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SSPOT-VR: An Immersive and Affordable
Mobile Application for Supporting K-12
Students in Learning Programming Concepts

Abstract

High-resolution displays on mobile devices, accurate motion sensors, and
efficient mobile processors have taken virtual reality (VR), essentially
employed in laboratory, to everyday environments, including homes,
workplaces, and classrooms. Regarding programming education, it has
been investigated in conjunction with various educational strategies,
such as block-based programming (BBP), metaphors, and storytelling.
However, studies that adopt VR predominantly employ high-end head-
mounted displays (HMDs) and powerful computers to deliver interactive
and immersive learning experiences. Conversely, investigations involv-
ing mobile platforms and low-cost HMDs often lack user interactivity.
Towards filling that gap, this study introduces SSPOT-VR (Space Sta-
tion for Programming Training in Virtual Reality), a cost-effective
solution tailored for children and teenagers that integrates interactive
methods for the teaching and learning of programming concepts and the
simulated experience of an immersive digitally created world. Three sur-
veys, namely Si, Sz and S3, involving SSPOT-VR and K-12 students
were conducted. S1 and S» focused on user acceptance (nqy = 124 and
nz = 16) and S3 centered on knowledge retention (ns = 31). The results
indicate students are inclined to accept SSPOT-VR as a valuable edu-
cational tool, since it effectively facilitates the retention of programming
knowledge through its engaging and interactive learning experiences. By
choosing more cost-effective equipment, this research supports the exist-
ing body of knowledge while also providing a detailed description of
how an effective solution is designed, developed, and used. The approach
enhances both affordability and potential applications of immersive VR
in programming education.

Keywords: teaching and learning of programming concepts, mobile immersive
virtual reality, block-based programming, storytelling, K-12 education
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1 Introduction

Programming skills have become a commonly required asset for most college
and university students (Luxton-Reilly et al, 2018), as well as a typical subject
among children and teenagers worldwide (Kalelioglu, 2015). Among Euro-
pean education systems and in many developed countries in North America
and Asia, programming skills are currently part of the learning outcomes for
mostly primary and secondary schools (European Commission/EACEA /Eury-
dice, 2019; Guo and Ottenbreit-Leftwich, 2020). Concomitantly, computers
and programming have been slowly inserted in schools of developing countries
(Osin, 1998; Apiola and Tedre, 2012).

The obtaining of programming skills requires both understanding and
practice of several computer programming concepts (Sigayret et al, 2022);
therefore, the use of block-based programming (BBP) is a distinguished
introductory approach that supports learning and practice of those concepts
(Weintrop, 2019). BBP enables users to develop and share interactive appli-
cations they have created through a visual programming language (VPL)
(Weintrop and Wilensky, 2015), which is accessible across a wide range of
devices, including computers and smartphones. Notably, Scratch! stands out
as a high-level BBP language and platform. Additionally, BBP is actively
exploring the integration of emerging technologies, such as virtual reality
(VR), towards enriching the user experience and offer new possibilities for the
teaching and learning of programming.

Studies have explored the use of VR for enhancing the teaching and learn-
ing of programming (Vosinakis et al, 2014; Stigall and Sharma, 2017) often by
combining immersive VR with high-end head-mounted displays (HMDs) and
robust computer systems, among other learning strategies (Vincur et al, 2017;
Segura et al, 2020; Jin et al, 2020). Teaching and learning solutions designed
through VR enable students to experience learning in a high level of immer-
sion and presence (Radianti et al, 2020). The use of HMDs and immersive
VR can improve knowledge retention and recall when compared to a screen
(Krokos et al; 2019). Additionally, in comparison with traditional teaching and
learning methods, immersive VR provides active learning experiences driven
by challenge, engagement, and playfulness, fostering situated knowledge and
improving knowledge retention (Shi et al, 2022).

Despite technological advancements and benefits to students and educa-
tors, there still are gaps related to immersive VR for the teaching and learning
of programming (Pellas et al, 2021; Sukirman et al, 2022). As an example,
studies that use mobile platforms to develop immersive VR applications for
programming education (Tanielu et al, 2019; Sunday et al, 2022; Agbo et al,
2022) often lack user interactivity, hampering an active knowledge acquisition
through practical tasks. According to Sukirman et al (2022), approximately
half of the research of VR on supporting the teaching and learning of pro-
gramming adopts only high-end HMDs and powerful computers. Apart from
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investigations on VR based on high-end HMDs, the way children and teenagers
engage with mobile immersive VR applications that use low-cost HMDs and
smartphones must be analyzed.

The present study is important especially because it considers: (i) dif-
ferences in affordability between powerful computers/high-end HMDs and
smartphones/low-cost HMDs (Jerald, 2016); (ii) the increasing availability and
use of mobile devices among children and teenagers (Rideout and Robb, 2020),
and (iii) that most contemporary smartphones include appropriate hardware
for running immersive VR applications (Jerald, 2016). As cited by Pellas et al
(2021) and Sukirman et al (2022), the literature lacks studies of a mobile and
low-cost immersive VR application that: (i) supports children and teenagers in
the teaching and learning of programming concepts, (ii) uses low-cost HMDs
to provide an immersive experience, and (iii) enables users to experience pro-
gramming concepts through practical tasks based on BBP methods. On the
other hand, advances in mobile connectivity and hardware are expected to
continue transforming education (Pelletier et al, 2022).

This study reports on the planning, creation, and evaluation of SSPOT-VR
(Space Station for Programming Training in Virtual Reality), a low-cost and
modern application that supports children and teenagers in the teaching and
learning of programming concepts through mobile immersive VR, BBP, and
storytelling. The study was guided by the following research questions: (R. Q.
1) Would K-12 students accept the use of our mobile immersive VR application
for supporting their learning of programming concepts? and (R. Q. 2) Do K-12
students retain programming knowledge after using our application?

The goal was to create an engaging, intuitive, and attractive solution for
supporting the teaching and learning of simple programming commands and
basic programming control structures, such as definition and operation of an
algorithm, variables, and loop commands. The study offers two main contribu-
tions, of which the first refers to the building of expertise by bridging the gap
on the use of mobile devices, immersive VR, BBP, and storytelling towards
supporting the teaching and learning of programming concepts to children
and teenagers. The second concerns the effectiveness of the application, which
is expected to be accepted by children and teenagers and to support them
in retaining programming knowledge. The results are expected to correspond
with those from related studies in terms of user experience and learning out-
comes. More affordable equipment of similar quality was used, thus helping
mitigate digital divide.

2 Literature review

2.1 Teaching and learning of programming to K-12
students
Computer Science (CS) and its associated technologies perform an important

role in shaping our lives and influencing the global economy (Computer Science
Teachers Association, 2017; ACM and IEEE, 2020). To be literate citizens in a



computing intensive world and to be prepared for careers in the 21st century,
everyone should have a clear understanding of the principles and practices of
CS (Computer Science Teachers Association, 2017; ACM and IEEE, 2020).
Despite the significance of CS in national economies and societal institutions,
it was only in the past decade that innovations such as social networks, online
news, and internet commerce have made information technology an integral
part of daily life for many worldwide (Kong and Abelson, 2022). Such growing
ubiquity has increased the demand for CS education, even at the primary
school level, regarding its incorporation as an essential subject for supporting
students for a world molded by information technology (Kong and Abelson,
2022).

Advances in CS have expanded people’s ability to solve problems on
a higher scale, using strategies and resources that were not available until
recently (Computer Science Teachers Association, 2017; ACM and IEEE,
2020). Towards benefiting from those evolutionary changes promoted by the
rapid advances in technology, primary and secondary education students must
learn and practice new skills, such as programming skills (Computer Science
Teachers Association, 2017; ACM and IEEE, 2020), which encompass the
capacity to write, design, and create computer programs (Kalelioglu, 2015).
Developing proficiency in programming demands several prerequisites, such as
application of in-depth reading skills and use of metacognitive abilities for an
effective and clear solution of programming problems (Kalelioglu, 2015).

Wing (2011) emphasized that, in addition to reading, writing, and arith-
metic, programming skills are crucial for cultivating analytical abilities in
children and teenagers. They also support certain attitudes, including con-
fidence in dealing with complexity, persistence in addressing challenging
problems, tolerance of ambiguity, and proficiency in handling open-ended
issues (Computer Science Teachers Association, 2017; ACM and IEEE, 2020).
Therefore, programming is not merely a singular skill but a collection of
resources, competencies, and experiences associated with a complex cogni-
tive activity (Computer Science Teachers Association, 2017; ACM and IEEE,
2020).

According to the Computer Science Teachers Association (2017), the core
concepts of CS include: (i) computing systems; (ii) networks and the inter-
net; (iii) data and analysis; (iv) algorithms and programming, and (v) impacts
of computing. The core concept “algorithms and programming” encompass
different programming subconcepts, such as algorithm composition, loops,
conditionals, functions, variables, decomposition, abstraction, among others
(Computer Science Teachers Association, 2017). In this study, programming
concepts refer to the subconcepts nested under the core concept of “algo-
rithms and programming” outlined in the K-12 CS Standards developed by
the Computer Science Teachers Association (2017).

Since the development of programming skills in early childhood continues
to progress, evidence of the various tools and approaches that have emerged
in recent years is required for informing policy and practice (Bers et al, 2022).



Strategies, tools, curricula, and frameworks aimed at promoting CS in K-
12 education must be designed and implemented in a manner that actively
engages students and supports learning through playing. It is important to
recall that younger K-12 students typically have shorter attention spans and
more limited working memory, despite their inherent curiosity (Bers et al,
2022).

As stated by Pears et al (2007), an educational tool that supports teach-
ing and learning of programming according to its strategy can be classified
as: (i) visualization tool; (ii) automatic evaluation tool; (iii) programming
support tool; (iv) microworld, and (v) another tool that encompasses strate-
gies not included in the previous categories. Among visualization tools, those
that adopt simplified programming methods (e.g., BBP) must be highlighted.
Visualization strategies support mainly the learning of programming concepts,
which is achieved through visually engaging activities that serve as interme-
diaries between students and programming content, subsequently enhancing
students’ motivation (Weintrop, 2019).

BBP is a VPL based on a jigsaw metaphor and its languages, tools,
or environments enable users to assemble functional applications using only
drag-and-drop interactions (Weintrop and Wilensky, 2015). Combining the
advantages of component-based programming and end-user programming,
BBP promotes the integration of several pieces of code in a form of blocks
to develop applications in a short period of time, within estimated cost, and
without any programming skills needed (Mohamad et al, 2011). As reported
by Weintrop et al (2017), BBP tools are effective to enable novices to write
successful programs with none or little prior experience, as well as they can
serve as an accessible introduction to the learning of traditional programming
languages.

As previously noted, BBP primarily operates on computers and mobile
devices, with prominent platforms like Scratch. Nevertheless, BBP is increas-
ingly branching out into emerging technologies, including VR, which combi-
nation efficiently presents: (i) abstract concepts, such as programming ones;
(ii) behavior of elements that can not be seen, such as a computer memory;
(iii) behavior of very large or very small elements, such as galaxies or atomic
structures; and (iv) other educational and Science concepts (Jerald, 2016).
Numerous studies have investigated into the potential of VR for enriching the
teaching and learning of programming (Chandramouli et al, 2014; Sharma and
Ossuetta, 2017). These investigations often integrate immersive VR, experi-
ences with high-end HMDs and robust computer systems, in conjunction with
BBP methodologies, gaming elements, storytelling, analogies, metaphors, and
so on (Vincur et al, 2017; Segura et al, 2020; Jin et al, 2020).

2.2 Virtual reality and high-end head-mounted displays

Although the term VR is commonly used to describe imaginary worlds that
only exist in computers and our minds, the VR technology enable us to cre-
ate and use computer-generated digital environments that can be interactively



6

experienced as a real environment (Jerald, 2016). Therefore, an ideal VR envi-
ronment enables users to navigate around objects and touch them as if they
were real, despite its complexity (Jerald, 2016). Real and virtual elements
are separately handled, since the objective of VR is to remove user’s percep-
tion of the real world and make available only the perception of the virtual
environment (Milgram et al, 1995).

VR defines environments consisting exclusively of virtual objects, such as
computer graphic simulations, virtual environments, or virtual worlds, which
may or may not represent an existing environment, either based on a display,
or using immersive equipment (Milgram et al, 1995). Since VR involves the
experience of being in a location that differs from one’s physical surroundings,
this virtual environment can either replicate the world or create entirely imag-
inary environment (Jerald, 2016). In this context, HMDs play a fundamental
role by projecting images of the virtual environment directly into the user’s
eyes through two small monitors, using the principle of stereoscopy (Jerald,
2016).

Although VR is an alternative reality created by computer, it is perceived
by human’s sensory systems almost in the same way as the real world and
emotionalizes, teaches, entertains, and responds to external actions without
the need to exist in a tangible way (Jerald, 2016). Besides that, tangibleness
has already been part of a few sophisticated virtual worlds and environments,
enabling those applications to be further indistinguishable from reality (Jerald,
2016). The area of education can substantially benefit from VR applications,
since VR provides users a new way of visualizing concepts and experiencing sit-
uations (Jerald, 2016). Many researchers have argued VR environments exert
a positive effect on the motivation for programming and students are more
engaged in the activity by exploring and solving problems in the virtual and
realistic environments (Seralidou and Douligeris, 2021).

When used in conjunction with powerful computers, high-end HMDs offer
users a profound level of immersion and interaction within VR applications
(Radianti et al; 2020). This immersive experience allows users to engage in
what is termed “six-degrees-of-freedom” (6DoF) (Radianti et al, 2020). 6DoF
implies the simultaneous tracking of user’s physical position and rotation
within the virtual environment (Jerald, 2016). In other words, when users move
in the real world, their corresponding movement is replicated within the vir-
tual one, resulting in a shift in their position as they walk and an adjustment
in their visual perspective.

Recent studies have presented immersive virtual worlds based on differ-
ent sophisticated VR devices to support students in learning programming.
To make BBP more immersive and enable users to experience the knowledge
through immersive VR, the studies entitled Cubely (Vincur et al, 2017) and
VR-OCKS (Segura et al, 2020) adopted the same high-end HMD (HTC Vive
plugged to a computer) to support children, teenagers, and adults in expe-
riencing some basic programming commands and concepts for the first time



(e.g., what is an algorithm, the algorithms composition, loops, and condition-
als structures). Inside their immersive virtual worlds created with the Unity
3D game engine, those studies share the goal of moving users through a path
from an initial position to a final one while requiring them to solve a dif-
ferent puzzle with pre-established blocks that symbolize simple programming
commands and basic programming control structures.

The studies aimed at using both appeal and potential of VR for creating
an engaging and intuitive method for teaching programming, thus attracting
users to the world of programming. Students well-rated Cubely and VR-OCKS
through questionnaires that were created by the authors and reported pre-
ferring to learn using the VR application rather than conventional methods
(Vincur et al, 2017; Segura et al, 2020). As stated by Radianti et al (2020), the
majority of studies tend to concentrate on VR’s development potential rather
than providing comprehensive reports on real-world teaching and learning
experiences or the lessons acquired through its application.

VWorld (Jin et al, 2020), a third study, was also created using Unity 3D;
however, it adopted a different high-end HMD (Oculus Quest standalone) to
boost creativity and computational thinking skills of children and teenagers
through a BBP method. It aimed to support the learning of programming by
enabling children to create and manipulate the behavior of virtual objects by
constructing algorithms using pre-established blocks that symbolize motion
movements and sound recordings. Although VWorld is intended for children,
authors evaluated the pilot version of their VR system with a reduced sample
of undergraduate students.

Since VR can adopt game technology to be developed and are inevitably
based on 3D graphics, authors usually describe their studies simply as
games, although no gamification aspects or game theories are mentioned,
such as scores, rankings, and so on (Susi et al, 2007). Nevertheless, when the
application is game-like and uses game technology, game can be a way to con-
versationally name the application (Susi et al, 2007). Nowadays, a large part of
this can be currently done at a low cost, being only necessary to have a desk-
top computer, laptop, or a mobile device together with a HMD or VR adapter
to be able to interact with virtual objects in non-immersive or immersive
environments with high-definition graphics.

2.3 Low-cost virtual reality head-mounted displays

Given the rise of mobile devices among children and teenagers (Rideout and
Robb, 2020) and the educational advantages of VR (Pellas et al, 2021; Pimentel
et al, 2022), research must investigate the way such public interacts with those
technologies and educational strategies. Until recently, immersive applications
were costly and reserved for specialized use cases (Pimentel et al, 2022). How-
ever, with the advent of high-resolution mobile screens, precise motion sensors,
and highly efficient mobile processors, the panorama has changed (Pimentel
et al, 2022).



On the other hand, there are concerns that VR tools, apps, and platforms
might not be affordable to all users, thus exacerbating digital divide (Wang
et al, 2022), which is a socio-economic gap between those with access to high-
quality, open-ended software and technology that promotes creative learning
and those without such access (Bers et al, 2022). The unequal access to educa-
tion would potentially place those students at disadvantage, since technology
continues to advance, especially considering programming skills are currently
regarded as crucial literacy skills worldwide (Bers et al, 2022). With the rise of
metaverses over the last years, costs associated with high-end VR equipment
have led to a new type of digital divide, commonly referred to as “metaverse
divide” (Wang et al, 2022).

Research on low-cost alternatives is imperative for ensuring global access to
technology. Low-cost VR, HMDs for mobile devices, such as Google Cardboard
(Google, 2023), offer smartphone users an opportunity to engage in interactive
and immersive VR experiences with three degrees of freedom (3DoF), similarly
to high-end VR HMDs (Powell et al, 2016; Google, 2023). 3DoF means only
users’ rotational movement can be tracked, i.e., only users’ visual perspective
can be replicated into the virtual world as they move in the real world (Jerald,
2016).

However, the use of low-cost mobile HMDs and mobile VR applications
in a few lectures might represent the first steps towards a broad adoption of
VR in education (Radianti et al, 2020). Among the different models of low-
cost HMDs, some may bring together a Bluetooth joystick, which, with the
press of a button, simulates touching the screen. On the other hand, Google
Cardboard provides the lowest cost and enables users to interact with the
application through a lever-shaped button, which touches a tactile tissue on
the screen when pressed.

Regarding supporting the teaching and learning of programming using
mobile immersive VR and low-cost HMDs: (i) OOPVR (Tanielu et al, 2019)
enables users to create and manipulate virtual objects based on analogies with
object-oriented programming (OOP) concepts, such as class, objects, methods,
etc; (ii) Imikode (Sunday et al, 2022) provides quiz questions inside a virtual
world also-about basic OOP concepts, and (iii) iThinkSmart (Agbo et al, 2022)
enables users to solve programming puzzles inside the virtual world (e.g., such
as the river crossing puzzle and Tower of Hanoi) to support the learning of
problem-solving and algorithmic thinking.

Whereas OOPVR provided no details of its design and development,
Imikode and iThinkSmart were developed with Unity 3D and used Google
Cardboard XR plugin and low-cost HMDs to promote an immersive VR expe-
rience to users. Sunday et al (2022) also considered Imikode a game; however,
they provided no further explanations, highlighting the point made by Susi
et al (2007), that game is a way to call the application.

Users well-rated OOPVR, Imikode, and iThinkSmart using question-
naires. They preferred VR-based learning over traditional textual learning and
reported being able to retain the knowledge which is experienced through VR



(Tanielu et al, 2019; Sunday et al, 2022; Agbo et al, 2022). Specifically, OOPVR
provided no details about data gathering (Tanielu et al, 2019), Imikode used
its own questionnaire, entitled USE (Sunday et al, 2022), containing questions
about usefulness, ease of use and learning, and satisfaction, and iThinkSmart
also adopted its own questionnaires with CS undergraduate students for eval-
uating students’ learning interests, attitudes and knowledge retention (Agbo
et al, 2022).

2.4 Current study

This study aims to contribute to the existing body of research by enhanc-
ing the teaching and learning of programming among children and teenagers
through the use of immersive and interactive VR. SSPOT-VR was developed
from the integration of mobile immersive VR, BBP, and storytelling elements.
We evaluated SSPOT-VR using a survey research method involving its target
audience. SSPOT-VR offers K-12 students an affordable, immersive, and inter-
active experience for supporting their understanding of programming concepts
through BBP, presenting an alternative to applications that require high-end
equipment. Although we did not adopt game theories, we use storytelling
elements, which enrich the user experience and motivation and support the
interaction within an immersive virtual world (Ferguson et al, 2020).

While all the applications similar to SSPOT-VR offer immersive VR expe-
riences, the main differences emerge regarding interactivity and affordability
(Table 1). Whereas Cubely (Vincur et al, 2017), VR-OCKS (Segura et al,
2020), and VWorld (Jin et al, 2020) are highly immersive and interactive,
their use require costly equipment. Since they are not compatible with mobile
platforms, affordability and access are affected.

On the other hand, OOPVR, (Tanielu et al, 2019), Imikode (Sunday et al,
2022), and iThinkSmart (Agbo et al, 2022) are mobile applications, making
them comparatively more affordable. These applications maintain a degree of
immersion; however, achieve it through a reduced level of interactivity, relying
primarily on the use of analogies, metaphors, and the visual appeal of the VR
environment. Therefore, among these studies, only SSPOT-VR and OOPVR
(Tanielu et al; 2019), Imikode (Sunday et al, 2022), and iThinkSmart (Agbo
et al, 2022) are accessible via mobile devices.

However, SSPOT-VR differs from them through the use of storytelling
and BBP elements. Therefore, SSPOT-VR incorporates both storytelling and
BBP to mobile immersive VR for enhancing the user experience. Finally, all of
these applications support a diverse audience, ranging from children to adults,
highlighting the varied landscape of the teaching and learning of programming
and educational VR applications.
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Table 1: Comparative analysis of SSPOT-VR and its related studies

oo Immersive . . Equipment Target
Application VR Mobile Storytelling BBP Cost Audience
SSPOT-VR Yes Yes Yes Yes  Affordable Children

and teenagers
iThinkSmart
(Agbo ct al, 2022) Yes Yes No No Affordable Adults
Imikode
(Sunday et al, 2022) Yes Yes No No Affordable Adults
OOPVR
(Tanielu ct al, 2019) Yes Yes No No Affordable Adults
VWorld X .
(Jin et al, 2020) Yes No No Yes High Children
VR-OCKS . Children, teenagers
(Segura et al, 2020) Yes No No Yes High and adults
Cubely ) . . Children, teenagers
(Vincur et al, 2017) Yes No No Yes High and adults

3 Method

3.1 Research model and hypotheses

This quantitative study is primarily aimed at detailing the development and
evaluation of SSPOT-VR, a mobile immersive VR application designed to
support the learning of programming concepts. The evaluation consists of three
distinct surveys, labeled as Sy, So, and S3, which were specifically designed for
K-12 students who experienced SSPOT-VR, during workshops conducted. S
and Ss assessed user acceptance, whereas S evaluated knowledge retention.
The next section provides a user-centered description of SSPOT-VR and its
development, usage, and narrative.

Since the main idea of survey methodology is to collect information from
a group of people by sampling individuals from a large population, it should
be executed through a systematic sequence of steps (Linaker et al, 2015).
Therefore, the research design for these surveys was structured in accordance
with the guidelines provided by Linaker et al (2015).

The independent variable, namely, use of SSPOT-VR was first defined.
Regarding dependent ones, the first refers to the acceptance of SSPOT-VR,
assessed by analyses of students’ responses to a user acceptance questionnaire
after their use of the application. The second dependent variable examined
the retention of programming knowledge by assessing whether K-12 students
can retain it following their interaction with SSPOT-VR. The evaluation relies
on a comparison of students’ responses to a quiz applied before and after
their engagement with the application. We defined a null hypothesis and an
alternative hypothesis for each of our research questions, which are as follows:

e (R. Q. 1) Would K-12 students accept the use of our mobile immersive VR
application for supporting their learning of programming concepts?

— Null Hypothesis (Hp): K-12 students will not accept the usage of our
mobile immersive VR application for learning programming concepts.

— Alternative Hypothesis (H,): K-12 students will accept the usage of
our mobile immersive VR application for learning programming concepts.

10
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e (R. Q. 2) Do K-12 students retain programming knowledge after using our
application?

— Null Hypothesis (Hp): K-12 students will not retain programming
knowledge after using our mobile immersive VR application.

— Alternative Hypothesis (H,): K-12 students will retain programming
knowledge after using our mobile immersive VR application.

We hypothesize a positive relationship between the independent variable,
which is the usage of SSPOT-VR, and both dependent variables, namely, the
acceptance of the application and the retention of programming knowledge
subsequent to its use. This implies that as students engage with SSPOT-VR,
we anticipate both their acceptance of the application and their ability to retain
programming knowledge through application use. Since the target population
is usually extensive, the next step involved the selection of a representative
sample population (Linaker et al, 2015).

3.1.1 SSPOT-VR: Space Station for Programming Training
in Virtual Reality

Description and use of the application: SSPOT-VR, or Space Station
for Programming Training in Virtual Reality, is an immersive VR and mobile
application created to support children and teenagers in the teaching and learn-
ing of programming concepts. Its use is based on low-cost and widely accessible
devices, requiring only a smartphone and low-cost HMD to provide an immer-
sive learning experience. Users interact with the application by clicking or
touching on the mobile device screen or through pressing a button of a joystick
connected to the mobile device. The application has three levels for students
actively experience several programming concepts using a BBP method based
on the manipulation of cubes with different functions (Figure 1).

In the Introduction Lewvel, all components essential for interaction within
the application are exhibited (Figure 1a). They include programming cubes, a
large canvas-like computer for cube placement, buttons for running and restart-
ing the algorithm execution, movement anchors, and a button for switching
between immersive and non-immersive modes. When users place the circu-
lar white crosshair over any of those objects, they receive a corresponding
explanation on its function and usage (Figure 1b).

With an understanding of SSPOT-VR components and their use, users can
progress to the First Challenge Level (Figure 1c), where they are provided with
guidance through informative rectangular gray panels with textual instruc-
tions. Simultaneously, the movement anchors in the shape of green arrows
become visible, enabling users to navigate through the scenario (Figure 1d).
Those informative panels also provide step-by-step instructions on the cre-
ation of algorithms with available cubes, symbolizing directional movement
commands and algorithm initiation (begin) and termination (end) (Figure
le). Users are guided on the use of the algorithm run button, as well as with a

11
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(a) Overhead view of the Introduction (b) One of users’ first interaction with the
Level scene Introduction Level

(¢) Overhead view of the First Challenge (d) Users’ view of the First Challenge
Level scene Level

(e) Towards creating algorithms, students (f) SSPOT-VR showing cubes were suc-
must click to hold cubes and click again cessfully compiled in the First Challenge
to release them Level

(g) Algorithm of the Second Challenge (h) Algorithm of the Third Challenge
Level using a repeat command Level with a repeat command and variable

Fig. 1: SSPOT-VR screenshots

separate restart button that resets the created algorithm. A blue or red back-
ground color signalizes, respectively, the success or failure of the compilation
of the cube-created algorithm (Figure 1f).

12
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In the Second Challenge Level (Figure lg) and Third Challenge Level
(Figure 1h), new programming concepts are introduced, presented by the
repeat and variable cubes. All levels use as a basis the programming activity
proposed in the First Challenge Level, which is to create an algorithm with
cubes to make a robot accordingly walk.

Therefore, SSPOT-VR covers: (i) concept and composition of algorithms;
(ii) use of a visual programming method (BBP); (iii) concept and use of a
repetition structure, and (iv) concept and use of variables. Such program-
ming concepts are considered essential for any novice in programming and can
also be approached by children at an early age (Computer Science Teachers
Association, 2017; ACM and IEEE, 2020). Although both Introduction Level
and First Challenge Level have been used by over 100 children and teenagers,
SSPOT-VR was designed to go over the concept of algorithm. Therefore, two
different levels, namely Second Challenge Level and Third Challenge Level, are
currently under development and have not been used by users yet.

Storyline: The First Challenge Level aims at connecting students with
SSPOT-VR by using elements of storytelling and a programming method
based on BBP. Among educators, storytelling is often considered as an
advantageous teaching and learning strategy, especially regarding recall and
retention of knowledge (Ferguson et al, 2020). When combined with immersive
VR, storytelling enhances the potential of the application for providing a fully
immersive and interactive experience (Ferguson et al, 2020). Therefore, the
objective is to engage students in the programming task and assist interaction
among students, the virtual world, and educators.

A robot called Mark (Figure 1b) is the main character and the space station
tutor that guides students during their journey on the learning of programming
concepts. In our plot, Mark’s computer crashes and his memory has to be reset,
which make him unable to move and proceed with the programming training.
Therefore, in the First Challenge Level, students must rewrite Mark’s memory
by programming his computer with cubes.

SSPOT-VR enables students to create algorithms composed of cubes that
represent the directions Mark can step, namely, forward, left, and right. Stu-
dents must create their algorithms using the direction cubes and the begin and
end cubes. If no compiling errors occur, the students can observe the output
of the algorithm as Mark accordingly walks.

Design and development: Although SSPOT-VR can be experienced
at a standard immersion degree, on the digital screen of mobile devices as
non-immersive displays, i. e., a magic window to the virtual world, SSPOT-
VR was created to be experienced at a higher degree of immersion (3DoF)
using a low-cost HMDs. The creation of SSPOT-VR had been assisted by
the free software development platforms and documentation provided by the
Google Cardboard XR plugin? and the Unity 3D game engine®*. As mentioned,

2https://github.com/googlevr/cardboard-xr-plugin
3 https://unity.com
4https://assetstore.unity.com
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SSPOT-VR was also built based on guidelines for teaching programming to
children and teenagers (Computer Science Teachers Association, 2017).

3.2 Research procedure and sampling

Sampling involves the selection of a subset of observation units from a sam-
pling frame (Linaker et al, 2015). In this study, we employed an accidental
sampling approach, a non-probability technique that relies on the accessibil-
ity and convenience of the sample (Linaker et al, 2015). Accidental sampling
involves selecting individuals or items for a sample based on their ease of access
or occasional presence (Linaker et al, 2015) and is often chosen due to its effi-
ciency and cost-effectiveness, especially when time and resources are limited
(Linaker et al, 2015).

To recruit students for our study, we conducted free programming work-
shops, both online and in-classroom sessions, targeting K-12 students. We
advertised these workshops to promote the teaching and learning of pro-
gramming concepts, and students, irrespective of their prior programming
knowledge, from public and private schools across Brazil, voluntarily registered
for these sessions.

We intentionally included students from all age groups within the K-12
system to explore whether there is an age-related threshold where the usage of
a mobile immersive VR application becomes impractical or less engaging for
students. Additionally, we aimed to provide an engaging and novel activity for
students, especially during the COVID-19 pandemic when many were exclu-
sively attending online classes. Consequently, student selection was primarily
based on their own interest in participating.

It is imperative to underscore the preservation of survey participants’
privacy. All collected data were acquired with the informed consent of the
guardians, and no sensitive personal information was gathered. Furthermore,
all collected and anonymized data can be provided upon request.

Each workshop session followed a five-step procedure (Figure 2): (i) pro-
viding concise explanations about VR and BBP; (ii) only for Ss3, students
completed a pre-test survey in the form of a quiz to establish their baseline
knowledge of programming concepts; (iii) students manually installed SSPOT-
VR on their smartphones, and set up low-cost HMDs, if applicable; (iv)
students had an unrestricted 40-minute experience with SSPOT-VR; and (v)
following the experience, students completed web-based survey questionnaires.

As previously mentioned, SSPOT-VR was specifically designed to deliver
an immersive experience utilizing a low-cost HMD. During the workshops,
students engaged with SSPOT-VR in two distinct ways: (i) as an online activity
(S1 and S3), where each student accessed the application directly on their
mobile device display, and (ii) as an in-classroom activity (S2), using low-cost
HMDs and Bluetooth joysticks provided to them.

S1 was conducted online, involving a sample of ny = 124 participants,
while S5 took place in a classroom setting with ny = 16 students. These two
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groups experienced SSPOT-VR under different usage settings (57 being non-
immersive and Sy immersive). However, both groups subjected to the same
data collection regarding the acceptance and usage of SSPOT-VR. The user
and acceptance questionnaire was answered at the conclusion of the workshop
session (Table 2).

S3 was conducted online with a separate group of participants, consisting
of ng = 31 students. Its goal was to assess changes in students’ knowledge of
programming concepts before and after using SSPOT-VR. For this purpose, we
employed a questionnaire (pre-test) before the workshop started, establishing a
baseline for students’ knowledge. Following the workshop session, an identical
questionnaire (post-test) was administered, featuring the same content but
with different phrasing (Table 2).

Table 2: Surveys’ structure
SSPOT-VR User Acceptance or

Setting Setup Knowledge Retention Questionnaire Filling Sample Size
S1 Online Non-immersive  User acceptance gsf;eror;)fr\)[el;iencing 124
S2  In-classroom  Immersive User acceptance é&sft;g%)f%el? encing 16
S3 Online Non-immersive ~ Knowledge retention SBSeS(r)eT?I\lldRafter experiencing 31

Prior to reaching out to the sample population, it is necessary to design a
data collection instrument, often in the form of a questionnaire. This process
involves initially formulating the questionnaire and subsequently evaluating it
on a subset of the sample population to assess its effectiveness (Linaker et al,
2015).

3.3 Data collection instruments

A survey instrument, typically in the form of a questionnaire, plays a crucial
role in surveys and requires careful consideration. The quality of the ques-
tionnaire used directly influences the outcomes and conclusions of a survey
(Linaker et al, 2015). Such questionnaires primarily include (Linaker et al,
2015): (i) descriptive questions for gathering demographic information; (ii)
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attitudinal questions aimed at eliciting the respondents’ attitudes and opin-
ions, and (iii) behavioral questions intended to assess differences or changes in
the respondents’ behaviors.

In this study, we employed only closed-ended questions within self-
administered questionnaires, utilizing ordinal data collected via a 5-point
Likert scale for both S; and S;. For S5, we gathered interval data from quiz
questionnaires. Across all three surveys conducted, quantitative data were
collected from K-12 students via web-based questionnaires.

To assess user acceptance of SSPOT-VR, we tailored 20 questions into-a
single questionnaire (Table 3), drawing from three established studies: (i) the
Unified Theory of Acceptance and Use Of Technology (UTAUT) (Venkatesh
et al, 2003), which aimed to elucidate users’ intentions to use an unfamiliar
application; (ii) the EGameFlow scale (Fu et al, 2009), which introduced a scale
for gauging students’ perceptions related to categories such as concentration,
goal clarity, feedback, challenge, autonomy, immersion, social interaction, and
knowledge improvement, and (iii) the path model proposed by Bourgonjon et al
(2010), which provided items categorized by usefulness, ease of use, learning
opportunities, experience, and preference.

To validate the tailored questionnaire administered to K-12 students via a
5-point Likert scale, we employed Cronbach’s Alpha to assess its scale reliabil-
ity or internal consistency levels (Hair et al, 2010). Cronbach’s Alpha quantifies
the correlation among responses in a questionnaire by assessing the average
correlation of responses, indicating how closely related the set of items is as a
whole (Landis and Koch, 1977). The calculated result for our data was Cron-
bach’s Alpha = 0.691, affirming the questionnaire’s reliability. As per Landis
and Koch (1977), an Alpha value exceeding 0.6 is judged satisfactory for
evaluating questionnaire reliability.

To determine if SSPOT-VR contributes to knowledge retention among K-12
students, we designed a quiz consisting of eight questions focused on the con-
cept of an algorithm (Table 4). The concepts of algorithm is the programming
concept that characterize the main activity of SSPOT-VR. For the question-
naire composition, we drew upon the programming education guidelines for
children and teenagers outlined by the Computer Science Teachers Association
(2017). These guidelines define the elements and characteristics of an algo-
rithm. The eight questions remained consistent between the pre and post-test,
although being differently phrased.

Pilot surveys were conducted using identical instruments. However, these
pilot surveys involved a small number of participants from the target popula-
tion. Conducting pilot surveys is essential to identify areas for improvement
in survey instrumentation before implementing the full-scale study (Linaker
et al, 2015). After the sample population has provided responses to the ques-
tionnaire, the researcher proceeds to analyze the collected data and draw
conclusions based on this analysis (Linaker et al, 2015).
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Table 3: Tailored user acceptance questionnaire

Source Description
1 Fu et al (2009) T can remain concentrated in the application.
2 Fu et al (2009) I am burdened with tasks that seem unrelated to learning programming.
3 Fuet al (2009) Overall application’s goals were presented clearly in the beginning.
4 Fu et al (2009) Workload in the application is too much.
5  Fu et al (2009) I receive immediate feedback on my actions.
6 Fu et al (2009) I forget about time passing while using the application.
7 Fu et al (2009) I become unaware of my surroundings while using the application.
8 Venkatesh ct al (2003) I could complete a job or task using the application if there was no one
around to tell me what to do as I go.
9 Venkatesh et al (2003) The apphcaftlon is somewhat intimidating to me, I hesitate to use it for
fear of making mistakes.
10 Fu et al (2009) I understood the basic idea of algorithms.
11 Fu et al (2009) I want to know more about algorithms and programming.
12 Bourgonjon et al (2010) Applications like this one offer opportunities to learn new things in a
cool way.
13 Venkatesh et al (2003) I like working with the application.
14 Venkatesh et al (2003) T have the resources necessary to use the application.
15  Bourgonjon et al (2010) USll'ig applications like this one in the classroom would help me to
achieve better grades.
. el op . A specific person or group is available for assistance in case I have
16 Venkatesh et al (2003) difficulties with the application.
17 Bourgonjon et al (2010) I would know how to handle applications like this one in the classroom.
18  Bourgonjon et al (2010) It would be easy for me to use applications like this one in the classroom.
19  Venkatesh et al (2003) My family and professors think that I should use applications like this one.
20 Bourgonjon ct al (2010) I I }‘1ad to vote, I would vote in favor of using applications like this
one in the classroom.
Table 4: S5 algorithm quiz questionnaire
Question Correct answer
. . A description for how to solve a problem
1 What is an algorithm? p p
or how to do some task
2 What are the main pieces of an algorithm? Input, output and processing
3 Can algorithms only be used on computers? No
Complete the following sentence:
4 - - A list of steps
“Algorithms are written as ... ” 1S P
What is the orientation and direction .
5 . . . From top to bottom (vertically)
which we write an algorithm?
Algorithms explain real life processes,
6  Mark the true statements .
Algorithms must have outputs
. . For describing how to solve a problem
7  What is an algorithm for? & . P
or how to do something
8  When can we use algorithms? All the time for anyone

3.4 Data analysis

To quantitatively and descriptively analyze the data collected from the two sur-
veys focused on students’ acceptance of SSPOT-VR (S; and S3), we computed
a questionnaire score for each student, which ranged from zero to 100. Addi-
tionally, we compared the results from these two surveys to gain insights into
the relationship between non-immersive (S7) and immersive (S3) SSPOT-VR
usage. For the data collected from S3, structured as a pre-test and post-test, we
conducted both quantitative and descriptive analyses. We calculated each stu-
dent’s scores based on the eight quiz questions and used descriptive statistics
to assess these scores before and after their interaction with SSPOT-VR.
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Given that our data consisted of discrete scores, and considering the appro-
priateness of the Wilcoxon signed-rank test for analyzing repeated measures
when the same subjects are evaluated under two different conditions (Linaker
et al, 2015), we applied this statistical test to determine whether a signifi-
cant difference existed between pre-test and post-test quiz scores in S3 (Scheff,
2016). To assess whether our data from S3 was suitable for non-parametric
statistical testing (Scheff, 2016), we conducted the Shapiro-Wilk test. The
results indicated that both pre-test and post-test samples were not normally
distributed, as evidenced by p,,. = 0.002353 and ppost = 0.001361, where
p < 0.05 in both cases.

3.5 Threats to validity

As this study is subject to threats to validity, we discuss the validity and
reliability concerns based on a classification presented by Kitchenham and
Pfleeger (2008) and Linaker et al (2015).

Face and content validity: To assess students’ acceptance (S; and Ss),
we designed a questionnaire consisting of 20 questions, drawing from insights
from three established studies (Venkatesh et al, 2003; Fu et al, 2009; Bour-
gonjon et al, 2010). We ensured the reliability and internal consistency of this
questionnaire using Cronbach’s Alpha (Landis and Koch, 1977). Similarly, for
our pre-test and post-test questionnaires (S7), which evaluated students’ reten-
tion of knowledge, we adhered to guidelines established for K-12 programming
education by the Computer Science Teachers Association (2017). Although
the eight questions were the same in both tests, they were phrased differ-
ently for the pre-test and post-test. Additionally, pilot studies were conducted
using both questionnaires to ascertain their suitability for the target audience
(Linaker et al, 2015). No issues or difficulties were reported during these pilot
studies.

Criterion and construct validity: Despite the potential for selection
bias associated with accidental sampling (Linaker et al, 2015), our study
involved K-12 students from various public and private schools across dif-
ferent locations who voluntarily enrolled. This diverse sample allowed us to
evaluate SSPOT-VR, in authentic educational settings, collecting data from
171 students across nearly all grade levels, from kindergarten to 12th grade.
Our analysis employed descriptive statistics, statistical tests, reliability assess-
ments, and normality tests. All results were analyzed by all authors to avoid
interpretation errors.

Reliability: Although workshop sessions occurred on different dates and
one of the three surveys used a pre-test and post-test approach, the treat-
ment of the 171 participants remained consistent. All students engaged with
the application for 40 uninterrupted minutes after installing it on their smart-
phones and attending an introductory class. During the workshop sessions,
students exclusively performed the tasks outlined in the workshop. Further-
more, we offered SSPOT-VR for usage on mobile device displays and low-cost
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HMDs providing both levels of immersion. The results from the surveys for-
mats were comparable, indicating that students’ perceptions of the application
remained consistent, regardless of the degree of immersion. To facilitate future
work and international use, translating the virtual world instructions into
different languages is the only requirement.

4 Results

A total of 171 K-12 students experienced SSPOT-VR throughout the workshop
sessions offered. As we conducted three surveys: S; and Sy aimed to collect
data from students about user acceptance and use; and S3 aimed to collect data
about retention of programming knowledge, thus we present results according
to these two perspectives.

4.1 Students’ acceptance

In S;, the age composition of 124 students ranged from 6 to 19 years old
(M,,, = 13.26). In Sy, the ages of 16 students ranged from 15 to 17 years

age
old (M,,, = 16) (Figure 3). As we mentioned, the goal of S; (online) and Ss
(in-classroom) was to identify the levels of students’ individual acceptance of

SSPOT-VR.
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Fig. 3: Students’ age composition in S; and S,

In order to perform a descriptive analysis of the collected data, we cal-
culated the questionnaire score for each student. Reducing the questionnaire
answers to a score enable us to measure students’ perceptions about SSPOT-
VR in a scale from zero to 100. We assembled the 20 questions from our
questionnaire into scores and distributed these scores to students according to
their age.
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The graphs (Figure 4) displaying the scores of the user acceptance ques-
tionnaire reveal a trend. Regardless of the age group or the specific educational
context in which SSPOT-VR was utilized, the majority of scores fall within the
80-point range. Although some minor variations are observed, most scores are
clustered in this range, suggesting a high level of scores, nearly approaching
a score of 100 across all subjects. Specifically in S7, the average for students’
scores was 82.785, while the standard deviation was 10.788. There were 72 stu-
dents that scored higher than the average and 51 that scored lower than the
average, resulting that more than 58% of the sample of 124 students scored
equal or higher than the average score of 82.785.

SCORES PER AGE (N2=16)

SCORES PER AGE (N1=124)

N ’
@ 80
o
g

15 16 17
Age

(a) Scores distribution in Sy (b) Scores distribution in S

Fig. 4: Students’ scores in S7 and Sy

Similarly, the data collected during S5 indicates that the average for stu-
dents’ scores is equal to 82.42, whereas the standard deviation is 3.94. On the
other hand, there were 7 students in S that scored higher than the average
and 9 students that scored lower than the average. Resulting that 43.75% of
students’ scores for SSPOT-VR were above the average. Bearing in mind that
most students’ scores are close to the upper limit in both S; and S, it is pos-
sible to identify the tendency of students to accept the use of SSPOT-VR both
as ‘an online (S7) and in-classroom activity (S3).

4.2 Retention of knowledge

In S3, the ages of 31 students ranged from 6 to 17 years old (M,,, = 12.74)
(Figure 5). S3 aimed to identify retention of knowledge in students after they
used SSPOT-VR. With respect to students’ pre-test scores, measured on a
scale from 0 to 8, it is evident that students exhibited a similar baseline level
of knowledge regarding programming concepts. The average pre-test score was
3.9, with a standard deviation of 1.16. This average score of 3.9 represents
only 48.75% correctness on our quiz (Figure 6). While in the post-test, which
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students also showed similar improvement of knowledge level, the average score
of the students was equal to 6.55, with a standard deviation equal to 1.23.
Now, the average score of 6.55 is equivalent to 81.88% of correct answers in

the post-test quiz.

Age composition (n3=31)
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Fig. 5: Age composition for S3 with ng = 31
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Fig. 6: S3 quiz scores comparison

Comparing the results of pre-test and post-test, the 31 students who used
SSPOT-VR had improvements in their score. The contrast between the low
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scores on the pre-test and the high scores on the post-test indicates that
students are able to retain knowledge about the programming concepts seen
in SSPOT-VR. It also shows that students are able to express this knowl-
edge afterwards. Additionally, a Wilcoxon signed rank test revealed significant
difference between the students’ scores in the pre-test and post-test quiz,
Z = —4.782139 and p = 0.000002. Since p < 0.05, the difference between pre
and post-test are enough to be statistically significant (Scheff, 2016).

In this context, it is possible to highlight the retention of knowledge for
Student 6 and Student 28, who obtained a score equal to 3 in the pre-test
and a maximum score of 8 in the post-test, increasing their scores by 5 points,
which is more than 60% of progress from the pre-test to the post-test. Similar
performance improvements of approximately 40% are also observed in Student
8, Student 14, Student 21, Student 22, Student 23, and Student 24. Few stu-
dents had scores close to the maximum score of 8 both in the pre-test and in
the post-test, as is the case of Student 2 and Student 16. Low pre-test scores
indicate that students had little or no prior knowledge about programming
and algorithms.

5 Discussion

S7 and S5 collected different data from students (S; is about acceptance and
Ss3 is about retention of knowledge), both were online and therefore had broad
student participation. On the other hand, S5 was conducted to collect infor-
mation on acceptance, however as a in-classroom activity, which reduced the
number of students who participated due to COVID-19.

Analyzing the average scores for students and questions in S; and So,
it is possible to identify in both cases a trend towards optimal values. This
trend indicates perceptions of students about their usage of SSPOT-VR. The
predominance of scores close to the optimal value reveals that a mobile appli-
cation which is based on immersive VR, BBP, and storytelling to support the
teaching and learning of programming concepts for children and teenagers is
suitable for development and usage. Additionally, although students differently
experienced SSPOT-VR in S; and So, the score distributions are similar. This
indicates that students understand the benefits associated with SSPOT-VR
under different setups of use.

Furthermore, we noticed that knowledge improvement potential and pref-
erence are key points for students acceptance and use of our application.
Knowledge improvement potential is theoretically related to usefulness and
defines that user acceptance depends on the identified possibilities of learning
something (Bourgonjon et al, 2010). On the other hand, preference is subjec-
tive and involves users natural interests (Venkatesh et al, 2003). According
to Venkatesh et al (2003) and Bourgonjon et al (2010), students naturally
reveal preference for tools that capture their attention, address their mindsets,
enable control, interaction, and experimentation with no limitations or usage
problems.
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Regarding S3 (focused on the comparison of students programming con-
cepts knowledge before and after using SSPOT-VR), the post-test scores with
higher values for all students in contrast to the low pre-test scores indicates
that students retained knowledge about the concept of algorithms through
SSPOT-VR. The low average score of the pre-test quiz, equivalent to less than
50% of correctness, revealed that students had little knowledge of program-
ming and algorithms before participating in the workshop session, in contrast
to the post-test, whose results demonstrated an average of approximately 80%
of correctness. Such results are consistent with the notion that immersive VR
and HMDs support knowledge retention and recall (Krokos et al, 2019).

Compared to conventional instructional methods, immersive VR provides
active learning experiences characterized by challenges, engagement, and play-
fulness, fostering situated knowledge and improving knowledge retention (Shi
et al, 2022). Given that VR integrates various media formats and presents
capabilities that surpass those of other media, we must assess the aspect
of cost-effectiveness when incorporating VR applications into pedagogical
frameworks (Pimentel et al, 2022).

In comparison to the studies of Vincur et al (2017), Tanielu et al (2019),
Jin et al (2020), Segura et al (2020), Sunday et al (2022), and Agbo et al
(2022), SSPOT-VR: (i) requires a smartphone and low-cost VR equipment to
provide an educational experience and (ii) uses BBP and storytelling to work
together with immersive VR to engage and motivate students on tasks, as
well as to present a programming activity in a simplified manner. In addition,
as stated by Radianti et al (2020), most studies focus on VR’s development
potential rather than reporting teaching and learning experiences or lessons
learned, therefore, we provided data gathered from 171 K-12 students that used
SSPOT-VR in order to analyze user acceptance and retention of knowledge.

The use of mobile devices with low-cost HMDs can also provide quality
immersive educational experiences for K-12 students and benefit their reten-
tion of programming concepts, therefore, representing the first steps towards a
broad adoption of VR in education (Radianti et al, 2020). On the other hand,
limitations and difficulties are associated with SSPOT-VR usage. Although
mobile VR expands access and reduces the cost of using an emerging technol-
ogy for education purposes, there are limitations regarding interactions within
the virtual world. Mobile VR enables users to explore 3DoF, in comparison
with 6DoF that high-end HMDs usually provide. In other words, in compari-
son with some related studies (Vincur et al, 2017; Jin et al, 2020; Segura et al,
2020), SSPOT-VR does not enable students to freely walk inside the virtual
world.

During the workshops, in real teaching and learning environments, one of
the first limitations was that students occasionally did not have any smart-
phone available, or a smartphone compatible with VR applications, which
requires accelerometer and gyroscope sensors. Considering that in some cases
there are no smartphones available, a high-end VR setup is even further away.
Some students also had difficulties in using HMD, which can at times offer
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slight comfort in its use. Moreover, its weight along with the weight of the
smartphone may cause fatigue in students’ necks, hampering their experience,
making it important to measure the time of immersive experience.

Finally, each and every aspect of the application must be developed and
deployed. Since SSPOT-VR is under development, students could experience
the only two available SSPOT-VR levels, namely, Introduction Level and
the First Challenge Level. Moreover, since SSPOT-VR is available only for
Android mobile operating system, only students with smartphones compatible
with the hardware and software required by SSPOT-VR were able to use the
application.

6 Conclusions and Future Work

Studies focused on supporting the teaching and learning of programming have
been adopting different technologies and educational strategies. We emphasize
the usage of: (i) BBP, an approach with low access barrier in comparison to
textual programming languages (Weintrop, 2019) and (ii) immersive VR, that
brings immersion and presence to the learning process, inserting students in
virtual worlds that stimulate their senses in the same way as the real world
(Vincur et al, 2017). In the current study, we introduced SSPOT-VR, a mobile
immersive VR application for supporting the teaching and learning of program-
ming concepts that provides access to the community by jointly approaching
BBP and storytelling with the usage of a low-cost VR HMD.

SSPOT-VR was experienced online or in-classroom by a considerable num-
ber of students (n; = 124, ng = 16 and ng = 31). Data were gathered
in accordance with theories of user acceptance and retention of knowledge.
Regarding our first research question, “Would K-12 students accept the use of
our mobile immersive VR application for supporting their learning of program-
ming concepts?”, the results point out that the application was well-accepted
for use both online and as a in-classroom activity and would be adopted by
children, teenagers, and young adults. They also reported it offered enjoyable
learning activities and that they are capable to learn using the application. In
addition, the quiz results showed students can retain knowledge experienced
inside the virtual world. Therefore, regarding the second research question,
“Do K-12 students retain programming knowledge after using our applica-
tion?”, students retained knowledge about computer programming after using
SSPOT-VR, such as the concept and purpose of algorithms.

According to the results, both null hypotheses were rejected and SSPOT-
VR brought together immersive VR, BBP, and storytelling in a low-cost and
mobile application for supporting the learning of programming concepts by K-
12 students. These results were similar to those from high-end HMDs studies,
conducted by Vincur et al (2017), Segura et al (2020), and Jin et al (2020).
In contrast, SSPOT-VR adopted mobile immersive VR, low-cost HMDs, and
storytelling. The results were also similar to those obtained by Tanielu et al
(2019), Sunday et al (2022), and Agbo et al (2022), although SSPOT-VR
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adopted an active programming method based on BBP. Furthermore, we also
evaluated our application with samples of the target audience.

SSPOT-VR can be adopted as a less digital divide solution, which is free,
low-barrier of entry, and a technological resource to assist students and edu-
cators in the process of teaching and learning of programming concepts. For
instance, when students are exposed to basic arithmetic operations in school,
educators can present the basic definition of algorithms with a mobile VR
application. This enables students to use and follow instructions from different
sources to develop algorithms to solve different types of problems, using both
natural languages and visual languages. The application can also be translated
into any language for usage anywhere.

This study contributes to the growing literature on supporting the teach-
ing and learning of programming concepts to children and teenagers, as well
as with the report of the design, development, and usage of a low-cost mobile
immersive VR application. By using SSPOT-VR students empower them-
selves with different computing and technology elements experience. The use of
mobile devices, the immersive experience with VR, and a BBP method could
support the presence and continuity of the fundamentals of programming in
students’ lives. This introduction to programming also enables them to better
understand the world, to have autonomy, flexibility, resilience, and creativity.

Future work will not only extend students’ access to the application, but
make SSPOT-VR available for other mobile operating systems and platforms
and in different languages. New features such as collaborative programming
and scaffolding will be added and, regarding experimental tests, traditional
teaching methods and other mobile applications that support the teaching and
learning of programming will be compared with SSPOT-VR towards evalua-
tions of preference and retention of knowledge. Free programming workshop
sessions will continue to be offered to the community as SSPOT-VR progresses.

Data Availability Statements

The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.
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