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Figure 2-2 Distribution on Internal Impedance of the Human Body [97] 

Figure 2.2 details the percentage impedance for a hand to foot path. Using the 

impedance of hand to hand or hand to foot as a reference, the internal 

impedance from one hand to both feet is approximately 75% the reference 

value, while the impedance from both hands to both feet is 50% and from 

both hands to trunk is approximately 25% [97]. 

Taylors investigations (1985) [163] are in large agreement with Freiberger’s 

impedance distribution model as is Biegelmeiers research [19]. In terms of 

actual resistance values for the internal body impedance, Freiberger reported 

an average of 1000 Ω for 60 cadavers of various age’s, sex and body size for 

hand to hand and hand to foot paths. This value is somewhat larger than 

values subsequently obtained by researchers in the field (500-750 Ω) and 

possibly can be attributed to increased impedance values of humans after 

death. 

Biegelmeier one of the main contributing authors to the IEC standard on the 

effects of electric current also carried out significant studies in this field. 

Biegelmeier’s studies [19] demonstrated that at 25 V impedance is almost 

inversely proportional to contact area, however as the voltage was increased 

impedance values drop dramatically and area dependence is reduced 

significantly.  

Biegelmeier also reported for electrode contact area of approximately 82 cm2, 

internal body resistance only drops slightly as the touch voltage is raised from 
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successfully at a specialist panel meeting (1985) against a body weight 

formulation, pointing out that when the VF thresholds of many species are 

plotted against body weight, there is an apparent body weight relationship. 

However when the threshold’s of a single species is plotted against body 

weight, the statistical correlation largely disappears [144]. 

 

 

Figure 2-9 Ventricular Fibrillation versus 60 Hz stimulus duration [144] 

As a consequence of the above the IEC does not include a body weight law in 

its safety standard. Instead, the IEC bases its safety criteria mainly on 

experimental data from dogs. This procedure is considered to be conservative 

in view of demonstrated lower thresholds in dogs as compared to humans. 

Especially noteworthy are the experimental thresholds obtained for both dogs 

and humans using similar electrode arrangements placed in the heart [144]. 

2.4.5.1 Current knowledge on ventricular fibrillation  

Dalziel’s constant energy fit to the Ferris group’s data was not an 

unreasonable assumption to make at that time. Indeed the 1/�¾�6 relationship, 

does provide a reasonable fit when examined over the duration 0.08 to 5s. 

However upon examination of the Ferris group data using a log normal 

distribution in contrast to a normal distribution used by Dalziel, it is clear that 

Dalziel’s equation neglects the rapid decline of the threshold near a shock 

duration of one heart cycle. In Dalziel’s defence, the role extrasystolic 

excitations play in lowering ventricular fibrillation was not widely known at 

this time. 
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Figure 2-10 Fibrillation threshold as a function of duration of current flow for dogs [6] 

Kouwenhoven’s [112] essential contribution (as already mentioned) to our 

understanding of ventricular fibrillation using dogs was made in 1959. In this 

paper it was made explicitly clear, that no clear dependence existed between 

body weight and fibrillation thresholds [6]. Also worth noting is the fact that 

the Ferris group also found no dependence of body weight within one species 

on fibrillation thresholds. Figure 2-10 shows Kouwenhoven’s results plotted 

in a log normal distribution. It is evident from this that a sharp decline of the 

threshold of fibrillation occurs for shock durations of approximately one heart 

cycle which is caused by premature heart beats. In general fibrillation 

experiments longer than one heart cycle are more trustworthy than those 

shorter than one heart cycle due to fibrillation only occurring during the 

vulnerable period of the heart cycle in the latter. Dalziel and Lee [54] did 

attempt to re-evaluate Dalziel’s energy criterion using Kouwenhoven’s new 

data again using body weight calculations, however this procedure is still not 

considered convincing [6].  In essence, Dalziel’s work was a first attempt of 

huge merit to apply statistical considerations to animal data to establish 

fibrillation thresholds. The inaccuracies in his findings can essentially be 

attributed to two misjudgements (1) fibrillation thresholds do not depend on 

body weight and (2) fibrillation thresholds follow log normal distributions 

and not normal distributions [6]. 

 

For numerous years fibrillation data from animals have been directly applied 

to humans, consequently due to the animal’s shorter heart cycle the results for 

shock protection are quite conservative and may result in economical losses in 
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some instances. It was therefore necessary to examine fibrillation thresholds 

for humans in contrast to data that existed for dogs and hogs. Raftery et al 

[142] [141] carried out such studies when they compared the effects of the 

electrical excitation of the heart muscle of living humans to dogs. From these 

studies it can be seen that the human heart requires greater excitation currents 

compared with the hearts of dogs. Using the current required to cause failure 

of a pumping action of the heart an average factor of 3.5 was determined for 

human-dog. This factor was then conventionally applied to the fibrillation 

threshold [6]. The Buntenkotter group made more precise measurements in 

this respect in relation to hogs and this work is considered even more reliable 

due to the modern measuring equipment and systematic approach used. A 

factor of 2.8 was found for human-hog.  

 

As outlined in detail in chapter 5 the current zones used in the IEC standard 

are based on conventional agreements, especially boundaries c1-c3 which are 

taken directly from measurements on dogs. As a result [6] now proposes that 

the latest knowledge in electro pathology derived from the fibrillation 

thresholds of dogs and hogs in conjunction with the comparative factors for 

the fibrillation threshold of persons be used in the development of a new IEC 

standard. Consequently a new draft is already under discussion [6]. The 

proposed new time/current zones are based on tolerable and non tolerable 

risk, the statistical probability of ventricular fibrillation below 1% is 

conventionally chosen as tolerable risk for protection against electric shock. 

For a detailed explanation on the electro pathological knowledge behind this 

development, see [6] pages 8-18. Figure 2-11 shows the proposed time/current 

zones Z1 (AC) and Z2 (AC) between tolerable and non tolerable risks of 

harmful electric shock for fault protection. The time limits  for the transition 

of the ZL boundary from low to high have been chosen with t = 1.5 heart cycle 

= 1s and t = 0.75 heart cycle  = 0.5s using the duration of a heart cycle of a three 

year old child (0.6s) for additional safety.  

 

The less conservative new proposals made by [6]  based on defined risk 

evaluation and clear mathematical boundaries have considerable advantages 

in terms of earthing arrangements and discrimination design. However it will 

take time for these proposals if adopted to be filtered down to the applicable 

standards. As a result, the situation now exists in North America where the 

latest IEEE Std. 80 standard (IEEE Std. 80-2000) uses Dalziel’s curves while in 

Europe Biegelmeier’s curve forms the basis of IEC 479-1 specification. Figure 

5 of the latest IEEE Std. 80 standard does however contrast both these 

fibrillation curves. It appears the reason for doing this was to give the reader a 
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visual comparison between Biegelmeier’s Z curve and Dalziel's equations. In 

doing so it demonstrates that Dalziel’s equation (k= 0.116) is more 

conservative for times between 0.06 and 0.7 seconds which would be 

considered normal fault clearing times in substations. Hence, this justified the 

continued use of Dalziel’s equation in the IEEE Std. 80-2000 on safety basis at 

least.  

 

Figure 2-11 time/current zones Z1 (AC) and Z2 (AC) between tolerable and non tolerable risks of 

harmful electric shock for fault protection [6] 

To summarise the findings on the effects of electric current in producing 

ventricular fibrillation in the 50-60 Hz range, Bikson [22] produced a table that 

reviewed the most relevant reports, reviews and books on the subject. ESF’s 

[6] new approach complements this information and gives the latest 

information on tolerable fibrillation thresholds albeit with safety factors built 

in. Using this information in conjunction with the well defined human 

impedance values in the IEC standard [99]  allows one to develop pretty well 

defined safe touch voltage thresholds for various environmental and 

physiological conditions  

 DHHS 

(1998) 

Leibovici et 

al (1995) 

Bridges 

et al 

(1985) 

Camps 

et al 

(1976) 

DiMaio 

and 

DiMaio 

(2001) 

Wright 

and 

Davis 

(1980) 

Webster 

(1980) 

Reilly 

(1998) 

Ventricular 

fibrillation 

(exposure time) 

100 30-50 >70 

(0.1s) 

40-

100(∞) 

70(5s) 75-100 

(>5s) 

120 

(0.1s) 

75-400 33 (5s) 

807 

(8.3 

mS) 

Table 2-5 Estimated electric current required to produce ventricular fibrillation (in mA peak limb 

contact) [22]                                           
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Chapter 9 

9 Conclusions and Further Development 
 

9.1 Introduction 
Electricity and the dangers associated with its use in the built environment 

have long since been a priority for the electrical services industry and also the 

general public who live and work in this environment. For electrical safety to 

continuously progress, it is incumbent on those within the industry to 

consistently strive for enhanced regulation, improved systems of work and 

enhanced methods to allay these risks. Such efforts will not just benefit those 

working and training to work in this industry but all of society.  

 

In this research, a prototype application designed to enhance electrical 

services design and safety in the built environment using a desktop VR 

system has been set out. The system allows full navigation of a virtual 

electrical installation environment and interaction with many of the electrical 

elements. This constitutes a first attempt at attaching a new dimension to the 

training of electrical services engineers. Although in its infancy, the successful 

development and early implementation of this prototype desktop VR 

application suggests that ‘VES’ could be a valuable tool for the industry. The 

model presented has the potential to be used as an educational tool for third 

level students, a design tool for industry, or as a virtual electrical safety 

manual for the general public. Unlike traditional design or training methods 

virtual reality has the advantage of being safe for both the user and 

equipment. In addition, it offers the user an opportunity to be exposed to a 
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range of scenarios and conditions that either occur infrequently or are 

hazardous to mimic. 

Virtual Reality also offers the ability to expeditiously attain proficiency and 

knowledge which is essential for the profitability and sustainability of 

companies, governments and training organisations. For electrical services 

engineers this is achieved by providing an environment where users can 

interact with a simulated environment in an intuitive manner, repeat tasks 

until the required proficiency is attained and work safely which constitutes a 

marked shift in conventional learning and design techniques used currently 

within the industry. Additionally, in an era where regulatory practices are 

amended continuously there is a requirement on the part of industry and 

higher education institutes to provide training methods that will allow 

trainees to quickly and cost effectively up-skill and attain knowledge to adapt 

to the new and rapidly emerging practices and associated technologies. In this 

context, Desktop VR as developed through this research provides a viable 

solution.  

9.1.1 VR Development Process 

Electrical safety in the built environment can be defined as the process of 

eliminating the risk of incident or injury from electrical installations. As part 

of the effort to heighten safety, a Desktop VR prototype model is set out in 

this research as a plausible tool to aid in this ongoing process. The 

foundations upon which to develop the model were realised in the early 

sections of this research (chapter 2-5). Chapter 2 focussed on establishing how 

humans respond to a.c. 50/60 Hz and documented how the pertinent 

standards have evolved. For designers it is important to appreciate factors 

which influence the severity of an electric shock, these include the physical 

condition of the subject, the duration and path of the current flow, the 

frequency of the supply, the magnitude of the current and also the magnitude 

of the voltage causing the shock. This analysis proved useful in assessing the 

published current and voltage limits and their affect on current regulations. 

Following this, chapter 3 provided a body of evidence which outlined the 

current concerns regarding electrical safety in the built environment. This 

provided clear justification for the development of a virtual reality model to 

feed into the ongoing effort to improve electrical safety levels. Chapter 4 

investigated fatal and non-fatal electrical incidents from electric current 

causing shock or burn in domestic properties. This study highlighted the at-

risk groups that could benefit from improvements in electrical safety, the 

main risk activities in domestic properties, the products involved and the 

outcome of the injured patients. The data collected from this study provided 

the electrical accident data and scenarios for use in the VR model. Chapter 5 
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summarised the theory of transfer touch voltage and analysed the significant 

factors related to the development of a safe touch voltage design.  The ‘Touch 

Voltage Simulator’ application developed allows designers and installers of 

low voltage electrical installations to test and evaluate the resulting touch 

voltage for various design parameters. Upon confirming the validity of the 

touch voltage simulator through an on-site touch voltage case study, the 

simulator was deemed suitable to be included in the VR model.  

More generally, the approach taken in the development of these early 

chapters highlighted three predominant factors related to preventing 

electrical accidents in the built environment namely design, maintenance and 

persons. These factors formed the basis of the proposed electrical safety 

concept as outlined in chapter 1. From the findings of this research, it would 

appear that VR is well placed to address the overall safety concerns 

highlighted by this concept and has the potential to play a significant role in 

addressing many of the individual factors such as allowing designers 

investigate the impact of their designs, allowing persons become more aware 

of the dangers of electricity by virtue of the collected accident scenarios, while 

also allowing a skilled or non skilled person become more informed or 

virtually instructed before carrying out maintenance. The latter half of the 

thesis focussed on the development and evaluation of the VR model. The 

evidence of which suggests that it can be a valuable tool for both academia 

and industry and is worthy of further research and development.  

9.2 Research Findings Contributions to Aims and Objectives 
As outlined through this work and the work of many others, there is ample 

evidence to highlight the dangers associated with the use of electricity. 

Therefore, the continued commitment of the industry to put electrical safety 

at the forefront of engineering decisions is vitally important. This signifies the 

context in which this research is motivated which is to highlight the growing 

concerns in the field, aid regulatory decisions in the development of 

standards and promote methods and techniques to enhance our 

understanding and reduce the number of fatal and non fatal electrically 

related incidents  

9.2.1 Addressing the main research questions and their wider implications 

The main aim of this research is the design and implementation of a 

prototype virtual reality application designed to enhance electrical services 

design and safety in the built environment using a desktop VR system. By 

successfully developing a novel prototype, a new dimension is added to the 

field, which if utilised to its potential can significantly add value in terms of 
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training engineers, heightening safety and reducing the potential of fatal and 

non fatal accidents. 

 

The application of independent analysis in the evaluation of the VR model 

should benefit any further development of the model in addition to providing 

supporting evidence to VR practitioners. This analysis makes a significant 

contribution to understanding the potential of Desktop VR technology to 

support and enhance understanding in engineering applications. This 

analysis can also guide the future development efforts of Desktop VR-based 

learning environments applied to the field of electrical services engineering. 

In a broader context, it will make a significant contribution by edging the VR 

community closer to understanding the potential of desktop VR technology to 

support and enhance learning. It may also enlighten developers on the 

capability of desktop VR to enhance learning and to support developers in 

identifying the essential characteristics Desktop VR-based learning 

environments should entail. 

 

The study of original unpublished data investigating fatal and non-fatal 

electrical incidents from electric current causing shock or burn in domestic 

properties should prove useful in enhancing knowledge in the field. This data 

was used to trend electrical injury for various categories and groups. This 

determined at-risk groups that could benefit from electrical safety 

interventions and highlighted the high-risk activities, which lead to receiving 

an electric shock in a residential home. The benefits of the narrative reports 

that accompany each individual incident is also exploited to forge an insight 

into incident causes that may indicate where specific types of remedial action 

can be implemented namely engineering controls and safety awareness 

campaigns which may aid in tempering the number and severity of domestic 

electrical incidents. The wider implications of this study may influence 

regulatory bodies in the development of standards in the relevant wiring 

rules. It may also provide supporting evidence for governmental safety 

agencies in promoting safety.  

 

The original touch voltage sensitivity equations developed can be used by 

installation designers and installers to investigate and identify the range of 

resulting touch voltage values that might be the consequence of variation of 

the four main design parameters. It is demonstrated by example that the 

equations can be used by installation designers and installers to investigate 

and identify the range of resulting touch voltage values that might be the 

consequence of variation of the four main design parameters UOC, Ze, R1 and 

R2. In addition the concept of how dangerous touch voltages can develop and 
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also transfer onto healthy circuits in low voltage electrical installations has 

been analysed. From a designer’s perspective, the benefits of designing for 

safety through the implementation of RCD’s and a low touch voltage design 

using the equations and tools developed by the author should be clearly 

evident. 

9.3 Limitations  

The development of the prototype model and the subsequent evaluation 

highlighted that the users perceive the prototype to be a useful tool and are 

receptive to using VR as a learning and design tool. However, it would be 

remiss in terms of this research not to acknowledge that the prototype, albeit 

fully functional, is limited in its current format and could benefit from further 

research and development. Even within the most comprehensive and large 

scale studies, there are limitations by virtue of the practical realities. In the 

context of this research, the VR model served its purpose, in that it 

demonstrated the concept of utilising VR in the electrical services industry 

and highlighted the potential to heighten safety as a result. However for a 

package of this nature to be commercially realised in an expedient manner, a 

team consisting of 3D artists, software developers and electrical services 

consultants would be required.  

On a micro level the VR prototype could be enhanced by utilising an 

alternative method of navigation, enhancing the graphical display and by 

employing more content for the user to investigate including additional 

scenes, staged in industrial and commercial installations. However, it is worth 

acknowledging that if the prototype in its current format suggests that VR can 

be successfully employed in the industry, enhanced content, display, user 

navigation and so forth will only serve to reinforce this point. 

9.4 Recommendations  
The following are some recommendations, which arise from the research 

work: 

 It would appear prudent that electrical codes such as ET 101 and BS 

7671 have less stringent requirements for voltages less than 25 V 

instead of 50 V. This argument can be made based on accident 

investigations involving incidents where less than 50 V was reported 

but also on the findings of the IEC 60479 standard where touch voltage 

thresholds for ventricular fibrillation below 50 V is possible for various 

scenarios. 
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 In the home, the electrical injury rate for males is 1.5 times than that for 

females. However, the fatality rate due to electricity-related accidents is 

nine times higher for males than the corresponding rate for females. 

This topic warrants further investigation. In addition it is 

recommended that the accident interviews should be made mandatory 

as part of A&E’s normal record. 

 

 The new 4th edition of (ET101:2008) by ETCI or 17th edition IEE Wiring 

Regulations (BS7671:2008) coupled with best practice of de-energising 

equipment before maintenance/repair and corrective maintenance on 

electrical appliances could significantly reduce injury and death rates. 

 

 For domestic dwellings, a certification process based on periodic 

inspections would ensure best practice with the added benefit of giving 

the occupant a heightened sense of security, increased convenience 

using electricity and an increased property value. 

 

 Virtual reality environments should be introduced to the electrical 

services engineering industry to enhance electrical safety and design 

and strengthen current training programs.  

 

 The development of virtual reality based learning environments for 

integration in educational electrical services programmes should be 

pursued. Virtual reality systems can allow users to attain a better 

understanding of complex ideas, systems or environments and helps 

users develop capabilities, skills and competencies essential for further 

study and future employment. Additionally, Desktop VR can enhance 

the learning effect by demonstrating through an immersive medium in 

a contextualized environment the design features, processes and 

electrical components involved in an electrical installation. 

 

 Further development of the ‘VES’ prototype model should include 

increased electrical installation content in a layered format. For 

example clicking on a component could potentially bring the user to an 

inner layer which gives a more magnified view of the component and 

relevant information, while also allowing dynamic electrical 

simulations in order to improve the realistic representation of the 

actual systems. In addition the integration of commercial and 

industrial scenes would increase the usefulness of the program.  
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 Multidisciplinary teams consisting of software engineers, electrical 

services engineers, 3D artists and psychologists would be best suited to 

developing a commercially viable system. 

9.5 Final Note 
Virtual reality is identified as a rapidly developing computer based 

technology that is widely used for a diverse range of applications. Over the 

past decade, computer systems have rapidly evolved and significantly 

improved the quality and accessibility of virtual reality systems and also 

reduced the cost associated with such systems. The net effect has prepared the 

way for virtual reality technology to be considered in a variety of engineering 

areas. 

The intent of electrical safety is to eliminate as far as reasonably possible the 

potential of electrical accidents occurring. One potential method of addressing 

this issue is to use virtual reality. Through a virtual environment designers 

can view and investigate the impact of their designs, persons can become 

more aware of the dangers of electricity, while a skilled person can become 

more informed or virtually instructed before carrying out maintenance. By 

providing a format to develop and address each of these elements will only 

serve to heighten awareness and encourage people to use safe electrical 

practices. It is hoped through the development of this novel prototype, that 

the potential of virtual reality will be exploited by the industry and the overall 

research findings will aid in enhancing electrical safety in the built 

environment which can benefit all of society. 

 

 

 

 

 

 

 

 

 

 



 

200 

 

References 

[1] Act3D. (2011, June) Quest3D. [Online]. http://quest3d.com/ 

[2] Act-3D. (2011, July) Quest3D Tutorial Manual. [Online]. 

http://quest3d.com/index.php?id=101 

[3] N. Adamo-Villani, E. Johnson, and T. Penrod, "Virtual Reality on the 

web: the 21st Century World project," in International Conference on 

Multimedia and Information and Communication Technologies in Education, 

Lisbon, 2009. 

[4] A. Antonietti, C. Rasi, E. Imperio, and M. Sacco, "The Representation of 

Virtual Reality in Education ," Education and Information Technologies, vol. 

5, no. 4, pp. 317-327, 2000. 

[5] E. Arroyo and J.L.L. Arcos, "SRV: a virtual reality application to 

electrical substations operation training," in Multimedia Computing and 

Systems, Florence, 1999, pp. 835 - 839. 

[6] H. Bachl, G. Biegelmeier, R. Hirtler, and A. Morx, "A new approach to 

protection against electric shock based on tolerable risks and fault 

protection by automatic disconnection of supply for A.C. 50/60 Hz and 

for D.C.," Electrical Safety Foundation, Vienna, ESF-Research Report 

No.6E, 2008. 

[7] A. Baheti et al., "RoSS: Virtual Reality Robotic Surgical Simulator for the 

da Vinci Surgical System," in Symposium on Haptic interfaces for virtual 

environment and teleoperator systems, Reno, NE, 2008, pp. 479 - 480. 

[8] R.S. Banks and T. Vinh, "An assessment of the 5-mA 60-Hz contact 

current safety level," IEEE Transaction on Power Apparatus and Systems, 

vol. 103, no. 12, pp. 3608-3614, December 1984. 

[9] M. Barrett, J. Blackledge, and E. Coyle, "Using Virtual Reality to 

Enhance Electrical Safety and Design in the Built Environment," ISAST 

Transactions on Intelligent Systems, 2011. 

http://quest3d.com/
http://quest3d.com/index.php?id=101


 

201 

 

[10] M. Barrett, K. O’Connell, and A.C.M. Sung, "Analysis of transfer touch 

voltages in low voltage electrical installations," BSERT, vol. 31, no. 1, pp. 

27-38, 2010. 

[11] M. Barrett, K. O’Connell, and A.C.M. Sung, "Electrical safety and touch 

voltage design," BSERT, vol. 31, no. 4, pp. 325-340, 2010. 

[12] M. Barrett, A.C.M. Sung, K. O'Connell, and G. Stokes, "Analysis of 

electrical accidents in UK domestic properties," Building Services 

Engineering Research and Technology, vol. 31, no. 3, pp. 237-249, August 

2010. 

[13] BEAMA. (2011, May) Counterfeit Kills. [Online]. 

http://www.counterfeit-kills.co.uk/uk/index.php?page=main 

[14] J.T. Bell and H.S. Fogler, "Ten steps to developing virtual reality 

applications for engineering education," in American Society for 

Engineering Education, Milwaukee, WI, 1997. 

[15] R Belmans, H De Keulenaer, J Manson, and E Schellekens, "Towards 

Improved Electrical Installations in European Homes," 

AIE,ECI,Europacable,FISUEL,UIE, 2003. 

[16] R. Belmans, H. De. Keulanaer, J. Manson, and E. Schellekens, "Towards 

improved electrical installations in European homes," European Copper 

Institute, 2004. 

[17] T. Bernstein, "Electrical Shock Hazards and Safety Standards," IEEE 

Transactions on Education, vol. 34, no. 3, pp. 216-222, August 1991. 

[18] M. Bertrand and S. Bouchard, "Applying the technology acceptance 

model to VR with people who are favorable to its use," Journal of Cyber 

Therapy and Rehabilitation, vol. 1, no. 2, pp. 200-210, 2008. 

[19] G. Biegelmeier, "New knowledge of the impedance of the human body," 

in Electrical Shock Safety Criteria. New York: Pergamon, 1985a, pp. 115-

132. 

http://www.counterfeit-kills.co.uk/uk/index.php?page=main


 

202 

 

[20] G. Biegelmeier and W. R Lee, "New considerations on the threshold of 

ventricular fibrillation for a.c.shocks at 50-60 Hz," Physical Science, 

Measurement and Instrumentation,Management and Education, vol. 127, no. 

2, pp. 103-110, March 1980. 

[21] G. Biegelmeier and J. Miksch, "Effect of the skin on the body impedance 

on humans," Electrotechnik and Maschinenbau, mit Industrieller Electronik 

und Nachrichtentchnik, vol. 97, no. 9, pp. 369-378, 1980. 

[22] M. Bikson, "A review of hazards associated with exposure to low 

voltages," The Graduate School and University Center of the City 

University of New York, Review 2008. 

[23] M. Bikson et al., "Effects of uniform extracellular DC electric fields on 

excitability in rat hippocampal slices in vitro," Journal of Physiology, vol. 

557, no. 1, pp. 175-190, 2004. 

[24] J. Bjornstig, K. Hedlung, and U. Bjornstig, "Injuries caused by domestic 

electric equipment," Accident Analysi Group Norrland University 

Hospital, Norrland, 2002. 

[25] D. Bowman, J., L Gabbard, and D. Hix, "A Survey of Usability 

Evaluation in Virtual Environments:Classification and Comparison of 

Methods," Teleoperators and Virtual Environments, vol. 11, no. 4, pp. 404-

424, 2002. 

[26] P.T. Breen and W.G. Scott, "Virtual Reality Applications in T&D 

Engineering," in Rural Electric Power Conference, Nashville, 1995, pp. B5/1 

- B5/6. 

[27] J.E. Bridges, "An Investigation into Low Voltage Shocks," IEEE 

Transactions on Power Apparatus and Systems, vol. 100, no. 4, pp. 1529-

1537, April 1981. 

[28] British Standard Institution, "Code of Earthing Practice," BSI, Milton 

Keynes, Standard BS7430, 1998. 

[29] S. Bryson, "Approaches to the successful design and implementation of 

VR applications," in Virtual Reality Applications, R.A Earnhaw, J.A Vince, 



 

203 

 

and H Jones, Eds. London, UK: Academic Press Limited, 1995, pp. 3-15. 

[30] G. Burdea and P. Coiffet, Virtual Reality Technology, 2nd ed. New Jersey, 

USA: John Wiley and sons, 2003. 

[31] J. Cadick, M. Capelli-Schellpfeffer, and D. Neitzel, Electrical safety 

handbook, 3rd ed. New York, United States of America: McGraw Hill 

Companies, 2006. 

[32] F.E. Camps, A.E. Robinson, and B.G. Lucas, Gradwohl's Legal Medicine, 

3rd ed.: John Wright and Son, 1976. 

[33] J,C. Cawley and G.T. Homce, "Trends in Electrical Injury in the U.S., 

1992–2002," IEEE Transactions on Industry Applications, vol. 44, no. 4, pp. 

962-972, July-August 2008. 

[34] J.C. Cawley and G.T. Homce, "Trends in electrical injury, 1992–2002," in 

Proceedings of the Petroleum and Chemical Industry Conference, 

Philadelphia, 2006. 

[35] CENELEC, "Inspection and testing of electrical installations in domestic 

properties," CENELEC, ES59009, 2000. 

[36] Chartered Institute of Building Services Engineers, Electricity in 

Buildings-Guide K, 1st ed. Norwich, UK: CIBSE, 2004. 

[37] L. Chittaro and R. Ranon, "Web3D technologies in learning, education 

and training:Motivations, issues, opportunities," Computers & Education, 

vol. 49, no. 1, pp. 3-18, August 2007. 

[38] Y.W. Chow, R. Pose, and M. Regan, "The ARP Virtual Reality System in 

Addressing Security Threats and Disaster Scenarios," in TENCON 2005 

2005 IEEE Region 10, Melbourne, 2005, pp. 1-6. 

[39] W. Chun, C.G.L. Yanyan, and M. Horne, "Virtual Reality Based 

Integrated Traffic Simulation for Urban Planning," in International 

Conference on Computer Science and Software Engineering, Wuhan, Hubei, 

2008, pp. 1137-1140. 



 

204 

 

[40] C.D. Coles, D.C. Strickland, L. Padgett, and L. Belmoff, "Games that 

'work': Using computer games to teach alcohol- affected children about 

fire and street safety," Research in Developmental Disabilities, vol. 28, pp. 

518-530, 2007. 

[41] S. Conceição-Runlee and B.J. Daley, "Constructivist learning theory to 

web-based course design," in Proceedings of the 17th annual midwest 

research-to-practice conference in adult, continuing and community education, 

1998. 

[42] A. G. Conrad, B. R. Teare, and H. W. Haggard, "Electrical Studies of 

Living Tissue ," Transactions ofvAmerican Institute of Electrical Engineers, , 

vol. 55, no. 7, pp. 768 - 772, July 1936. 

[43] F. Cooper, Electrical Safety Engineering, 2nd ed. London, UK: Mid-

County Press, 1989. 

[44] A. d’Arsonval, "Influences de la frequencies sur les effets physiologiques 

des," CR Acad Sei (Paris), pp. 16:630-633, 1893. 

[45] M. D’Cruz, "Structured Evaluation of Training in Virtual 

Environments," University of Nottingham, Nottingham, PhD Thesis 

1999. 

[46] B. Dalgarno and M.J.W. Lee, "What are the learning affordances of 3-D 

virtual environments?," British Journal of Educational Technology, vol. 41, 

no. 1, pp. 10-32, 2010. 

[47] C.F. Dalziel, "Danger of Electric Shock," Electrical West, vol. 80, no. 4, 

April 1938. 

[48] C.F. Dalziel, "Dangerous Electric Currents," Transactions of American 

Institute of Electrical Engineers, vol. 65, pp. 579-585, AUGUST-

SEPTEMBER 1946. 

[49] C.F. Dalziel, "Effects of Electric Shock on Man," IRE Transaction on 

Medical Electronics, vol. 5, pp. 44-62, July 1956. 



 

205 

 

[50] C.F. Dalziel, "Electric shock hazard," IEEE spectrum, pp. 41-50, February 

1972. 

[51] C.F. Dalziel, "Threshold 60-Cycle Fibrillating Currents," Trans. of 

American Institute of Electrical Engineers, vol. 79, no. 3, pp. 667 - 673, 

October 1960. 

[52] C.F. Dalziel and W.R. Lee, "Lethal electric currents," Spectrum, IEEE, vol. 

6, no. 2, pp. 44-50, 1969. 

[53] C.F. Dalziel and W.R. Lee, "New considerations on the threshold of 

ventricular fibrillation for a.c.shocks at 50-60 Hz," Physical Science, 

Measurement and Instrumentation, Management and Education, vol. 127, no. 

2, pp. 103-110, March 1980. 

[54] C.F. Dalziel and W.R. Lee, "Reevaluation of Lethal Electric Currents," 

IEEE Transactions on Industry and General Applications, vol. 4, no. 5, pp. 

467-476, September/October 1968. 

[55] C.F. Dalziel, E. Ogdem, and C.E. Abbott, "Effect of Frequency on Let- go 

currents," American Institute of Electrical Engineers, vol. 62, no. 12, pp. 

745-750, December 1943. 

[56] Dassault Systemes. (2011, June) 3DVIA Virtools. [Online]. 

http://www.3ds.com/products/3dvia/3dvia-virtools/ 

[57] Demicron. (2011, June) [Online]. http://www.demicron.com/wirefusion/ 

[58] Demicron. (2010, September) Demicron Interactive 3D. [Online]. 

http://www.demicron.com/download/docs/v5/WF5_3DModeling.pdf 

[59] Department of Trade and Industry, "24th Report of the Home and 

Leisure Accident Surveillance System, 2000–2002," Home and Leisure 

Accident Surveillance System, 2003. 

[60] G. Desmet, P. Vermeyen, and R. Belmans, "Overview of regulations for 

electrical safety in European residential buildings," in Proceedings of the 

3rd in Electrical Power Engineering IEEE Benulux Young Researchers 

http://www.3ds.com/products/3dvia/3dvia-virtools/
http://www.demicron.com/wirefusion/
http://www.demicron.com/download/docs/v5/WF5_3DModeling.pdf


 

206 

 

Symposium, Ghent, 2006. 

[61] V.J. DiMaio and D. DiMaio, Forensic Pathology, 2nd ed.: CRC Press, 2001. 

[62] D.A. Dini, "Residential Electrical System Aging Research Project," The 

Fire Protection Research Foundation, Technical Report 2008. 

[63] D. Dorr, "Determining voltage levels of concern for human and animal 

response to AC current," in Power & Energy Society General Meeting, 2009, 

pp. 1-6. 

[64] K. Eastwood, B. Hancharyk, and D. Pace, "The value of electrical 

incident case histories," in Petroleum and Chemical Industry Conference, 

May/June 2003, pp. 321 - 327. 

[65] ECCSA. (2007, August) Electrical Contractors Safety & Standards 

Association. [Online]. 

http://www.ecssa.ie/includes/tiny_mce/plugins/filemanager/files/newsle

tter/Christmas_2008_Newsletter%20.pdf 

[66] ECI. (2008) European Copper Institute. [Online]. 

http://www.eurocopper.org/files/copper_newsletter_oct_lr(3).pdf 

[67] ECI, "Overview of Electrical Safety in 11 Countries," European Copper 

Institute, 2002. 

[68] R. Edelberg, "Electrical Properties of the Skin," in Biophysical Properties of 

the Skin. New York: Wiley-Interscience, 1971, pp. 513-550. 

[69] M. Egner and A. Holzinger, "Succesful Implementation of user-

cenetered game based learning in higher education: An example from 

civil engineering," Computers and Education, vol. 49, pp. 873-890, 2007. 

[70] EON. (2009, November) EON Reality. [Online]. 

http://eonrealityblog.wordpress.com/2009/11/11/macro-trends-growing-

market-for-virtual-reality-solutions/ 

[71] EPRI, Power System and Railroad Electromagnetic Compatibility Handbook, 

http://www.ecssa.ie/includes/tiny_mce/plugins/filemanager/files/newsletter/Christmas_2008_Newsletter%20.pdf
http://www.ecssa.ie/includes/tiny_mce/plugins/filemanager/files/newsletter/Christmas_2008_Newsletter%20.pdf
http://www.eurocopper.org/files/copper_newsletter_oct_lr(3).pdf
http://eonrealityblog.wordpress.com/2009/11/11/macro-trends-growing-market-for-virtual-reality-solutions/
http://eonrealityblog.wordpress.com/2009/11/11/macro-trends-growing-market-for-virtual-reality-solutions/


 

207 

 

Revised First Edition ed. Palo Alto,CA. 

[72] O. Erenay and M. Hashemipour, "Virtual Reality in Engineering 

Education: A CIM Case Study," The Turkish Online Journal of Educational 

Technology, vol. II, no. 2, pp. 51-56, 2003. 

[73] ESC. (2011, May) Electrical Safety Council Industry Site. [Online]. 

http://109.75.163.57/industry/policies-and-research/statistics/ 

[74] ETCI, ET101:2008 National Rules for Electrical Installations, 4th ed. Dublin, 

Ireland: ETCI, 2008. 

[75] FEEDS, "Addressing dangerous electrical installations throughout 

Europe Vol. 1 The Report," 2003. 

[76] FEEDS. (2011, May) FEEDSNET. [Online]. http://euew.org/files/Euew-

Web/feeds/downloads/DraftMethodology.pdf 

[77] L.P. Ferris, B.G. King, P.W. Spence, and H.B. Williams, "Effect of Electric 

Shock on the Heart," Transactions of American Institute of Electrical 

Engineers, vol. 55, no. 5, pp. 498 - 515, May 1936. 

[78] J.D. Fletcher. (2003, January-March) Knowledge Enterprise, Inc. 

[Online]. http://www.techknowlogia.org/TKL_Articles/PDF/457.pdf 

[79] R. Freiberger, The electrical resistance of the currents.human body to 

commercial direct and alternating currents. Maplewood, NJ: Translated 

from German by Allen Translation Service Bell Laboratories, 1934. 

[80] J.L. Gabbard, "A Taxonomy of Usability Characteristics in Virtual 

Environments," Virginia Polytechnic Institute and State University, 

Thesis 1997. 

[81] J. Gabbard and D. Hix, "A Taxonomy of Usability Characteristics in 

Virtual Environments," Department of Computer Science,Virginia 

Polytechnic Institute, Blacksburg, VA., Masters Thesis 1997. 

[82] L.A. Geddes and L.E. Baker, "Hazards in the use of low frequencies for 

the measurement of physiological events by impedance," Med. Biol. Eng., 

http://109.75.163.57/industry/policies-and-research/statistics/
http://euew.org/files/Euew-Web/feeds/downloads/DraftMethodology.pdf
http://euew.org/files/Euew-Web/feeds/downloads/DraftMethodology.pdf
http://www.techknowlogia.org/TKL_Articles/PDF/457.pdf


 

208 

 

vol. 7, pp. 289-296, 1969. 

[83] L.A. Geddes and L.E. Baker, Principles of Applied Biomedical 

Instrumentation, 3rd ed. New York, United States of America: John Wiley 

& sons, 1989. 

[84] L.A. Geddes, P. Cabler, A.G. Moore, J. Rosborough, and W.A. Tacker, 

"Threshold 60-Hz Current Required for Ventricular Fibrillation in 

Subjects of Various Body Weights," IEEE Transactions on Biomedical 

Engineering, vol. 20, no. 6, p. 465, 1973. 

[85] L.B. Gordon, "The physiological effects of electric shock in the pulsed 

power laboratory," in Pulsed Power Conference, 1991, pp. 377 - 380. 

[86] Gorham & Partners Ltd. (2000) European Copper Institute. [Online]. 

http://www.eurocopper.org/doc/uploaded/File/Electrical%20safety%20s

tandards% 

[87] UK Government. (2009) Directgov. [Online]. 

http://www.direct.gov.uk/en/HomeAndCommunity/BuyingAndSelling

YourHome/Homeinformationpacks/index.htm 

[88] UK Government. (2007) UK Household and Population Figures 1970 – 

2020. Document. 

[89] D. Grubbe, "Why I’m here and why this workshop is important:," in 

Electrical Safety Workshop, Bilioxi: Mississippi, 2002. 

[90] J. Hedberg and S. Alexander, "Virtual Reality in Education: Defining 

Researchable Issues," Educational Media International, vol. 31, no. 4, pp. 

214-220, December 1994. 

[91] G.A.O. Hong-liang and L. Shengman, "Virtual Reality Technology and 

its Application in Prevention of Coal and Gas Outburst," in Second 

International Conference on Information and Computing Science, 

Manchester, 2009, pp. 110-113. 

[92] P.A. Howarth and P.J. Costello, "The occurrence of virtual simulation 

sickness symptoms when an HMD was used as a personal viewing 

http://www.eurocopper.org/doc/uploaded/File/Electrical%20safety%20standards%25
http://www.eurocopper.org/doc/uploaded/File/Electrical%20safety%20standards%25
http://www.direct.gov.uk/en/HomeAndCommunity/BuyingAndSellingYourHome/Homeinformationpacks/index.htm
http://www.direct.gov.uk/en/HomeAndCommunity/BuyingAndSellingYourHome/Homeinformationpacks/index.htm


 

209 

 

system," Displays, vol. 18, no. 2, pp. 107-116, December 1997. 

[93] HSE, "Statistics of fatal injuries, 2006–2007," HSE, Caerphilly, UK, 2007. 

[94] H.M. Huang, U. Rauch, and S.S. Liaw, "Investigating learners’ attitudes 

toward virtual reality learning environments:Based on a constructivist 

approach," Computers & Education, vol. 55, no. 3, pp. 1171–1182, 

November 2010. 

[95] IEA, "Key World Energy Statistics," IEA, Paris, 2010. 

[96] IEC, "Effects of current on human beings," International Electrotechnical 

Committee, Geneva, Standard IEC 60479-1, 1994. 

[97] IEC, "Effects of current on human beings and livestock - Part 1:General 

aspects," International Electrotechnical Committee, Geneva, IEC 60479-

1, 2007. 

[98] IEC, "Effects of current passing through the human body, Part 2," 

International Electrotechnical Commission, Geneva, 60479-2, 1987. 

[99] IEC, "Touch voltage thresholds for physiological effects ," International 

Electrotechnical Committee, Geneva, IEC 60479-5, 2007. 

[100] IEE, Guidance note on protection against electric shock. London, UK: The 

Institute of Electrical Engineers, 1992. 

[101] IEE, IEE Wiring Regulations, 17th ed. Stevenage, UK: The Institution of 

Engineering and Technology, 2008. 

[102] IEE, Requirements for Electrical Installations, 16th ed. London, UK: 

Institution of Electrical Engineers and British Standards Institution, 

1992. 

[103] IEEE, "Guide for safety in ac substation grouding," Institute of Electrical 

and Electronic Engineers, New York, ANSI/IEEE Std 80-1986, 1986. 

[104] IEEE, "IEEE Guide for Safety in AC Substation Grounding," IEEE, IEEE 



 

210 

 

Std 80-2000, 2000. 

[105] IEEE, "National Electrical Safety Code," Iinstitute of Electrical and 

Electronic Engineers, New York, ANSI C2-1990, 1990. 

[106] Electro-Technical Council of Ireland, The Management of Electrical Safety 

at Work, R Troy, Ed. Dublin, Ireland: ETCI, 2000. 

[107] G. Javidi, "Virtual Reality and Education," University of South Florida, 

Thesis 1999. 

[108] B.D. Jenkins, Touch Voltages in Electrical Installations, 1st ed. London, UK: 

Blackwell Scientific Publications, 1993. 

[109] H. De. Keulanaer, "Survey of Electrical Safety in Residential Installations 

in Russia," European Copper Institute, 2001. 

[110] A. P. Kiselev, "Threshold values of safe current at mains frequency," 

Probl. of Elec. Equipment, Elec. Supply, and Elec.Measurements (in Russian), 

vol. 171, pp. 47-58, 1963. 

[111] P.R. Kleinginna and Kleinginna A.M., "A categorized list of emotion 

definitions, with suggestions for a consensual definition.," Motivation 

and Emotion, vol. 5, no. 4, pp. 345-379, 1981. 

[112] W. B. Kouwenhoven, R.W. Chesnut, G. G. Knickerbocker, W. R. Milnor, 

and D. J. SASS, "A.C. shocks of varying parameters affecting the heart," 

Trans. Amer. Inst. Elect. Engrs., vol. 78, pp. 163-169, 1959. 

[113] W.B. Kouwenhoven, D.R. Hooker, and E.L. Lotz, "Electric Shock Effects 

of Frequency," American Institute of Electrical Engineers, vol. 55, no. 4, pp. 

384-386, 1936. 

[114] W. B. Kouwenhoven and O.R. Langworthy, "Effect of Electric Shock," 

Transactions of the American Institute of Electrical Engineers, vol. 49, no. 1, 

pp. 381 - 394, January 1930. 

[115] J. Kugelberg, "Electrical induction of ventricular fibrillation in the 

human heart. A study of excitability levels with alternating current of 



 

211 

 

different frequencies.," Scandinavian Journal Thoracic Cardiovascular 

Surgery, vol. 10, no. 3, pp. 237-40, 1976. 

[116] U. Kuhnapfel, H.K. Cakmak, and H. Maass, "Endoscopic surgery 

training using virtual reality and deformable tissue simulation," 

Computers and Graphics, vol. 24, no. 5, pp. 671-682, October 2000. 

[117] D. Latimer, "Earthing and Bonding-What does it do?," in IEE BETNET, 

Hong Kong, 2005. 

[118] J. Lave and E. Wenger, Situated learning: legitimate peripheral participation. 

Cambridge, UK: Cambridge University Press, 1991. 

[119] W.R. Lee, "Death from Electric Shock," Proc. IEEE, vol. 113, no. 1, pp. 

144-148, January 1966. 

[120] W.R Lee, "Deaths from Electric Shock in 1962 and 1963," Brit. Med. 

Journal, vol. 2, pp. 616-619, September 1965. 

[121] E.A.L. Lee, W.K. Wai, and C.C. Fung, "How does desktop virtual reality 

enhance learning outcomes? A structural equation modeling approach," 

Computers & Education, vol. 55, pp. 1424-1442, june 2010. 

[122] W.R. Lee and S. Zoledziowski, "Effects of electric shock on respiration in 

the rabbit," Brit. J. Industr. Med, vol. 21, p. 135, 1964. 

[123] Leonardo Energy. (2011, May) Leonardo Energy. [Online]. 

http://euew.org/files/Euew-

Web/feeds/brochure/ElectricalSafetyInTheHome.pdf 

[124] S. Li, "Research on Application of Virtual Reality Technology in 

Teaching and Training," in Second International Conference on Computer 

and Electrical Engineering, ICCEE '09., Dubai, 2009, pp. 77 - 80. 

[125] D. Liggett, "Refocusing Electrical Safety," IEEE Transactions on Industry 

Applications, vol. 42, no. 5, pp. 1340-1345, September/October 2006. 

[126] R. Manseur, "Virtual Reality in Science and Engineering Education," in 

Frontiers in Education, 2005. FIE '05. Proceedings 35th Annual Conference, 

http://euew.org/files/Euew-Web/feeds/brochure/ElectricalSafetyInTheHome.pdf
http://euew.org/files/Euew-Web/feeds/brochure/ElectricalSafetyInTheHome.pdf


 

212 

 

Indianapolis, IN, 2005, pp. F2E - 8. 

[127] T. Marsh, "Evaluation of Virtual Reality Systems For Usability," in 

Conference on Human Factors in Computing Systems, Pittsburgh, 1999. 

[128] J.L. Mason and N.A.M. Mackay, "Pain sensations associated with 

electrocutaneous stimulation," Biomed. Eng., vol. 23, no. 5, pp. 405-409, 

1976. 

[129] T.S. Mujber, T. Szecsi, and M.S.J. Hashmi, "Virtual reality applications in 

manufacturing process simulation," Materials Processing Technology, vol. 

18, no. 5, pp. 367-376, 1999. 

[130] K. Nasios, "Improving Chemical Plant Safety using virtual reality," 

University of Nottingham, Nottingham, PhD Thesis 2001. 

[131] National Board of Housing, (2004) Housing Statistics in the European 

Union. [Online]. 

http://www.eukn.org/binaries/eukn/netherlands/statistics-in-the-

european-union-2004.pdf 

[132] NFPA, National Electrical Code.: NFPA, 2008. 

[133] NICEIC. (2010, September) Training Virtual Reality. [Online]. 

http://niceic.com/training/electrical/virtual-reality 

[134] D. Nunez, "How is presence in non-immersive, non-realistic virtual 

environments possible?," in 3rd international conference on Computer 

graphics, virtual reality, visualisation and interaction in Africa, 2004. 

[135] P. Osypka, Quantitative investigation of current strength, duration, and 

routing in ac electrocution accidents involving human beings and animals.: 

Elektromedizen, 1963. 

[136] V. Patel, "Electrical Wiring Systems and Fire Risk in Residential 

Dwellings," Ministry of Economic Development, Wellington, New 

Zealand, ISBN 0-478-28436-5, 2005. 

http://www.eukn.org/binaries/eukn/netherlands/statistics-in-the-european-union-2004.pdf
http://www.eukn.org/binaries/eukn/netherlands/statistics-in-the-european-union-2004.pdf
http://niceic.com/training/electrical/virtual-reality


 

213 

 

[137] B.Z. Perez, M.M. Marin, and E.I. Perez, "Developing a Virtual 

Environment for Safety Training," in Electronics, Robotics and Automotive 

Mechanics Conference, Morelos, 2007, pp. 545 - 550. 

[138] S. Pointer and J. Harrison, "Electrical injury and death," Flinders 

University, South Australia, 2007. 

[139] J.L. Prevost and F. Battelli, "Influence du nombre des periodes sur les 

effets mortels des courants alternatifs," J. Physiol. Path. Gen. 2, pp. 755-

766, 1900. 

[140] Quest3D. (2010, June) Quest3D. [Online]. 

http://support.quest3d.com/index.php?title=FAQ 

[141] E.G. Raftery, Green H.L., and I.C. Gregory, "Disturbances of heart 

rhythm produced by 50 Hz leakage currents in dogs," Cardiovascular 

Research, vol. 9, no. 2, pp. 256-262, 1975. 

[142] E.G. Raftery, Green H.L., and M.H. Yacoub, "Disturbances of heart 

rhythm produced by 50 Hz leakage currents in human subjects," 

Cardiovascular Research, vol. 9, no. 2, pp. 263-265, 1975. 

[143] J. Rasdall, "Aging Residential Wiring Issues: Concerns for 

Fatalities,Personal Injuries, and Loss of Property," in Annual Household 

Equipment Technical Conference, Louisville, KY, 2005. 

[144] J.P. Reilly, Applied Bioelectricity. New York, United States of America: 

Springer-Verlag New York, Inc., 1998. 

[145] T.S. Reynolds and T. Bernstein, "Edison and "The Chair"," IEEE 

Technolgy and Society Magazine, pp. 19-28, March 1989. 

[146] D. Roberts, "50-V Shock Hazard Threshold," IEEE Transactions on 

Industry Applications, vol. 46, no. 1, pp. 102-107, January/February 2010. 

[147] G. Romero et al., "Virtual reality applied to a full simulator of electrical 

sub-stations," Electric Power Systems Research, vol. 78, pp. 409-417, 2008. 

http://support.quest3d.com/index.php?title=FAQ


 

214 

 

[148] L. Rosenblum, G. Burdea, and S. Tachi, "VR Reborn," IEEE Computer 

Graphics Applications, vol. 18, no. special issuer on VR, pp. 21-23, 

November 1998. 

[149] K. Russell and B. Dean, "In-service reliability of RCD's," ERA 

Technology Ltd., 2006. 

[150] M.C. Salzman, C. Dede, R.B. Loftin, and J. Chen, "A Model for 

Understanding How Virtual Reality Aids Complex Conceptual 

Learning," Presence: Teleoperators and Virtual Environments, vol. 8, no. 3, 

pp. 293-316, June 1999. 

[151] A.Z. Sampaio, P.G. Henriques, and O.P. Martins, "Virtual Reality 

Technology Used in Civil Engineering Education," The Open Virtual 

Reality Journal, vol. 2, pp. 18-25, 2008. 

[152] G. Samuelson-Brown and M. Thornton, "Repair,maintenance & 

improvement in housing- electrical supply, the supply side," BSRIA, 

2003. 

[153] R. Schofield, "Fire Statistics, Estimates United Kingdom 1999," Home 

office Research Development and Statistics Directorate, No. 13/00, 2000. 

[154] S. Sharples, S. Cobb, A. Moody, and J.R. Wilson, "Virtual reality induced 

symptoms and effects (VRISE): Comparison of head mounted display 

(HMD), desktop and projection display systems," Displays, vol. 29, no. 2, 

pp. 58-69, March 2008. 

[155] W.R. Sherman and A. Craig, Understanding Virtual Reality: Interface, 

Application and Design, Belinda Breyer, Ed. San Francisco, USA: Morgan 

Kaufmann, 2003. 

[156] P. Sines and B. Das, "VRSEMLAB: A Low Cost Virtual Reality System T 

Illustrate Complex Concepts Involving Spatial Relationships," The 

International Journal of Virtual Reality, vol. 5, no. 1, 2001. 

[157] D. Stanton, P. Wilson, and N. Foreman, "Using virtual reality 

environments to aid spatial awareness in disabled children," in Euro. 

Conf. Disability, Virtual Reality & Assoc. Tech, Maidenhead, UK, 1996, pp. 



 

215 

 

93-101. 

[158] T. Sulbaran and M.F. Shiratuddin, "A Proposed Framework for a Virtual 

Reality Training Tool for Design and Installa-tion of Electrical Systems," 

in 6th International Conference of Construction on Construction Applications 

of Virtual Reality, Orlando, Florida, 2006. 

[159] A.C.M. Sung, Advanced Electrical Services Engineering, 1st ed. Hong Kong: 

Smart and Sustainable Technologies Publishing, 2010. 

[160] P.C. Sun, R.J. Tsai, G. Finger, Y.Y. Chen, and D. Yeh, "What drives a 

successful e-Learning? An empirical investigation of the critical factors 

influencing learner satisfaction," Computers & Education, vol. 50, no. 4, 

pp. 1183-1202, 2008. 

[161] A. Sutcliffe and B. Gault, "Heuristic evaluation of virtual reality 

applications," Interacting with computers, vol. 16, pp. 831-849, May 2004. 

[162] I.E. Sutherland, "The Ultimate Display," in Proceedings of IFIP Congress, 

New York, 1965, pp. 506-508. 

[163] R.J. Taylor, "Body impedance for transient high voltage currents," in 

Electric Shock Safety Criteria.: Pergamon, 1985, pp. 251-258. 

[164] "The demand side for electrical & security system improvements," 

Construction Forecasting and Research Limited, 1998. 

[165] The office for National Statistics, "Mortality statistics injury and 

poisoning, DH no. 24-30," Office for National Statistics, London, 

Mortality statistics. 

[166] A.P. Trotter, "Electric Shocks at Five Hundred Volts," Journal of the 

Institution of Electrical Engineers, vol. 31, no. 156, p. 762, April 1902. 

[167] R. Venhuizen, "Earthing & EMC-A Systems Approach to Earthing," 

Copper Development Association, Hemel Hempstead, UK, 2002. 

[168] World Viz. (2011, June) [Online]. 



 

216 

 

http://www.worldviz.com/products/vizard4/index.html 

[169] W. Wang and G. Li, "Virtual reality in the substation training simulator," 

in Computer Supported Cooperative Work in Design, Shanghai, 2010, pp. 

438 - 443. 

[170] H.B. Whitaker, "Electric shock hazard as it pertains to the electric fence," 

Underwriters Laboratories, Bulletin Res, 14:3-56, 1939. 

[171] D. Whitelock, P. Brna, and S. Holland, "What is the value of virtual 

reality for conceptual learning? Towards a theoretical framework.," in 

Proceedings of European Conference on AI in Education, Leeds, 1996. 

[172] H. Xie, M.E. Tudoreanu, and W. Shi, "Development of a Virtual Reality 

Safety-Training System for Construction Workers," in Digital library of 

construction informaticsand information technology in civil engineering and 

construction, 2006. 

[173] T. Yamamoto and Y. Yamamoto, "Analysis for the change of skin 

impedance," Mediacal and Biological Engineering and Computing, vol. 15, 

no. 3, pp. 219-27, May 1977. 

[174] D. Zhao, J. Lucas, and W. Thabet, "Using virtual environments to 

support electrical safety awareness in construction," in Proceedings of the 

2009 Winter Simulation Conference, 2009, pp. 2679 - 2690. 

 

 

 
 

 

 

 

http://www.worldviz.com/products/vizard4/index.html


 

217 

 

Appendix – VR Evaluation Measurement 

Questions 
 

Measurement Item Question Mean S.D 

Immersion 1. The 3D simulation system creates a realistic-looking environment. 

2. I feel immersed in the 3D simulation system. 
3. I feel that the 3D simulated environment makes me concentrate more while learning. 

5.64 

4.75 
5.47 

0.96 

1.23 
1.4 

Representational 

Fidelity 

1. The realism of the 3-D images motivates me to learn 

2. The smooth changes of images make learning more motivating and interesting 
3. The realism of the 3-D images helps to enhance my understanding 

4.97 

5.17 
5.33 

1.27 

1.18 
1.12 

Immediacy of 

control 

1. The ability to manipulate the objects within the virtual environment makes learning more 

motivating and interesting 

2. The ability to manipulate the objects in real time helps to enhance my understanding. 

6.11 

 

5.8 

0.89 

 

0.94 

Perceived 

usefulness 

1. Using this type of computer program as a tool for electrical services/will increase my learning and 

academic performance 

2. Using this type of computer program enhances/will enhance the effectiveness of my learning 

3. This type of computer program allows/will allow me to progress at my own pace 

4. This type of computer program is useful in supporting my learning 

5.76 

 

5.72 

5.91 

5.97 

1.02 

 

1.03 

1.00 

0.92 

Perceived ease of 

use 

1. Learning to operate this type of computer program is easy for me 

2. It is easy for me to find information with the computer program 
3. Overall, I think this type of computer program is easy to use 

5.66 

5.37 
5.37 

1.28 

1.20 
1.26 

Presence 1. There is a sense of presence (being there) while learning with this type of computer program. 5.05 1.37 

Motivation 1. It was enjoyable using the VR system for learning purposes 
2. The system can enhance my learning interest 

3. The system can enhance my learning motivation 

5.52 
5.61 

5.32 

1.23 
1.06 

1.11 

Intention to use the 

system 
 

1. I think this system can strengthen my intentions to learn 

2. I am willing to continue using this system in the future 
3. Overall, I think this system can to be a good learning tool 

5.20 

5.22 
6.13 

1.30 

1.40 
1.05 

Cognitive Benefits 1. This type of computer program makes the comprehension easier 

2. This type of computer program makes the memorization easier 
3. This type of computer program helps me to better apply what was learned 

4. This type of computer program helps me to better analyze the problems 

5. This type of computer program helps me to have a better overview of the content learned 

5.68 

5.39 
5.76 

5.68 

5.56 

0.96 

1.21 
1.01 

0.98 

1.02 

Perceived Learning 
effectiveness 

1. I was more interested to learn the topics 
2. I learned a lot of factual information in the topics 

3. I gained a good understanding of the basic concepts of the materials 

4. I learned to identify the main and important issues of the topics 

5. I was interested and stimulated to learn more 

6. The learning activities were meaningful. 

7. What I learned, I can apply in real context 

5.26 
5.18 

5.52 

5.56 

5.26 

5.56 

5.59 

1.10 
1.16 

0.89 

0.88 

1.08 

1.01 

1.12 

Satisfaction 1. I was satisfied with this type of computer-based learning experience 

2. A wide variety of learning materials was provided in this type of computer-based learning 

environment. 
3. I don’t think this type of computer-based learning environment would benefit my learning 

achievement *(R) 

4. I was satisfied with the immediate information gained in this type of computer-based learning 
environment 

5. I was satisfied with the teaching methods in this type of computer-based learning environment 

6. I was satisfied with this type of computer-based learning environment 
7. I was satisfied with the overall learning effectiveness 

5.01 

 

5.40 
 

5.49 

 
5.30 

5.54 

5.63 
5.50 

1.19 

1.41 

 
0.89 

 

1.04 
 

1.00 

1.10 
1.10 

Measurement questions and mean scores received 

*(R) Ranking Reversed 

 

 


