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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 

(COTS) 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/ROV, 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. 
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Appendix A 

NASA TLX Load Index Form and Rating Scale 

Definitions 
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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  

LEVEL 

Low/High How insecure, discouraged, irritated, stressed 

and annoyed versus secure, gratified, content, 

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 

I have read and understood the instruction sheet.  

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

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

I understand that I have the right to withdraw from the experiment at 

any time without explanation. 

 

I agree to report any discomfort that might result from using the 

screen. 

 

I agree to the data being collected from me to be used for research 

purposes. 

 

I agree to take part in the aforementioned research study.  

 

 

 

Researcher Name ………………………………………………… Date …………….. 

 

Participant Name…………………………………………………. 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 

I have read and understood the instruction sheet.  

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

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

I understand that I have the right to withdraw from the experiment at 

any time without explanation. 

 

I agree to report any discomfort that might result from using the eye 

tracking. 

 

I agree to the data being collected from me to be used for research 

purposes. 

 

I agree to take part in the aforementioned research study.  

 

 

 

Researcher Name ………………………………………………… Date …………….. 

 

Participant Name…………………………………………………. 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      8- 10       11- 14       15- 18      19- 25      26- 35      36- 45     46-55 

56+ 
 
Gender:         Male                 Female  
 
 
Hobbies: 
…………………………………………………………………………........................ 
        
Which of the following do you play games on the most? 
 
         Wii            Playstation             Xbox          Hand held consoles            PC         

None    
 
Which type of game controller do you use the most 
 
         Mouse and keyboard       Joystick         Xbox or Playstation game pad                        
       Wiimote        
 
How many hours a week do you spend on the computer not playing games? 
(PC or Mac) 
 
         0        1-5         6-10         11-15          16- 20          21- 25        26- 30        31+ 
 
What type of games do you play?  
 

 
Game type 

Not 
at all 

Less than 
1 hour 

per week 

1-3       
hours 

per week 

4-8 
hours 
per 

week 

9-15 
hours 
per 

week 

16 or more 
hours 

per 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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Appendix E 

ROV Virtual Scylla Technical Aid Usage Ratings 

Sheet 
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Appendix F 

ROV Technical Specificaction Sheet  

www.videoray.com 
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