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With the advent of robust remote communication technologies, the potential for the remote
operation of Unmanned Vehicles (UVs) has increased. Recent examples of Remotely
Operated Vehicles (ROVs) include underwater port security, police forensic investigations,
airborne drones in warfare situations and robots for the disposal, or “render-safe”, of
explosive devices. In particular, UVs are often used in situations where there is search

activity in a hostile environment.

UV operation is a prime candidate for training by simulation, since, with present-day
software and hardware technologies, the virtual representations of remote stimulus can be
presented to the user in a manner that is almost identical to the real situation (through
video feeds and interactive controls). In the present study, we investigate the simulation of
UV operation, especially related to search tasks, using low-cost Commercial Off The Shelf
(COTYS) development tools, so-called “serious games”. The work is broken into two parts,
which are then brought together in a final over-arching investigation.

The first area of investigation is specific to the search task. In particular we investigate
whether the cognitive processes of search, recall and spatial awareness of the user are the
same when “technical aids”, such as problem-specific equipment readings, are available
and when they are absent. The presence of technical aids is an important aspect of UV
simulation, since nearly all examples of current systems, both in the field and experimental
versions of real world systems feature some kind of non-visual data. The findings show
that there is no significant difference in a person's ability to recall location or
environmental features when performing a task in the real or virtual world. This would

suggest that simulated search can be as effective as physical search.



The second area of investigation evaluates whether simulation with "serious games"
techniques is mature enough to effectively represent tasks typically carried out with a UV.
This thesis focuses particularly on comparisons between control of an underwater
UV/RQOV, in simulation and in reality. The impact of fidelity on the usefulness of
simulation and whether a user’s prior familiarity with a games environment influences
their performance in a simulation scenario is also investigated. There was a clear positive
significant difference in performance for those participants that had received virtual
training, this validated the simulation as having the appropriate psychological fidelity
required to make training effective. However, the participants' previous game playing

experience did not prove a significant factor in their performance.

Finally, the two main areas of study are linked by simulating ROV search tasks with
technical aids. The impact of high fidelity simulation on the dependency of technical aids
is investigated. In particular, the increase in dependency on display characteristics is
considered; when the fidelity is increased and whether or not the use of different technical
aids affects the search strategy employed. The findings suggest a significant increase on
the dependency of using additional technical aids when the simulation fidelity was
increased. There is also significant evidence to show that the increased fidelity did affect

the search strategy employed.



Publications

Part of the initial research into unmanned vehicles and user interfaces was published as

conference proceeding at a NATO workshop in 2006.

Serious Gaming Technologies Support Human Factors Investigations of
Advanced Interfaces for Semi-Autonomous Vehicles. Stone, R. J., Guest, R., Ch'ng
E., McCririe, C., Collis, C., Mannur, R., & Rehmi, I. (2006). In Proceedings of
Virtual Media for Military Applications; NATO RTA HFM-136 Workshop; US
Military Academy; West Point, NY; 13-15 June.

The development of “Virtual Scylla” simulation has been published in (Stone et al. 2009)
and has formed the basis of the “Virtual Scylla” heritage project conducted in

collaboration with the National Marine Aquarium.

The Virtual Scylla: an exploration of ‘“serious games”, artificial life and
simulation complexity (2009), Stone R. J., White D., Guest R. and Francis B.,
Virtual Reality Volume 13, Number 1, 13-25.
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Figure 11.1: Image showing the accompanying ‘comic’ style instruction sheet
for the Virtual Submission exhibit (left) and an in-game image of the software

with additional green checkpoint crystals (right).

The ExplorOcean simulation was given an improved menu system to allow the users to
quickly enter into the simulation without the assistance of aquarium staff. An additional
comic book style of art-work was added as a tutorial to explain the task (figure 11.1). To
begin to engage and reward the player, additional green tokens were placed along the
optimal root to collect and as the player collected each one an audible tone was played.
Once the course was successfully completed the player's time was displayed with an
opportunity to replay the course and attempt to improve on it. The simulation allowed the
player to have three attempts in total and then reset to the main menu, this would help to

control how long someone could stay on the exhibition unit.

The Virtual Scylla task also had numerous modifications to make it more engaging for the
user. The ROV was equipped with an underwater camera and the user was asked to take
photos of certain places of the ship (the bridge, the octopus, the starfish, the treasure and
the anchor).
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Figure 11.2: Image showing the Virtual Scylla title screen (left) and the end of

game photo score sheet (right).

The simulation could detect when a target object was in range and whether it was in view
of the ROV camera, only under those conditions would the photographed image be shown
in the virtual photo library (figure 11.2). Once all locations had been visited, or more than
three minutes had elapsed, the game would end showing what images they had taken with

the camera and their score (4/5 etc).

The metal detector experiment did not form any part of an exhibit and would take the most
time to convert into a true training scenario as this was a very abstract method of searching
in trays. One obvious further development would be to change the environment to a more
realistic setting such as an Afghanistan street and replace the coloured marker symbols
with other environmental features such as coke cans or cigarette butts. Another way in
which this experiment could be expanded on is to address whether there is any significant
difference in recall of environment features or target locations based on gender. The
current research suggests that the current difference in recall abilities between the genders
is based on our 'hunter/gather' evolutionary past (Eals and Silverman 1994). It may be
interesting to see if modern technical search aids, that were unavailable to our ancestors,

would affect the gender bias in recall tasks.
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11.3 Conclusions

In recent years, due in part to the evolution of robust communication technologies, search
and navigational tasks are increasingly being performed remotely using land, air and
underwater robots. The provision of additional technical aids to assist the human operator
in a variety of tasks, from piloting and navigation to the deployment of sensors and the
operation of multi-function manipulators, today represents an essential development in the
pursuit of effective, successful and safe remote systems performance, not to mention a

critical success factor in training programs.

This thesis has shown that the execution of real-world technical aid-based search tasks
could potentially be enhanced through training using virtual systems as the cognitive
process of memory, recall and spatial awareness do not appear to be significantly different
when directly comparing performance between a real world and simulated task.

However, it is also a finding of this thesis that the visual fidelity of the simulation has an
important impact, not only on the actual exploitation of technical aids but on the manner in
which humans perform remote tasks. The level of both physical and psychological fidelity
must be appropriate to support the transfer of required training, as well as endeavors to
ensure that the additional technical aids, such as sonar, radar position or depth, are used in
the same way as their real-world equivalents. We have seen how low-cost off-the-shelf
simulation development systems, or so-called “serious games”, are able to provide the
appropriate level of fidelity required to help achieve these aims at the fraction of the cost

of bespoke simulation systems.

The use of the National Marine Aquarium’s ExplorOcean facility allowed for a unique
opportunity to perform a large-scale training transfer study on ROV piloting skills. Rarely
is it possible to conduct such large-scale studies without large amounts of funding. It
should be noted that this would have simply not been possible without a substantial
amount of help and support from the Aquarium. It should also be noted that both the
virtual ExplorOcean exhibit and Scylla reef simulations developed within this thesis are
still in active use at the Aquarium, allowing the general public to experience ROV flight

and deep-sea exploration for themselves without risk or cost implications.

191



References

Agba, E. I. (2002), "SeaMaster: an ROV-manipulator system simulator”, Computer
Graphics and Applications, IEEE 15 (1):24-31.

Alexander, A. L., T. Brunyg, J. Sidman, S. A. Weil, and M. A. Woburn (2005), "From
gaming to training: A review of studies on fidelity, immersion, presence, and buy-in and
their effects on transfer in pc-based simulations and games”, Paper read at The
Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC), NTSA,
Orlando, Florida.

Anders, G. (2001), "Pilot's attention allocation during approach and landing: Eye-and
headtracking research in an A330 full flight simulator”. In Proceedings of the 11th
International Symposium on Aviation Psychology (1):27-36.

Andre, A. D., and C. D. Wickens (1995), "When users want what's not best for them",
Ergonomics in Design: The Quarterly of Human Factors Applications 3 (4):10-14.

Andreoli, R., R. De Chiara, U. Erra, and V. Scarano (2005), "Interactive 3d environments
by using videogame engines”, Proceedings of Information Visualisation Ninth
International Conference IEEE, 515-520.

Auster, P. J., L. L. Stewart, and H. Sprunk (2002), "Scientific imaging: problems and
solutions for ROVs". Paper read at OCEANS ‘88 Conference, Baltimore, MD.

Bacon, W. F., and H..E. Egeth (1991), "Local processes in preattentive feature detection”,
Journal of Experimental Psychology: Human Perception and Performance 17 (1):77-90.

Baddeley, A. (1992), "Working memory", Science 255 (5044):556.

Baddeley, A. (2000), "The episodic buffer: a new component of working memory?",
Trends in Cognitive Sciences 4 (11):417-423.

Baddeley, A. D. (1997), Human memory: Theory and practice: Psychology Press Ltd:9-
26.

Baddeley, A. D., and G. Hitch (1974), "Working memory", Psychology of learning and
motivation:47-89.

Baldwin, R. A. (1984), "An underwater photogrammetric measurement system for
structural inspection”, International Archives of Photogrammetry 25 (A5):9-18.

Bargen, B, and P. Donnelly (1998), Inside DirectX, Microsoft Programming Series:1-20.

Barrie, D. A., and S. Mellows (1988), "The future for ROVsimulators". Paper read at
Advances in Underwater Technology and Offshore Engineering Conference, London.

Beck, M. R., M. S. Peterson, and M. Vomela (2006), "Memory for where, but not what, is
used during visual search”, Journal of Experimental Psychology Human Perception and
Performance 32 (2):235.

192



Bell, C., M. Bayliss, and R. Warburton (1995), Handbook for ROV pilot/technicians:
Oilfield Pubication Ltd.

Bell, H. H., and W. L. Waag (1998), "Evaluating the effectiveness of flight simulators for
training combat skills: A review", The International Journal of Aviation Psychology 8
(3):223-242.

Blackman, S. (2005), "Serious games and less”, ACM Siggraph Computer Graphics 39
(1):12-16.

Bohnsack, J. A., and D. L. Sutherland (1985), "Artificial reef research: a review with
recommendations for future priorities”, Bulletin of Marine Science 37 (1):11-39.

Brickman, B. J., L. J. Hettinger, M. M. Roe, L. Lu, D. W. Repperger, and M. W. Haas
(1996), "Haptic specification of environmental events: Implications for the design of
adaptive, virtual interfaces". Paper read at Virtual Reality Annual International
Symposium, Santa Clara, CA.

Brooks, B. M. (1999), "The specificity of memory enhancement during interaction with a
virtual environment”, Memory 7 (1):65-78.

Brooks, B. M., F. D. Rose, J. Potter, S. Jayawardena, and A. Morling (2004), "Assessing
stroke patients' prospective memory using virtual reality”, Brain Injury 18 (4):391-401.

Buck, 1. (2007), "GPU computing with NVIDIA CUDA", Paper read at SIGGRAPH '07
ACM, 6.

Buckham, B., F. R. Driscoll, and M. Nahon (2004(i)), "Development of a finite element
cable model for use in low-tension dynamics simulation™, Journal of Applied Mechanics
71:476.

Buckham, B. J., F. R. Driscoll, M. Nahon, and B. Radanovic (2004(ii)), "Torsional
mechanics in dynamics simulation of low-tension marine tethers", International Journal of
Offshore and Polar Engineering 14:218-226.

Butler, G. J., and E. Galerne (1985), "Training ROV pilots/technicians"”, Sea Technology
26 (12):30-33.

Calhoun, G. L., M. H. Draper, M. F. Abernathy, F. Delgado, M. Patzek, and Rapid
Imaging Software Inc Albuquerque NM (2005), "Synthetic vision system for improving
unmanned aerial vehicle operator situation awareness"”, Proceedings of SPIE Vol. 5802, in
Enhanced and Synthetic Vision 2005.

Cerezo, E., and F. J. Seron (2001), "Synthetic images of underwater scenes: a first
approximation”, Proceedings of 9th International Conference in Central Europe on
Computer Graphics and Visualization WSCG’01: 395-402.

Cohen, J. D., W. M. Perlstein, T. S. Braver, L. E. Nystrom, D. C. Noll, J. Jonides, and E.
E. Smith (1997), "Temporal dynamics of brain activation during a working memory task",
Nature 386 (6625):604-608.

193



Conrad, R., and A. J. Hull (1964), "Information, acoustic confusion and memory span”,
British Journal of Psychology 55 (4):429-432.

Cooke, N. J., and O. Connor (2006), Human factors of remotely operated vehicles:
Emerald Group Publishing Ltd:166-1609.

Corke, P. 1. (1993), "Visual control of robot manipulators a review", Visual Serving: Real
Time Control of Robot Manipulators Based on Visual Sensory Feedback: World Scientific
Publishing:1-31.

Cowan, N., L. D. Nugent, and E. M. Elliott (2000), "Memory-search and rehearsal
processes and the word length effect in immediate recall: A synthesis in reply to Service",
The Quarterly Journal of Experimental Psychology Section A 53 (3):666-670.

Crundall, D. E., G. Underwood, and P. R. Chapman (1998), "How much do novice drivers
see? The effects of demand on visual search strategies in novice and experienced drivers",
Eye guidance in reading and scene perception:395-418.

Cutmore, T. R. H.,, T. J. Hine, K. J. Maberly, N. M. Langford, and G. Hawgood (2000),
"Cognitive and gender factors influencing navigation in a virtual environment",
International Journal of Human-Computer Studies 53 (2):223-249.

Dinadis, N., and K. J. Vicente (1999), "Designing functional visualizations for aircraft
systems status displays,” The international journal of aviation psychology 9 (3):241-269.

Dinh, H.Q., N. Walker, C. Song, A. Kobayashi, and L. F. Hodges (1999), "Evaluating the
importance of multi-sensory input on memory and the sense of presence in virtual
environments”, Paper read at IEEE Virtual Reality Conference 1999, Houston, Texas.

Duchowski, A. T., V. Shivashankaraiah, T. Rawls, A .K. Gramopadhye, B. J. Melloy, and
B. Kanki (2000), "Binocular eye tracking in virtual reality for inspection training".
Proceedings of Symposium on Eye Tracking Research Applications: 9 (2):89-96.

Duncan, J, and G. W. Humphreys (1989), "Visual search and stimulus similarity”,
Psychological Review 96 (3):433.

Dye, M. W. G., C. S. Green, and D. Bavelier (2009), "Increasing speed of processing with
action video games", Current Directions in Psychological Science 18 (6):321.

Eals, M., and I. Silverman (1994), "The hunter-gatherer theory of spatial sex differences:
Proximate factors mediating the female advantage in recall of object arrays", Ethology and
Sociobiology 15 (2):95-105.

El-Nasr, M. S, and S. Yan (2006), "Visual attention in 3D video games", Proceedings of
SIGCHI international conference on Advances in computer entertainment technology:22.

Ellis, S. R., B. D. Adelstein, S. Baumeler, G. J. Jense, and R. H. Jacoby (2002), "Sensor
spatial distortion, visual latency, and update rate effects on 3D tracking in virtual
environments" , Paper read at VRAIS 99 Conference, at Houston, Texas.

Fabekovic, Z., Z. Eskinja, and Z. Vukic (2008), "Micro ROV simulator”, ELMAR :97-101.

194



Farah, M. J (1986), "The laterality of mental image generation: A test with normal
subjects”, Neuropsychologia 24 (4):541-551.

Ferwerda, J. A. (2003), "Three varieties of realism in computer graphics"”, Human Vision
and Electronic Imaging: (5007):290-297.

Fisher, R. A. (1925), Statistical methods for research workers, Oliver & Boyd.

Fitts, P. M., R. E. Jones, and J. L. Milton (2005), "Eye movements of aircraft pilots during
instrument-landing approaches”, Ergonomics: Psychological mechanisms and models in
ergonomics:56.

Fletcher, B. (2002), "ROV simulation validation and verification”, Paper read at
MTS/IEEE Conference OCEANS '97.

Fletcher, B., S. Harris, I. Inc, and M. A. Cataumet (1996), "Development of a virtual
environment based .training system for ROV pilots", Paper read at MTS/IEEE OCEANS
‘96.

Fletcher, B., and B. Roberts (1998), "Training ROV pilots with a VE-based intelligent
tutoring system", Paper read at International/Industry Training, Simulation and Education
Conference, Orlando, FL.

Fong, T., and C. Thorpe (2001), "Vehicle teleoperation interfaces", Autonomous robots, 11
(1):9-18.

Garcia, J. C., M. Prats, P. J. Sanz, R. Marin, and O. Belmonte (2010), "Exploring
Multimodal Interfaces For Underwater Intervention Systems", Paper read at IEEE ICRA
2010, Anchorage, AL.

Garris, R., R. Ahlers, and J. E. Driskell (2002), "Games, motivation, and learning: A
research and practice model”, Simulation & Gaming 33 (4):441.

Gilbert, R. J., and M. L. Katz (2001), "An Economist's Guide to US v. Microsoft", Journal
of Economic Perspectives 15 (2):25-44.

Goldberg, J. H., and X. P. Kotval (1999), "Computer interface evaluation using eye
movements: Methods and constructs”, International Journal of Industrial Ergonomics 24
(6):631-645.

Goldberg, J. H., and A. M. Wichansky (2003), "Eye tracking in usability evaluation: A
practitioner’s guide.", in J. Hyond, R. Radach and H. Deubel (eds.), In The Mind's Eye:
Cognitive and applied aspects of Eye Movement Research, Amsterdam: Elsevier, 493-516.

Granka, L. A., T. Joachims, and G. Gay (2004), "Eye-tracking analysis of user behavior in
WWW search”, Paper read at 27th annual international ACM SIGIR conference, Sheffield,
UK.

Green, C. S., and D. Bavelier (2003), "Action video game modifies visual selective
attention", Nature 423 (6939):534-537.

195



Griffiths, M. D. (2002), "The educational benefits of videogames", Education and Health
20 (3):47-51.

Hanna, G. B., A. B. Cresswell, and A. Cuschieri (2002), "Shadow depth cues and
endoscopic task performance™, Archives of Surgery 137 (10):1166.

Harris, L. R., M. R. Jenkin, D. Zikovitz, F. Redlick, P. Jaekl, U. T. Jasiobedzka, H. L.
Jenkin, and R. S. Allison (2002), "Simulating self-motion I: Cues for the perception of
motion”, Virtual Reality 6 (2):75-85.

Harris, S. E., and B. E. Fletcher (1997), "Year one report: Training for remote sensing and
manipulation”, Paper read at MTS/IEEE Conference Proceedings Oceans '97 at Halifax,
Nova Scotia, Canada.

Hart, S. G. (2006), "NASA-task load index (NASA-TLX); 20 years later”, Paper read at
Human Factors and Ergonomics Society Annual Meeting Proceedings at San Francisco,
California, USA.

Hart, S. G, and L. E. Staveland (1988), "Development of NASA-TLX (Task Load Index):
Results of empirical and theoretical research”, Human mental workload 1:139-183.

Hays, R. T., J. W. Jacobs, C. Prince, and E. Salas (1992), "Flight simulator training
effectiveness: A meta-analysis”, Military Psychology 4 (2):63-74.

Hendrix, C., and W. Barfield (1995), "Presence in virtual environments as a function of
visual and auditory cues”, Paper read at Virtual Reality Annual International Symposium,
Research Triangle Park, NC.

Hendrix, C. (1995), "Relationship between monocular and binocular depth cues for
judgements of spatial information and spatial instrument design”, Displays 16 (3):103-113.

Herlitz, A., L .G. Nilsson, and L. Backman (1997), "Gender differences in episodic
memory", Memory & Cognition 25 (6):801-811.

Herman, H., J. D. McMahill, and G. Kantor (2001), "Enhanced operator interface for
hand-held landmine detector", Paper read at SPIE 4394.

Herman, P. (2009), "Transformed equations of motion for underwater vehicles”, Ocean
Engineering, Elsevier Ltd 36 (3-4):306-312.

Houghton, R. J., C. Baber, and J. F. Knight (2009), "Reporting Location and
Environmental Features when Using Metal Detector or Probe in a Simplified Mine
Detection Task", Paper read at International Conference on Contemporary Ergonomics.

Howard, 1. P. (1989), "Spatial Vision within Egocentric and Exocentric Frames of
Reference”, Paper read at the NASA Conference on Spatial Displays and Spatial
Instruments, Asilomar, CA.

Hu, H. H., A. A. Gooch, S. H. Creem-Regehr, and W. B. Thompson (2002), "Visual cues
for perceiving distances from objects to surfaces"”, Presence: Teleoperators & Virtual
Environments 11 (6):652-664.

196



Hu, H. H., A. A. Gooch, W. B. Thompson, B. E. Smits, J. J. Rieser, and P. Shirley (2000),
"Visual cues for imminent object contact in realistic virtual environment”, Paper read at
11th IEEE Visualization at Salt Lake City, UT.

Hubona, G. S., P. N. Wheeler, G. W. Shirah, and M. Brandt (1999), "The role of object
shadows in promoting 3D visualization”, ACM Transactions on Computer-Human
Interaction 6 (3):214-242.

Iwasaki, K., Y. Dobashi, and T. Nishita (2002), "An efficient method for rendering
underwater optical effects using graphics hardware”, in, Computer Graphics Forum. Wiley
Online Library, 701-711.

Jacob, R. J. K, and K. S. Karn (2003), "Eye tracking in human-computer interaction and
usability research: Ready to deliver the promises”, Mind 2 (3):4.

James, Thomas W., and Doreen Kimura (1997), "Sex differences in remembering the
locations of objects in an array: Location-shifts versus location-exchanges", Evolution and
Human Behavior 18 (3):155-163.

Jones, D. G., and M. R. Endsley (1996), "Sources of situation awareness errors in
aviation", Aviation, Space, and Environmental Medicine:67(6):507-512.

Jordan, M. A , J. L. Bustamante, and J. M. P. Cortifias (2005), "Design of Adaptive
Control Systems for ROVs Using Inverse Dynamics and State/Disturbance Observation”,
Paper read at 6th Argentine Symposium on Computing Technology, at Rosario, Set.

Just, MA, and PA Carpenter (1976), "The role of eye-fixation research in cognitive
psychology", Behavior Research Methods & Instrumentation 8 (2):139-143.

Karn, K. S., S. Ellis, and C. Juliano (1999), "The hunt for usability: tracking eye
movements", Paper read at CHI EA '99, Pittsburgh, Pennsylvania.

Kim, H., J. K. Lee, J. H. Park, B. J. Park, and D. S. Jang (2002), "Applying digital
manufacturing technology to ship production and the maritime environment", Integrated
manufacturing systems 13 (5):295-305.

Klauer, K C., and Z. Zhao (2004), "Double Dissociations in Visual and Spatial Short-Term
Memory", Journal of Experimental Psychology: General 133 (3):355-381.

Kontkanen, J., and S. Laine (2005), "Ambient occlusion fields". Proceeding of the
Symposium on Interactive 3D Graphics and Games, New York, New York.

Kozlowski, S. W. J, R. P. DeShon, S. G. Schifflett, L. R. Elliott, E. Salas, and M. D.
Coovert (2004), "A psychological fidelity approach to simulation-based training: Theory,
research, and principles”, Scaled worlds: Development, validation, and applications: 75—
99.

Lanier, J. (1992), "Virtual Reality: The Promise of the Future”, Interactive Learning
International 8 (4):275-279.

197



Lanier, J., and A. Heilbrun (1988), "A Vintage Virtual Reality Interview", Whole Earth
Review magazine. http://www.jaronlanier.com/vrint.ntml (accessed April 2007).

Law, B., M. S. Atkins, A. E. Kirkpatrick, and A .J. Lomax (2004), "Eye gaze patterns
differentiate novice and experts in a virtual laparoscopic surgery training environment",
Proceedings of the Symposium on Eye Tracking Research & Applications, New York,
NY.

Li, R, C. Tao, T. A. Curran, and R. G. Smith (1997), "Digital underwater
photogrammetric system for large scale underwater spatial information acquisition”,
Marine Geodesy 20 (2):163-173.

Lintern, G., S. N. Roscoe, and J. E. Sivier (1990), "Display principles, control dynamics,
and environmental factors in pilot training and transfer”, Human Factors: The Journal of
the Human Factors and Ergonomics Society 32 (3):299-317.

Liu, Y. C., and M. H. Wen (2004), "Comparison of head-up display (HUD) vs. head-down
display (HDD): driving performance of commercial vehicle operators in Taiwan",
International Journal of Human-Computer Studies 61 (5):679-697.

Logie, R. H., and C. Marchetti (1991), "Visuo-spatial working memory: Visual, spatial or
central executive", Mental images in human cognition 80.

Lok, B., S. Naik, M. Whitton, and F. P. Brooks (2003), "Effects of handling real objects
and self-avatar fidelity on cognitive task performance and sense of presence in virtual
environments", Presence: Teleoperators & Virtual Environments 12 (6):615-628.

Mania, K., T. Troscianko, R. Hawkes, and A. Chalmers (2003), "Fidelity metrics for
virtual environment simulations based on spatial memory awareness states”, Presence:
Teleoperators & Virtual Environments 12 (3):296-310.

Matheis, R. J., M. T. Schultheis, L. A. Tiersky, J. DeLuca, S. R. Millis, and A. Rizzo
(2007), "Is learning and memory different in a virtual environment?”, The Clinical
Neuropsychologist 21 (1):146-161.

McCauley, M. E., and T. J. Sharkey (1991), "Spatial orientation and dynamics in virtual
reality systems: lessons from flight simulation”, Paper read at Human Factors Society 35th
Annual Meeting at San Francisco, CA.

Michalski, R. S., J. G. Carbonell, and T. M. Mitchell (1986), Machine learning: An
artificial intelligence approach (Vol. 1). Los Altos, California,Morgan Kaufmann
Publishing.

Miller, R., M. Hobday, T. Leroux-Demers, and X. Olleros (1995), "Innovation in complex
systems industries: the case of flight simulation”, Industrial and Corporate Change 4
(2):363.

Miller, R. B., and American Institute for Research (1954), "Psychological considerations

in the design of training equipment”, in, Pittsburgh, PA: Defense Technical Information
Center.

198


http://www.jaronlanier.com/vrint.html

Mittring, M. (2007), "Finding next gen: Cryengine 2", Paper read at SIGGRAPH '07 at
San Diego, CA.

Moray, N., M. Fitter, D. Ostry, D. Favreau, and V. Nagy (1976), "Attention to pure tones",
The Quarterly Journal of Experimental Psychology 28 (2):271-283.

Neider, J., T. Davis, and M. Woo (1997), OpenGL. Programming guide: Addison-Wesley
Reading, MA.

Ormiston, D. (2009), "In at the deep end", International Water Power and Dam
Construction 61 (4):35-36.

Page, M. P.A., and D. Norris (1998), "The primacy model: A new model of immediate
serial recall”, Psychological Review-New York, 105:761-781.

Parsons, T. D., and A. A. Rizzo (2008), "Initial validation of a virtual environment for
assessment of memory functioning: virtual reality cognitive performance assessment test",
CyberPsychology & Behavior 11 (1):17-25.

Pausch, R. D. Proffitt, and G. Williams (1997), "Quantifying immersion in virtual reality",
Paper read at SIGGRAPH '97 24th annual conference on Computer graphics and
interactive techniques, Los Angeles, CA.

Piaget, J. (1973), “To understand is to invent: The future of education”, New York:
Grossman Publishers:99-101.

Pioch, N. J., B. Roberts, and D. Zeltzer (1997), "A virtual environment for learning to pilot
remotely operated vehicles"”, Paper read at International Conference on Virtual Systems
and MultiMedia (VSMM '97) at Geneva , Switzerland.

Raine, G. A., and M. C. Lugg (1996), "ROV inspection of welds: a reality", Insight 38
(5):346-350.

Ramloll, R., and D. Mowat (2002), "Wayfinding in virtual environments using an
interactive spatial cognitive map", Paper read at Fifth International Conference on
Information Visualisation at London, UK.

Redline, C. D., and C. P. Lankford (2001), "Eye-movement analysis: a new tool for
evaluating the design of visually administered instruments (paper and web)", Paper read at
American Association of Public Opinion Research, at Montreal, Canada.

Reid, L., and M. Nahon (1988), "Response of airline pilots to variations in flight simulator
motion algorithms", Journal of Aircraft 25 (7):639-646.

Reinhard, E. (2006), High dynamic range imaging: acquisition, display, and image-based
lighting: Morgan Kaufmann.

Ring, H. (1998), "Is neurological rehabilitation ready for immersion in the world of virtual
reality?”, Disability & Rehabilitation 20 (3):98-101.

Riordan, J., E. Omerdic, and D. Toal (2005), "Implementation and application of a real-
time sidescan sonar simulator”, Paper read at Oceans ‘05, Europe.

199



Ritschel, T., T. Grosch, and H. P. Seidel (2009), "Approximating dynamic global
illumination in image space”, Paper read at 2009 symposium on Interactive 3D graphics
and games, Boston, MA.

Rizzo, A. A., and J. G. Buckwalter (1997), "Virtual reality and cognitive assessment and
rehabilitation: the state of the art", Virtual reality in neuro-psycho-physiology: Cognitive,
clinical, and methodological issues in assessment and rehabilitation: 123-146.

Robertson, G., M. Czerwinski, and M. Van Dantzich (1997), "Immersion in desktop
virtual reality”. Paper read at 10th annual ACM symposium on User interface software and
technology, Santa Barbara, CA.

Rose, F. D., E. A. Attree, B. M. Brooks, D. M. Parslow, and P. R. Penn (2000), "Training
in virtual environments: transfer to real world tasks and equivalence to real task training",
Ergonomics 43 (4):494-511.

Rose, F. D., B. M. Brooks, and A. A. Rizzo (2005), "Virtual reality in brain damage
rehabilitation: review", CyberPsychology & Behavior 8 (3):241-262.

Ruddle, R. A, S. J. Payne, and D. M. Jones (1997), "Navigating buildings in" desk-top"
virtual environments: Experimental investigations using extended navigational
experience”, Journal of Experimental Psychology Applied 3:143-159.

Ruddle, R. A, S. J. Payne, and D. M. Jones (1999), "The effects of maps on navigation
and search strategies in very-large-scale virtual environments”, Journal of Experimental
Psychology Applied 5:54-75.

Ryan, M. L. (1999), "Immersion vs. interactivity: Virtual reality and literary theory",
SubStance 28 (2):110-137.

Sarletu, M., and G. Klein (2004), "Hardware-accelerated ambient occlusion computation”,
In proceedings of Vision, Modeling, and Visualization: 331-338.

Sawyer, B., and P. Smith (2008), "Serious games taxonomy", Paper read at The Serious
Games Summit at San Francisco, CA.

Scerbo, M. W., and S. Dawson (2007), "High Fidelity, High Performance?"”, Simulation in
Healthcare 2 (4):224.

Schechner, Y. Y., and N. Karpel (2004), "Clear underwater vision", Paper read at CVPR
IEEE Computer Society Conference on Computer Vision and Pattern Recognition at
Washington, DC.

Schmidt, J., C. Wohler, L. Kriiger, T. Govert, and C. Hermes (2007), "3D scene
segmentation and object tracking in multiocular image sequences”, Paper read at 5th
International Conference on Computer Vision Systems at Bielefeld, Germany.

Schnipke, S. K., and M .W. Todd (2000), "Trials and tribulations of using an eye-tracking
system”, Proceedings of CHI EA '00: 273-274.

200



Schrater, P. R., and D. Kersten (2000), "How optimal depth cue integration depends on the
task", International Journal of Computer Vision 40 (1):71-89.

Schultheis, M. T., J. Himelstein, and A. A. Rizzo (2002), "Virtual reality and
neuropsychology: upgrading the current tools™, The Journal of head trauma rehabilitation
17 (5):378.

Selcon, S. J., R. M. Taylor, and E. Koritsas (1991), "Workload or Situational awareness:
TLX vs. SART for Aerospace Systems Design Evaluation”. Proceedings of Human
Factors and Ergonomics Society Annual Meeting:62-66.

Sennersten, C. (2008), "Gameplay (3D Game Engine + Ray Tracing = Visual Attention
through Eye Tracking)". Blekinge Institute of Technology Licentiate Dissertion Series
10:201.

Shaffer, D. W., K. R. Squire, R. Halverson, and J. P. Gee (2005), "Video games and the
future of learning"”, Phi delta kappan 87 (2):104-111.

Staszewski, J. (2006), "Spatial thinking and the design of landmine detection training",
Applied spatial cognition: From research to cognitive technology:231-265.

Staszewski, J., and A. Davison (2000), "Mine detection training based on expert skill",
Detection and Remediation Technologies for Mines and Minelike Targets V:90-101.

Stefanidis, D., J. R. Korndorffer Jr, S. Markley, R. Sierra, B. T. Heniford, and D. J. Scott
(2007), "Closing the gap in operative performance between novices and experts: Does
harder mean better for laparoscopic simulator training?”, Journal of the American College
of Surgeons 205 (2):307-313.

Stephens, R. S. (1990), "Real-time 3D object tracking"”, Image and Vision Computing 8
(1):91-96.

Stone, R., R. Guest, E. Ch'ng, C. McCririe, C. Collis, R. Mannur, I. Rehmi, and
Birmingham University Department of Electronic & Electrical Engineering (2006),
"Serious Gaming Technologies Support Human Factors Investigations of Advanced
Interfaces for Semi-Autonomous Vehicles”, Paper read at Virtual Media for Military
Applications; NATO RTA HFM-136 Workshop at US Military Academy; West Point,
NY.

Stone, R., D. White, R. Guest, and B. Francis (2009), "The Virtual Scylla: an exploration
of “serious games”, artificial life and simulation complexity", Virtual Reality 13 (1):13-25.

Stone, R. S. (2003), "Whatever happened to virtual reality”, Equipment, Training and
Support News (Special ITEC 2003 Edition). April:43-47.

Sugano, N., H. Kato, and K. Tachibana (2003), "The effects of shadow representation of
virtual objects in augmented reality”, Paper read at The Second IEEE and ACM
International Symposium on Mixed and Augmented Reality at Madison, Wisconsin.

Sutherland, I. E. (1965), "The ultimate display”, Paper read at International Federation for
Information Processing.

201



Teichner, W. H, and M. J. Krebs (1972), "Laws of the simple visual reaction time",
Psychological Review 79 (4):344-358.

Tendick, F, S Bhoyrul, and LW Way (1997), "Comparison of laparoscopic imaging
systems and conditions using a knot-tying task", Computer Aided Surgery 2 (1):24-33.

Thomas, D. A. H. (1973), "Multiple comparisons among means-a review", The
Statistician:16-42.

Tsang, P. S, and M. A. Vidulich (2002), Principles and practice of aviation psychology:
Psychology Press:357-397.

Ulinski, A., C. Zanbaka, Z. Wartell, P. Goolkasian, and L. F. Hodges (2007), "Two handed
selection techniques for volumetric data”, Paper read at 2007 IEEE Symposium on 3D
User Interfaces at Charlotte, NC.

Valverde, H. H. (1973), "A review of flight simulator transfer of training studies”, Human
Factors: The Journal of the Human Factors and Ergonomics Society 15 (6):510-522.

Van Eck, R. (2006), "Digital game-based learning: It's not just the digital natives who are
restless”, Educause Review 41 (2):16.

Vinson, N. G. (1999), "Design guidelines for landmarks to support navigation in virtual
environments”. Paper read at SIGCHI conference on Human factors in computing systems
at Pittsburgh, Pennsylvania.

Volino, P., and N. Magnenat-Thalmann (2001), "Comparing efficiency of integration
methods for cloth simulation”, Paper read at Computer Graphics International, at Hong
Kong.

Wagner, C. R., N. Stylopoulos, and R. D. Howe (2002), "The role of force feedback in
surgery: Analysis of blunt dissection”, Paper read at Haptics Symposium at Washington,
DC.

Waller, D., E. Hunt, and D. Knapp (1998), "The transfer of spatial knowledge in virtual
environment training", Presence 7 (2):129-143.

Walton, J, M. Cooke, R. Uhrich, Naval Command Control, Ocean Surveillance Centre
RDT, and E DIV San Diego CA (1993), "Advanced unmanned search system", Naval
Command Control and Ocean Surveillance Center.
http://handle.dtic.mil/100.2/ADA279598 (accessed June 2009).

Wang, W., and C. M. Clark (2006), "Modeling and simulation of the VideoRay Pro IlI
underwater vehicle", Proceedings of IEEE Oceans 06, Asia Pacific.

Wang, Z., and A. C. Bovik (2002), "A universal image quality index", Signal Processing
Letters, IEEE 9 (3):81-84.

Wanger, L. R., J. A. Ferwerda, and D. P. Greenberg (2002), "Perceiving spatial

relationships in computer-generated images"”, Computer Graphics and Applications, IEEE
12 (3):44-58.

202



Wenger, E. (2004), "Artificial intelligence and tutoring systems", International Journal of
Artificial Intelligence in Education 14:39-65.

Wilson, J. R. (2002), "UAVs and the human factor", Aerospace America 40 (7):53-57.

Wilson, P. N. (1997), "Use of virtual reality computing in spatial learning research”,
Handbook of Spatial Research Paradigms and Methodologies: Spatial cognition in the
child and adult:181.

Wilson, P. N., N. Foreman, and M. Tlauka (1997), "Transfer of Spatial Information from a
Virtual to Real Environment”, Human Factors 39 (4).

Winkler, S. (2001), "Visual fidelity and perceived quality: Towards comprehensive
metrics"”, Paper read at SPIE Human Vision and Electronic Imaging Conference.

Yilmaz, A., O. Javed, and M. Shah (2006), "Object tracking: A survey”, Acm Computing
Surveys (CSUR) 38 (4):13.

Zalesky, J. L. (1998), “A part-task trainer for underwater tether awareness”. Dept. of
Electrical Engineering and Computer Science Massachusetts Institute of Technology.
http://hdl.handle.net/1721.1/50437 (accessed May, 2009).

Zhang, J., K. A. Johnson, J. T. Malin, and J. W. Smith (2002), "Human-centered
information visualization”, Paper read at International Workshop on dynamic
Visualizations and Learning, Digital Enterprise Research Institute, University of
Innsbruck.

203


http://hdl.handle.net/1721.1/50437

Appendix A

NASA TLX Load Index Form and Rating Scale

Definitions

204



NASA Task Load Index

Hart and Stavelands NASA Task Load Index (TLX) method assesses
work load on five 7-point scales. Increments of high, medium and low
estimates for each point result in 21 gradations on the scales.

Mame Task Date

Mental Demand How mentally demanding was the task?
|||||||||||||||||||||
Very Low Very High

Physical Demand How physically demanding was the task?
|||||||||||||||||||||
Very Low Very High

Temporal Demand How hurried or rushed was the pace of the task?
IR RN
Very Low Very High

Performance How successiul were you in accomplishing what

you were asked to do?

Perfect Failure

Effort How hard did you have to work to accomplish
your level of performance?

Very Low Very High

Frustration How insecure, discouraged, imitated, stressed,
and annoyed wereyou?

Very Low Very High

205



RATING SCALE DEFINITIONS

Title Endpoints Descriptions

MENTAL DEMAND Low/High How much mental and perceptual activity was
required (e.g., thinking, deciding, calculating,
remembering, looking, searching, etc.)? Was
the task easy or demanding, simple or
complex, exacting or forgiving?

PHYSICAL DEMAND Low/High How much physical activity was required (e.g.,
pushing, pulling, turning, controlling,
activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous,
restful or laborious?

TEMPORAL DEMAND Low/High How much time pressure did you feel due to
the rate or pace at which the tasks or task
elements occurred? Was the pace slow and
leisurely or rapid and frantic?

EFFORT Low/High How hard did you have to work (mentally and
physically) to accomplish your level of
performance?

PERFORMANCE Good/Poor How successful do you think you were in

accomplishing the goals of the task set by the
experimenter (or yourself)? How satisfied
were you with your performance in
accomplishing these goals?

FRUSTRATION Low/High How insecure, discouraged, irritated, stressed
and annoyed versus secure, gratified, content,
LEVEL relaxed and complacent did you feel during

the task?
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Appendix B

User Consent Forms for Experimental Studies
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University of Birmingham

Phd Research Trial

Virtual Reality Experiment to determine the effect of recall of location and environmental

features using technical aids.

Consent Form

Please tick to
confirm

| have read and understood the instruction sheet.

| have been given the opportunity to ask questions about the study.

| am satisfied with the answers given to my queries for this study.

| understand that | have the right to withdraw from the experiment at
any time without explanation.

| agree to report any discomfort that might result from using the
screen.

| agree to the data being collected from me to be used for research
purposes.

| agree to take part in the aforementioned research study.

Researcher Name .....ooovnniiiie e Date

Participant Name. ... ..coooutitiiiiiiiiii e Date
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University of Birmingham

Phd Research Trial

Virtual Reality Experiment of Visual Fidelity on piloting and
navigation search tasks

Consent Form

Please tick to
confirm

| have read and understood the instruction sheet.

| have been given the opportunity to ask questions about the study.

| am satisfied with the answers given to my queries for this study.

| understand that I have the right to withdraw from the experiment at
any time without explanation.

| agree to report any discomfort that might result from using the eye
tracking.

| agree to the data being collected from me to be used for research
purposes.

| agree to take part in the aforementioned research study.

Researcher Name ......ooooiiiiiiiiiii e Date .................

Participant Name..........ooiiiiiiiiiiiii e Date..................
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Appendix C

ROV ExplorOcean Questionnaire
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Questionnaire

As part of a joint venture between the University of Birmingham and the National Marine Aquarium
we would like to ask you a few questions to help research into the effects of playing computer
games on remote submersible training. (all data collected is anonymously)

Age: []5-7[78-10 []11-14 7 15-18 [ 19- 25 [ 26- 35 [ 36- 45 14655
[l 56+

Gender: n Male n Female

Which of the following do you play games on the most?

LI Wi [] Playstation [J Xbox [ Hand held consoles  [] PC
] None

Which type of game controller do you use the most

[1Mouse and keyboard [1Joystick [ Xbox or Playstation game pad
[J Wiimote

How many hours a week do you spend on the computer not playing games?
(PC or Mac)

Oo [h-5 0Oe-10 0O11-15 Oi16-20 0O 21-25 0O 26-30 [31+

What type of games do you play?

Not | Less than 1-3 4-8 9-15 16 or more
Game type at all 1 hour hours hours hours hours
per week | per week per per per week
week week

First person shooter
(Halo, Halflife, Call of
duty)

Third Person
(God of war, Zelda,
Ratchet and Crank)

Real time strategy
(Command and
Conquer, The Sims)

Simulation
(Flight sim, Burnout,
GTA)

Casual games
(Card or puzzle games)
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Appendix D

ROV ExplorOcean Data Recording Sheet
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ROV Project

Day: Date: Type of trial:
Finish Time
Student Start MNo. of of First Half No. of Finish
no. time Collisions of Course Collisions Time
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Appendix E

ROV Virtual Scylla Technical Aid Usage Ratings

Sheet
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TW DR ecisimnssrsnsinsssrsssssnnssssissassississssnssnns

How much did you use:-

(1] (=TT

Main

T esesmassmsmsssnsrnsssmsmnsnmassns

Position

Sonar

High

High

High

High

Text
Depth
Text Information
L
Low
Position
L
Low
Depth
L
Low
Sonar
L
Low
Main
L
Low

High
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ROV Technical Specificaction Sheet

www.videoray.com
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Pno 3 E VideoRay

Tihe GG LAY i1 MDY TeeMnoRgy

System Specifications
Depth Rating 152 m (500 ft)
Total System Weight 40 kgs (90 Ibs) in 2 watertight Pelican cases
Submersible Size and Weight 3.8 kgs (8.4 Ibs)/ 12, 9, 8.5 inches (30.5, 23, 21 cm)
Speed 2.6 knots
Power Supply 100-240 VAC
Submersible Robot
Main Camera Second Camera
Location: Front - inside the pressure hull Rear facing high resolution black &
Features: Forward facing wide angle color camera. ~ white 430 liones of resolution / 0.1
Zoom: N/A lux
Resolution: 570 lines of resolution
Sensitivity: 0.3 lux
Focus: Wide Focus Range
Type: Specify NTSC or PAL
View Angle: 90’ horizontal 140" diagonal underwater
optimized wide angle
Tilt: Variable tilt with 180° vertical field of view
Lighting
Forward Second Camera - Rear External Auxiliary - Optional
Type: 2 X 20w Halogen Type: Ultra high intensity
Lamps LED array
Control:  Variable Intensity
Propulsion
Horizontal Vertical
Drive: Geared Drive: Geared
Motor: Brushed Motor:  Brushed
Propellers: 60 mm Propeller: 45 mm
Thrusters:  Two Thruster: One
On-Board Sensors

Navigation: Compass (heading read out on control panel LCD)-option to overlay heading on monitor
Depth:  Reading in feet or meters on control panel LCD - option to overay depth on video monitor

Accessories and Sensors
9 pin accessory connector allows easy field integration of various instruments, sonar, and sensors

Control Console FA—— Controls:  +Integrated Joystick for horizontal
Comms Protocol:  RS-485 (if using with PC) movement
825::;)%( ggtti%’:\'glht Pelican1550 +3rd Axis joystick control (selectable
; for depth, camera tilt, lights, and
Display: Requires User Supplied Monitor manipﬁlamr) o Raer Gamera, LED Array, Accessory Port
Video out: Analog compasite video out +Vertical depth control with Auto
Recording: Optional Digital Recording DepthFeature
Package (Not Included) +Lighting, Camera Tilt, Focus Control,
Video Overlay: Option to superimpose date, and manipulator control (manipulator
time, depth, and he;xdmg not included)
. ) information on monitor +PC Pilot enabled (requires PC and XE
Audio Annotation:  Optional package, not included)
+Front and Rear Camera toggle
Tether
Type: Neutrally Buoyant Performance Tether Expansion: Modular
Length: 40 m (130 ft) Breaking Strength: 1,000 Ibs
Extension: Available - Not Included
Management: Available - Not Included Struple Gontroks - Requires User Moaktor
Voltage: 48 volts DC - Maximum tether voltage
Other Components _— )
+Owners Manual Scane Pk v""‘“‘u I
+Brass Ballast Weight Set
+Basic Tool Kit = %
+Hand Compass
+Tether Strain Relief
+System fits in two water-
tight Pelican cases - airine
checkable
Warranty
Two year imited warranty covering manufacturing and component defects. Upon
or after warranty expiration this wamranty can be renewed annually. 152m (500 ft) Depth Rated Pro 3 E
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