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CHALLENGE:

» Space mission complexity poses a challenge in spaceflight education and training

» Orbiting spacecraft or satellites are elusive and difficult for a trainee to visualize

» Ground console streaming telemetry requires a steep learning curve

PROPOSED SOLUTION:
» Game-Based Virtual Reality (GBVR)

» Game-based instruction - enhanced learner motivation

» Virtual reality scenarios - prolonged cognitive engagement

TEST METHOD:

» Experimental study conducted in a university laboratory

» Three validated scales measured user perception of the GBVR training environment

TEST RESULTS:

» Results were satisfactory for all scales

INTRODUCTION
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EXPERIMENTAL DESIGN

> 10 Participants (9 males and 1 female) » Three 75-minute lectures (two weeks)
> Senior level college students enrolled in Spaceflight Operations » 10-15 minute ground console simulation (Python, Microsoft office)
> Average age of participants was 23.4 years (SD = 2.7) » 10-15 minute GBVR simulation (Mission ISS software, Valve Index VR Kit)

» 48 item questionnaire

MAIN MENU:

Press 1 to Gather Telemetry

Press @ to EXIT the Program

1

What time would you like to view the telemetry (min 1 - min 20): 4

97 deg C Radiator Temperature
48 deg Radiator Angle
154 volts = Solar Panel Voltage

*%kERROR**%
*x*The Radiators are above the acceptable temperature of 90 deg celsiuskkx

Press 1 to reduce the temperature by 5 deg celsius
Press 2 to reduce the temperature by 10 deg celsius

Ground Console Telemetry Readout Spacewalk Decision Menu Handrail Navigation to Site Visual Inspection of Anomaly
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VALIDATED SCALES

System Usability Scale (SUS):

» Developed in 1986 (Usability.gov)
» Used to evaluate user perception of hardware devices and software applications

NASA Task Load Index (TLX):

» Developed in 1980s (NASA Ames Research Center)
» Subjective measurement of operator workload of human-machine interface

Game User Experience Satisfaction Scale (GUESS-18):

» Developed in 2020 (Keebler et al.)
» Derived from the GUESS-55 of 2016 (Phan et al.)
» Used to measure user satisfaction and enjoyment during gameplay
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Table 1

Validated Scale Results and Accepted Benchmarks

Scale N Min Max  Mean SD  Accepted Benchmarks

SUS 10 67.5 90.0 81.8 7.6 68.0 = average score
GUESS-18 10 73.0 98.4 82.1 8.3 78.7 = popular game score?
NASA TLX 10 22.0 60.0 40.5 12.3  42.0 = mean score

Note. “ An average GUESS-24 score of M = 78.7 resulted when examining six popular video games (Shelstad et al., 2019).

RESULTS (2021)
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Research Summary:

» The integration and evaluation of GBVR in the classroom revealed
satisfactory results

» Learner enjoyment and satisfaction were amplified, likely leading to
increased motivation, prolonged cognitive engagement, and enhanced
learning

Attributes for success:

» Proper laboratory setup — High system usability and suitable workload
attributed to proven VR software and hardware setup

» Effective game mechanics - Overall user satisfaction ranked among six
popular video games through proper in-game goal setting, reward, and
immediate feedback

Future Research:

» A follow-up experiment will be performed with a larger sample size

» Develop knowledge test to measure skill retention with & without GBVR
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Thank you for your attention!

Lana Laskey, BS AeroEng, MS MechEng Joseph Keebler, PhD in Human Factors
Assistant Professor, Spaceflight Operations Associate Professor, Human Factors
Embry Riddle Aeronautical University Embry Riddle Aeronautical University
1 Aerospace Blvd 1 Aerospace Blvd

Daytona Beach, Florida 32114, USA Daytona Beach, Florida 32114, USA

lana.laskey@erau.edu keeblerj@erau.edu



mailto:keeblerj@erau.edu
mailto:lana.laskey@erau.edu

References

Ab Jalil, H., Nasharuddin, N., Marlisah, E., Nazan, A., Ismail, I., Ma’rof, A., Rusdi, N., & Zaremohzzabieh, Z. (2020). Systematic review of enjoyment element in health-related game-based learning. International Journal
Of Emerging Technologies In Learning (IJET), 15(21), pp. 40-57. http://dx.doi.org/10.3991/ijet.v15i21.17345

C sikszentmihalyi, M., & Asakawa, K. (2016). Universal and cultural dimensions of optimal experiences: Flow, culture, and human evolution. Japanese Psychological Research, 58(1), 4-13.
https://doi.org/10.1111/jpr.12104

Cukurtepe, H., & Akgun, I. (2009). Towards space traffic management system. Acta Astronautica, 65(5), 870-878. https://doi.org/10.1016/j.actaastro.2009.03.063

D eterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011, September 28). From game design elements to gamefulness: Defining "gamification" . Proceedings of the 15th International Academic MindTrek Conference:
Envisioning Future Media Environments, 9-15. https://doi.org/10.1145/2181037.2181040 seri

Greipl, S., Klein, E., Lindstedt, A., Kiili, K., Moeller, K., Karnath, H. O., Bahnmueller, J., Bloechle, J., Ninaus, M. (2021). When the brain comes into play: Neurofunctional correlates of emotions and reward in game-based
learning. Computers in Human Behavior, 125. https://doi.org/10.1016/j.chb.2021.106946

Hart, S. G. & Staveland, L. E. (1988). Development of NASA-TLX (Task Load Index): Results of empirical and theoretical research. Advances in Psychology, 139-183. https://doi.org/10.1016/5S0166-4115(08)62386-9
Hertzum, M. (2021). Reference values and subscale patterns for the task load index (TLX): A meta-analytic review. Ergonomics, 64(7), 869-878. https://doi.org/10.1080/00140139.2021.1876927

Huang, B., & Hew, K. F. (2018). Implementing a theory-driven gamification model in higher education flipped courses: Effects on out-of-class activity completion and quality of artifacts. Computers & Education, 125,
254-272. https://doi.org/10.1016/j.compedu.2018.06.018

Keebler, J. R., Shelstad, W. J., Smith, D. C., Chaparro, B. S., & Phan, M. H. (2020). Validation of the GUESS-18: A short version of the game user experience satisfaction scale (GUESS). Journal of Usability Studies, 16(1),
49 -62.

Kennedy, R. S., Lane, N. E., Berbaum, K. S., & Lilienthal, M. G. (1993). Simulator sickness questionnaire: A new method for quantifying simulator sickness. International Journal of Aviation Psychology, 3, 203-220.
https://doi.org/10.1207/s15327108ijap0303_3

Krath, J., Schirmann, L., & von Korflesch, H. F. O. (2021). Revealing the theoretical basis of gamification: A systematic review and analysis of theory in research on gamification, serious games and game-based
learning. Computers in Human Behavior, 125. https://doi.org/10.1016/j.chb.2021.106963

Magnopus. (2017). Mission ISS. https://www.magnopus.com/mission-iss
NASA. (2020, December 15). NASA TLX: Task load index. Human Systems Integration Division @ NASA Ames. https://humansystems.arc.nasa.gov/groups/tlx/

Papanikolaou, I. G., Haidopoulos, D., Paschopoulos, M., Chatzipapas, |., Loutradis, D., & Vlahos, N. F. (2019). Changing the way we train surgeons in the 21th [sic] century: A narrative comparative review focused on
box trainers and virtual reality simulators. European Journal of Obstetrics & Gynecology and Reproductive Biology, 235, 13-18. https://doi.org/10.1016/j.ejogrb.2019.01.016

Phan, M. H., Keebler, J. R., & Chaparro, B. S. (2016). The development and validation of the game user experience satisfaction scale (GUESS). Human Factors, 58(8), 1217-1247.
https://doi.org/10.1177/0018720816669646

Plass, J. L., Homer, B. D., & Kinzer, C. K. (2015). Foundations of game-based learning . Educational Psychologist, 50(4), 258-283. https://doi.org/10.1080/00461520.2015.1122533

Ryan-Mosley, T., Winick, E., & Kakaes, K. (2019). The number of satellites orbiting Earth could quintuple in the next decade: The coming explosion of constellations. MIT Technology Review.
https://www.technologyreview.com/2019/06/26/755/satellite-constellations-orbiting-earth-quintuple/

Shelstad, W. J., Chaparro, B. S., & Keebler, J. R. (2019). Assessing the user experience of video games: Relationships between three scales. Proceedings of the Human Factors and Ergonomics Society Annual Meeting,
63(1), 1488-1492. https://doi.org/10.1177/1071181319631300

Shi, A, Wang, Y., & Ding, N. (2022). The effect of game—based immersive virtual reality learning environment on learning outcomes: designing an intrinsic integrated educational game for pre—class
learning. Interactive Learning Environments, 30(4), 721-734.

Usability.gov. (2013). System usability scale (SUS). https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
Vertanen, K. (n.d.). NASA-TLX in HTML and JavaScript. https://www.keithv.com/software/nasatlx/

Wang, P., Wu, P., Wang, J., Chi, H., & Wang, X. (2018). A critical review of the use of virtual reality in construction engineering education and training. International Journal of Environmental Research and Public Health,
15(6). https://doi.org/10.3390/ijerph15061204

Zainuddin, Z,, Chu, S. K. W., Shujahat, M., & Perera, C. J. (2020). The impact of gamification on learning and instruction: A systematic review of empirical evidence. Educational Research Review, 30.
https://doi.org/10.1016/j.edurev.2020.100326



	Evaluating System Usability, Workload Suitability, and User Experience of Game-Based Virtual Reality in Spaceflight Education and Training
	

	Evaluating System Usability, Workload Suitability, �and User Experience of �Game-Based Virtual Reality �in Spaceflight Education and Training
	Slide Number 2
	Slide Number 3
	METHODOLOGY
	Slide Number 5
	Slide Number 6
	Thank you for your attention!
	Slide Number 8

