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Abstract—This article proposes PluggedAR, an application 

aimed at children aged 6 to 9 and based on Augmented Reality 

(AR) for mobile devices. PluggedAR allows working on basic 

concepts of programming as binary numbers, image 

representation, programming languages, graphics, and 

minimum spanning trees. In order to test the effectiveness of 

PluggedAR, a study has been conducted questioning whether 

the use of AR increases the enthusiasm of students to learn and 

encourages them to solve the proposed activities. In fact, all the 

participating students (100%) agreed that learning new 

concepts with PluggedAR is more entertaining and fun, and 

their desire to use it in the classrooms was expressed by all of 

them (100%). In addition, the wide variety of activities has been 

met with mixed preferences by students. A group of teachers has 

also participated, and a high percentage of them (50%) believe 

that PluggedAR is highly recommended for working with 

children, and 33% of them highlight the wide range of concepts 

offered by PluggedAR. It is expected that the use of PluggedAR 

supports the development of STEM (Science, Technology, 

Engineering, and Mathematics) skills such as problem-solving, 

logical thinking, or decision making.  
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I. INTRODUCTION  

Nowadays, many strategies and technologies are being 
used for introducing Computational Thinking (CT) skills and 
teaching programming-basic concepts [1], [2], [3], [4]. Both 
subjects are part of the STEM concept which is receiving 
strong attention since it is an essential skill that all 21st-century 
citizens should develop. To face the mentioned skills, 
interfaces can be implemented in order to enrich students’ 
interactions using AR technology. AR literature reviews [5], 
[6] [7], [8], [9], show a quick growth of this technology in 
different educational scenarios, revealing its challenges and 
possibilities [10], [11], [12].  

A recent systematic review of AR [13], confirms that AR 
applications in an educational context can have many positive 
impacts on aspects like students’ motivation and enjoyment, 
while at the same time it can increase collaboration, creativity, 
critical thinking, satisfaction, the performance of physical 
tasks and their understanding of several programming 
concepts and their learning retention in working memory [13]. 

The before-mentioned review emphasizes how AR can be 
used for benefit of children’s programming learning and one 
of the most remarkable conclusions is that AR activities could 
be embedded into regular Computer Science (CS) curricula 
and not just seen as an extracurricular activity. 

This paper presents PluggedAR, an AR-based application 
for mobile devices that allows working programming-basic 

concepts. The cognitive load of learning is low and most of 
the participants defined the App as fun and engaging.  

The paper is structured as follows. Section II offers a brief 
introduction to STEM and learning experiences with AR for 
promoting STEM. Section III presents the main characteristics 
of PluggedAR. Section IV describes the research statements 
and the methodology used for collecting the data. Section V 
highlights the limitations of our work. Finally, in Section VI, 
we conclude with a summary and future work. 

 

II. CONTEXT 

STEM education gives students an integral development 
through science, with which they achieve a deep 
understanding of the world; technology, which prepares them 
to adapt to technological changes; engineering, with which 
they improve their problem-solving skills; and mathematics, 
thanks to which they can analyze information, eliminate errors 
and make decisions. Hence the importance of introducing it as 
soon as possible in the classroom to lay the foundations that 
promote optimal learning [14], which prepares them to 
transform society through innovative ideas and sustainable 
solutions. 
 

A. STEM education, an approach to responding to a 

changing working world 

STEM profiles are increasingly in demand as reveled in 
recent reports on employment projections [15], but the reality 
is that there are not enough staff to respond to such demand 
due to a lack of interest in acquiring this type of formation 
[16]. Hence some reports present initiatives to promote STEM 
education [17], which must be supported in four fundamental 
pillars: (i) the psychological: to encourage the active 
involvement of students, teachers and the family to reflect on 
skills interests and the strengthening of scientific and technical 
skills required in STEM; (ii) training: to raise awareness of job 
opportunities in line with the needs of the industrial sector; 
(iii) education: to improve the acquisition of STEM 
competencies at the level of knowledge, skills and attitudes; 
and finally (iv) social: to improve the image of STEM careers 
in society in general.   

Another way to promote STEM training is to change the 
perception that there is today about some subjects such as ICT 
(Information and Communication Technology) or 
Mathematics and support initiatives that encourage training in 
these subjects [18] and better guidance on job opportunities. 
To this end, two key points are identified: Children’s approach 
to technology through education and teacher training in STEM 
subjects [19]. 



B. Augmented Reality for promoting STEM 

AR provides a direct link between the physical reality and 
the virtual information about that reality [20]. Literature 
offers many works that support the use of AR for STEM 
learning [8], [21], [22], [23], [24], [25], [26], as well as its 
potential to promote the learning process in a scenario of 
learning with technology [27], [28]. AR can transform the 
school environment into a more technology-friendly one 
mixing both realities, the real and virtual world, enabling 
physical and cognitive immersion with the learning material, 
and allowing collaborative and interactive work on complex 
and abstract concepts, making learning easier by concretizing 
these abstract concepts [29]. Furthermore, recent researches 
show that AR is more efficient compared to traditional 
lecture-based teaching or multimedia use [7]. Other authors 
consider AR as an adaptable, responsive, engaging, 
individualized and appropriate technology for learning [30] 
since it promotes effective and in-depth understanding of the 
topics thanks to the increased motivation, collaboration [9], 
and positive attitude [6], [31] of the students and a favorable 
and effective use of the content [32], [33]. 
  

Concepts such as binary numbers, image representation, 
programming languages, graphs and minimum spanning trees, 
can be complex to understand for children. Therefore, the use 
of interactive visual tools can facilitate their understanding 
[34] because it allows better visualization and interaction 
through the manipulation of augmented content [35], [36], 
[37], helps to acquire basic STEM and digital skills [38], [39] 
and promotes collaborative work and problem-solving [40]. 

 

C. Pedagogical approach 

This study is a student-centered approach where the 
student is engaged and motivated to guide their learning 
experience while awakening their curiosity and overpass 
challenges through problem-solving [41]. This active 
participation is necessary for the learning process to happen, 
leading to understanding, retention, and transfer of knowledge 
[42]. 

III. PLUGGEDAR 

"PluggedAR" (Fig. 1) is a mobile application based on AR 
aimed at Primary Education students between 6 and 9 years 
old. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Through this App, students will be able to work on basic 
programming concepts to acquire and enhance skills closely 
related to STEM such as the following:  
 

• Binary numbers. Through this activity, students learn 
to represent words with zeros and ones improving a 
mathematical skill as relevant as knowing how to 
count.  

• Representation of Images. This activity is related to 
the ability of computers to store information using 
only numbers. Students learn the basics for the 
development of mathematics, sequencing, or graphics 
abilities. 

• Programming languages. This activity allows 
students to follow instructions, which is a very 
important ability when it comes to create programs. 

• Graphs. The use of graphs allows everyone to 
represent problems and can improve task-clarity and 
efficiency. 

• Minimum Spanning Trees. The goal of this classic 
game, the maze, is to promote problem-solving, 
search for the best solution, and improve decision-
making.  

 
Students must overcome each of these activities to acquire 

or enhance these skills. Activities are divided into 3 different 
levels according to the age of the students and the previous 
knowledge needed. 

As mentioned above, one of the qualities of PluggedAR 
is the use of the AR technology. Each PluggedAR activity 
(Table 1) merges reality with the virtual content through AR. 
 

TABLE 1: PluggedAR Activities. 

 
 

Level Concept Activity Age Market 
1 Binary Numbers Binary numbers 

(BN) 
6-7 2 

2 Representation of 
Images 

Find the secret 
word (SW) 

7-8 3 

 Programming 
Language 

Chef in distress 
(CD) 

7-8 1 

 Graphs Let’s color it up! 
(LC) 

7-8 2 

3 Minimum 
Spanning Trees 

Escaping to the 
labyrinth (EL) 

8-9 2 

Fig. 1: Example of screenshots of the Levels Section and gameplay of activity Binary Numbers from Level 1. 



IV. RESEARCH STATEMENTS AND METHODOLOGY 

A. Research statement 

This paper aims to answer two research questions: 

RQ1: Do students find PluggedAR motivating and 
challenging? 

RQ2: Can AR facilitate abstract concepts comprehension? 

 

B. Methodology 

Firstly, it’s going to be described the characteristics of 
the sample and the process carried out. 

 
1) Characteristics of the sample  

 
The study has been adapted to the current Coronavirus 

pandemic situation. For this reason, it took place in the home 
of the participants in the study.  

On the one hand, the participants were six Primary School 
students from ages 7 to 9. The characteristics of the sample 
population are shown in Table 2. All of them have used 
PluggedAR to play with its different activities and learn basic 
programming concepts in a more enjoyably and dynamic 
way. Since the students deciding to participate voluntarily, 
the grouping was done randomly and heterogeneously. 

A wide variety of Android devices has been used as a 
result of the survey carried out in the participants’ homes. In 
addition, the Image Targets necessary to visualize the 
augmented content and interact with PluggedAR have been 
distributed to the students.  

On the other hand, a group of six teachers participated in 
the study, analyzing the user interface and the possibilities 
offered by PluggedAR in the classroom.    

 
TABLE 2: Sample Population 

Variable Category N = 6 (%) 
Age  7 1 16.7 

   8 3 50 

   9 2 33.3 
Gender  Male 2 33.3 

   Female 4 66.7 

Prior 
Programming   

High 1 16.7 

Experience  Low 5 83.3 

 

2) Process 

Once the sample group of students was defined, they used 
the App to solve all of the three levels of activities that belong 
to it. To consider valid their experience, they had to obtain 
the highest rating on each one of the activities while they 
interact with the AR.   

To confirm the credibility of the results, we asked each 
group to fill up the questionnaire formed with six questions 
which represent six qualitative variables (represented as Q1 
to Q6). The results can´t be generalized due to the small size 
of the sample.  The questions were as follows:   

• Q1: How entertaining did you find PluggedAR?   

• Q2: Which activities did you like more and which did 
you like less? Please, enumerate them by order.   

• Q3: Would you like to use PluggedAR in your school 
classes?   

• Q4: Did you need to use at least one time the “Help” 
section?  

• Q5: Did you need help from an adult to understand or 
solve any of the activities?   

• Q6: Had you felt any of the following emotions while 
using PluggedAR? (Curiosity / Happiness / Surprise / 
Frustration).   

 
As for the group of teachers, we asked them about the 

functionality and usefulness of PluggeddAR. The questions 
were as follows:  

• Q1: Have you found PluggedAR attractive and 
suitable for children? 

• Q2: Would you integrated PluggedAR in the 
classroom? 

• Q3: Have you experienced any of the problems 
described below during your experience with 
PluggedAR? (The App was confusing / There was a 
malfunction of the App at some point / The App did 
not respond or stopped responding / No problem / 
Other). 

• Q4: What is the highlight of PluggedAR in your 
opinion? (Appearance / Content / Navigation and 
Dynamics / Other). 

• Q5: Do you think PluggedAR can motivate students to 
learn? 

• Q6: Is there an aspect you would like to improve or 
include in PluggedAR? 

The approximate duration to answer the survey was 10 to 
15 minutes for students and teachers as well. 
 

V. PRELIMINARY TEST AND RESULTS 

A. Data Analysis 

We applied individual and anonymous questionnaires for 
the group of students and teachers. To collect the answers 
about their experience with PluggedAR, the questionnaire 
was published online so they could complete it from their 
own homes.   

The survey carried out for the group of students was 
focused on their experiences and their perception during the 
interaction with the App and the use of AR. To the Q1 6 of 
the 6 students stated the learning process was fun and 
enjoyable. For the Q2 the students indicated their preferred 
activities as shown in Table 3: 
 

TABLE 3: Preferred Activities 

Rating 
Activities 

1 2 3 4 5 

EL 1 4  1  
CD 3 1  1 1 
BN 1 1 1  2 
LC   4  1 
SW 1   3 1 

 



Regarding the Q3, 6 of 6 students indicated that they 
would like to use PluggedAR in the classroom. 

Regarding the use of the “Help” section (Q4), 4 of 6 
students indicated they need it in any activity while 2 of 6 
students said they needed it to perform all activities. 

As for Q5, 4 of 6 students needed adult supervision at 
some point while 2 of 6 did not need any. This shows that, 
even though PluggedAR promotes independent learning, it is 
advisable to have supervision while using the App. 

According to Q6, students experimented the following 
emotions: curiosity (2 of 6), happiness (2 of 6), surprise (4 of 
6) and frustration (0 of 6).  

It’s important to bring out that 4 of 6 students didn’t 
experience any issue during their interaction with PluggedAR 
but 1 of 6 students did experiences issues due to not using a 
suitable device as they had a lower version than required. In 
addition, 3 of 6 students were asked about the problems they 
faced with the App, in particular due to the use of a laminated 
Image Target which generates a poor Image Target detection, 
reflections, poor quality and loss of definition.  

Regarding questions asked to teachers, for Q1, 2 of 6 
teachers found the App attractive while 2 of 6 considered it 
suitable. 

For the Q2, 6 of 6 teachers agreed to include PluggedAR 
in the classroom. 

As for the Q3, 0 of 6 teachers found the App confused, 3 
of 6 teachers found that there was a malfunction at some 
point, 0 of 6 teachers said the App did not respond or stopped 
responding, 4 of 6 teachers reported no problem, and 1 of 6 
referred to a problem other than listings.   

Regarding Q4, 2 of 6 teachers remarked the appearance of 
the App, while 2 of 6 considered remarkable its content. On 
the other hand, 1 of 6 teachers emphasized the navigation, 
dynamics, the content covered, and the design. 

As to the Q5, 6 of 6 teachers agreed that AR can motivate 
students to learn. 

Finally, for the Q6, as an aspect to be improved, all 
teachers suggested expanding the number of activities and 
levels of the App.   

 

B. Qualitative evaluation 

In this section we answer the research questions. 
Regarding RQ1 and considering the data analysis, we can say 
students have felt motivated, something that could be related 
to the emotions they experimented when interacting with 
PluggedAR, especially the emotion of surprise. This is 
remarkable since there is evidence that the introduction of a 
surprise element can help improve different psychological 
constructs such as memory, the ability to explain concepts or 
curiosity [48], [49]. In our case, AR is a great surprise 
element which awakens curiosity and encourages motivation. 
On the other hand, when looking at the results, regarding the 
use of the Help section, it could be said that it has been a 
challenge to use PluggedAR, probably because students 
faced a new topic and a new form of interaction as well. 

As far as RQ2 is concerned, we believe that the students 
were able to understand the concepts since they completed 
the activities proposed in PluggedAR considering that the 
topics addressed through the App are complex and 
demanding for Primary School students, mainly due to the 
abstract nature of the concepts and the inherent difficulty in 

describing them. In addition, these are contents that require a 
spatial-reasoning skill [50], which implies being able to 
manipulate, either mentally or physically, visual images 
(associated with these abstract concepts and perceived 
through sight) in space. For us, this represents an interesting 
opportunity to use AR because, adding virtual information 
(which can be represented by different multimedia elements) 
to objects of the real world, allows students comprehension 
of complex concepts through the display of such information 
from different visual planes. 

Although the sample is small, the results have served to 
illustrate important aspects of the use of AR and its usefulness 
for learning complex concepts. 

However, we believe that it is necessary to repeat the 
study with a large sample and use validated questionnaires to 
collect information on learning CT concepts as well as 
emotions before and after interacting with AR.  
 

VI. DISCUSSION 

AR is having a great impact on education as it offers great 
possibilities not only because it helps to embody abstract 
objects, teach invisible objects and events, presents 
complicated topics or demonstrate dangerous cases [46], but 
also because it provides flexibility to learners, boosts creative 
thinking skills [51] and interpretation or problem-solving 
activities [47]. In other words, AR-based applications 
represent alternative solutions in problem-solving contexts, 
work safety and time training [51]. 

A wide variety of initiatives use different types of markers 
as QR codes to encourage user interaction with AR [52] or 
introduce a key piece in pedagogical innovation to improve 
the teaching of students with special needs [51].   

But AR not only helps to better understand the processes 
and concepts [53] mentioned above, some research on the 
educational attainment of AR technology finds that it also 
facilities comprehension [51], provides interaction and makes 
learning more appealing and effective [46], increases 
motivation [54], draws the attention [55], establishes links 
with real-life experiences [56], and helps students enjoy the 
learning process [57]. In short, it is increasingly common to 
find studies that point to the integration of AR in the 
educational context, many of which highlight the positive 
emotional effects that the use of such technology has on the 
attention and motivation of the students [58] and reported 
great outcomes on learner’s achievement and satisfaction 
[59], [60], [61]. 

On the other hand, STEM education can also benefit from 
the use of AR as it allows students to practice from anywhere 
and anytime according to their needs. It also facilitates the 
understanding of theoretical knowledge and promotes the 
development of conceptual understanding [62], [63], [64].  
But the integration of AR can raise many doubts even though 
there are works that, after synthesizing the findings of 
previous studies, provide a practical roadmap for educators 
and could facilitate the integration of AR in the STEM 
context [48]. 

 

VII. LIMITATIONS AND FUTURE WORK 

The limitations of our study were as follows. First, this 
study was organized within the scope of the research with a 



limited number of participants due to the pandemic situation. 
We therefore would like to emphasize that our findings 
presented are part of a single case with a small number of 
students. It was also a self-selecting sample, which is not a 
representative sample of all students’ populations. Moreover, 
it relied on learners’ self-reports of usability, preference, and 
efficiency to evaluate the learning effects 

Secondly, it would be interesting to increase the 
questionnaire and include more levels and activities to 
introduce new concepts such as “cryptography” or “human-
computer interaction”, adding value to PluggedAR by 
increasing the age range and making users acquire more 
skills.   

Thirdly, from a technical point of view, PluggedAR is 
currently available for Android devices so a major 
improvement would be to expand compatibility with iOS 
devices. This would allow most schools to own PluggedAR-
supported devices.   

Finally, although PluggedAR can support some sensory, 
cognitive and motor limitations that students may present, it 
is important to expand accessibility possibilities such as 
customizing contrast for students with vision problems or 
adding voice command control or voice assistant options for 
those with motor or visual difficulties. 

VIII. CONCLUSIONS 

This paper presents “PluggedAR”, an AR-based 
application that allows working concepts such as image 
representation, algorithms, representation of procedures or 
intractable problems by means of games such as escaping the 
maze or everyday actions like cooking. The experience for 
the students was very motivating, which was manifested in 
the enthusiasm with which they faced the challenges 
proposed.  

Integrating AR into class activities has been shown to 
increase student learning achievement, contribute to students’  
long-terms retention of the concepts and helps students to 
understand and analyze the problem scenarios in more depth 
[40] while providing an unprecedented sense of immediacy 
[65]. The use of AR can increase participation, 
understanding, and learning, all of them key elements in the 
educational systems’ [66].  

Our study is in line with others whose results agree that 
the use of AR increases motivation, especially when students’ 
curiosity is triggered, which favors their enjoyment. 

Through this study it has been possible to corroborate 
that, as collected in the literature, the interest in a subject 
favors his learning [67]. Thus, integrating learning with real-
world situations can increase students’ development of 
competencies such as STEM [68]. However, it is sometimes 
difficult to establish such a relationship with the real world. 
[69], but thanks to technologies involving simulations, 
students can experience situations that they would not 
normally be able to experience first-hand. 

AR can be considered as a teaching tool that allows 
transforming learning methods. That is why from the 
beginning of the inclusion of AR as an educational tool, its 
potential was recognized — “a system that allows the user in 
the classroom to manipulate 3D objects and receive 
information from a real environment is clearly of great 
relevance in the educational field” [70]. 

The combination between the real world and a virtual 
environment allows concepts and knowledge to be presented 
at an early age in a less intrusive way. In addition, using AR 
could facilitate learning without continuous adult 
supervision, giving the students independence and freedom 
to explore and understand on their own. Furthermore, this 
entertaining and interactive learning process could help to 
retain easily and quickly complex concepts.  

Finally, we consider that through this study we have done 
our bit to: (i) the introduction of basic programming concepts 
linked to STEM through the use of AR with PluggedAR, (ii) 
the use of AR as a surprise element to awaken curiosity and 
encourage motivation, and (iii) the use of AR as a means for 
the development of spatial reasoning skills. Our desire is to 
be able to collect data in a large sample and offer more 
significant results.  
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