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Abstract—Computer programming is a highly desirable and 

in-demand skill; accordingly, introductory-level courses are 

included in engineering and science curricula. The increasing 

student dropout rates, however, have prompted educational 

research on advanced digital teaching and learning tools, such 

as Virtual Reality (VR), to attract and motivate students. In the 

present empirical study, a VR application was designed, 

developed in Unity 3D, and pilot-evaluated. A desktop 

(semi-immersive) and a head-mounted display (fully immersive) 

version of the same application were compared in terms of (i) 

educational effectiveness with novice programmers (junior 

engineering students), (ii) usability, and (iii) the user experience 

they offer. The application was effective for novice 

programmers; however, the difference in learning gains 

between the two versions was not statistically significant. In 

terms of usability, the fully immersive version was rated higher 

than the Desktop version, the difference here being statistically 

significant. User experience with the fully immersive version 

received very high ratings. Findings corroborated existing 

evidence on the effectiveness of VR as an educational tool for 

novice programmers and revealed a strong educational 

potential even for complex programming concepts. The findings 

also suggest directions for future research on the affordances of 

VR in education, although more comprehensive and rigorous 

evaluation is needed. 
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I. INTRODUCTION  

Virtual Reality (VR) is a rapidly evolving technology that 

enables simulated three-dimensional user experiences and 

allows users to interact with virtual environments and objects 

therein, as if they were real [1]. The contents of VR 

applications, as well as the domains that benefit from such 

applications, have expanded to cover a broad spectrum of 

fields ranging from entertainment, in the form of immersive 

digital games [2], to medicine [3], military/defense  

industries [4] and education and professional training [5].  

Education, in particular, is one of the areas where the 

advantages and affordances of VR have long been recognized 

and appreciated. Subjects that do not lend themselves to 

direct, hands-on student experience in the real world – due to 

safety, cost, physical dimensionality, or 

abstraction/complexity constraints – are now accessible via 

VR at an almost physical level of experience. Furthermore, 

recent advances in VR technologies offer enhanced user 

interactivity, complemented with safety and lower costs. As a 

result, a multitude of educational applications of VR have 

been and continue to be developed, to teach students in 

medicine [3], engineering [6], foreign languages [7, 8], 

history [9], chemistry, biology [10] and other sciences [11], 

among other disciplines. VR is also used to raise awareness 

and train the general public on physical disasters and 

emergencies, e.g., see [12] and references therein. 

The technological landscape of VR is also quite varied, 

with existing solutions addressing either single users or many 

concurrent, possibly interacting users, e.g., CAVE  

systems [13, 14], and affording various levels of immersion 

and interaction. Research and development of single-user 

systems are today focused on (i) the ‘semi-immersive’ 

Desktop VR, where the user views the virtual environment on 

a (computer) 2D screen and interacts with it through common 

devices such as keyboard, mouse or joystick, and (ii) the 

‘fully immersive’ or just ‘immersive’ Head-Mounted Display 

(HMD) VR, where the user bears a special headset or glasses 

with sensors that track user motion and interacts with the 

virtual environment through hand-held controllers. Desktop 

VR dominated the scene up to almost 10 years back, when the 

Oculus DΚ1 VR headset was launched [15, 16]; since then, 

HMD VR was made available to broader user groups.  

Today, both Desktop VR and HMD (immersive) VR find 

extensive use, thanks to their complementary advantages that 

render each solution attractive to specific target groups or 

settings. In either case, the user views and interacts with a 3D 

application running on a computer.  

⚫ Desktop VR allows the users to sense their physical 

environment; therefore, it typically produces more modest 

feelings of “presence” and “immersion”. However, it 

offers practical advantages: it relies on affordable, often 

already available equipment that requires minimal training; 

it improves safety and comfort because users do not need 

to move in physical space; and it supports joint viewing 

and possible collaboration at the same computer  

screen [17].  

⚫ HMD (immersive) VR, in contrast, insulates users from the 

physical environment and focuses their attention on the 

virtual world. The resulting increases in “presence” and 

“immersion” are counterbalanced by practical constraints: 

specialized equipment (HMD, controllers, 360° surround 

sound, and a high-specification computer) and user 

training; potential discomfort (e.g., dizziness, nausea, or 

headaches) that can limit session duration; the need for a 

larger, unobstructed physical space for safe movement; 

and higher development costs [18, 19].  

In terms of user interaction, and regardless of the 

technology employed, VR applications may be grouped into 

two categories:  

⚫ Experience VR, where the user assumes a largely passive 

role of viewing, inspecting, watching, hearing and in 
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general experiencing the virtual environment, while 

interaction is kept to a minimum: the user may only be 

required to start or stop the application, or to switch to the 

next scene; and  

⚫ Interaction VR, where interaction through devices such as 

keyboard, mouse, joystick or hand-held controllers in 

HMD-based VR is emphasized and often necessary for the 

scenario to unfold. The user assumes a more active and 

participatory role, often resulting in a richer experience 

due to a stronger sense of presence.  

Interaction VR is of great interest for education, as it 

facilitates the implementation of more advanced pedagogical 

approaches, such as active learning, discovery learning, and 

learning-by-doing [20]. It can therefore serve as an attractive 

alternative to hands-on laboratory training on subjects of 

human-machine interaction (driving vehicles or operating 

machinery) or human-human interaction (medicine, health 

care, social interactions). For the same reasons, 

Professional/Vocational Education and Training (VET) is 

another field that benefits from Interaction VR [21]. 

In either case, the reported educational and pedagogical 

advantages of VR are multifaceted [22]. The learners benefit 

from the feelings of presence and immersion created by VR 

technologies, in order to learn, explore and construct 

knowledge, possibly by trial and error, in a safe, low-cost and 

fear-of-failure-free framework. Immersive VR, in particular, 

increases learner focus, engagement and retention of the 

acquired knowledge, thanks to the temporary isolation from 

all external distractors [23, 24]. These conditions are 

considered ideal for developing learner skills, build learner 

confidence and self-efficacy, and eventually motivate the 

learner for lifelong learning.  

In the context outlined above, the present study aims to 

investigate VR effectiveness for teaching basic computer 

programming concepts to junior engineering students. 

Computer programming skills are today considered highly 

desirable and in high demand in the job market, with relevant 

introductory-level courses offered in the majority of 

undergraduate programs of studies in engineering, sciences 

or other disciplines [25, 26]. However, students have been 

reported to drop out of these courses at increasing  

rates [27–30]. As a result, modern educational research has 

turned to exploring educational methods and tools that afford 

increased user interaction with the learning content, e.g., [31], 

and/or increased user control over the pace and path through 

this content, e.g., [32], in order to attract, motivate and 

engage students in learning computer programming. VR is a 

major choice, thanks to its potential for student motivation 

and engagement.  

Along these lines, the present study employs VR 

technology to introduce junior Electrical and Electronics 

Engineering (EEE) students to basic programming concepts. 

This choice is motivated by two considerations: (i) traditional 

methods and tools (e.g., books, tables, and online 

whiteboards) often fail to attract and motivate students, and 

(ii) VR has an inherent advantage in this context because it 

functions both as the teaching/learning medium and as a topic 

taught in EEE and other relevant engineering and science 

disciplines.  

The main challenge of this study is to assess whether a 

technologically advanced, attractive, and interactive medium, 

 

Given the applied and empirical nature of this work, the 

findings are intended to inform practice rather than theory. In 

particular, the findings are expected to provide additional 

evidence on the educational effectiveness of VR and the 

relative merits of the different VR technologies currently 

available. Furthermore, the results can also inform education 

researchers and practitioners (including instructors/teachers 

and developers) in designing functional and well-accepted 

VR-based educational interventions. Finally, this study aims 

to offer insight into the potential of VR to support the 

teaching and learning of more advanced programming 

concepts in higher-education engineering and science 

curricula. 

II. LITERATURE REVIEW 

The use of an innovative technology such as VR for 

teaching and learning basic computer programming concepts 

and techniques has already attracted education research 

interest, as revealed by the set of recent publications 

reviewed in this section. This non-systematic review is based 

on Scopus, ERIC and Google Scholar and covers the years 

2017–2024, when VR technology had matured enough to 

become affordable and accessible to education researchers 

and practitioners.  

Among the articles retrieved, those selected should present 

empirical studies with users/learners that employ any type of 

VR technology for teaching and/or learning computer 

programming concepts and/or techniques; they should also 

include at least one evaluation activity and report results. 

Articles that have borderline relevance to the present research, 

e.g., those addressed to teachers or programmers rather than 

students, those proposing pedagogical models or frameworks 

for VR embedding, or those with purely technical orientation, 

are excluded. These inclusion/exclusion criteria yielded 21 

publications (Table 1), which reveal a clearly increasing 

research interest in the field. 
 

Table 1. Recent (2017–  

Year Publications 
Publications  

Count 

2017 (Vincur et al., 2017) [33] 1 

2018 (Vosinakis et al., 2018) [34] 1 

2019 
(Bouali et al., 2019) [35],  

(Tanielu et al., 2019) [36] 
2 

2020 (Jin et al., 2020) [37], (Segura et al., 2020) [38] 2 

2021 (Saleh et al., 2021) [39], (Pirker et al., 2021) [40] 2 

2022 

(Sunday et al., 2022) [41], (Lu et al., 2022) [42], 

(Parmar et al., 2022) [43],  
(Alexander et al., 2022) [17] 

4 

2023 

(Agbo et al., 2023) [44], (Gunay & Barakat, 

2023) [19], (Holder et al., 2023) [45],  
(Saleh et al., 2023) [46] 

4 

2024 
(Jin et al., 2024) [47], (Ekman et al., 2024) [48], 
(Jin et al., 2024) [49], (Avellar et al., 2024) [50], 

(Criollo-C et al., 2024) [51] 

5 

 Total 21 

2024) publications of relevant empirical research
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such as VR, leads to (i) improved learning outcomes 

(cognitive gains), obtained through (ii) a positive learning 

User eXperience (UX) (affective/emotional gains). To 

address these questions, an empirical, quasi-experimental 

study is conducted. The study is based on the design and 

development of a VR application Virtual Reality for Basic 

Coding Skills (VRBCS) whose effectiveness in evaluated in 

both domains, cognitive and affective, by comparing a 

Desktop VR version with an HMD-based immersive version. 



  

Common features shared among these studies are (i) the 

introductory level of the material that is addressed to novice 

programmers, and (ii) the rather young target groups, 

consisting mostly of junior undergraduate students.  

From the technological perspective, a first finding 

regarding the two aforementioned technologies of Desktop 

VR and HMD (Immersive) VR is that despite the 

conspicuous recent shift towards Immersive VR, Desktop 

VR still attracts considerable research effort. In fact, far from 

being outdated, Desktop VR has increased its ‘footprint’ as a 

more accessible and readily available solution of lower cost. 

Indeed, 7 out of the 21 studies (1/3) involve Desktop VR 

implementations, while 20 out of the 21 studies involve 

Immersive VR, either exclusively (50%), or in comparison to 

Desktop VR (30%) or to traditional, non-VR methods (20%). 

The use of low-cost solutions, such as Google Cardboard, 

is seen to attract certain research interest, especially in studies 

that address larger user groups, to suppress cost per  

not equipped with motion sensors, user discomfort is 

frequently reported (dizziness, nausea, headaches) due to the 

misalignment between user movements in the physical and 

the virtual spaces [41, 46]. It does not come as a surprise, 

therefore, that ‘smartphone VR’ popularity is declining,  

e.g., [44].  

From the educational perspective, the majority of the 

reviewed studies include evaluation/measurement of (i) user 

experience / satisfaction, as perceived after having used the 

app, (18 out of the 21 studies, or 85%), (ii) usability of the 

employed VR app, as measured, e.g., through the System 

Usability Scale (SUS) Questionnaire or other similar tools 

(13 out of the 21 studies, or 62%), and (iii) user attitudes 

towards / acceptance of a novel technology such as VR being 

introduced in education (16 out of 21 studies, or 76%). 

Despite the educational orientation of these studies, only 11 

out of them (practically 50%) include evaluation and report 

evaluation results on student learning gains/benefits. 

Among the studies that do measure (positive) learning 

gains are [34] on Logic Programming on component-based 

programming (Scratch-like) [36, 44, 43] on computational 

thinking, and [46] on Python programming. The last one 

reports a statistically significant difference between learning 

gains of the experimental group (VR) and the control group 

(traditional teaching). On the contrary, the differences in 

performance between experimental and control groups 

measured by Lu et al. [42] on student spatial visualization 

skills, by Jin et al. [49] on teaching Science, Technology, 

Engineering, Art and Mathematics (STEAM) and by Gunay 

and Barakat [19] on teaching graphical programming, are not 

found to be statistically significant. Positive results as to the 

user-perceived learning gains based on self-reporting rather 

than objective measurements are reported by  

Alexander et al. [17, 47], while increased learning gains of 

the experimental versus the control group are objectively 

measured in [43, 44].  

Another finding has to do with the lack of a common basis 

regarding the methodology, protocols and measurement tools 

for the evaluation of educational VR applications. 

Consequently, the results obtained should be interpreted with 

care, given that researchers have to resort to custom 

evaluation procedures and tools which in turn produce 

outcomes prone to a certain degree of subjectivity and 

therefore not directly comparable. 

Regarding the level of programming skills sought, the 

most popular choices are visual or block-based or 

component-based programming applications, along the 

tradition of Scratch. These choices are compatible with the 

target groups of novice programmers; furthermore, they 

indicate a policy of avoiding the more demanding form of 

coding in a typical programming language such as C, C++, 

Java or Python, in favor of more intuitive, self-explanatory 

and ‘cold-start’ forms that would allow the learner to 

concentrate on programming concepts rather than the 

‘technicalities’ of a language [38, 45, 47, 49, 50]. Of interest 

to the present study is that more challenging programming 

concepts, such as nested loops and recursion, are not 

included.  

Considering the technological and educational 

perspectives together, it may be claimed that educational VR 

environments and applications have not yet fully exploited 

the potential of VR technology. In particular, studies are 

inclined towards more elementary and simple representations 

that can be adequately portrayed by 2D technologies, 

blackboards, whiteboards, paper sheets with code written on 

them, panels and other types of flat surfaces being typical 

such examples. This trend may be ascribed to the intention of 

the researchers to keep the cognitive load low and to avoid 

 

III. THE PRESENT RESEARCH: MOTIVATION, RESEARCH 

QUESTIONS AND NOVELTY 

Motivated by the studies reviewed in the previous section, 

and by the strengths and weaknesses identified in the 

educational uses of VR, the present research aims to propose, 

design, develop, and evaluate a novel educational VR 

application, namely, Virtual Reality for Basic Coding Skills 

(VRBCS), to teach basic coding concepts and techniques to 

novice programmers (here, junior EEE students). 

Furthermore, Desktop VR and Immersive VR technologies 

are comparatively evaluated as to their educational 

effectiveness (learning gains of the users/learners), usability, 

and user experience. Specifically, the Research Questions 

addressed in the present study are: 

1) What is the educational effectiveness (learning gains of 

users/learners) of the immersive VRBCS version in 

teaching basic programming concepts and techniques to 

novice programmers, as compared to the Desktop version 

with the same content? 

2) What is the usability of the immersive VRBCS version, as 

compared to the Desktop version with the same content? 

3) What is the user experience of the immersive VRBCS 

version, as compared to the Desktop version with the 

same content? 

The pedagogical rationale for the development of VRBCS, 

like any other VR-based educational tool/technology, goes 

back to theories of learning that emphasize the role of 

experience and active participation. Specifically, the theories 

of learning by doing, active learning, discovery learning, and 

experiential learning, as proposed by Dewey [52] and later by 

Lewin [53] and Kolb [54, 55], posit that immediate 
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capita [35, 39, 44, 42]. Because these low-cost solutions are 

burdening/distracting the learners—VR users by more 

advanced and fancy 3D elements technically affordable in 

VR. 



  

experience obtained via active participation (e.g., as in a 

hands-on laboratory), and mediated experience obtained via 

reflection and analysis following active participation, are 

beneficial for learners, as they enhance learning outcomes. 

Recall and retention of new knowledge, in particular, are 

found to be enhanced, thanks to the strong mark that 

experience leaves on learners’ minds as compared to indirect 

knowledge obtained through reading or studying a subject. 

Similar (positive) results on learning gains are reported by 

research studies that employ VR technologies [56–59]. The 

educational effectiveness of VR technology draws exactly 

from experience and active participation: it is ascribed to the 

potential of VR to provide students with “almost real” 

experiences and to facilitate experimentation—a great 

advantage regarding domains of knowledge that do not allow 

direct experience because of cost, safety, dimensionality or 

abstraction / complexity issues. Computer programming falls 

under the latter class: the abstract and complex nature of this 

particular subject challenges and discourages students. VR 

technology emerges as an ideal solution for the development 

of educational scenarios that address the knowledge and 

skills mastery along with the motivation and engagement 

targets at once. VRBCS, in particular, aspires to build on 

these VR advantages in order to offer students concrete 

knowledge, yet, via a more attractive and motivating path.  

Is Research Question 1 on the educational effectiveness of 

VRBCS trivial or not worth investigating? Studies that report 

neutral or even negative findings in terms of learners’ 

knowledge gains via VR, such as [60] or [61], make further 

research necessary.  

The learning content of VRBCS is defined so as to cover 

basic programming concepts at increasing levels of 

difficulty:  

1) simple (not nested) loops, to be repeated a set number of 

times,  

2) calling of simple (non-recursive) functions and parameter 

passing,  

3) nested loops, for 2D data structures and problems,  

4) branching based on logic conditions (if-then-else type), 

and  

5) recursion—calling recursive functions.  

The target group is junior EEE undergraduate students, 

who are novices in computer programming and not familiar 

with VR technologies (e.g., gamers are excluded). The two 

versions of VRBCS, Immersive and Desktop, are to be 

comparatively evaluated on the same learning content and 

education scenario.  

The major specifications for the design and development 

of VRBCS are as follows: 

⚫ an interactive character that provides the user with 

immediate visual feedback as to the consequences of any 

action, decision or choice made,  

⚫ a gamified educational character, yet, with minimal game 

elements (not a full game, not DGBL),  

⚫ a non-competitive character, that is based on the use of 

bonuses but not penalties,  

⚫ a not time-pressured character, without timeouts, to avoid 

stressing the user.  

This specific research targeting and framework certainly 

have common elements with existing research regarding the 

learning content, the target group, and the interactive and 

gamified character, while also being innovative in certain 

other aspects. One such aspect is the comparison of the 

Immersive and Desktop VR technologies, which is 

performed here on exactly the same learning content and 

scenario, in contrast with existing studies that proceed to 

compare these technologies on different content and on 

similar but not identical scenarios [19, 48]. Such use of a 

common learning basis is considered critical to isolate the 

effect of the VR technology from other interfering factors.  

A second innovative element of the current research is the 

evaluation tools employed. Since the two versions of the VR 

application essentially differ only (i) as to the level of 

immersion and (ii) as to the means of user interaction 

(keyboard/mouse versus hand-held controllers), the 

evaluation questionnaires users will be asked to complete are 

also designed to be essentially identical as to (i) the learning 

gains (knowledge test), and (ii) usability of the application, in 

order to guarantee comparability of the results. A third, 

separate questionnaire is employed for the evaluation of the 

immersive VR version on user experience; this is justified by 

the distinct character of the immersive VR version. This 

setup is decided so as not to decrease the comparability of the 

results of the first two tests/questionnaires.  

Another novel element of this study is the strict filtering of 

the volunteering students to select the final experimental 

group, in order to ensure homogeneity of the group (junior 

EEE students, novices in programming, no VR 

experience/not gamers).  

Last but certainly not least is the novelty in the learning 

content covered by the present study: nested loops and 

recursive function calling are topics not addressed in existing 

studies, because of their more complex level. The 

pedagogical approach of increasing level of difficulty 

adopted by the current study, however, is consistent with the 

inclusion of demanding content, such as recursion, as a final 

stage / VR scene of the content.  

IV. DESIGN AND DEVELOPMENT OF VRBCS 

VRBCS comprises eight scenes with progressively more 

demanding learning content, from the first (Scene-1) to the 

last one (Scene-8). The Unity 3D engine is used to develop 

the same 8 scenes in both the Desktop and Immersive 

versions of VRBCS. For the development of the immersive 

version, the HTC Vive Pro headset is employed, equipped 

with movement sensors and hand-held controllers. Table 2 

provides an overview of the five programming concepts 

taught and the respective VRBCS scenes that elaborate on 

each concept.  
 

Table 2. Programming concepts and relevant scenes in VRBCS 

Concept VRBCS Scenes 

(i) simple (not nested) loops, to be repeated a set 

number of times 

Scene-1, Scene-2, 

Scene-3, Scene-4 

(ii) calling of simple (non-recursive) functions 

and parameter passing 

Scene-1, Scene-2, 

Scene-3, Scene-4 

(iii) nested loops, for 2D data structures and 
problems 

Scene-5 

(iv) branching based on logic conditions 
(if-then-else type) 

Scene-6, Scene-7 

(v) recursion—calling recursive functions Scene-8 

 

A. Simple Loops and Calling of Simple Functions  

These two concepts are jointly introduced and practiced in 
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the first four scenes, Scene-1 to Scene-4. In either of these 

scenes, the user is prompted to select the appropriate buttons 

in order to move an object (the rotation-invariant red cube or 

the rotation-variant smiley face) to a target position. The 

transport is completed in a number of identical one-step 

movements, repeated for a number of times; the number is 

calculated and inserted by the user. The scenario is 

implemented as a simple for-loop included in a simple 

function that is called when the user presses the RUN button 

for the scenario to start unfolding.  

(a) 

(b) 

Fig. 1. Simple loops and simple function calling with 1 parameter. (a) 
VRBCS-desktop version; (b) VRBCS-immersive version. 

(a) 

(b) 
Fig. 2. Simple loops and simple function calling with 2 parameters. (a) 

VRBCS-desktop version; (b) VRBCS-immersive version. 

All four scenes involve movement along a single axis (1D 

 

 

 

  

B. Nested Loops for 2D Data Structures and Problems

Random movement on the 2D plane is selected as a

suitable analogy to introduce the students to 2D data 

structures and problems. In particular, a familiar 8x8 

chessboard is selected to depict the 2D plane (Fig. 3). The 

user is prompted to move an object (a red cube) to a selected 

destination cell, by setting the values of X and Y coordinates 

of the destination. ‘Building’ on knowledge from preceding 

scenes, a single move function is called with two parameters 

(X and Y coordinates of the destination cell); here, however, 

the implementation of the move function includes two 

for-loops, with one nested inside the other. The outer for-loop 

proceeds along X direction. For each X value of the outer 

for-loop, the inner for-loop moves the object along the Y 

direction, until the destination cell is reached.  

(a) 

(b) 
Fig. 3. Nested for-loops in a single move function, to move an object on the 

2D plane. (a) VRBCS-desktop version; (b) VRBCS-immersive version. 

C. Branching Based on Logic Conditions (If-Then-Else)

The concept of program branching based on logic

conditions is introduced through the familiar situation of a 

pedestrian that has to decide when and how to cross a street 

safely. The crossing is equipped with a timer, and safe 

crossing can be achieved by walking or running, when the 

light is green. A human-like figure (Pinocchio) is used to 

enhance users’ feeling of presence. A points bonus is 

introduced as a gamification element (Fig. 4). The user 

should first read and understand the conditional statements 

shown in pseudo-code:  
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problems) although multiple 1D axes may be available. The 

user may experiment with either calling one of four 

direction-specific functions, namely, moveForward, 

moveBackward, moveLeft, moveRight and passing a single 

parameter (number of iterations—steps along that direction), 

e.g., Fig. 1, or calling the unique, direction-independent 

function move, and passing two parameters (direction and 

number of iterations—steps), e.g. Fig. 2.



if (traffic_light == GREEN && countdown >= 

10) 

Walk(); 

else  

if (traffic_light == GREEN && countdown < 

10 && countdown >=5) 

Run(); 

else  

Wait(); 

It is a nested if-then-else type of conditional code that 

implements a tri-furcation branching logic. Scenes with 

multiple successive pedestrian crossings are developed for 

training.  

(a) 

(b) 

Fig. 4. Tri-furcation branching based on logic conditions (if-then-else type). 
(A) VRBCS-desktop version; (B) VRBCS-immersive version. 

D. Recursion—Calling of Recursive Functions

(a) 

(b) 

 

Recursion is an essential concept in computer 

programming that students often find challenging to 

understand. The paradigm selected to introduce this concept 

is building a tower of N blocks, as it is both simple and 

intuitive (Fig. 5). The scenario unfolds (i) in a top-down, 

problem-decomposition direction, where building a tower of 

N blocks is broken down to an identical but ‘smaller’ 

problem of building a tower of N-1 blocks, plus an ‘easy’ step 

of adding 1 block on top, and then (ii) in a bottom-up, 

solution-composition direction, where N blocks are 

successively added to build the tower and solve the original 

problem. It is implemented as a recursive function called with 

the number of blocks (N) as a parameter. Both scenarios are 

explained by appropriate pseudo-code on screen.  

E. Discussion on Design and Development

The structure and design of VRBCS is dictated by a set of

practical considerations, constraints and education-related 

decisions discussed in this section.  

The extent of VRBCS (5 concepts, 8 scenes) is set after 

consideration of the requirements of the learning content 

covered, jointly with the maximum time the user could 

comfortably remain in the Immersive VR version, which is 

generally considered to be limited to a continuous session of 

 

Graphical elements are intentionally kept simple, in order 

to emphasize interaction and usability over decoration and to 

avoid distracting users from the learning goals. In the 

Immersive VR version, the look and feel of the virtual 

environment are uniform across all scenes; they all feature an 

open, exterior space. The user stands on a 2D plane (the 

ground) of green color that extends to the horizon; blue skies 

are used above the horizon. Besides their intuitive nature that 

makes the user feel all is normal and therefore safe in the 

virtual world, these choices are meant to also give the user a 

feeling of ample space without physical limitations. A similar, 

yet, more simple type of environment is adapted for the 

Desktop version.  

In the scenes where the user has to proceed through 

selection of values, the selection mechanism is implemented 

as virtual buttons, in both versions. In the Desktop version, 

the user has to click upon these buttons using the mouse or 

the keyboard (typical choice in computer games), while in the 

Immersive version the buttons are mounted on one (or two, 

where necessary) selection panels and the user selects the 
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Fig. 5. Recursion—calling of a recursive function to build a tower of 5 

blocks. (a) VRBCS-desktop version; (b) VRBCS-immersive version.

30 min. This ‘outer’ time frame is not imposed internally to 

the scenes, however. In the scenes, timers and time-outs are 

avoided to allow users take their time in each scene and to 

avoid increasing their stress while they will be striving to 

address at once the demands of the equipment and the 

learning content. In fact, it is the learning content per se that 

dictates this ‘loose’ time management, since it is expected 

that the time each user needs to observe and study each scene 

in detail and respond to the tasks in it may vary significantly, 

depending on individual background. Another concern as to 

the Immersive VR version is that a user might feel like 

removing the HMD and taking a short break due to 

discomfort, dizziness or headache; a scene should not time 

out in such cases, in order to allow the user to get back and 

seamlessly continue when feeling comfortable. 

Consequently, no limit is set as to the time the user remains in 

a certain scene, the number of repetitions of the same scene or 

the overall time the user spends in VRBCS.



  

proper one by pointing at it with the hand-held controllers. 

For the user’s convenience, button categories are color-coded 

depending on functionality, with the same color code used in 

both versions.  

The educational character is dominant in both versions; 

gamification elements are embedded in certain scenes to 

render the application more attractive, yet, not in the form of 

a complete digital game that would justify the 

characterization as Digital Game-Based Learning (DGBL). 

The two versions are designed and developed to be 

educationally fully equivalent, their major differentiation 

being the type of user interaction, as mentioned above.  

Since users are selected so as not to be familiar with the use 

of VR, they need briefing, directions, and some time to 

familiarize themselves with the virtual environment, the 

equipment (HMD, controllers), the way to move around 

(teleporting) and the way to handle virtual objects through 

controllers. In order to accommodate this need, that is more 

evident with immersive version users, the learning content of 

the first scene is intentionally kept to a minimum, in order to 

have it serve as an introductory step.  

V. PILOT EVALUATION AND RESULTS 

A. Evaluation Methodology, Sample and Tools 

The pilot evaluation of VRBCS was conducted by 

volunteering junior undergraduate EEE students of the 

University of West Attica (UNIWA), Athens-Egaleo, Greece, 

who enrolled in the 1st semester of studies in academic year 

2024-25.  

The research protocol submitted to the UNIWA Research 

Ethics Committee for approval included a mandatory 

informed consent form signed by all volunteers. The form 

clearly stated the research aims and objectives, procedures, 

tools and measures against potential hazards (e.g., discomfort 

in Immersive VR). Students’ rights were also clearly stated, 

including (i) participation on a purely voluntary basis, (ii) the 

right to leave the project at any time and without any 

academic or other consequence, (iii) the protection of their 

personal data as per GDPR, through confidential handling by 

the research group and anonymized presentation of the 

results of the study, (iv) the storage of only the absolutely 

minimum data necessary for the objectives of the study, 

where no sensitive personal data are to be included, (v) the 

publication of aggregate, statistical analysis results and no 

identifiable individual cases, and (vi) the secure storage of 

collected raw personal data according to the data protection 

legislation in effect (GDPR or other).  

Upon approval of the research protocol, a call for 

volunteers was addressed to all students enrolled in the 

EEE.1.5 ‘Introduction to Programming’ 1st year 

undergraduate course. A grade bonus in the EEE.1.5 course 

laboratory (mandatory unit) was offered for full participation 

in this study. The students could choose to evaluate the 

Desktop or the immersive version of VRBCS, or they could 

accept being placed in either of the two conditions by the 

researchers. Two experimental groups were thus formed: 

Group A (19 students) for the Desktop version and Group B 

(14 students) for the immersive version. Homogeneity within 

each group and equivalence of the two groups as to (i) 

background knowledge on programming and (ii) experience 

in using VR, were ensured thanks to the strict admission 

criteria employed.  

Methodologically, the study is a quasi-experiment [62] 

using convenience sampling, two experimental conditions 

(Desktop VR vs. Immersive VR), and no control group. The 

latter choice was made because at this initial stage the aim is 

not to compare VR educational effectiveness to that of 

conventional teaching. This type of evaluation would require 

a careful alignment of the learning content to the specific 

chapters taught in the hosting course per week, and a 

synchronization of the VRBCS evaluation process with the 

class teaching along the academic semester. Following such 

practical considerations, evaluation of VRBCS with a control 

group is planned as a next phase of this study. 

The evaluation tools employed comprise 1 knowledge test 

and 2 different questionnaires, completed online by the 

students. These are:  

1) A knowledge test, developed by the authors and tailored 

to the learning content covered by VRBCS. It consists of 

15 closed-ended questions, 13 of the multiple-choice type 

and 2 of the matching type.  

2) A usability questionnaire developed by the authors as an 

extended version of the standard System Usability Scale 

(SUS), developed by John Brooke in 1986. SUS has 

gained popularity and has become a standard tool for 

usability evaluation of any online environment [63]. It 

consists of 10 questions in the form of statements aimed 

at assessing user experience of such a system as to its 

usability. Users have to rate their agreement with each 

statement on the 5-point Likert scale, from 1 = ‘fully 

disagree’ to 5 = ‘fully agree’. To better serve the purposes 

of the current study, here SUS is extended into eSUS, by 

appending 7 more items to the original 10, to obtain a set 

of 17 items, 14 of which are statements requiring 

agreement scores on the 5-point Likert scale (quantitative 

analysis), while the last 3 items are open-ended questions 

requiring free text answers (qualitative analysis).  

3) A custom User eXperience (UX) questionnaire. This is 

based on a similar concept questionnaire proposed and 

used by [64], adapted in order to accommodate the 

immersive version of VRBCS. It consists of 10 

statements to be answered on the 5-point Likert scale 

from 1 to 5 and it is aimed at assessing the experience of a 

user that has used and interacted with an Immersive VR 

application.  

The knowledge test and extended usability questionnaire 

are completed by Group A and Group B students, in order to 

obtain comparable results as to the educational efficiency and 

the usability of VRBCS, while the user experience 

questionnaire is completed only by Group B students.  

The knowledge test, in particular, was administered as a 

post-test only, because the strict admission criteria employed, 

along with the student status (1st year students in their 1st 

semester of study), rendered a pre-test on programming 

knowledge redundant and possibly discouraging for the 

volunteers. 

Regarding evaluation procedure and settings, 

⚫ The 19 students in Group A were asked to download the 

executable file of the Desktop version of VRBCS from 

UNIWA Open E-class platform to their computer and run 

it asynchronously at home. To complete the task and gain 
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the bonus grade, they should go through all eight scenes 

and then complete the knowledge test and extended 

usability questionnaire described in the previous 

paragraph. A loose time limit of a week was set, so as not 

to pressure the students but to ensure that both items would 

be completed soon after running VRBCS.  

⚫ The 14 students in Group B were asked to run the

immersive version of VRBCS in the Electronics and

Computers Laboratory of the aforementioned Department

of EEE in UNIWA Campus II, Building Z, Lab ZB-110.

This room is equipped with HTC Vive headsets,

computers with adequate resources to run Unity 3D and

the immersive version of VRBCS, as well as a free space

of adequate surface and equipped with sensors adjusted for

Immersive VR testing. A timetable was arranged

according to individual student availabilities. Students

were admitted in the Lab in groups of 3. The first author

briefed each group on VR technology and its educational

uses, on the aims and objectives of the present study and

on the VR equipment they would use to test VRBCs. The

next step was actual VRBCS testing; this was performed

individually by each user and lasted for approximately 20

minutes, student-dependent. The first author was standing

by, in the same room, to make sure the tests would run

smoothly and the users would feel safe and comfortable.

Upon completion, the student would be asked to complete

all 3 evaluation items described in the previous paragraph,

while the next student would proceed to use the HMD and

controllers and test the application.

B. Knowledge Test Results

Knowledge test was completed online by 33 users in total,

19 students in Group A, anonymized here as A_ST_01 to 

A_ST_19 and 14 students in Group B, anonymized here as 

B_ST_01 to B_ST_14. The actual test was not anonymous, 

because of the bonus grade offered to reward volunteering 

students for participation. The 15 questions in the test were 

graded on the 0 to 10 scale; maximum student score was thus 

150. Personal average grade and standard deviation across

the 15 questions of the test were calculated for each student

and linearly scaled to the 0–100 range, for easier

interpretation. Results in the form of personal average grades

± 1 standard deviation are shown in Fig. 6(a) and Fig. 6(b),

per student in Group A [B], while Group-average grades,

 

The average grade in Group A was 86.89 over 100.00 with 

a standard deviation of 33.95; individual student grades 

ranged between 63 and 94 (Fig. 6a). In comparison, average 

grade in Group B was 87.79 over 100.00 with a standard 

deviation of 32.43; individual total scores ranged between 78 

and 100 (Fig. 6b). These results are sufficiently close to 

indicate that there is no significant difference between the 

two versions of VRBCS as to student knowledge and learning 

gains. A t-test is performed to test this (null) hypothesis of 

zero difference of the means in the two Groups, A and B. The 

two groups are not paired (independent samples) and the 

degrees of freedom are 31. The 2-tailed t-test value is 

t = –0.3527 (p = 0.7266, for a = 0.05). The null hypothesis 

cannot be rejected, i.e., the difference in the means of the two 

Groups is not statistically significant.  

Fig. 7 provides a closer look at the contribution of each 

question in the knowledge test to student knowledge. The 

first 2 questions are more challenging to the students, 

regardless of group they belong, as only 2 or 3 correct 

answers are given in each question. A possible explanation is 

that these 2 questions focus on content not explicitly 

presented in VRBCS; rather, the student is expected to 

observe the details in the respective scene in order to fully 

understand the concept. In contrast, the majority of students 

in either group give correct answers to all other questions, 

despite their progressively more demanding content. 

(a) 

(b) 

Fig. 6. Student grades in the knowledge test completed after trying VRBCS. 

Horizontal axis: anonymized student ID. Vertical axis: personal grade 
normalized to 0 – 100 (average ± 1 SD). (a) Group A students. (b) Group B 

students.  

Fig. 7. Comparison of Group A and Group B average grades across the 15 

questions of the knowledge test. Blue: Group A. Red: Group B. 

C. Extended System Usability Scale Questionnaire

Results—Quantitative Part
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normalized to the 0–100 scale, are shown in Fig. 7 per 

question. 

The results obtained by analyzing student answers to the 

extended System Usability Scale (eSUS) questionnaire are 

presented here separately for items 1–14 (quantitative 

analysis), and for items 15–17 (qualitative analysis). The 

reliability of the quantitative part of eSUS is first checked by 

Cronbach’s α [65], which was α = 0.859 (ideally, 0.70 < α < 



1.0), and by the average inter-item correlation of the 14 items 

(questions), which was r = 0.313 (ideally, 0.20 < r < 0.40). 

Both values indicate that eSUS is internally consistent, i.e., 

all 14 items consistently measure the same underlying 

concepts / dependent variables. Given that the original SUS is 

reported to have Cronbach’s α at the level of 0.90 to 0.92, the 

value obtained here indicates that the modification adopted in 

the present study has not severely affected its internal 

consistency. Furthermore, it was found that Cronbach’s α 

does not increase when any one of these items is left out of 

the eSUS questionnaire, meaning that none of the 14 

questions is redundant. 

    

 

 

 

 

(a) 

(b) 
Fig. 8. Student scores in the extended usability test completed after trying 

VRBCS. Horizontal axis: anonymized student ID. Vertical axis: personal 
score, on the 5-point Likert scale (1 – 5), average ± 1 SD. (a) Group A. (b) 

Group B. 

In Fig. 8(a), Group A average score is 3.63 ±0.49 (average 

±1 standard deviation); it conveys a moderately positive 

student view on the usability of the Desktop version. Personal 

average scores range from 4.57 (A_ST_16) to 3.00 

(A_ST_08) over 5.00; extreme values differ by only 1.57 

over 5.00, showing moderate convergence and homogeneity 

among Group A student views. Standard deviations range 

from 1.43 (A_ST_15) to 0.27 (A_ST_04) over 5.00; the 

difference of 1.17 over 5.00 is also indicative of a moderate 

level of agreement among Group A students. 

In Fig. 8(b), Group B average score is 4.41 ±0.22 (average 

±1 standard deviation); it conveys a more positive student 

view on the usability of the immersive version as compared 

to Group A student view regarding the Desktop version. 

Personal average scores range from 4.96 (B_ST_11) to 3.93 

(B_ST_01) over 5.00; extreme values differ by 0.93 over 

5.00, showing an increased level of convergence and 

homogeneity among Group B student views. Standard 

deviations range from 1.40 (B_ST_04) to 0.36 (B_ST_11) 

over 5.00; the difference of 1.04 over 5.00 is also slightly 

lower than the respective Group A value of 1.17, indicating a 

higher level of agreement among Group B students.  

The overall picture portrayed by Fig. 8 is that Group B has 

increased average scores accompanied by lower standard 

deviations, as compared to Group A. It can be claimed, 

accordingly, that although both versions were evaluated on 

the positive side, usability of the immersive version was more 

positively regarded than that of the Desktop version. This is 

verified by the t-test performed to test the null hypothesis of 

zero difference of the means in the two Groups, taken in the 

sense ‘Group A – Group B’. The two groups are not paired 

(independent samples) and the degrees of freedom are 27. 

The 2-tailed t-test value is t = – 5.311 (p = 1.320·10^(-5), for 

a = 0.05). The null hypothesis is rejected, i.e., the difference 

in the means of the two Groups is statistically significant. 

The results in Fig. 8 are presented per question in Fig. 9. 

Group A [Group B] average ±1 standard deviation is 3.74 

±0.26 [4.40 ±0.29]. Furthermore, group-averaged scores per 

question are higher in Group B than in Group A for each and 

every question. Consequently, Group B students find the 

immersive version of increased usability compared to Group 

A students and their evaluation of the Desktop version. This 

result corroborates findings in Fig. 8 above. 

A closer inspection of Group A (Desktop version) answers 

in Fig. 9 shows that Question_01 (‘I think I would like to use 

this system frequently’) is the least positively regarded one. 

Indeed, it received a moderate 3.05 over 5.00, indicating that 

possibly students did not find this version attractive and/or 

interesting enough, despite its ease of use and the 

asynchronous, ‘your-time-your-place’ protocol used with 

them. On the contrary, Question_02 (‘I found this system 

unnecessarily complex’) is the most positively (originally, 

least negatively) regarded one, with a 4.05 over 5.00 in the 

reversed logic (1.95 over 5.00 in the original logic), 

indicating that students found the system straightforward to 

use.  

 

A similar type of inspection of Group B answers shows 

that the Question_04 (‘I think I will need assistance by a 

technical person in order to be able to use this system’) 

received a moderate 3.6 over 5.00, indicating that students 

did feel the need for a certain degree of technical support 
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The eSUS results, in the form of personal average scores 

±1 standard deviation, are shown in Fig. 8(a) and Fig. 8(b)

per student in Group A [B], while Group-average scores are 

shown in Fig. 9 per question. Given that the original SUS 

questionnaire arranges its 10 questions in alternating 

positive-negative direction (wording)—a pattern repeated 

also in the eSUS questionnaire—before proceeding with the 

quantitative analysis, responses to negatively worded items 

were reverse-coded to 5–1 instead of 1–5, to align all items in 

the same direction and obtain meaningful statistical results.

Fig. 9. Comparison of Group A and Group B average student answers to the 

eSUS questionnaire (items 1–14), on the 5-point Likert scale (1–5). Blue: 

Group A. Red: Group B.



  

while using the immersive VRBCS version. This finding 

verifies that it was meaningful both to brief Group B students 

before using the equipment and to have one of the researchers 

(first author) present in the room and standing by while the 

students used the immersive version of VRBCS in the lab. 

D. Extended System Usability Scale Questionnaire 

Results—Qualitative Part 

The last 3 questions in the eSUS questionnaire are 

open-ended and require free-text answers. Although they do 

not exactly refer to usability, they are appended to eSUS 

because they are deemed necessary for a comprehensive 

evaluation of the two VRBCS versions. 

Question_15 ‘What was the best element of this 

application / the one you liked the best?’ 

⚫ Group A: The majority of students singled out Pinocchio 

and the scenes where he appeared (Scene-6 and Scene-7) 

as the best part of the application (11 users), followed by 

Smiley who rotated to face the correct direction before 

moving along it, in Scene-2, Scene-3 and Scene-4 (4 

users). In more detail, elements students referred to as 

their favorite were interactivity, the fact that Pinocchio 

would move on their ‘command’ (pressing the walk or the 

run button), the fact that the code was made part of a game 

and held the role of instructions, as well as the 

gamification elements and the chance to gain points. 

Several users made positive comments on the application 

as being ‘well programmed’ and ‘smoothly running’.  

⚫ Group B: The simple, easy-to-use character of the 

application along with the clear directions and the 

immediate feedback were the top elements (4 users), 

followed by Pinocchio and the scenes where he appeared 

and where the user had to read and understand the code in 

order to act properly and get the points (3 users). 

Immediate feedback was also praised in these scenes. The 

increasingly demanding content along the 8 scenes was 

referred to by 3 users and the interaction opportunity the 

user was given in the virtual world as well as the smooth 

moving in the virtual space through teleporting were also 

referred to by 3 more users. An overall positive experience 

was mentioned by almost all 14 students who stated that 

they found the application attractive and motivating as 

well as educative through a direct and experiential 

learning method.  

Question_16 ‘What was the worst element of this 

application / the one you liked the least?’  

⚫ Group A: The majority of students replied that they 

considered the application as more or less successful, 

although 16 out of the 19 students did refer to points that 

they did not like or thought that should be re-examined. 

Scene-1 could be omitted as rather trivial (5 users); 

Scene-8 should better explain its content (the concept of 

recursion) (4 users); the sound of cars horns as Pinocchio 

was run over in Scene-6 and Scene-7 was unpleasant (1 

user); all scenes would benefit from a smoother way to exit, 

e.g., an exit button (a few users); all scenes would benefit 

from more detailed directions in case of user error (a few 

users).  

⚫ Group B: Out of the 14 users, 6 did not identify any 

negative point; rather, they described their experience as 

clearly positive. The other 8 students raised the following 

points which they characterized as ‘minor comments’: 

Scene-1 was rather trivial; it could be made more 

interesting by allowing the user to move more freely in the 

virtual space; Scene-8 (recursion) was not interactive 

enough; the arrangement of selection buttons on panels 

could be improved; certain technical issues should be 

addressed.   

Question_17 ‘What changes would you suggest for further 

developing this application in the future? 

⚫ Group A: Although all students expressed positive overall 

opinions on the application tested, the majority of them 

had interesting ideas to propose for the improvement and 

extension of the application. Major elements referred to 

 

Pinocchio scenes, for example, cars should be shown 

running on the street, or Pinocchio should flex his legs 

when walking or running. Increased interactivity of the 

user was proposed; more detailed introduction and 

directions as well as feedback signs to the user as to his/her 

progression along the material were deemed necessary 

throughout the scenes. The moving objects should be 

allowed to make more free / complex movements; a minor 

application bug detected should be corrected; a smoother 

way to exit a scene should be provided.  

⚫ Group B: More complex and demanding scenes and tasks 

were proposed by 4 users; certain of the eight scenes could 

merge to result in a smaller, yet more challenging set; the 

user should be given more choices and increased 

autonomy; increased user interactivity should be 

introduced; more scenes; better graphics. Last but not least 

one of the students notes: ‘I would like it to extend into 

more scenes and further on to extend to other subjects 

taught in our curriculum. It is very useful to enter a virtual 

world and to be able to see how things one designs or 

  

E. User Experience Questionnaire Results 

The User Experience (UX) questionnaire, consisting of 10 

questions-statements to be answered on the 5-point Likert 

scale (1–5), was first checked with the Cronbach’s α, 

calculated as α = 0.626 (ideally, 0.70 < α < 1.00), and with the 

average inter-item correlation of the 10 items (questions), 

calculated as r = 0.187 (ideally, 0.20 < r < 0.40). Both values 

are lower than anticipated, indicating an internal consistency 

problem. It was found, however, that both statistics increased 

when one particular question, namely, Question_04 “I did not 

feel uncomfortable/unconfident whenever the buttons were 

out of my field of view”, was removed from the set of 10; 

furthermore, removal of any other single question did not 

have an increasing impact on these two statistics. A closer 

look in the results revealed that Question_04 combined low 

average score with high variability (3.93 ±1.14 over 5.00). 

Therefore, this question was removed and the UX finally 

used consisted of 9 out of the original 10 questions. The 

modified UX questionnaire of 9 items was validated before 

reuse, on the same data used to validate the original 

questionnaire. Cronbach’s α was recalculated as α = 0.758 

and average inter-item correlation was recalculated as r = 

0.267. To further validate internal consistency of the 

modified UX questionnaire, the MacDonald’s omega (ω) 

coefficient was calculated [66]. This is considered as a 

stronger indicator of internal consistency than Cronbach’s α 

and under more loose assumptions. The value obtained was ω 
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studies in theory would look like or function in practice’.

were better graphics and richer visual elements—in the 



= 0.825, which indicated strong internal consistency (ideally, 

0.8 < ω < 1.00).  Therefore, all three statistics yielded 

acceptable values indicating that the modified UX 

questionnaire is internally consistent, while none of the 9 

questions is redundant. 

The modified UX was completed by the 14 students in 

Group B (immersive version of VRBCS), immediately after 

having used the application. Results are shown per student in 

Fig. 10(a) (personal average score ±1 standard deviation), 

and per question in Fig. 10(b) (group-averaged score for each 

question ±1 standard deviation). All 9 items 

(questions-statements) are positive-directed, their 

interpretation therefore is that the most favorable answers are 

towards 5.  

   

 

 

Fig. 10(b) shows that all 9 questions are favorably 

answered by the students, as average values range from 3.86 

to 4.79 over 5.00, with a total average of 4.33 ± 0.29. In fact, 

Question_01 (‘I thought this VR application was easy to use’) 

is the one answered to the most positive, followed by 

Question_07 (‘I did not need much time to select the 

combinations of buttons for my answer’), while Question_02 

(‘I thought there was not much inconsistency in this 

application’) is the one answered to the least positive. 

Students have therefore found the immersive version of 

VRBCS chiefly easy to use and of intuitive, self-explanatory 

design, although they express certain concerns about its 

consistency.  

(a) 

(b) 
Fig. 10. Group B student answers to the UX questionnaire, on VRBCS 

immersive version. (A) Personal average scores per student. Horizontal axis: 

anonymized student ID (1-14). Vertical axis: Personal average score across 
the 10 questions (average ± 1 SD). (B) Group-averaged scores per question. 

Horizontal axis: Question number (1-9). Vertical axis: Group-averaged score 
per question (average ± 1 SD). 

VI. DISCUSSION

A. Answers to the Research Questions

Research Question 1: What is the educational effectiveness

(learning gains of users/learners) of the immersive VRBCS 

version in teaching basic programming concepts and 

techniques to novice programmers, as compared to the 

Desktop version with the same content? 

Based on the results in section V.B, it may be claimed that 

both versions of VRBCS are effective as tools for teaching 

and learning basic programming concepts and techniques. 

The high scores obtained by students in either Group 

(approximately 87/100), as shown in Figs. 6 and 7, are an 

objective measure of this effectiveness. Furthermore, the 

differences in student performance between the two groups 

are not pronounced enough to establish superiority of the 

Immersive or the Desktop version; the two versions are in 

fact found to be practically equivalent in that aspect.  

This outcome is in good agreement with existing studies 

that report practically equivalent effectiveness of Immersive 

and Desktop VR in the cognitive domain [19, 47, 49], 

although certain other studies report superior educational 

efficiency of the Immersive VR [43]. Such disagreement may 

be due to the fact that evaluation methods, protocols, sample 

and tools have not yet been standardized; the results produced 

are therefore not directly comparable. In a broader 

perspective, the same outcome is in good agreement with all 

existing studies that report generally positive learning gains 

through VR [17, 36, 44–46]. 

The learning equivalence between Immersive and Desktop 

VR has significant implications for the cost and scalability of 

VR technology in education. Despite higher user evaluations, 

Immersive VR requires specialized and costly equipment 

(HMD, sensors, dedicated space and powerful computers). 

On the other hand, Desktop VR is far more easily scalable, 

because space and equipment already available in any 

computer laboratory can be utilized. It is therefore an 

advantageous solution for low budget and/or large student 

cohort conditions. In contrast, the number of available 

devices limits the number of participants in Immersive VR. A 

promising solution is to combine Immersive VR for small 

groups or more specialized and demanding learning 

subjects/scenarios and Desktop VR for general integration 

into the curriculum, in order to achieve both pedagogical 

effectiveness and sustainable use of resources.  

Current VR technology offers low-cost and easy-to-use 

immersive VR systems, such as smartphone holders with 

glasses, of significantly reduced interaction and user 

experience quality, as well as advanced VR systems that do 

not require sensors and/or external computer(s) and offer a 

good quality-price balance. Given the variety of existing VR 

solutions, the choice should result from jointly analyzing 

technical and financial terms against the needs of the specific 

use case. 

Research Question 2: What is the usability of the 

immersive VRBCS version, as compared to the Desktop 

version with the same content? 

Both VRBCS versions received positive evaluations as to 

their usability, with an average score of 3.63 (±0.49) for the 

Desktop version (Fig. 8a) as compared to 4.41 (±0.22) for the 

immersive version (Fig. 8b). These findings are in agreement 
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Results in Fig. 10(a) reveal a high average—low deviation 

score of 4.33 ± 0.43, with the majority of personal average 

scores ranking above 4.00 over 5.00 and the majority of 

standard deviations calculated below 1.00—a result that 

indicates strongly positive user experiences with the 

immersive VRBCS version, along with clear views and 

confident answers by the majority of the students. 



  

with existing studies that also report positive user ratings on 

the usability of various VR applications, e.g. [17, 33, 36, 39, 

41, 45, 47, 49, 51].  

Usability of the immersive version was more positively 

perceived and commented on by students in comparison to 

usability of the Desktop version, as established by the results 

  

 

A distinct component is the usability of the Immersive VR 

technology per se, regardless of the specific educational 

application that employs it. Users may complain about the 

complexity of bearing the HMD and holding and using the 

hand-held controllers, e.g., [39, 48]. In addition, Immersive 

VR is often reported to produce different levels and types of 

discomfort to certain users, such as headaches, dizziness, 

nausea or imbalance, the impact being stronger after longer 

HMD sessions, e.g. [46]. This aspect of immersive VR (user 

discomfort) has not been explicitly evaluated in the present 

study; none of the Group B students did complain of any type 

of discomfort, however, either when completing the extended 

usability questionnaire or the user experience questionnaire.  

Research Question 3: What is the user experience of the 

immersive VRBCS version, as compared to the Desktop 

version with the same content? 

On the basis of results in section V.E (Fig. 10), the 

experience with the immersive VRBCS version was 

perceived as strongly positive by Group B students. Indeed, 

students gave an enthusiastic average score of 4.33 (±0.43) 

over 5.00. This finding is cross-verified with student 

comments in the free-text answers of the last 3 questions in 

the usability questionnaire (section V.D) that essentially 

assess user experience. Although the immersive VR version 

is technically more demanding to develop and is therefore 

expected to generate more modest user experiences, the 

highly positive student responses are probably accounted for 

by the novelty of experiencing a new technological tool. 

Similar positive user experience is reported in existing 

studies [17, 19, 33, 36, 42, 45–51].  

A final comment is that usability of any given digital 

application constitutes only one of the factors that decide user 

experience, the latter being a much broader concept. 

Although this distinction is recognized and in fact reflected in 

the different evaluation tools employed in certain studies, e.g., 

[39, 46, 48, 49], in certain other studies the two terms are 

used as near-synonyms and users are asked to evaluate both 

concepts in a single questionnaire or survey of mixed 

questions, e.g., [36, 38, 43, 41, 45] – a practice that may be 

confusing for certain users. In the latter cases, the results 

reported (positive in the vast majority of the cases) cannot 

safely be credited either to usability or user experience. 

In view of the above discussion, it may be claimed that the 

findings of the present study have contributed to the open 

research question on the educational effectiveness of VR 

technologies mainly regarding the comparison between the 

immersive and the semi-immersive type.  

⚫ Findings on the educational practical equivalence of these 

two types (Research Question 1) add to the evidence base 

of similar evidence reported by existing studies and 

balance against reports on the opposite that keep 

emerging.  

 

 

 

⚫ On the other hand, the interest of findings based on the 

eSUS usability questionnaire (Research Question 2) is 

internal to the current application (VRBCS): they are 

valuable in order to inform future development of this 

application and may prove useful to the wider research 

community to the degree that future VRBCS versions 

prove successful. 

A final point worth stressing is that findings support the 

strong potential of VR in teaching and learning not only 

elementary but also more advanced core programming 

concepts, such as nested loops and recursive functions. This 

finding certainly calls for a closer investigation in future 

research, since this potential of VR has not been brought out 

in existing studies which often focus on younger ages and/or 

employ suitable block-based / Scratch-like design and tools. 
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in Sections V.C and V.D (Figs. 8 and 9). Although this may 

seem counterintuitive, the same result is reported by [48]. It 

may possibly be ascribed to the fact that all students are 

practically familiar with desktop applications and tend to 

have higher expectations from any application running on 

this technology. On the other hand, given the strict selection 

filter applied in the selection of participants, Group B 

students who tried the immersive VRBCS version were not 

familiar with Immersive VR, neither as programmers nor as 

gamers. The feelings of presence and immersion generated in 

them may have resulted in a greater enthusiasm with this new 

technology that has led them ignore possible usability issues. 

⚫ Positive findings on student experience with Immersive 

VR (Research Question 3) corroborate existing reports on 

similar user attitudes under practically all tested 

contexts—all begging for longitudinal studies to isolate 

the novelty effect, however. 

Novel elements of this research are (i) the comparison of 

Immersive and Desktop VR versions of VRBCS on exactly 

the same learning content and scenario, (ii) the use of 

common evaluation tools to assess student gains in the 

cognitive domain (knowledge tests) and the usability of 

VRBCS (eSUS questionnaire), for both versions, (iii) the 

strict filtering of the volunteering students (junior EEE 

students, novices in programming, no VR experience/not 

gamers), in order to ensure homogeneity of the group, and 

(iv) the learning content that covers nested loops and 

recursive function calling—two more advanced 

programming concepts that are not covered in existing 

similar research studies. 

Major aspects of interest regarding potential wider 

adoption and usage of VRBCS are flexibility, modular 

structure, simple and straightforward user interface and a 

gradually increasing level of difficulty suitable for novice 

programmers. Thanks to these features, VRBCS may be 

adapted for use across various target groups / learner ages and 

may accommodate different requirements as to technology 

and cost. The Desktop version, in particular, is a 

cost-effective solution suitable for embedding in typical 

engineering / sciences curricula.

B. Limitations of this Research

Limitations that may have affected the results of the 

current study are methodological and practical, the latter 

including equipment issues, volunteering student issues, and 

timing issues. 

Methodologically, the self-reported nature of eSUS and 

UX questionnaires is a potential threat to the validity of the 

results. Indeed, self-reporting may introduce bias, as 
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evaluators may tend to give socially desirable answers, may 

misunderstand or misinterpret questions, or may not 

remember facts accurately. Anonymization, triangulation and 

provision of example answers, along with the use of mixed 

methods and validated scales are employed to address this 

issue. In the present study, validated scales have not been 

identified for use and anonymization was applied only in 

reporting and publishing the results. Internally, student IDs 

are known to the researchers, as students have to log on to the 

university e-class platform with institutional credentials and 

work there, in order to get the grade bonus offered for 

participation. However, triangulation is indeed employed as 

approximately 1/3 of the questions in eSUS are also present 

in UX in a rephrased form, and respective results are 

cross-verified. This approach is legitimate since usability 

(measured by eSUS) is a decisive factor for user experience 

(measured by UX). Mixed methods are also employed in 

eSUS, where the 3 open-ended questions (items 15–17) 

qualitatively analyzed in Section V.D are in fact used to 

cross-verify findings in the quantitative part of the same tool 

(items 1–14).  

Another concern regarding the validity of the results, also 

of methodological origin, comes from the limited sample 

size, especially that of Group B (Immersive VR condition). 

Students did respond to the call for volunteers, but not in the 

numbers expected—an understandable behavior, given that 

the trials would coincide with the beginning of their first 

semester of study, a rather pressing and demanding period for 

them. Sample size was further reduced by the strict admission 

filter applied, which resulted in a percentage of the initial 

number of volunteers eventually being admitted to the study.  

Evaluation of student learning gains on the basis of only a 

post-test without a pre-test, according to the rationale given 

in Section V, is another decision that may have had impact on 

the results obtained, especially those referring to the 

cognitive domain.  

Certain other conditions that may have influenced the 

results of this study refer to the volunteer recruitment and 

Group formation method. In particular, students were 

allowed to select experimental condition (Group A or Group 

B) and a different testing environment was used per condition 

(home for Group A versus lab for Group B). Although these 

decisions were dictated by practical considerations as to the 

feasibility of the study and the need to secure a minimum 

number of volunteers, yet, it is possible that they have 

affected the validity of the results obtained—for example, 

they may have led to a sample with a higher interest or 

motivation for new technologies, which may have reinforced 

the positive attitude towards VR. The different settings for 

each group may have affected the concentration, anxiety or 

overall experience of the participants. Another potential 

threat comes from the well-known novelty effect associated 

with innovative technologies such as Immersive VR. An 

Immersive VR application may generate excitement and 

result in more positive evaluations due to the increased senses 

of presence and immersion it causes to the user. In the present 

study, students assigned to the immersive condition were 

required not to have prior experience with immersive VR, a 

factor that may have amplified initial enthusiasm and 

produced the novelty effect, potentially inflating UX ratings 

and impressions of usability. Moreover, a stronger sense of 

presence and immersion may lead users to overlook minor 

control difficulties or inconsistencies that might be judged 

more strictly in a more familiar environment (Desktop VR). 

Therefore, the high scores in the UX questionnaire may 

suffer a positive bias due to the novelty effect. It is worth 

noting, however, that an opposite bias factor is also possibly 

present in the same results: Immersive VR users had to 

quickly get acquainted with several new interaction and 

control elements, which may cause fatigue (cognitive load) or 

confusion—especially when users must apply them after only 

a brief demonstration. 

These methodological limitations mean that the results 

should be interpreted as indications rather than definitive 

proof. At this early stage of the VRBCS application, such 

results certainly retain their value, as they offer insights and 

inform future design / redesign decisions. A more extensive 

evaluation of the two VRBCS versions, however, based on a 

larger and—ideally—a randomized sample, a more rigorous 

protocol in controlled, uniform settings and a time / repetition 

planning to overcome the VR novelty effect, is necessary in 

order to obtain statistically significant and generalizable 

results. Indeed, in order to validate the trends observed in the 

present pilot evaluation through more robust statistical 

inference, our future work will focus on: 

1) larger-scale deployments: given that an introductory 

computer programming course is included in the 

undergraduate curricula of all the 7 departments in the 

Faculty of Engineering of our institution, 1st year 

undergraduate students may become users/evaluators of 

VRBCS, on the basis of an inter-departmental research 

design; and 

2) longitudinal study designs: repeated sessions and 

follow-up measurements (e.g., delayed post-tests) will be 

employed to examine the stability of learning outcomes 

and user experience over time, assess knowledge 

retention, and reduce potential biases stemming from 

short-term exposure effects (e.g., novelty). 

Practical limitations stem from space, equipment and time 

constraints. The laboratory used for the Immersive version 

evaluation trials has only one empty room free for VR testing, 

as well as a single non-production system (computer, HMD, 

sensors, controllers) available to be used by students. 

Although evaluation time schedule was based on student 

personal availabilities, the fact that students had to queue up 

for the trials prolonged the overall time needed to complete 

evaluation; the process would certainly benefit from multiple 

systems and a second suitable empty room for trials.  

Another limitation having to do both with the admission 

filter and with timing consideration is the decision to have 

only novice programmers evaluate VRBCS. The planning of 

the evaluation tests had therefore to align to the semester 

teaching plan of the relevant undergraduate course, 

Introduction to Programming, so as to place the tests early 

enough in the semester, when the students would have not 

been introduced to the programming concepts included in the 

VRBCS learning content.  

A final comment has to do with the admission filter 

limitation and the intentional exclusion of students who are 

gamers and/or have experienced (immersive) VR. Despite 

the methodological benefit of this decision, i.e., the 

extrication of the independent factor of technology 
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familiarity from the evaluation of the 3 dependent factors 

selected (learning outcomes, usability, user experience), it is 

possible that the decision had an impact on the results. 

Immersive VR, for example, might have received a more 

positive or a more negative evaluation, if users were already 

familiar with VR technology and therefore positively or 

negatively predisposed towards it, or held higher or lower 

expectations from it. Such an impact is reported in [38], for 

example, where expert users rate the usability of the 

respective immersive VR application lower than new users. 

VII. CONCLUSION 

VRBCS, a novel application for teaching and learning 

basic programming concepts and techniques was designed, 

developed, and evaluated in a pilot study. It is addressed to 

junior EEE students who are novice programmers and is 

available in two versions, a Desktop version and an 

Immersive version. Pilot evaluation assessed (i) learning 

outcomes, through a knowledge post-test, (ii) usability of the 

application, through the eSUS questionnaire, and (iii) user 

experience, through a custom UX questionnaire. Although 

users responded much more positively to the immersive 

version, and also rated this version higher in terms of 

usability, difference in the learning outcomes achieved by the 

two versions was not found to be statistically significant.  

According to the evaluation results, future research should 

focus on (i) improving the design of the VRBCS 

environment, to make gamification elements more 

pronounced, to improve graphics and aesthetics, and to 

increase user interaction with the virtual objects, (ii) 

increasing user autonomy and control of the application and 

scene sequencing, and (iii) providing more detailed 

introduction and help to the user. As an example, student 

comments on Scene-1 contents being elementary or on 

Scene-8 not being interactive enough, provide valuable 

feedback for the design / redesign of future application 

versions. Scene-1 may be replaced by an introductory scene 

aimed solely at user familiarization, without pure learning 

content on the subject taught. User interaction in Scene-8, on 

the other hand, can be enhanced through the introduction of 

gaming elements in it. Evaluation results will thus be 

immediately utilized to improve both the learning experience 

and the level of interaction.  

Although the evaluation performed was only a pilot, 

quantitative as well as qualitative analysis of the results 

indicate significant educational potential of both the Desktop 

and the immersive version of VR for teaching and learning 

computer programming to novices. A more comprehensive 

evaluation with a larger sample, a control group and a more 

rigorous protocol is necessary in order to establish the 

validity of the results. Another methodological improvement 

may stem from the adoption of a pre-test on student 

background knowledge on the subject of computer 

programming. Inclusion of a pre-test in future work will 

strengthen the conclusions because the pairwise comparison 

of student performance will allow a more accurate estimation 

of VRBCS impact on student knowledge and therefore 

stronger claims about students’ incremental cognitive 

progress (learning gains). In addition, we plan to administer a 

delayed post-test at a time interval after the use of the 

application, in order to measure knowledge retention and 

how it compares with student performance immediately after 

using VRBCS. 

Two questions that have emerged during the current study 

and that certainly merit a more careful look in the next steps 

of this study are (a) whether the high levels of acceptance by 

the students and positive attitude towards (Immersive) VR 

would be sustained in the case of formal introduction and 

systematic use of this technology in the educational process, 

or the enthusiasm, interest and engagement would fade out 

with prolonged use (the novelty effect), and (b) how could 

(immersive) VR technology be leveraged to create and 

deploy advanced pedagogical and educational scenarios of 

discovery learning, constructivist learning and even 

collaborative learning, given that the majority of use cases, 

including VRBCS, have had a more or less behaviorist 

orientation up to now. 

Besides these directions, future research could also focus 

on the emotional aspects of learning through VR, examining 

how immersion affects emotional engagement and 

motivation and their contribution to learning outcomes. In 

addition to immediate learning outcomes, another question 

worth researching is whether the degree of immersion affects 

long-term retention and memorization. Results would shed 

light on how VR technology affects not only the cognitive 

dimension but also the emotional and temporal components 

of the learning experience. Finally, in the same context, 

elements worth investigating are those related to the 

personalization of both the learning content and user 

experience in general. 

As a final note, immersive VR applications have already 

proved successful in educating, training, or raising awareness 

of various target groups or the general public on diverse 

topics beyond typical education, such as learning foreign 

languages, training the general public for resilience to 

disasters/emergencies, etc. In light of this observation, and 

despite the limitations of this study discussed in the previous 

section. VRBCS is a modular educational platform that is 

flexible enough to hold promise for adaptation and extensive 

use either within or beyond the scope of computer 

programming.  
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