game components and game style within a context that 
is not a game (Werbach &  Hunter, 2012). Using gamification provides learners with a 
motivating learning setting (Flores, 2015, Philpott & Sun, 2022). This, in turn, empowers 
teachers’ pedagogy as motivation is necessary for EFL learning (Brown, 1994; Sanacore, 
2008). However, how can gamification be employed in a particular EFL teaching con-
text? Gamification can be applied in the classroom in various ways, meaning there are 
no strict rules that the teachers need to stick. The model of Huang and Soman (2013)that 
consists of five steps could be beneficial to follow: know about the learners to whom the 
instruction will be delivered, define and design the lesson by considering instructional 
goals and particular learning aims, structure the experience, identify the resources, 
choose and apply gamification element. Applying a gamification element may include 
using points to assess and display in a leaderboard, adding levels that students can go 
through by passing each of them, setting a time limit for a specific task to boost excite-
ment, and giving badges as rewards. Any mechanic of the gameplay can be “uniquely” 
and “independently” integrated into one’s own pedagogy by considering the aim of the 
lesson (Philpott & Sun, 2022, p. 2). Principled review studies reveal that gamification 
provides positive effects (Hamari, Koivisto & Sarsa, 2014) and helps maintain motiva-
tion as a solution to declining student engagement (Alsawaier, 2018) both intrinsically 
and extrinsically (Buckley & Doyle, 2016). Use of game elements as a novel approach 
increases student participation and engagement (Thiel & Fröhlich, 2017).

There are many games whose elements can be integrated into EFL teaching and learn-
ing. One example is the scavenger hunt. A scavenger hunt in education is an activity 
that learners search for hidden objects by following a series of locations in and around 
the school building to achieve particular learning aims. As scavenger hunt originates 
from a child game, it carries game elements such as rewards, scoring, competition, time 
limit, set of objectives. Scavenger hunt has been used in various fields of education for 
purposes such as an orientation activity for freshmen (Lu et al., 2015), improving inter-
cultural communication (Santoso, 2020), teaching academic writing (Lin et al., 2021), a 
word study activity (Chen & Greenwood, 2021), enhancing confidence and networking 
(Mazzoli, Moffit, & Mansell, 2021), second language teacher training (Zhang, 2020), and 
improving learner engagement (Dakroub et al., 2022).

Gamification and emergent technologies are interrelated (Flores, 2015). Teachers can 
gamify any lesson utilizing emergent technologies. For instance, AR helps EFL teachers 
to create an immersive learning environment for the learners.
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Augmented reality

AR refers to the technology mixing the actual environment with virtual components 
(Klopfer & Sheldon, 2010, Diegmann et al., 2015, Akçayir and Akçayir, 2017). It provides 
the learners with the experience of space, often seen through a camera implementing vir-
tual objects and sounds into the actual environment. AR allows learners to experience 
both virtual and natural environments in an optimum way (Almenara & Osuna, 2016). 
AR allows learners to examine inaccessible items or get unavailable experiences (Mer-
zlykin et  al., 2019; Wojciechowski & Cellary, 2013). For instance, students can investi-
gate a brain to learn its parts, interact with it, and have pre-coded conversations. AR has 
been used in educational contexts such as art (Di Serio, Ibáñez, & Kloos, 2013; Wei et al., 
2015), medicine (Tang, Cheng, & Greenberg, 2019), biology (Erbas & Demirer, 2019), sci-
ence education (Chang & Hwang, 2018), chemistry (Wan et al., 2018), physics (Matcha & 
Rambli, 2015), and astronomy (Liou, Yang, Chen, & Tarng (2017). There are mainly three 
types of AR: marker-based, markerless and markerless, and location-based AR.

Marker-based AR employs static images expected to be recognized by the camera to 
initiate the action (Godwin-Jones, 2016). QR (Quick Response) codes, a new kind of 
barcode, can be used as markers to generate learning experiences in a classroom set-
ting (Kapp & Balkun, 2011, as cited in Kuru Gönen & Zeybek, 2021). The learners scan 
the code via camera and access the experience through the link automatically decoded 
by the handheld device. The essential ability of AR is to lay content upon the existing 
one so that the learners experience multiple facets (Radu, 2014). For instance, learners 
can experience three-dimensional (3D) visual representations and voiced pronuncia-
tions of words overlaid onto the real world in a vocabulary class by scanning a marker. 
In this way, learners’ cognitive load is lowered, facilitating the learning process (Mayer 
& Moreno, 2003). Marker-based AR is the easiest and simplest way to experience AR, 
as marker-based activation accurately directs the user to the experience. Smart learning 
environments can be created for the students in and around the school by placing mark-
ers. Scholars have implemented marker-based AR in foreign language classrooms, such 
as helping the students learn vocabulary (Santos et al., 2016) and pronunciation (Solak 
& Cakir, 2015). Promoting the students to form marker-based AR experiences may also 
be engaging for students to learn (Godwin-Jones, 2016). Therefore, the teachers can take 
advantage of AR to help the learners. Markerless-AR scans the real environment and 
detects appropriate spaces to implement 3D virtual objects (Mystakidis et al., 2022).

In markerless AR, the student usually scans a horizontal surface in the real environment, 
such as a table, or a vertical surface, such as a wall, to access the AR experience. The AR 
system analyzes the real space and identifies the pixels to map the space to implement digi-
tal objects. Thus, the physical environment’s actual characteristics are used instead of a 
marker. This brings about a limitation: the surface must have some patterns, colors, lines, 
or textures. A plain surface may ruin the AR experience as the technology usually cannot 
track the surface. On the other hand, markerless AR has some benefits. For instance, the 
experience can be interacted with in any place in time. Therefore, the learners have free-
dom of motion. They can also implement any digital content to express themselves easily. 
Metaverse Studio, CoSpaces Edu, and Figment AR are some platforms where teachers can 
find ready-to-use AR experiences. However, these experiences must be adapted to suit the 
lesson’s particular learning objectives and the learners’ needs (Karacan & Akoğlu, 2021).
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Location-based AR layers digital data into the student’s real environment using sen-
sors and tools including Global Positioning System (GPS) and compass (Mystakidis 
et  al., 2022). Unlike marker-based AR, location-based AR does not require a physical 
object to display the experience. The location of the students is utilized to trigger the 
experience (Belda-Medina, 2022). Location-based AR is a great source of technology 
that EFL teachers can use to create gamified AR-based experiences for learners (Lee & 
Park, 2020; Richardson, 2016).

The literature on the subject emphasizes the advantages of using AR for teaching pur-
poses. The systematic review of 54 studies by Parmaxi and Demetriou (2020) regarding 
the use of AR in language learning indicates that AR provides increased positive emo-
tions, improved language skills, enhanced interaction and learning opportunities. AR 
fosters learners’ autonomy, creativity, motivation, and attention (Lee, 2012) and thus 
improves the learning process (Blagg, 2009; Alsowat, 2017; Arunsirot, 2020; Kuru Gönen 
& Zeybek, 2021). Regarding EFL learning, AR-based activities are engaging and may 
have a significant effect on learners’ language achievements (Küçük, Yılmaz, Baydaş, & 
Göktaş, 2014; Richardson, 2016; Çevik, Yılmaz, Göktaş, & Gülcü, 2017). AR can be uti-
lized to teach both receptive and productive language skills. Emergent researches show 
that AR improves students’ reading skills (Tobar-Muñoz, 2017; ChanLin, 2018), listening 
skills (Río Guerra et  al., 2020; Suwancharas, 2016), speaking skills (Dalim et  al., 2020; 
Shea, 2014), and writing skills (Wang, 2017; Yılmaz & Göktaş, 2017). In addition, there 
is a substantial corpus of study reporting that AR improves EFL vocabulary repertoire 
of learners (Juan et al., 2010; Barreira, Bessa, Adão, Peres, & Magalhães, 2012; Solak & 
Çakir, 2015; Tandoğan, 2019;  Tsai, 2018; Tsai, 2020). Moreover, AR may also provide 
greater retention rates (Lam, Sadik & Elias, 2021).

Metaverse

Metaverse Studio is a free platform where everyone can create an AR experience. The 
interface is simple to use and devoid of advertisements. The AR experiences can be created 
using a drag and drop system with no programming required. The teacher can create an 
AR learning experience by adding 3D objects, texts in speech bubbles, and voices. Once 
the experience is created and ready, the teacher can share the QR code with the learn-
ers. The platform has a mobile application called Metaverse. Students download it to their 
mobiles to access the experience by scanning the QR code. Although the platform is no 
longer under development, the developers have stated that the platform will stay available.

CLIL

Implementing extensive foreign language programs seems inefficient as many weekly 
class hours are devoted to foreign language education. Thereupon, educators in many 
parts of the world try to find the optimum way to enhance students’ language learning 
processes. CLIL is a productive, strengthening, and supporting way of learning a foreign 
language (Lasagabaster & Sierra, 2010). A second or a foreign language rather than stu-
dents’ native tongues is utilized for teaching language and subject matter together.

Such an immersion learning approach may facilitate the learning process by lower-
ing the cognitive load (Blakemore & Frith, 2005). Thus, understanding how CLIL affects 
brain activities is of significance. Van de Craen, Mondt, Allain & Gao (2007) compares 
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monolingual, bilingual, and school-bilingual brains to address this question. Their study 
compares magnetic resonance imaging (MRI) images of the brains of monolinguals, bilin-
guals, and school bilinguals whose ages are around eight. The brains of the young learners 
have been scanned when the learners make basic tasks such as calculations. The images 
that Van de Craen et al. (2007) share show that the bilingual brain is the one that has the 
lowest workload during the tasks. The monolingual brain has the highest workload, while 
school bilinguals have an intermediate load. Therefore, simultaneous learning of a foreign 
language and subject matter can lower the brain load during tasks that may lead to better 
learning (Van de Craen et al., 2007). Although these effects may be the characteristics of 
brain plasticity of monolingual, bilingual and school bilingual children, the results may 
also imply that CLIL tries to utilize this plasticity of bilingual learners and can facilitate 
the learning process. Therefore, CLIL can improve the cognitive aspects for better learn-
ing (Blakemore & Frith, 2005, as cited in Van de Craen et al., 2007).

Global goals

The technologies and industries have developed rapidly, but global issues such as ineq-
uity, poverty, access to clean water, and climate change remain consistent. A rapid solu-
tion to the problems does not exist. In 2015, leaders worldwide agreed on 17 goals with 
169 objectives for global sustainability (Maley & Peachey, 2017). The Sustainable Devel-
opment Goals (SDGs) cover all the dimensions for sustainable development of the world, 
and they consist of steps that are achievable. We find teaching SDGs to the students 
essential. The role of a teacher, especially an EFL teacher with spontaneous ties with the 
international society, may have the greatest significance in students’ learning (Hattie, 2008 
as cited in Maley & Peachey, 2017, p. 7). Therefore, we believe that EFL teachers around 
the world should take charge of making the new generation learn about the global issues 
and raising their consciousness on the SDGs for a sustainable development of the world. 
For this reason, the book of British Council has inspired us to implement SDGs into our 
study (Maley & Peachey, 2017). In the book, there are 22 chapters that point out a vari-
ety of SDGs. The book starts with a chapter written by Read (2017). The chapter aims to 
teach the objectives and names of all 17 SDGs. For the next chapters, a single global issue 
such as empowering women and ensuring healthy lives is scrutinized by various scholars.

Recent studies in the literature support the view that CLIL is beneficial for teaching 
both the target language and the subject matter such as Biology (Satayev et al., 2022), 
Chemistry (Bianco, Andonova, & Buhagiar, 2021), and Maths (Martí Arnándiz et  al., 
2022). CLIL can also be employed to teach about global issues (Maley & Peachey, 2017). 
As we believe that SDGs should be taught to the students, we aim to teach SDGs through 
an AR-based gamified CLIL lesson. The participants of our study would meet with the 
SDGs for the first time. Thus, we have been inspired by the chapter of Read (2017) to 
create an introductory AR-based gamified CLIL lesson for the students.

Although there is a growing corpus of research on AR, the number of studies concen-
trating on EFL learning is still limited. Regarding CLIL research based on AR, only a 
few studies are conducted (Martinez, Benito, Gonzalez, & Ajuria, 2017; Merzlykin et al., 
2019). Thus, the present study aims to determine the effect of using AR in a gamified 
CLIL lesson on students’ achievements at a private Turkish high school. The following 
research questions have been developed to achieve this goal:
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1. Does the use of AR in a gamified CLIL lesson improve EFL students’ achievements at 
a private Turkish high school?

2. What are EFL students’ attitudes towards AR who used the AR in a CLIL lesson at a 
private Turkish high school?

Method
Population and study group

The primary objective of this study was to find out the effect of using AR on EFL learn-
ers’ achievements. For this purpose, we employed a quasi-experimental research design 
(Fraenkel & Wallen, 2006). The study was conducted with 76 participants (38 males, 38 
females). 38 learners in the experimental group had treatment through AR material, and 
38 learners in the control group were given the traditional instruction.

Instruments

An achievement test and a scale were used to collect data. The achievement test was 
developed by two English language teachers and the researchers. The items were formed 
to measure the lesson’s learning objectives, which were given for the present study. Three 
English language teachers reviewed the test. Therefore, the final version of the achieve-
ment test was created (Appendix 1). The test consisted of 10 multiple choice questions 
that were created by considering the aim of the lesson and the content of the AR experi-
ences. The test was used as both pre- and post-test. We changed the order of the options 
and the questions to avoid memorization. The maximum score that a student can get in 
the test was 10, and each correct answer was scored as one point.

The other data collection tool was the Augmented Reality Applications Attitude 
Scale (ARAAS), developed by Küçük et  al. (2014). ARAAS was used after taking the 
permission of the developers via e-mail. The scale had both Turkish and English ver-
sions (see. Appendix 2). The present study used the Turkish version as the participants’ 
native tongue was Turkish. There were 15 items in this five-point (5 = strongly disagree, 
1 = strongly agree) Likert type scale with three dimensions. The dimensions were “the 
use of satisfaction”, “the use of anxiety”, and “the use of willingness” (Küçük, et al., 2014, 
p. 389). The first dimension had seven positive statements, the second dimension had six 
negative statements, and the third dimension had two items. For the present study, the 
name of the second dimension was changed to engagement because the original naming 
appeared to be inconsistent with the items. Moreover, having less than three items per 
dimension was not recommended in the relevant literature. However, suppose there are 
two items in a dimension. In that case, it could be accepted as an exception (Raubenhe-
imer, 2004, cited in Küçük, et  al., 2014). The ARAAS was primarily tested for validity 
with the participation of secondary school students. Küçük et al. (2014) found the alpha 
score as 0.862, 0.828, 0.644 per dimension, respectively, and the overall internal consist-
ency with a score of 0.835. Nevertheless, the scale was not tested for reliability on high 
school students. Thus, we conducted a coefficient alpha test with the participants of this 
study. The overall internal consistency of the scale was calculated as 0.921 (First dimen-
sion’s α = 0.861, second dimension’s 0.789, third dimension’s 0.781).
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Procedure

Two different lesson plans were created for the control and the experimental group. 
Both had the same learning objectives but followed different teaching procedures 
regarding the aim of this study. These lesson plans were created after carefully examin-
ing the manuscript of Read (2017). We adapted the first lesson, named as “Discover and 
Prioritise the Global Goals”, by making some changes to be used in the treatment period 
for the experimental group (Read, 2017, p. 12). First, the original activity was planned 
as 60  min. We have rearranged the lesson to make it approximately 40  min. This was 
because a class hour in the school that our study took place was 40  min. The aim of 
the original lesson was to introduce the learners the objectives and names of the United 
Nation’s Global Goals, and justifying choices. We focused on narrower language learn-
ing aims by removing the latter aim and related parts of the lesson plan to cut down the 
lesson to 40 min. In our lesson plan, the students were expected to be able to name and 
talk about the Global Goals by the end of the lesson. Next, weadapted the experimen-
tal group’s lesson using scavenger hunt elements to gamify the AR experiences for the 
CLIL lesson. We determined 10 locations and placed QR codes that would enable them 
to access various AR experiences. To create AR experiences, Metaverse Studio was used. 
The researchers created 10 AR experiences by considering the aim of the lesson by using 
Metaverse Studio. Then, the links to every single experience were embedded into QR 
codes. On the other hand, the control group’s lesson was a traditional CLIL lesson with 
no AR use and no specific effort to implement game elements. The procedure followed 
three steps: pre-treatment, treatment, and post-treatment.

Pre‑treatment process

Necessary permissions from the parents and the school authority were taken. The 
researchers provided the learners with the study’s objective and informed them that the 
tests would not determine their grades. The achievement pre-test papers were handed 
out as pre-test to both control and experimental group students. The test consisted of 10 
multiple choice items and took approximately 15 min to complete.

Treatment process

For the experimental group, a gamified CLIL approach with AR was employed. In the 
previous lesson, the teacher asked students to download Metaverse App and bring their 
mobile phones to the classroom as they would need it for the lesson. Ten QR codes that 
direct students to the AR learning experience were placed in different areas in the school 
and the yard. The experimental lesson took 40 min. At the beginning of the lesson, the 
teacher asked students whether they had heard about the Sustainable Development 
Goals, and explained that SDGs are the objectives set to ensure a better and more sus-
tainable future for everyone. Next, the teacher explained that they would have a scaven-
ger hunt activity in which they would race as groups of three. Then, the teacher handed 
out the papers that contained the places of the QR codes and on which they would write 
their answers. The students would get 10 points for each correct answer and the stu-
dents who completed all the 10 steps would get 100 points. The teacher then asked stu-
dents to start. The introduction part of the lesson took nearly six minutes. One example 
of the step which led students to the QR code was “Go to the high school canteen, locate 
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the portrait of the girl with an umbrella, scan the QR code and write the answer”. Fig-
ure 1 provides an overview of the experimental group’s learning process through AR. In 
each step, learners interacted with AR-basedlearning experiences containing 3D objects. 
All 3D objects had a speech bubble on the top of them that provided a written and vocal-
ized input to the learners. The learners needed to choose from pre-determined options 
or write their replies. The experiences taught about United Nations’ Sustainable Devel-
opment Goals and related vocabulary and grammar units.The speech bubbles on the top 
of the 3D objects instructed the students by explaining the aim of the global goals. Each 
experience focused on a specific SDG.,

As Fig. 1 illustrates, the learners used their mobiles to access the AR learning experi-
ences to learn and collect the answers. The teacher and the researcher followed students 
through all the steps ensuring that the students would not copy the answers from each 
other. If a student could not locate a QR code, they were allowed to move on to the next 
one, yet leaving the opportunity of getting 10 point behind. The students took approx-
imately 30  min to complete all the steps in the scavenger hunt. After completing ten 
steps, they delivered their papers to their teachers.

The control group’s learning objectives were the same. However, they were instructed 
by traditional materials. The teacher followed the regular class routine, provided them 
with the input about Sustainable Development Goals, taught them the related vocabu-
lary and grammar units. The teacher employed a communicative method to instruct the 
learners, but only printed pictures were visuals.

Post‑treatment process

A newly acquired information should be “consolidated” within a few days to become 
unfluctating (e.g. by sleeping) (Dudai, 2004, as cited in Tetzlaff et al., 2012, p. 716). Thus, 
the researchers decided to use a 10-day period between the treatment process and the 

Fig. 1 The experimental group studying with mobile-based AR
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post-test so that the post-test scores would reflect learners’ retention. 10 days after the 
treatment process, both the control and the experimental groups took the achievement 
post-test. Then, ARAAS papers were handed out to the experimental group, and they 
were completed and delivered. Once the data collection period ended, the control group 
learners also experienced the AR lesson.

Data analysis

After all the data were gathered, they were analyzed in SPSS version 26 for Windows. 
Shapiro–Wilk normality test was run through SPSS to determine whether using paramet-
ric or non-parametric analyses. As the all data were not normally distributed, a Wilcoxon 
Signed Rank Test and a Mann Whitney U test were employed to find out whether the use 
of AR in a gamified CLIL lesson improve students’ achievements. For all the tests, the 
significance threshold was set to 0.05. As for the attitude scale, the data collected through 
ARAAS in the post-treatment period were examined in SPSS using descriptive analysis.

Findings
Firstly, a Shapiro Wilk normality test was applied to the pre-test and post-test data to 
determine if the data are distributed normally. Test results indicated that pre-test 
data were distributed normally for both groups (p = 0.190 for the control group, and 
p = 0.266 for the experimental group), but the post-test data were not normally distrib-
uted (p = 0.021 for the control group and p = 0.002 for the experimental group. There-
fore, we decided to use a non-parametric test as the conditions for a parametric test did 
not meet. The first research question of this study was “Does the use of AR in a gami-
fied CLIL lesson improve EFL students’ achievements at a private Turkish high school 
A Wilcoxon Signed Rank test was employed to compare the control and experimental 
groups’ pre- and post-test scores to answer the research question. Table 1 was formed to 
illustrate the findings.

As shown in Table  1, the experimental group had significant improvements 
(z = − 5.265, p < 0.05) in achievement between the pre-test (Mdn = 6.00, M = 5.53) and 
the post-test (Mdn = 8.00, M = 7.95) Therefore, we can state that the use of AR in a gami-
fied CLIL lesson improved students’ achievement. On the other hand, the traditionally 
instructed control group also improved their achievements significantly (z = − 4.377, 

Table 1 Wilcoxon signed rank test for the achievement test

*p < 0.05

Post-test–pre-test N Mean rank Sum of ranks Z p

Control

Negative ranks 4 11.00 44.00 − 4.377 < 0.001*

Positive ranks 29 17.83 517.00

Ties 5

Total 38

Experimental

Negative ranks 1 5.00 5.00 − 5.265 < 0.001*

Positive ranks 36 19.39 698.00

Ties 1

Total 38
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p < 0.05) as expected between pre-test (Mdn = 5.50, M = 5.39) and post-test (Mdn = 6.00, 
M = 6.42). However, the experimental group’s mean gain was higher (2.421) than the 
control group’s mean gain (1.026). Thus, a Mann Whitney U test was conducted on the 
achievement mean gains between two groups to see whether this difference is significant 
as the data were not normally distributed. Table 2 was formed to show the findings.

As shown in Table 2, the result of the Mann Whitney U test indicated that there is 
a significant difference between the two groups’ achievement mean gain (u = 305.500; 
z = − 4.457, r = − 0.51, p < 0.05).

As illustrated in Fig. 2, the results showed that the experimental group had a sig-
nificantly (p < 0.05) higher achievement mean gain (Mdn = 2.50, M = 2.42) than that 
of the control group (Mdn = 1.00, M = 1.03). Therefore, it can be stated that there is 
a significant difference in achievements between the use of AR in a gamified CLIL 
lesson and a traditional CLIL lesson. The group instructed with gamified AR activity 
(M = 2.42) improved more than twice as much as the control group (M = 1.03).

The second research question was “What are the attitudes of EFL students towards AR 
who used the AR in a CLIL lesson at a private Turkish high school?”. In order to answer 
this research question, we analyzed the data that was collected through ARAAS devel-
oped by Küçük et al. (2014) (Table 3).

The results indicated that students were satisfied (x̄ = 4.37), engaged (x̄ = 4.27), and 
willing (x̄ = 4.19) to the use of AR in a CLIL lesson. Overall, they had a positive attitude 
towards the use of AR (x̄ = 4.16).

Table 2 Comparison of achievement mean gains between control and experimental group

*p < 0.05

N Mean rank Sum of ranks U Asymp. 
Sig. 
(2-tailed)

Control 38 27.54 1046.50 305.500 < 0.001*

Experimental 38 49.46 1879.50

Total 76

Fig. 2 Comparison of achievement mean gains
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As shown in Fig. 3, the learners had positive attitudes in general. The learners’ satisfac-
tion, engagement, and willingness rates are distributed in a relatively balanced manner. 
The reported attitudes of the learners and the results of the achievement tests are dis-
cussed in the following section.

Discussion
This study investigated the effect of using AR in a CLIL class on high school students’ 
achievements. The results showed that using AR helped learners significantly improve 
their achievements. The class treated with AR improved at least two times more than 
the traditional class. The 10-day period between the treatment and the post-test may 
indicate AR provides greater retention rates. The results matched with the studies of 
Tan and Liu (2004), Liu, Tan and Chu (2010), Ibanez et al. (2011), Mahadzir and Phung 
(2013), Barreira et al. (2012), Pérez-López and Contero (2013), Silva et al. (2013), Hsieh 
et al. (2014), Sırakaya (2015), Solak and Çakir (2015), Chen and Wang (2015), Richard-
son (2016), Dibrova (2016), Akçayır and Akçayır (2016), Çevik et  al. (2017), Martinez 
et al. (2017), who found out that AR improves language learning.

The study’s findings have revealed that learners have positive attitudes towards AR. 
The findings matched with the studies of Liu, Tan, and Chu (2007), Mahadzir and Phung 
(2013), Martinez et al. (2017), Bursali and Yilmaz (2019), who found out that AR has pos-
itive impacts on students. Another finding is that AR is satisfying for the learners, and 
students enjoy being taught through AR applications. AR makes learning more amusing 
(Liu et al., 2007; Nunez et al., 2008; Vate-U-Lan, 2012; Barreira et al., 2012; Küçük et al., 
2014; Atasoy et al., 2017).

Table 3 Attitudes of experimental group towards the use of AR

Attitude N x̄ SD

Satisfaction 38 4.06 0.62

Engagement 38 4.27 0.68

Willingness 38 4.19 0.71

Overall 38 4.16 0.60

1

2

3

4

5
Satisfaction

EngagementWillingness

S t u d e n t s '  A t t i t u d e s  T o w a r d s  A R

Fig. 3 Students mean scores based on scale dimensions
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In our study, the students have reported that AR provides them with better noticing 
on the content and can make them attend the class more eagerly. They also reported that 
the use of visuals in AR experience could increase their curiosity if it is demonstrated in a 
book. Similarly, Wojciechowski and Cellary (2013) state that AR can help make learning 
more enjoyable. The visuals can also make the understanding easier (Kaufmann & Schmal-
stieg, 2003). Therefore, the coursebook publishers and authors are encouraged to develop 
and implement AR experiences by considering the learning objectives. Additionally, the 
AR learning experience can be presented as an extensive task for students to study at home 
as they think they enjoy studying at home via AR applications. As for engagement, the 
learners have found the AR-enhanced CLIL class quite engaging. Therefore, we can state 
that AR enhances students’ engagement with the lesson as relevant studies in the literature 
may also suggest (Bujak et al., 2013; Wojciechowski & Cellary, 2013).

Generation Z learners have found AR experiences easy to use, functional, and clear. 
The learners have reported that such a method has attracted their attention. Aziz et al. 
(2012) has previously stated that AR can gather learners’ attention. The learners want 
to have AR applications on their coursebooks for future classes. The present study has 
been conducted only in a CLIL class. However, the learners are willing to experience 
AR-enhanced classes in other academic courses.

Limitations

Unfortunately, there were some limitations to this study. First, the Metaverse app had 
some bugs in specific Android devices, which disturbed the experience of a few students. 
Another small number of students did not have mobile devices, or their batteries were 
dead. Thus, some students completed the AR experiences with their peers. The study 
focused on participants from one school. More participants from various schools could 
yield more robust results.

Conclusion
The primary purpose of this study was to determine the effect of using AR in a CLIL les-
son on learners’ linguistic achievements. The study also looked at the attitudes of learners 
who utilize AR. The findings revealed that using AR in a gamified CLIL lesson increased 
EFL students’ achievements at a private Turkish high school. The learners expressed posi-
tive attitudes toward the use of AR. AR was fulfilling and engaging for the students. They 
demonstrated a willingness to be taught via augmented reality in the future.

As a consequence of this research, coursebook authors and publishers are urged to adopt 
augmented reality technology to provide learners with engaging activities. Teachers are also 
advised to employ augmented reality (AR) in their lessons to teach both subject and lan-
guage. Creating AR experiences is commonly thought to be complicated. However, specific 
drag-and-drop AR creation tools, such as the one used in this study, do not require any 
programming knowledge.. The lesson’s objectives and the content need to be of importance. 
The lesson should be carefully designed to provide learners with learning opportunities.

The research on the use of AR in EFL learning and teaching is still limited. The AR tech-
nology can be implemented into EFL in a variety of contexts. We have designed a gamified 
AR-based CLIL lesson to instruct the students. The AR-based lesson contained elements of 
a scavenger hunt activity. A future study on student engagement may be useful to conduct 
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by comparing an ordinary AR-based lesson with a gamified AR-based lesson. Today’s AR 
is mainly based on mobile phones, tablets, and mobile applications. Another study can be 
conducted on developing a mobile-based AR application with pre-designed AR experiences 
in the class. Alternatively, a new platform for learners and teachers to create and share AR 
experiences on specific topics related to language (e.g., relative clause) can be beneficial.

Appendıces
Appendix 1. Achievement test
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Appendix 2. ARAAS

Abbreviations
AR  Augmented reality
CLIL  Content and language integrated learning
EFL  English as a foreign language
GPS  Global positioning system
ARAAS  Augmented Reality Applications Attitude Scale
SDGs  Sustainable development goals
QR  Quick response
3D  Three-dimensional

Acknowledgements
Not applicable.

Author contributions
All authors planned, wrote, read, edited, and approved the manuscript.

Funding
Not applicable.

Availability of data and materials
The data that support the findings of this study are not openly available due to the protection of personal data and are 
available from the corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 5 April 2022   Accepted: 24 October 2022



Page 15 of 18Çelik and Yangın Ersanlı  Smart Learning Environments            (2022) 9:30  

References
Akçayır, M., & Akçayır, G. (2016). The effect of augmented reality applications in foreign language learning on vocabulary 

learning and retention. Kafkas Üniversitesi Sosyal Bilimler Enstitüsü Dergisi. https:// doi. org/ 10. 9775/ kausb ed. 2016. 
017.

Akçayır, M., & Akçayır, G. (2017). Advantages and challenges associated with augmented reality for education: A system-
atic review of the literature. Educational Research Review, 20, 1–11. https:// doi. org/ 10. 1016/j. edurev. 2016. 11. 002.

Almenara, J. O., & Osuna, J. B. (2016). Ecosystem of learning with “augmented reality”: Educational possibilities. Technolo-
gia Ciencia Educacion, 5, 141–154.

Alsawaier, R. S. (2018). The effect of gamification on motivation and engagement. The International Journal of Information 
and Learning Technology, 35(1), 56–79. https:// doi. org/ 10. 1108/ IJILT- 02- 2017- 0009.

Alsowat, H. H. (2017). Breaking down the classroom walls: Augmented reality effect on EFL reading comprehension, 
self-efficacy, autonomy and attitudes. Studies in English Language Teaching, 5(1), 1. https:// doi. org/ 10. 22158/ selt. 
v5n1p1.

Arunsirot, N. (2020). Implementing the augmented reality technology to enhance English pronunciation of Thai EFL 
students. KKU Research Journal of Humanities and Social Sciences, 8(3), 142–153.

Atasoy, B., Tosik-Gün, E., & Kocaman-Karoğlu, A. (2017). Elementary school students’ attitudes and motivations towards 
augmented reality practices. Ahi Evran Üniversitesi Kırşehir Eğitim Fakültesi Dergisi (KEFAD), 18(2), 435–448.

Aziz, K. A., Aziz, N. A. A., Yusof, A. M., & Paul, A. (2012). Potential for providing augmented reality elements in special educa-
tion via cloud computing. Procedia Engineering, 41, 333–339. https:// doi. org/ 10. 1016/j. proeng. 2012. 07. 181.

Barreira, J., Bessa, M., Pereira, L. C., Adão, T., Peres, E., & Magalhães, H. (2012). MOW: Augmented reality game to learn 
words in different languages: Case study: Learning English names of animals in elementary school. In 7th Iberian 
conference on ınformation systems and technologies (CISTI 2012), 1–6. Madrid, Spain: IEEE.

Belda-Medina, J. (2022). Using augmented reality (AR) as an authoring tool in EFL through mobile computer-supported 
collaborative learning. Teaching English with Technology, 22(2), 115–135.

Bianco, L., Andonova, I., & Buhagiar, A. (2021). CLIL applied to pre-university chemistry teaching in English: Bulgaria as a 
case-study. Journal of Social Sciences, 4(3), 7–17. https:// doi. org/ 10. 52326/ jss. utm. 2021. 4(3). 01.

Blagg, D. (2009, September 2). Augmented reality technology brings learning to life. Harvard Graduate School of Educa-
tion. Retrieved from https:// www. gse. harva rd. edu/ news/ uk/ 09/ 09/ augme nted- reali ty- techn ology- brings- learn 
ing- life.

Blakemore, S.-J., & Frith, U. (2005). The learning brain: Lessons for education. Blackwell.
Brown, H. D. (1994). Principles of language learning and teaching. Prentice Hall.
Buckley, P., & Doyle, E. (2016). Gamification and student motivation. Interactive Learning Environments, 24(6), 1162–1175. 

https:// doi. org/ 10. 1080/ 10494 820. 2014. 964263.
Bujak, K. R., Radu, I., Catrambone, R., MacIntyre, B., Zheng, R., & Golubski, G. (2013). A psychological perspective on 

augmented reality in the mathematics classroom. Computers & Education, 68, 536–544. https:// doi. org/ 10. 1016/j. 
compe du. 2013. 02. 017.

Bursali, H., & Yilmaz, R. M. (2019). Effect of augmented reality applications on secondary school students’ reading compre-
hension and learning permanency. Computers in Human Behavior, 95, 126–135. https:// doi. org/ 10. 1016/j. chb. 2019. 
01. 035.

Çevik, G., Yılmaz, R. M., Goktas, Y., & Gülcü, A. (2017). Okul öncesi dönemde artırılmış gerçeklikle İngilizce öğrenme. Journal 
of Instructional Technologies & Teacher Education, 6(2), 50–57.

Chang, S.-C., & Hwang, G.-J. (2018). Impacts of an augmented reality-based flipped learning guiding approach on 
students’ scientific project performance and perceptions. Computers & Education, 125, 226–239. https:// doi. org/ 10. 
1016/j. compe du. 2018. 06. 007.

ChanLin, L.-J. (2018). Bridging children’s reading with an augmented reality story library. Libri, 68(3), 219–229. https:// doi. 
org/ 10. 1515/ libri- 2018- 0017.

Chen, C.-P., & Wang, C.-H. (2015). The effects of learning style on mobile augmented-reality-facilitated English vocabulary 
learning. In 2015 2nd ınternational conference on ınformation science and security (ICISS) (pp. 1–4). https:// doi. org/ 10. 
1109/ ICISS EC. 2015. 73710 36.

Chen, X., & Greenwood, K. (2021). Supporting young students’ word study during the covid-19 quarantine: Abc scavenger 
hunt. The Reading Teacher, 74(6), 819–823. https:// doi. org/ 10. 1002/ trtr. 2005.

Dakroub, A. H., Weinberger, J. J., & Levine, D. L. (2022). Gamification for the win in internal medicine residency: A longitu-
dinal, innovative, team-based, gamified approach to internal medicine board-review. Cureus. https:// doi. org/ 10. 
7759/ cureus. 22822.

Dalim, C. S. C., Sunar, M. S., Dey, A., & Billinghurst, M. (2020). Using augmented reality with speech input for non-native 
children’s language learning. International Journal of Human-Computer Studies, 134, 44–64. https:// doi. org/ 10. 
1016/j. ijhcs. 2019. 10. 002.

Demi̇r, Y. (2017). Turkish EFL learners’ attributions for success and failure in speaking English. International Journal of 
Contemporary Educational Research, 4(2), 39–47.

Di Serio, Á., Ibáñez, M. B., & Kloos, C. D. (2013). Impact of an augmented reality system on students’ motivation for a visual 
art course. Computers & Education, 68, 586–596.https:// doi. org/ 10. 1016/j. compe du. 2012. 03. 002.

Dibrova, A. (2016). AR books and pre-school children’s engagement. Bachelor’s degree thesis, Malmö University, Malmö 
University, Sweden. Retrieved from https:// bit. ly/ 34DDf NW.

Diegmann, P., Schmidt-Kraepelin, M., Eynden, S., & Basten, D. (2015). Benefits of augmented reality in educational environ-
ments - a systematic literature review. Benefits, 3(6), 1542–1556.

Dudai, Y. (2004). The neurobiology of consolidations, or, how stable is the engram? Annual Review of Psychology, 55(1), 
51–86.https:// doi. org/ 10. 1146/ annur ev. psych. 55. 090902. 142050.

Ekiz, S., & Kulmetov, Z. (2016). The factorsaffecting learners’ motivation in English language education. Journal of Foreign 
Language Education and Technology, 1(1), 18–38.

Erbas, C., & Demirer, V. (2019). The effects of augmented reality on students’ academic achievement and motivation in a 
biology course. Journal of Computer Assisted Learning, 35(3), 450–458. https:// doi. org/ 10. 1111/ jcal. 12350.

https://doi.org/10.9775/kausbed.2016.017
https://doi.org/10.9775/kausbed.2016.017
https://doi.org/10.1016/j.edurev.2016.11.002
https://doi.org/10.1108/IJILT-02-2017-0009
https://doi.org/10.22158/selt.v5n1p1
https://doi.org/10.22158/selt.v5n1p1
https://doi.org/10.1016/j.proeng.2012.07.181
https://doi.org/10.52326/jss.utm.2021.4(3).01
https://www.gse.harvard.edu/news/uk/09/09/augmented-reality-technology-brings-learning-life
https://www.gse.harvard.edu/news/uk/09/09/augmented-reality-technology-brings-learning-life
https://doi.org/10.1080/10494820.2014.964263
https://doi.org/10.1016/j.compedu.2013.02.017
https://doi.org/10.1016/j.compedu.2013.02.017
https://doi.org/10.1016/j.chb.2019.01.035
https://doi.org/10.1016/j.chb.2019.01.035
https://doi.org/10.1016/j.compedu.2018.06.007
https://doi.org/10.1016/j.compedu.2018.06.007
https://doi.org/10.1515/libri-2018-0017
https://doi.org/10.1515/libri-2018-0017
https://doi.org/10.1109/ICISSEC.2015.7371036
https://doi.org/10.1109/ICISSEC.2015.7371036
https://doi.org/10.1002/trtr.2005
https://doi.org/10.7759/cureus.22822
https://doi.org/10.7759/cureus.22822
https://doi.org/10.1016/j.ijhcs.2019.10.002
https://doi.org/10.1016/j.ijhcs.2019.10.002
https://doi.org/10.1016/j.compedu.2012.03.002
https://bit.ly/34DDfNW
https://doi.org/10.1146/annurev.psych.55.090902.142050
https://doi.org/10.1111/jcal.12350


Page 16 of 18Çelik and Yangın Ersanlı  Smart Learning Environments            (2022) 9:30 

Flores, J. F. F. (2015). Using gamification to enhance second language learning. Digital Education Review, 27, 32–54.
Fraenkel, J. R., & Wallen, N. E. (2006). How to design and evaluate research in education. McGraw-Hill.
Godwin-Jones, R. (2016). Augmented reality and language learning: From annotated vocabulary to place-based 

mobile games. Language Learning & Technology, 20(3), 9–19.
Hamari, J., Koivisto, J., & Sarsa, H. (2014). Does gamification work?—A literature review of empirical studies on gami-

fication. In 2014 47th Hawaii ınternational conference on system sciences (pp. 3025–3034). https:// doi. org/ 10. 
1109/ HICSS. 2014. 377.

Hattie, J. (2008). Visible learning: A synthesis of over 800 meta-analyses relating to achievement. Routledge.
He, J., Ren, J., Zhu, G., Cai, S., & Chen, G. (2014). Mobile-based AR application helps to promote EFL children’s vocabu-

lary study. 2014 IEEE 14th International Conference on Advanced Learning Technologies, 431–433. https:// doi. org/ 
10. 1109/ ICALT. 2014. 129.

Hsieh, M., Kuo, F., & Lin, H. K. (2014). The effect of employing AR interactive approach on students’ English preposition 
learning performance. Journal of Computers and Applied Science Education, 1(1), 45–60.

Huang, W. H., & Soman, D. (2013). A practitioner’s guide to gamification of education. Research report series: Behavioral 
economics in action. University of Toronto-Rotman School of Management. Retrieved from https:// www. 
acade mia. edu/ 33219 783/A_ Pract ition ers_ Guide_ To_ Gamifi cati on_ Of_ Educa tion.

Ibanez, M., Delgado Kloos, C., Leony, D., Garcia Rueda, J. J., & Maroto, D. (2011). Learning a foreign language in a 
mixed-reality environment. IEEE Internet Computing, 15(6), 44–47. https:// doi. org/ 10. 1109/ MIC. 2011. 78.

Juan, C. M., Toffetti, G., Abad, F., & Cano, J. (2010). Tangible cubes used as the user interface in an augmented reality 
game for edutainment. In 2010 10th IEEE ınternational conference on advanced learning technologies (pp. 599–603). 
https:// doi. org/ 10. 1109/ ICALT. 2010. 170.

Kapp, C., & Balkun, M. (2011). Teaching on the virtuality continuum: Augmented reality in the classroom. Transformations. 
The Journal of Inclusive Scholarship and Pedagogy, 22(1), 100–113.

Karacan, C. G., & Akoğlu, K. (2021). Educational augmented reality technology for language learning and teaching: A 
comprehensive review. Shanlax International Journal of Education, 9(2), 68–79. https:// doi. org/ 10. 34293/ educa tion. 
v9i2. 3715.

Kaufmann, H., & Schmalstieg, D. (2003). Mathematics and geometry education with collaborative augmented reality. 
Computers & Graphics, 27(3), 339–345. https:// doi. org/ 10. 1016/ S0097- 8493(03) 00028-1.

Klopfer, E., & Sheldon, J. (2010). Augmenting your own reality: Student authoring of science-based augmented reality 
games. New Directions for Youth Development, 2010(128), 85–94. https:// doi. org/ 10. 1002/ yd. 378.

Küçük, S., Yilmaz, R., & Göktaş, Y. (2014). Augmented reality for learning English: Achievement, attitude and cognitive load 
levels of students. Education & Science. https:// doi. org/ 10. 15390/ EB. 2014. 3595.

Kuru Gönen, S. İ, & Zeybek, G. (2021). Using QR code enhanced authentic texts in EFL extensive reading: A quali-
tative study on student perceptions. Education and Information Technologies. https:// doi. org/ 10. 1007/ 
s10639- 021- 10695-w.

Lam, M. C., Sadik, M. J., & Elias, N. F. (2021). The effect of paper-based manual and stereoscopic-based mobile aug-
mented reality systems on knowledge retention. Virtual Reality, 25(1), 217–232.https:// doi. org/ 10. 1007/ 
s10055- 020- 00451-9.

Lasagabaster, D., & Sierra, J. M. (2010). Immersion and CLIL in English: More differences than similarities. ELT Journal, 64(4), 
367–375. https:// doi. org/ 10. 1093/ elt/ ccp082.

Lee, K. (2012). Augmented reality in education and training. TechTrends, 56(2), 13–21.https:// doi. org/ 10. 1007/ 
s11528- 012- 0559-3.

Lee, S.-M., & Park, M. (2020). Reconceptualization of the context in language learning with a location-based AR app. Com-
puter Assisted Language Learning, 33(8), 936–959. https:// doi. org/ 10. 1080/ 09588 221. 2019. 16025 45.

Lin, V., Lin, Y.-H., Hsieh, M.-C., Liu, G.-Z., & Koong, H.-C. (2021). The design and evaluation of a multimodal ubiquitous learn-
ing application for EFL writers. Digital Creativity, 32(2), 79–98. https:// doi. org/ 10. 1080/ 14626 268. 2021. 18854 49.

Liou, H. H., Yang, S. J. H., Chen, S. Y., & Tarng, W. (2017). The influences of the 2D image-based augmented reality and 
virtual reality on student learning. Educational Technology and Society, 20(3), 110–121.

Liu, T.-Y., Tan, T.-H., & Chu, Y.-L. (2007). 2d barcode and augmented reality supported English learning system. In 6th IEEE/
ACIS ınternational conference on computer and ınformation science (ICIS 2007) (pp. 5–10). https:// doi. org/ 10. 1109/ 
ICIS. 2007.1.

Liu, T.-Y., Tan, T.-H., & Chu, Y.-L. (2010). Qr code and augmented reality-supported mobile English learning system. In X. 
Jiang, M. Y. Ma, & C. W. Chen (Eds.), Mobile multimedia processing (Vol. 5960, pp. 37–52). Berlin: Springer. https:// doi. 
org/ 10. 1007/ 978-3- 642- 12349-8_3.

Lu, Y., Chao, J. T., & Parker, K. (2015). HUNT: Scavenger hunt with augmented reality. Interdisciplinary Journal of Information, 
Knowledge, and Management, 10, 21–35.

Mahadzir, N. N. N., & Phung, L. F. (2013). The use of augmented reality pop-up book to increase motivation in English 
language learning for national primary school. Journal of Research & Method in Education, 1(1), 26–38.

Maley, A., & Peachey, N. (2017). Integrating global issues in the creative English language classroom: With reference to the 
United Nations Sustainable Development Goals. London: British Council.

Martí Arnándiz, O., Moliner, L., & Alegre, F. (2022). When CLIL is for all: Improving learner motivation through peer-tutoring 
in mathematics. System, 106, 102773. https:// doi. org/ 10. 1016/j. system. 2022. 102773.

Martinez, A. A., Benito, J. R. L., Gonzalez, E. A., & Ajuria, E. B. (2017). An experience of the application of augmented reality 
to learn English in infant education. In 2017 ınternational symposium on computers in education (SIIE) (pp. 1–6). 
Lisbon, Portugal: IEEE. https:// doi. org/ 10. 1109/ SIIE. 2017. 82596 45.

Matcha, W., & Awang Rambli, D. R. (2015). Time on task for collaborative augmented reality in science experiment. Jurnal 
Teknologi, 5, 10. https:// doi. org/ 10. 11113/ jt. v78. 6941.

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia learning. Educational Psychologist, 
38(1), 43–52. https:// doi. org/ 10. 1207/ S1532 6985E P3801_6.

Mazzoli, L. F., Moffit, D. F., & Mansell, J. L. (2021). The scavenger hunt: An educational technique for preceptors and athletic 
training students. Athletic Training Education Journal, 16(4), 250–254. https:// doi. org/ 10. 4085/ 1947- 380X- 20- 95.

https://doi.org/10.1109/HICSS.2014.377
https://doi.org/10.1109/HICSS.2014.377
https://doi.org/10.1109/ICALT.2014.129
https://doi.org/10.1109/ICALT.2014.129
https://www.academia.edu/33219783/A_Practitioners_Guide_To_Gamification_Of_Education
https://www.academia.edu/33219783/A_Practitioners_Guide_To_Gamification_Of_Education
https://doi.org/10.1109/MIC.2011.78
https://doi.org/10.1109/ICALT.2010.170
https://doi.org/10.34293/education.v9i2.3715
https://doi.org/10.34293/education.v9i2.3715
https://doi.org/10.1016/S0097-8493(03)00028-1
https://doi.org/10.1002/yd.378
https://doi.org/10.15390/EB.2014.3595
https://doi.org/10.1007/s10639-021-10695-w
https://doi.org/10.1007/s10639-021-10695-w
https://doi.org/10.1007/s10055-020-00451-9
https://doi.org/10.1007/s10055-020-00451-9
https://doi.org/10.1093/elt/ccp082
https://doi.org/10.1007/s11528-012-0559-3
https://doi.org/10.1007/s11528-012-0559-3
https://doi.org/10.1080/09588221.2019.1602545
https://doi.org/10.1080/14626268.2021.1885449
https://doi.org/10.1109/ICIS.2007.1
https://doi.org/10.1109/ICIS.2007.1
https://doi.org/10.1007/978-3-642-12349-8_3
https://doi.org/10.1007/978-3-642-12349-8_3
https://doi.org/10.1016/j.system.2022.102773
https://doi.org/10.1109/SIIE.2017.8259645
https://doi.org/10.11113/jt.v78.6941
https://doi.org/10.1207/S15326985EP3801_6
https://doi.org/10.4085/1947-380X-20-95


Page 17 of 18Çelik and Yangın Ersanlı  Smart Learning Environments            (2022) 9:30  

McGonigal, J. (2011). Reality is broken: Why games make us better and how they can change the world. Penguin Books.
Merzlykin, O. V., Topolova, I. Y., & Tron, V. V. (2019). Developing of key competencies by means of augmented reality at CLIL 

lessons. Pedagogy of Higher and Secondary School, 51, 58–73.
Mystakidis, S., Christopoulos, A., & Pellas, N. (2022). A systematic mapping review of augmented reality applications to 

support STEM learning in higher education. Education and Information Technologies, 27(2), 1883–1927. https:// doi. 
org/ 10. 1007/ s10639- 021- 10682-1.

Núñez, M., Quirós, R., Núñez, I., Carda, J. B., & Camahort, E. (2008). Collaborative augmented reality for inorganic chemistry 
education. In Proceedings of the 5th WSEAS/IASME ınternational conference on engineering education (pp. 271–277). 
Heraklion, Greece.

Parmaxi, A., & Demetriou, A. A. (2020). Augmented reality in language learning: A state-of-the-art review of 2014–2019. 
Journal of Computer Assisted Learning, 36(6), 861–875. https:// doi. org/ 10. 1111/ jcal. 12486.

Pérez-López, D., & Contero, M. (2013). Delivering educational multimedia contents through an augmented reality 
application: A case study on its impact on knowledge acquisition and retention. TOJET: the Turkish Online Journal of 
Educational Technology, 12(4), 19–28.

Philpott, A., & Son, J.-B. (2022). Quest-based learning and motivation in an EFL context. Computer Assisted Language Learn-
ing. https:// doi. org/ 10. 1080/ 09588 221. 2022. 20337 90.

Radu, I. (2014). Augmented reality in education: A meta-review and cross-media analysis. Personal and Ubiquitous Com-
puting, 18(6), 1533–1543. https:// doi. org/ 10. 1007/ s00779- 013- 0747-y.

Raubenheimer, J. (2004). An item selection procedure to maximise scale reliability and validity. SA Journal of Industrial 
Psychology, 30(4).https:// doi. org/ 10. 4102/ sajip. v30i4. 168.

Read, C. (2017). Developing children’s understanding of the Global Goals. In A. Maley & N. Peachey (Eds.), Integrating 
global issues in the creative English language classroom: With reference to the United Nations Sustainable Development 
Goals. London: British Council.

Richardson, D. (2016). Exploring the potential of a location based augmented reality game for language learning. Interna-
tional Journal of Game-Based Learning (IJGBL), 6(3), 34–49. https:// doi. org/ 10. 4018/ IJGBL. 20160 70103.

Río Guerra, M. S., Garza Martínez, A. E., Martin-Gutierrez, J., & López-Chao, V. (2020). The limited effect of graphic elements 
in video and augmented reality on children’s listening comprehension. Applied Sciences, 10(2), 527. https:// doi. org/ 
10. 3390/ app10 020527.

Sanacore, J. (2008). Turning reluctant learners into inspired learners. The Clearing House: A Journal of Educational Strategies, 
Issues and Ideas, 82(1), 40–44. https:// doi. org/ 10. 3200/ TCHS. 82.1. 40- 44.

Santos, M. E. C., Lübke, A. I. W., Taketomi, T., Yamamoto, G., Rodrigo, M. M. T., Sandor, C., & Kato, H. (2016). Augmented real-
ity as multimedia: The case for situated vocabulary learning. Research and Practice in Technology Enhanced Learning, 
11(1), 4. https:// doi. org/ 10. 1186/ s41039- 016- 0028-2.

Santoso, M. N. (2020). The scavenger hunt: A technique for enhancing culture learning and intercultural communication 
practice. Register Journal, 13(1), 99–122. https:// doi. org/ 10. 18326/ rgt. v13i1. 99- 122.

Satayev, M., Balta, N., Shaymerdenovna, I. R., Fernández-Cézar, R., & Alcaraz-Mármol, G. (2022). Content and language 
integrated learning implementation through team teaching in biology lessons: A quasi-experimental design with 
university students. Frontiers in Education, 7, 867447. https:// doi. org/ 10. 3389/ feduc. 2022. 867447.

Shea, A. M. (2014). Student perceptions of a mobile augmented reality game and willingness to communicate in Japanese. 
Doctoral dissertation, Pepperdine University, California. ProQuest LLC. Retrieved from https:// bit. ly/ 3uU5s KM.

Silva, M., Roberto, R., & Teichrieb, V. (2013). Evaluating an educational system based on projective augmented reality. In Pre-
sented at the XXIV Simpósio Brasileiro de Informática na Educação. https:// doi. org/ 10. 5753/ CBIE. SBIE. 2013. 214.

Sırakaya, M. (2015). Effects of augmented reality applications on students’ achievement, misconceptions and course engage-
ment. Unpublished doctoral dissertation, Gazi University, Ankara, Turkey. The Council of Higher Education (YÖK) 
National Theses Center (Thesis No. 419423). Retrieved from https:// bit. ly/ 3LGyL qb.

Solak, E., & Çakir, R. (2015). Exploring the effect of materials designed with augmented reality on language learners’ 
vocabulary learning. Journal of Educators Online, 13(2), 50–72.

Suwancharas, T. (2016). Development of multimedia using augmented reality (AR) for improving undergraduates’ English 
listening skill. Apheit Journal, 5(2), 5–13.

Tan, T.-H., & Liu, T.-Y. (2004). The MObile-based interactive learning environment (Mobile)and a case study for assist-
ing elementary school English learning. In IEEE ınternational conference on advanced learning technologies, 2004. 
Proceedings (pp. 530–534). Joensuu, Finland: IEEE. https:// doi. org/ 10. 1109/ ICALT. 2004. 13574 71.

Tandoğan, B. (2019). Investigating the effectiveness of arcs based instructional materials enhanced with augmented reality on 
ESP vocabulary achievement and motivation. Unpublished master’s thesis, Middle East Technical University, Ankara. 
METU Thesis Database. Retrieved from https:// bit. ly/ 3oT6m Dv.

Tang, K. S., Cheng, D. L., Mi, E., & Greenberg, P. B. (2019). Augmented reality in medical education: A systematic review. 
Canadian Medical Education Journal, 11(1), 81–96. https:// doi. org/ 10. 36834/ cmej. 61705.

Tetzlaff, C., Kolodziejski, C., Markelic, I., & Wörgötter, F. (2012). Time scales of memory, learning, and plasticity. Biological 
Cybernetics, 106(11–12), 715–726. https:// doi. org/ 10. 1007/ s00422- 012- 0529-z.

Thiel, S.-K., & FröhlichP. (2017). Gamification as motivation to engage in location-based public participation? In G. Gartner 
& H. Huang (Eds.), Progress in location-based services 2016 (pp. 399–421). Springer. https:// doi. org/ 10. 1007/ 978-3- 
319- 47289-8_ 20.

Tobar-Muñoz, H., Baldiris, S., & Fabregat, R. (2017). Augmented reality game-based learning: Enriching students’ experi-
ence during reading comprehension activities. Journal of Educational Computing Research, 55(7), 901–936. https:// 
doi. org/ 10. 1177/ 07356 33116 689789.

Tsai, C.-C. (2018). A comparison of EFL elementary school learners’ vocabulary efficiency by using flashcards and aug-
mented reality in Taiwan. The New Educational Review, 51(1), 53–65. https:// doi. org/ 10. 15804/ tner. 2018. 51.1. 04.

Tsai, C.-C. (2020). The effects of augmented reality to motivation and performance in EFL vocabulary learning. Interna-
tional Journal of Instruction, 13(4), 987–1000. https:// doi. org/ 10. 29333/ iji. 2020. 13460a.

Van de Craen, P., Mondt, K., Allain, L., & Gao, Y. (2007). Why and how CLIL works: Anoutline for a CLIL theory. Vienna English 
Working Papers, 16(3), 70-78.

https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1111/jcal.12486
https://doi.org/10.1080/09588221.2022.2033790
https://doi.org/10.1007/s00779-013-0747-y
https://doi.org/10.4102/sajip.v30i4.168
https://doi.org/10.4018/IJGBL.2016070103
https://doi.org/10.3390/app10020527
https://doi.org/10.3390/app10020527
https://doi.org/10.3200/TCHS.82.1.40-44
https://doi.org/10.1186/s41039-016-0028-2
https://doi.org/10.18326/rgt.v13i1.99-122
https://doi.org/10.3389/feduc.2022.867447
https://bit.ly/3uU5sKM
https://doi.org/10.5753/CBIE.SBIE.2013.214
https://bit.ly/3LGyLqb
https://doi.org/10.1109/ICALT.2004.1357471
https://bit.ly/3oT6mDv
https://doi.org/10.36834/cmej.61705
https://doi.org/10.1007/s00422-012-0529-z
https://doi.org/10.1007/978-3-319-47289-8_20
https://doi.org/10.1007/978-3-319-47289-8_20
https://doi.org/10.1177/0735633116689789
https://doi.org/10.1177/0735633116689789
https://doi.org/10.15804/tner.2018.51.1.04
https://doi.org/10.29333/iji.2020.13460a


Page 18 of 18Çelik and Yangın Ersanlı  Smart Learning Environments            (2022) 9:30 

Vate-U-Lan, P. (2012). An augmented reality 3d pop-up book: The development of a multimedia project for English 
language teaching. IEEE International Conference on Multimedia and Expo, 2012, 890–895. https:// doi. org/ 10. 1109/ 
ICME. 2012. 79.

Wan, A. T., San, L. Y., & Omar, M. S. (2018). Augmented reality technology for year 10 chemistry class: Can the students 
learn better? International Journal of Computer-Assisted Language Learning and Teaching (IJCALLT), 8(4), 45–64. 
https:// doi. org/ 10. 4018/ IJCAL LT. 20181 00104.

Wang, Y.-H. (2017). Exploring the effectiveness of integrating augmented reality-based materials to support writing activi-
ties. Computers & Education, 113, 162–176. https:// doi. org/ 10. 1016/j. compe du. 2017. 04. 013.

Wei, X., Weng, D., Liu, Y., & Wang, Y. (2015). Teaching based on augmented reality for a technical creative design course. 
Computers & Education, 81, 221–234. https:// doi. org/ 10. 1016/j. compe du. 2014. 10. 017.

Werbach, K., & Hunter, D. (2012). For the win: How game thinking can revolutionize your business. Wharton Digital Press.
Wojciechowski, R., & Cellary, W. (2013). Evaluation of learners’ attitude toward learning in ARIES augmented reality envi-

ronments. Computers & Education, 68, 570–585. https:// doi. org/ 10. 1016/j. compe du. 2013. 02. 014.
Yilmaz, R. M., & Goktas, Y. (2017). Using augmented reality technology in storytelling activities: Examining elementary 

students’ narrative skill and creativity. Virtual Reality, 21(2), 75–89. https:// doi. org/ 10. 1007/ s10055- 016- 0300-1.
Zhang, Y. (2020). Virtual reality in ESL teacher training: Practical ideas. International Journal of Technology in Teaching and 

Learning. https:// doi. org/ 10. 37120/ ijttl. 2020. 16.1. 03.

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

https://doi.org/10.1109/ICME.2012.79
https://doi.org/10.1109/ICME.2012.79
https://doi.org/10.4018/IJCALLT.2018100104
https://doi.org/10.1016/j.compedu.2017.04.013
https://doi.org/10.1016/j.compedu.2014.10.017
https://doi.org/10.1016/j.compedu.2013.02.014
https://doi.org/10.1007/s10055-016-0300-1
https://doi.org/10.37120/ijttl.2020.16.1.03

	The use of augmented reality in a gamified CLIL lesson and students’ achievements and attitudes: a quasi-experimental study
	Abstract 
	Introduction
	Literature review
	Gamification
	Augmented reality
	Metaverse
	CLIL
	Global goals


	Method
	Population and study group
	Instruments
	Procedure
	Pre-treatment process
	Treatment process
	Post-treatment process

	Data analysis

	Findings
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


