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Abstract—Science, Technology, Engineering and Mathematics 

(STEM) skills comprise a crucial meta-discipline for success in 

the 21st century. Education in the industry 4.0 era can be 

enhanced by adopting Virtual (VR), Mixed (MR), and 

Augmented (AR). VR can support creative student-centered 

teaching and learning methods in STEM, such as playful 

learning, gameful learning (gamification), and serious games. 

Serious escape rooms are digital interactive, live adventure 

breakout games with a pedagogical rationale. This paper 

examines the perceptions of K-12 school education teachers 

towards digital educational escape rooms for STEM education in 

VR environments. Twenty-eight Greek teachers responded to a 

questionnaire after having experienced a cost-effective science-

themed digital escape room. Results indicate that teachers 

reacted positively to the VR escape room, appreciating its value 

for learning. Moreover, they are eager to engage in professional 

development activities and embrace gameful learning methods. 

Keywords—Virtual Reality; STEM; digital escape rooms; 

escape rooms; e-learning; distance education; serious games;  

I. INTRODUCTION 

The convergence of fast-evolving technologies such as 
cloud computing, high-speed broadband cellular networks, 
robotics, artificial intelligence, internet of things, 
nanotechnology, immersive technologies, 3d printing, big data, 
and machine learning has marked the transition in the industry 
4.0 era. These exponential technologies enable the emergence 
of autonomous smart manufacturing processes and installations 
[1]. This profound radical shift impacts employment and the 
economy as it is expected to lead to a novel work distribution 
between humans, machines, and algorithms. Repetitive, 
automated labor routines and roles will be redundant while new 
jobs and roles will be required for the newly developed 

services. Industry estimations expect a positive global impact 
on employment, predicting a strong demand for new jobs [2]. 

As a result, new generations of learners and teachers in 
school, vocational and higher education need to be equipped 
with appropriate skills and competencies. Meanwhile, the 
existing workforce will need to undergo mass-scale reskilling 
and upskilling in the frame of life-long learning [3]. Education 
in the Industry 4.0 era can be enhanced with the wide adoption 
of immersive technologies in the Extended Reality or Cross 
Reality (XR) spectrum; Virtual Reality (VR), Augmented 
Reality (AR), and Mixed Reality [4], [5]. These technologies 
can enhance and supplement both formal education [6] and on 
the job training with wearable devices [7]. For instance, VR 
can set up virtual learning factories where learners can be 
immersed in challenging concepts and experience authentic 
cases [8]. AR can provide feedback in additive manufacturing 
to improve human-machine interaction [9]. Furthermore, VR 
and AR can support a variety of active and creative student-
centered teaching and learning methods such as playful 
learning, gameful learning (gamification), and serious games 
[10]–[12]. In this direction, teachers’ perceptions are critical 
for accepting, exploring, and integrating these methods and 
technologies into their mainstream teaching practice [13]. 

This paper aims to examine and present the perceptions of 
Greek K-12 school education teachers towards the serious 
games-based teaching approach of digital educational escape 
rooms for STEM education implemented in virtual reality 
environments. 

II. BACKGROUND 

A. STEM Education 

What essential skills do students need to thrive in the 21st 
century Industry 4.0 era? Science, Technology, Engineering 
and Mathematics (STEM) are educational areas that have been 
identified internationally as crucial for the economy and 
society [14]. Despite high levels of unemployment in several 
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regions, there is a lingering shortage of STEM skills [15]. This 
is reflected in national and international policies such as the 
European Skills Agenda. The European Skills Agenda is a 
five-year policy project aiming at supporting individuals and 
businesses develop new and improved competencies [16]. One 
of the agenda’s twelve key actions is the increase of STEM 
graduates and transversal skills ensuring that people will have 
proper skills to access the job market. 

B. Virtual Reality 

Virtual Reality enables mental transportation into another 
context, a computer-generated environment fully separated 
from the actual user’s surroundings [17]. VR can support 
several instruction models and contemporary learning theories 
for student-centered teaching and learn in STEM fields [18]. 
For instance, immersive VR mediated by a head-mounted 
display could significantly improve learners’ self-efficacy in 
STEM subjects [19]. VR can help students experience what it 
is like to be a STEM professional and towards these careers 
[20]. Social VR platforms support flexible distance education 
and training [21] and remote communities of inquiry and 
practice [22]. 

C. Digital Educational Escape Rooms 

Play and game design are increasingly associated with 
education and work as educators, and stakeholders strive to 
improve performance and affective outcomes [23]. VR 
environments are excellent for adding game elements in the 
educational practice due to their affordances and 
personalization capabilities. Game-based approaches include 
project-based, inquiry-based, and problem-based learning [24]. 
Commonly used mechanics for gameful interventions in VR 
include a story, realism, role-play, collaboration, movement, 
status, points, competition, token, levels, and the game turns 
[25]. 

Escape rooms are interactive, live adventure breakout 
games in one or more physical spaces (rooms) where players 
collect clues and solve puzzles to complete a mission, usually 
to exit one or more rooms [26]. Serious escape rooms are 
digital escape rooms with a pedagogical purpose [26]. They 
can be classified as a serious game form in digital, 3D virtual 
environments. Escape rooms are constructed around a theme 
(e.g., space or mystery) and a narrative where users are called 
upon to fulfill their mission. Learning attributes should be 
purposefully aligned with game mechanics to facilitate the 
attainment of the intended learning objectives [27]. 
Educational escape rooms have been used effectively in STEM 
education both in physical and digital environments [28]. 

III. METHODS & MATERIALS 

This study intended to examine the perceptions of school 
teachers towards digital educational escape rooms in Virtual 
Reality. More specifically, the teachers’ experience after 
playing a science-themed serious e-scape room was evaluated. 
The experienced digital escape room was titled “Room of 
Keys” on the role of enzymes, a topic in the subject of Biology, 
translated into Greek (Fig. 1, 2). The escape room has 
produced positive effects in adolescent US learners [29]. The 

particular breakout room was selected for this study because 
teachers developed it without any external professional 
support. It was hosted online in a cost-effective way using a 
cloud computing service and playing it did not require the 
installation of any program or plugin. 

 

Fig. 1. Aerial snapshot of the starting scene in the breakout room 

 

Fig. 2. Escape room challenge (puzzle) with hints as symbols pointing to 

theory 

The main research instrument used was a 30-item 
questionnaire to measure the teachers’ enjoyment, learning 
benefits, motivation, and satisfaction from a validated survey 
instrument [30]. The items were translated into Greek by the 
first author and were approved by two experts who examined 
the quality and accuracy of the translation. Most items were 
formulated as a statement of positive or negative connotation. 
Participants were prompted to mark their degree of agreement 
by selecting a value in a five-level Likert scale ranging from 
entirely disagree to absolutely agree. Additionally, observation 
and unstructured feedback through chat and an open question 
in the questionnaire were secondary data collection 
mechanisms. 

Participants in this pilot study were twenty-eight school 
teachers serving in primary (elementary) and secondary 
education in Greece. 64,3% of participants were female, 46,4% 
in the age group 45-54 years old, while 50% was distributed 
equally between the 35-44 and 55+ age groups. 35,7% served 
in high schools, 28,6% in middle schools and 25% in 
elementary schools. The 33,3% taught natural sciences, 29,6% 
technological or engineering subjects, while 25,9% taught 
humanities or language courses. Regarding their experience 



 

with VR, 64,3% identified themselves as novices or beginners 
and selected values 1-3 of a 7-level Likert scale). Only 25% 
expressed high familiarity with VR (values 5-7 in a 7-level 
Likert scale). 

The questionnaire was anonymous and was administered 
electronically in June 2021. Participants were selected by 
convenience, as they joined an online event (webinar) about 
the application of virtual worlds in education. The used escape 
room was hosted online, and registered participants received 
the link to play it voluntarily and then answer the questionnaire 
if they choose to. Participants could visit and play the escape 
room at their leisure without any external help, instruction, 
educational resource, or support. 

IV. RESULTS & DISCUSSION 

A. Questionnaire Evaluation 

As a result of the heterogeneity of the participants and the 
absence of external supports, only 64,3% were able to 
complete the escape room. This diversity is also reflected in the 
total time spent (Fig. 3) and the estimated difficulty level of the 
puzzle activities illustrated in (Fig. 4). 32% found the puzzle 
activities to be slightly very or too difficult, while another 32% 
characterized them as slightly, very, or too easy. Furthermore, 
more than 1 in 4 participants (28,6%) reported that they 
encountered some difficulty while playing the escape room 
(Fig. 5). These difficulties were mainly problems with 
movement or camera angle (view) in the 3D environment. 
They were not related to the platform’s performance or 
stability. It is worth mentioning that users were teleported first 
in an area surrounded by a tutorial with technical and strategic 
instructions on how to navigate and exit the environment. 
However, this was not enough to safeguard a smooth 
experience for all. 

 

Fig. 3. Engagement with the serious escape room (time spent). 

 

Fig. 4. Perceived difficulty level of escape room puzzles 

 

The participants’ perception towards VR and computer 
simulations is quite positive as they find them pleasant (89,3%) 
and enjoyable (78,1%). The played escape room captured their 
attention (78,6%) and was not boring (71,4%), so most of them 
(57,4%) thought it was quite enjoyable. Teachers found the 
digital educational escape room beneficial for learning as it 
facilitated mainly the retention (67,8%), comprehension 
(78,5%), and application of knowledge (64,3%). Hence, the 
experienced learning activities were assessed as meaningful for 
learning (82,1%). In terms of satisfaction, teachers approved 
the included teaching methods (64,2%) and the learning 
effectiveness (60,7%), leading to an overall 64,2% appreciation 
of the serious escape room experience. 

B. Open Feedback 

Some teachers expressed their desire to have access fully 
translated into the local language in their open feedback. 
Although all content, signs, and audio were in Greek, some 
interface elements remained in English. Others stressed the 
need for more detailed instructions at the beginning and instant 
personalized feedback to advance in the game and not feel 
stuck. Indeed a few teachers faced technical challenges and 
were not able to complete the game. These comments 
confirmed the importance of having a tutor in the role of a 
facilitator, a game-master who intervenes with hints and tips 
whenever necessary to ensure a friction-less experience. 
Moreover, teachers have the vital task of leading debriefing 
sessions after the escape room has been played to discuss the 
experience, assess the outcomes towards detecting and 
consolidating lessons learned. This indicates that digital escape 
rooms are more suitable for synchronous learning. 

Several teachers also expressed their eagerness to embrace 
gameful learning methods and engage in professional 
development activities in VR. More specifically, they initiated 
spontaneous chat discussions to inquire about the possibility of 
creating their escape rooms either through self-study and 
experimentation or participating in continuous professional 
development programs. 



 

Fig. 5. Satisfaction, Learning benefits, enjoyment 

V. CONCLUSION 

In this study, the perceptions of Greek school teachers 
regarding the educational use of a VR escape room were 
examined. As this was a limited sample, it cannot be 
considered representative of the total population. However, the 
fact that the sample included teachers from all subjects and that 
a strong majority had very little exposure and experience with 
VR were factors that could alleviate potentially biased, techno-
optimist opinions. The overall findings indicate that Greek 
school teachers are ready and willing to adopt innovative 
methods and technologies that will allow them to move from 
emergency remote teaching to more profound, significant 
learning [21], especially in the context of social distancing due 
to the covid pandemic. The scarcity but also the of promising 
results of pilot teacher professional development projects [31] 
should encourage education leaders and policymakers to 
accelerate systematic professional development actions that 
will unleash teachers’ creativity benefiting learning quality, 
student motivation, and engagement with STEM to thrive in 
Industry 4.0 era. Future work should consider the application 
of escape rooms in other formal educational settings to 
compare effects and efforts to make escape room design and 
development accessible to teachers through professional 
development, physical and virtual communities of practice. 

REFERENCES 

[1] N. W. Gleason, Higher Education in the Era of the Fourth Industrial 
Revolution. 2018. 

[2] T. A. Leopold, V. Stefanova Ratcheva, and S. Zahidi, The Future of 
Jobs Report 2018. Geneva: World Economic Forum, 2018. 

[3] S. Mystakidis, “3d Virtual Immersive Environments as Enabler for 
Blended Gamified Learning Experiences,” in Presentation in 2014 
Virtual Worlds Best Practices in Education Conference, 2014. 

[4] S. Mystakidis, A. Christopoulos, and N. Pellas, “A systematic mapping 
review of augmented reality applications to support STEM learning in 
higher education,” Educ. Inf. Technol., Aug. 2021. 

[5] V. Liagkou, D. Salmas, and C. Stylios, “Realizing Virtual Reality 
Learning Environment for Industry 4.0,” Procedia CIRP, vol. 79, pp. 
712–717, 2019. 

[6] A. F. Di Natale, C. Repetto, G. Riva, and D. Villani, “Immersive virtual 
reality in K‐12 and higher education: A 10‐year systematic review of 
empirical research,” Br. J. Educ. Technol., vol. 51, no. 6, pp. 2006–
2033, Nov. 2020. 

[7] B. Limbu, M. Fominykh, R. Klemke, M. Specht, and F. Wild, 
“Supporting Training of Expertise with Wearable Technologies: The 
WEKIT Reference Framework,” in Mobile and Ubiquitous Learning: An 
International Handbook, S. Yu, M. Ally, and A. Tsinakos, Eds. 
Singapore: Springer Singapore, 2018, pp. 157–175. 

[8] A. Paszkiewicz, M. Salach, P. Dymora, M. Bolanowski, G. Budzik, and 
P. Kubiak, “Methodology of Implementing Virtual Reality in Education 
for Industry 4.0,” Sustainability, vol. 13, no. 9, p. 5049, Apr. 2021. 

[9] H. Lhachemi, A. Malik, and R. Shorten, “Augmented Reality, Cyber-
Physical Systems, and Feedback Control for Additive Manufacturing: A 
Review,” IEEE Access, vol. 7, pp. 50119–50135, 2019. 

[10] S. Mystakidis, “Combat Tanking in Education - The TANC Model for 
Playful Distance Learning in Social Virtual Reality,” Int. J. Gaming 
Comput. Simulations, vol. 13, no. 3, 2021. 

[11] S. Mystakidis, M. Fragkaki, and I. Hatzilygeroudis, “Stairway to 
Heaven: Instructional Design Alignment in a Serious Game for 
Experiential Religious Education in Virtual Reality,” in 12th Annual 
International Conference on Education and New Learning Technologies 
(EDULEARN20), 2020, pp. 4743–4750. 

[12] S. Mystakidis, “Distance Education Gamification in Social Virtual 
Reality: A Case Study on Student Engagement,” in 11th International 
Conference on Information, Intelligence, Systems and Applications (IISA 
2020), 2020, pp. 1–6. 

[13] C. G. Powell and Y. Bodur, “Teachers’ perceptions of an online 
professional development experience: Implications for a design and 
implementation framework,” Teach. Teach. Educ., vol. 77, pp. 19–30, 
Jan. 2019. 

[14] T. J. Kennedy and M. R. L. Odell, “Engaging Students In STEM 
Education,” Sci. Educ. Int., vol. 25, no. 3, pp. 246–258, 2014. 



 

[15] M. Caprile, R. Palmén, P. Sanz, and G. Dente, “Encouraging STEM 
Studies. labour market situation and comparison of practices targeted at 
young peolple in different member states,” 2015. 

[16] European Commission, “European Skills Agenda,” 2020. [Online]. 
Available: https://ec.europa.eu/social/main.jsp?catId=1223. 

[17] A. Christopoulos, M. Conrad, and M. Shukla, “Increasing student 
engagement through virtual interactions: How?,” Virtual Real., vol. 22, 
no. 4, pp. 353–369, 2018. 

[18] N. Pellas, S. Mystakidis, and I. Kazanidis, “Immersive Virtual Reality in 
K-12 and Higher Education: A systematic review of the last decade 
scientific literature,” Virtual Real., vol. 25, no. 3, pp. 835–861, Sep. 
2021. 

[19] W. Huang, “Examining the impact of head-mounted display virtual 
reality on the science self-efficacy of high schoolers,” Interact. Learn. 
Environ., pp. 1–13, Jul. 2019. 

[20] C. R. Starr, B. R. Anderson, and K. A. Green, “‘I’m a Computer 
Scientist!’’’: Virtual Reality Experience Influences Stereotype Threat 
and STEM Motivation Among Undergraduate Women,’” J. Sci. Educ. 
Technol., vol. 28, pp. 493–507, 2019. 

[21] S. Mystakidis, E. Berki, and J.-P. Valtanen, “Deep and Meaningful E-
Learning with Social Virtual Reality Environments in Higher Education: 
A Systematic Literature Review,” Appl. Sci., vol. 11, no. 5, p. 2412, 
Mar. 2021. 

[22] S. Mystakidis, “Motivation Enhancement Methods for Community 
Building in Extended Reality,” in Augmented and Mixed Reality for 
Communities, J. A. Fisher, Ed. CRC Press, 2021, pp. 265–282. 

[23] R. Smith, “The future of work is play: Global shifts suggest rise in 
productivity games,” Games Innov. Conf., 2011. 

[24] N. Pellas and S. Mystakidis, “A systematic review of research about 

game-based learning in virtual worlds,” J. Univers. Comput. Sci., vol. 
26, no. 8, pp. 1017–1042, 2020. 

[25] N. Pellas, S. Mystakidis, and A. Christopoulos, “A Systematic Literature 
Review on the User Experience Design for Game-Based Interventions 
via 3D Virtual Worlds in K-12 Education,” Multimodal Technol. 
Interact., vol. 5, no. 6, p. 28, May 2021. 

[26] A. Makri, D. Vlachopoulos, and R. A. Martina, “Digital Escape Rooms 
as Innovative Pedagogical Tools in Education: A Systematic Literature 
Review,” Sustainability, vol. 13, no. 8, p. 4587, Apr. 2021. 

[27] S. Arnab et al., “Mapping learning and game mechanics for serious 
games analysis,” Br. J. Educ. Technol., vol. 46, no. 2, pp. 391–411, Mar. 
2015. 

[28] S. Lopez-Pernas, A. Gordillo, E. Barra, and J. Quemada, “Escapp: A 
Web Platform for Conducting Educational Escape Rooms,” IEEE 
Access, vol. 9, pp. 38062–38077, 2021. 

[29] S. Mystakidis, E. Cachafeiro, and I. Hatzilygeroudis, “Enter the Serious 
E-scape Room: A Cost-Effective Serious Game Model for Deep and 
Meaningful E-learning,” in 2019 10th International Conference on 
Information, Intelligence, Systems and Applications (IISA), 2019, pp. 1–
6. 

[30] G. Makransky and L. Lilleholt, “A structural equation modeling 
investigation of the emotional value of immersive virtual reality in 
education,” Educ. Technol. Res. Dev., vol. 66, no. 5, pp. 1141–1164, 
2018. 

[31] M. Fragkaki, S. Mystakidis, and G. Filippousis, “Work-in-Progress—
Design and Evaluation of an Augmented and Virtual Reality Flipped-
Learning Course for K-12 Educators,” in 2020 6th International 
Conference of the Immersive Learning Research Network (iLRN), 2020, 
pp. 275–278. 

 

 

View publication stats

https://www.researchgate.net/publication/354545146

