
 
 
 
 
 
 
 

     Rail Level Crossing – Radio Break-In Project 

 
 

Final Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This document provides the final reports of a two-phase project exploring the Human Factors implications of the introduction of radio-break-in 
technology designed to provide advance warning of trains approaching rail level crossings.  
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Rail Level Crossings remain a high-risk interface between rail and other modes of surface transport. In Australia, there were 578 level crossing 
accidents involving collisions between road vehicles and trains between 2001 and 2008 (ATSB, 2008). These collisions typically involve serious 
injury, frequently involve fatalities, and are associated with significant personal, organisational, and governmental cost. 
 
NFA Innovations, in collaboration with VicRoads, and supported by the Department of Innovation, Industry and Regional Development (DIIRD), 
undertook a detailed proof of concept study to determine the effectiveness of “radio break-in technology” with regard to level crossing safety. As 
part of this project, a two-phase investigation of Human Factors issues was undertaken. This document presents together both the stage one 
and stage two study reports. 
 
Stage One Report – Literature Review and Heuristic Evaluation 
 
This report provides advice based on a systematic review of the research evidence pertained from relevant scientific journals and scientific 
texts. Preference was given to primary sources, where research had been undertaken with specific reference to rail level crossings and in-
vehicle auditory warnings. Where specific relevant research was absent, the literature review prioritised evidence first from similar domains 
(such as auditory warnings in aviation) and then first-principles Human Factors and perceptual psychology literature.  
 
As is the case with any advice, these recommendations based on theoretical assumptions should be subjected to formal evaluation in either 
simulated or real operational environments.  
 
Stage Two Report – Simulator Study 
 
The simulator-based evaluation of the auditory warning formed a key component of the human factors research and development effort for the 
Radio Break-In project. It provided a controlled task environment for the assessment of the warning’s effectiveness in producing the intended 
driver behaviour modification.In this regard, it enabled the capture and study of the following driving behaviour variables: 
 

1. measures of speed, speed variability, braking and deceleration of the vehicle through the data-output system that was built-in as part of 
the driving simulator 

2. measures of visual search patterns that were derived using an eye-tracking technology system, and  
3. subjective participant data (level of driving difficulty at the railway crossings, and attitude to and perception of the auditory warning 

system) that were collected using a Visual Analogues Scale (VAS) rating instrument 
 
The simulator study clearly demonstrated a positive effect of the advance auditory warning on driver behaviour at rail level crossings. The 
presence of the auditory warning consistently resulted in earlier deceleration on approach to level crossings when compared to the control 
condition, and appears to have facilitated compliance with existing forms of level crossing protection.  



 
The auditory warning was demonstrated to provide an easily detected signal that augments existing controls. Moreover, the auditory warning 
specifically targets known risk factors such as inattentional blindness and erroneous expectation, both of which have been identified as causal 
factors for unsafe behaviours at level crossings.  
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Executive Summary 
 
 
 
 
 
 
 
 

 
This report provides final advice with respect to main Human Factors issues pertaining to the proposed 
“Radio Break-In” technology under development.  
 
Rail Level Crossings remain a high-risk interface between rail and other modes of surface transport. In 
Australia, there were 578 level crossing accidents involving collisions between road vehicles and trains 
between 2001 and 2008 (ATSB, 2008). These collisions typically involve serious injury, frequently involve 
fatalities, and are associated with significant personal, organisational, and governmental cost. 
 
NFA Innovations, in collaboration with VicRoads, and supported by the Department of Innovation, Industry 
and Regional Development (DIIRD), is undertaking a detailed proof of concept study to determine the 
effectiveness of “radio break-in technology” with regard to level crossing safety. 
 
This report provides advice based on a systematic review of the research evidence pertained from 
relevant scientific journals and scientific texts. Preference was given to primary sources, where research 
had been undertaken with specific reference to rail level crossings and in-vehicle auditory warnings. 
Where specific relevant research was absent, the literature review prioritised evidence first from similar 
domains (such as auditory warnings in aviation) and then first-principles Human Factors and perceptual 
psychology literature.  
 
As is the case with any advice, these recommendations based on theoretical assumptions should be 
subjected to formal evaluation in either simulated or real operational environments.  
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Recommendations 
 
 
 
 
 
 
 
 
 
 
 

 
Recommendation One – Behavioural Modification 
 
The behavioural modification achieved as a result of a warning message is a function of individual factors 
of the person in combination with the characteristics of the warning message.  
 
A warning message primarily provides information to individuals such that they can make an informed 
cost/benefit decision about their behaviour.  
 
To this end, the warning message must be both easily and accurately perceived, interpreted, and convey 
the nature of the risk. The following sections of the report (volume level, voice, message wording, repeat 
timings) outline the major considerations to ensure that the warning message achieves the primary goal of 
providing information to the end-users to enable safe and effective modification of driving behaviour.  
 
 
Recommendation Two – Volume Level 
 
The idea volume level for an auditory warning is between 10dB(A) and 15 dB(A) above ambient 
environmental noise levels. Lower signal to noise ratios will render the warning difficult to attend to, and 
higher may elicit an undesired startle response. 
 
To minimize startle reactions, the increase in sound level during any 0.5 sec period should be not greater 
than 25 dB.  
 
Given the variability in environmental baseline in-vehicle noise levels, the system should automatically 
shape the auditory warning volume according to environmental noise levels.If this is not possible, we 
propose the baseline volume level should be 85dB(A) for the auditory warning. It is recommended that 
this volume level is subjected to rigorous usability evaluation in the field prior to implementation.  
 
 
Recommendation Three – Message Type 
 
Preliminary analysis suggests a combined auditory warning consisting of a representational sound (the 
existing bells of an active crossing) combined with an English language verbal warning be deployed.  
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Recommendation Four – Message Activation and Timing 
 
It is recommended that two main concepts guide the engineering design of auditory warning activation. 
The first of these, Activation Timing, involves the first activation of the auditory warning device. The 
second, Activation Zone, refers to the distance from the crossing at which the road vehicle will first receive 
the auditory message. 
 
Activation Timing: To provide adequate time for driver response, the auditory warning must be activated 
at least 25 seconds from the time the train will first enter the level crossing, and remain active throughout 
the period of time taken for all rail vehicles to be clear of the crossing.  
 
Activation Zone: To provide adequate time for driver response, the auditory warning must be broadcast 
to a given distance from the crossing. It is recommended that this zone is calculated on the road 
distances provided in AS1742.7 for the installation of Advanced Warning Signage.  
 
Recommendation Five – Message Duration and Repeat Timings 
 
The representational sound of level crossing bells should be used as an audible cue in advance of the 
message, which prepares drivers to attend to the message. 
 
The verbal component of the warning should be presented three times. Repetitions should occur in 
immediate succession.  
 
Where appropriate, the duration of the representational sound (bells) should mirror the duration of the 
sound as if the crossing were subject to active protection.  
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Recommendation Six – Message Wording 
 
The verbal component of the message should be in English language and should be concise. It should 
adhere to the generic structure of “signal word – hazard – instructions”. 
 
The signal word “warning” appears from the literature to convey the correct sense of gravity and urgency. 
The hazard is easily defined as “train at crossing”, which identifies the nature of the hazard.  
 
The instructions within the message should elicit on the desired behaviour, and as such “prepare to stop” 
appears to be the most direct and generic instruction.  
 
The message wording: “warning – train at crossing – prepare to stop” is therefore advised to be 
suitable from a Human Factors perspective. 
 
Recommendation Seven – Voice 
 
There is little evidence to suggest that an a priori choice between a male or female voice has significant 
impact on perceived urgency or behavioural modification. 
 
Acoustics seem to dominate judgements perceived urgency or behavioural modification and research 
indicates that it should be the noise spectrum above all else which determines the type of voice used in 
any warnings or communications system. 
 
Findings identified above suggest a relatively stable noise spectrum across the critical voice frequencies. 
To this end it is recommended that a simple usability evaluation is undertaken to inform the final decision 
between male and female voice.  
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Recommendation Eight – Tailoring of Message to Risk Profile of Crossing 
 
It is recommended that standardisation of the message across all crossing types has significant benefits 
with respect to cognitive load, potential distraction and comprehension of the message. 
 
However, in certain circumstances it may well be desirable to tailor the message content. The most likely 
scenario is when positioning of the hardware does not enable “masking” of the message from roads 
running parallel to the railway. In this instance it is recommended that the words “on side road” are 
added to the standard message to clearly denote the location of the hazard. Such wording should be 
deployed in line with AS 1742. 
 
Similarly, instances of multiple trains at a crossing are a well known high risk situation from a Human 
Factors perspective, whereby road-users can easily make an incorrect decision that it is safe to cross 
once one train has passed, and fail to look for a following train or a train coming from the opposite 
direction. In this instance it is recommended that the words “more than one train” are added to the 
standard message to clearly denote the location of the hazard. Such wording should be deployed in line 
with AS 1742. 
 
Recommendation Nine – Non-Normal Operations 
 
In order to maintain the desired behaviour response to the auditory warning, both a fail-to-safe mode, as 
well as integration with the existing active warning systems at crossings will be critical. If the in car unit 
fails, it is recommended that the radio is disabled in order to prompt the timely repair of the unit. 
 
It is recommended that both a warning tone (not the sound of bells) and a voice message is automatically 
broadcast if any component of the road-side or crossing-system is deemed to be malfunctioning. This “fail 
to safe” state will alert divers that the auditory crossing protection is not functioning and the drivers should 
revert to behaviour associated with an unprotected crossing. 
 
The warning tone should be a repeated mid-range frequency tone that has intuitive mapping to the 
warning concept. Utilising the standard tones of building fire alarm systems should enable widespread 
mapping for the general population. To this end a repetitive interrupted square wave of 420hz with an 
on/off duration of 0.625 seconds is recommended.  
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The verbal component of the message should adhere to the to the generic structure of “signal word – 
hazard – instructions”. The signal word “caution” appears from the literature to convey the correct sense 
of gravity and urgency. The hazard is best defined as “crossing system faulty ”, which identifies the 
nature of the hazard. The instructions within the message should elicit on the desired behaviour, and as 
such “look for trains” appears to be the most direct and generic instruction.  
 
The message wording: “caution – crossing system fault – look for trains” is therefore advised to be 
suitable from a Human Factors perspective. 
 
Recommendation Ten – End User Acceptance 
 
It is without doubt that for a warning to find better public acceptance, it is a requirement that the design 
and development of it takes into account and appreciates the capabilities, behaviours, motivations and 
attitudes of the range of road users who may encounter it. And the aforementioned illustrates the 
complexity of the matter. 
 
Recommendation Eleven – Legal Ramifications 
 
The introduction of the Radio Break In technology does not create any additional legal liability risks to the 
rail infrastructure managers or rail operators especially if it incorporates fail to safe features. Critically for 
the purpose of this advice, the Radio Break In  warns of impending danger rather than providing a positive 
instruction that it is safe to proceed. Complete with road rules and signage which requires driver 
verification of clearance to cross, the technology can only be of assistance in improving safety 
standards at rail crossings. 
 
It is considered that the Radio Break-In falls within the general definition of active advance warning 
assemblies as referred to in the relevant Australian Standard. 
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Project Context 
 
 
 
 
 
 
 
 

 
Rail Level Crossings remain a high-risk interface between rail and other modes of surface transport. In 
Australia, there were 578 level crossing accidents involving collisions between road vehicles and trains 
between 2001 and 2008 (ATSB, 2008). These collisions typically involve serious injury, frequently involve 
fatalities, and are associated with significant personal, organisational, and governmental cost. 
 
NFA Innovations, in collaboration with VicRoads, and supported by the Department of Innovation, Industry 
and Regional Development (DIIRD), is undertaking a detailed proof of concept study to determine the 
effectiveness of “radio break-in technology” with regard to level crossing safety. 
 
The proposed technology involves the use of an auditory warning that is broadcast to road users in the 
vicinity of a level crossing across which a train is passing.  The technology used to support this auditory 
warning involves “radio break-in” whereby a received within the road vehicle receives a warning 
transmission and by-passes the vehicle’s audio device (radio / cd player / mp3 player) to play the auditory 
warning through the vehicle’s speakers. 
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Methodology 
 

 
Selection of Core Issues for Human Factors Review 
  
This Human Factors review has been commissioned to provide advice in relation to 11 core issues 
pertaining to the effectiveness of such an auditory warning. These issues were devised by the vendors 
(NFA Innovations) in collaboration with VicRoads. The following 11 core topic areas were derived from 
findings of the initial feasibility study: 
 

1. Effectiveness of Message in Behavioural Modification 
2. Volume Level 
3. Message Type 
4. Message Duration and Repeat timings 
5. Message Activation and Timing 
6. Message Wording 
7. Message Voice 
8. Tailoring of Message to Risk Profile of Crossing 
9. Non-Normal Operation 
10. Acceptance by End-Users 
11. Legal Ramifications 

 
This final report provides recommendations, based on the findings of a comprehensive literature review 
with respect to each of the 11 topic areas highlighted above.   
  
Literature Review 
 
This report provides advice based on a systematic review of the research evidence pertained from 
relevant scientific journals and scientific texts. Preference was given to primary sources, where research 
had been undertaken with specific reference to rail level crossings and in-vehicle auditory warnings. 
Where specific relevant research was absent, the literature review prioritised evidence first from similar 
domains (such as auditory warnings in aviation) and then first-principles Human Factors and perceptual 
psychology literature.  
  
As is the case with any advice, these recommendations based on theoretical assumptions should be 
subjected to usability evaluation in either simulated or real operational environments.  
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Major Findings 
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Effectiveness of Message in 
Behavioural Modification 

 

The ultimate measure of the effectiveness of a warning is whether the target individual or user complies 
with the instructions (Peters, 1984). There is research that indicates that the use of vocal warnings as a 
supplement to visual warnings is effective in producing compliance (Wogalter, Rashid, Clarke, & Kalsher, 
1991; Wogalter & Young, 1991). Wogalter, et al. (1991) found that compliance to a warning was over five 
times more likely when a vocal warning was given compared to when a print warning was given. Further, 
a vocal warning in addition to a print warning was six times more likely to result in compliance than a print 
warning alone.   
 
Despite the increase in efficacy of the warning to behaviour modification when using vocal messages, 
compliance is not absolute. Whether a target individual will comply with the message is a function of a 
number of variables, that can be classified as either person variables (pertaining to the individual 
receiving the warning) and warning variables (characteristics of the warning message), (Rogers, Lamson, 
& Rousseau, 2000). The characteristics of the warning message primarily influence the probability of 
compliance with a warning by affecting the likelihood that a warning will be noticed and encoded 
(Laughery Sr., 2006). Literature pertaining to the warning characteristics are reviewed in detail in the 
remaining core topic areas.    
 
Given a warning is noticed and encoded; an individual makes a decision whether or not to heed a 
warning. In a series of studies, Godfrey, Rothstein, and Laughery (1985) showed that a decision to 
comply with a warning is dependent on the cost of compliance. That is, the likelihood of compliance with a 
warning is dependent on the ease of compliance, either perceived or real. This analysis of the cost of 
compliance is weighed against the benefit of compliance, again either perceived or real (Edworthy & 
Adams, 1996). Therefore, whether people comply with warnings will depend on whether the benefit of the 
heeding the warning outweighs the costs. The information used in the cost/benefit analysis is derived, in 
part, from the content of the warning, but may involve other factors such as familiarity with the hazardous 
situation.  
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Familiarity with a hazardous situation has been shown to decrease compliance with a warning (Wogalter, 
Barlow, & Murphy, 1995). Laughery (2006) notes, however, that this is only true if the perception of threat 
is low. If the perception of threat is high, then familiarity is likely to increase compliance with a warning 
(Ortiz, Resnick, & Kengskool, 2000). A history of non-compliance without incident however, may lower the 
perception of threat, which in turn, will lower the likelihood of compliance (Laughery, 2006). With regards 
to railway crossings, drivers are less likely to comply with warning signs if they have seldom encountered 
a train at a familiar intersection(Dewar & Olson, 2002). Abraham, Datta, and Datta (1998) observed 
railway level crossing violations over a period of 90 hours. Of the 1271 violations, two-thirds were drivers 
who were highly familiar with the railway crossing.  
 
This interplay between costs and benefits is reflected in a number of models that have been adapted to 
compliance with a warning. The Subjective Expected Utility theory (Edwards, 1954), for instance, is a 
mathematical model typically used to predict health behaviours. When applied to warning outcomes, the 
probability of complying with a warning is dependent on the risk of an injury if the warning is not complied 
with, the risk of an injury if the warning is complied with and the cost of compliance. To influence 
behaviour modification, intervention must either raise the perception of threat for non-compliance; reduce 
the perceived cost associated with compliance, or both.    
   
Further situational factors may influence compliance. For instance, people have been shown to model 
their behaviour on those around them. If others are seen to obey a warning sign then the sign is more 
likely to elicit compliance from other individuals (Edworthy & Dale, 2000). 
 
Edworthy and Adams (1996) note that warnings will not supersede an individual’s predisposition to a 
hazardous behaviour. Instead, the purpose of a warning is to provide individuals with accurate information 
on which to base their cost/benefit analysis.  
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Recommendation One – Behavioural Modification 
 
The behavioural modification achieved as a result of a warning message is a function of individual factors 
of the person in combination with the characteristics of the warning message.  
 
A warning message primarily provides information to individuals such that they can make an informed 
cost/benefit decision about their behaviour.  
 
To this end, the warning message must be both easily and accurately perceived, interpreted, and convey 
the nature of the risk. The following sections of the report (volume level, voice, message wording, repeat 
timings) outline the major considerations to ensure that the warning message achieves the primary goal of 
providing information to the end-users to enable safe and effective modification of driving behaviour.  
 
 

 

 

 
  



 

7 

Volume Level  
For the context of in-vehicle warning system, there has been suggestion that the provision of auditory 
warnings can help reduce the visual load of the driver (Wolf, 1987).  
 
However, the main challenge for acoustic displays within this context, or most other noisy backgrounds, 
are that they may get degraded by environmental factors such as engine noise, wind, conversation, and 
entertainment systems (Edworthy & Hellier, 2000). 
 
Volume level, intensity or just plain loudness, is without doubt a crucial factor in the design and 
presentation of auditory warnings.  If it is not sufficiently conspicuous, it will go undetected. Similarly if its 
audibility is below optimal perceptual range, it will affect the good comprehension of the intended 
message (Edworthy & Adams, 1996).  
 
Loudness is also a very strong actor in determining the perceived urgency of a warning. On the other 
hand, this physical attribute that can make a message attention-getting, if overly done, can also turn it into 
irritating and aversive. And, this may render the listener to turn off the warning before its message gets 
broadcasted in its complete fullness (Stanford, McIntyre, & Hogan, 1985; Stanford, McIntyre, Nelson, & 
Hogan, 1988). 
 
Therefore, setting the loudness level of a warning requires first determining the background noise level in 
that environment and then deciding how much louder the warning should be above it. 
 
The other obvious issue that also needs to be considered is that of masking. Since masking is dependant 
upon the action of the auditory filter, this element thus serves as the basic for two expert systems for 
predicting and assessing the audibility of warnings. They are Patterson’s guidelines for auditory warning 
implementation (Patterson, 1982) and an alternative approach from Laroche et al. (1991) based on 
Zwicker and Scharf’s model of the auditory filter (Zwicker & Scharf, 1965). Patterson states that at 15dB 
above threshold auditory warnings are hard to miss, and beyond 25dB above threshold there is nothing to 
be gained beyond the risk of turning the warning aversive. Most industry guidelines and recommendations 
(as detailed below) have picked up on this recommendation provided by Patterson. 
 
Other critical considerations include demographic variables such as physical and cognitive changes that 
occur as people age (e.g. presbyacusis – hearing loss with age). This could influence the ability of older 
individuals to perceive and process warning information (Wogalter, Conzola, & Smith-Jackson, 2002). 
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The following selection of design guidelines illustrates the range of audibility indices utilised to design 
alarm signals across a range of different applications and ambient background noise environments. 
 
 
UK Ministry Of Defence, (Interim) Defence Standard 00-25 (Part 8) – 1989, “Human Factors for 
Designers of Equipment - Part 8: Auditory Information” 
 
This UK standard gives the following hierarchy of audibility criteria, such that if any one of the criteria (in 
order) is satisfied, the remaining criteria become optional (UK Ministry of Defence, 1989). 
 

• The overall A-weighted sound level of the signal shall be at least 15 dBA above that of the noise, 
and shall be at least 65 dBA. 

 
• The sound level of the signal shall be at least 15 dB greater than that of the noise in at least one 

octave band. Preferably the maximum octave band level of the signal shall be in a different band 
from that of the noise. 

 
• The sound level of the signal shall exceed that of the noise by at least 15 dB in at least one, and 

preferably three, one-third octave bands.  
 

• The temporal distribution of signal energy shall be distinct from that of the background noise. The 
pulse frequency of a signal shall not be identical with any periodic fluctuation in the background 
noise level. 
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FHWA-RD-94-087, Technical Report UMTRI-93-21 (1994), “Suggested Human Factors Design 
Guidelines for Driver Information Systems” 
 
This report involved research jointly funded by the US Federal Highway Administration and the National 
Highway Traffic Safety Administration and included general design principles and guidelines in relation to 
auditory displays for hazard warning systems (US Federal Highway Administration, 1994). 
 

• Auditory tones should be about 15 dB above the masked threshold, but no more than 115 dB 
absolute level. 

 
• Non-speech auditory tones have the potential to produce startle at levels 15 dB to 25 dB above 

masked threshold. 
 

• To create distinguishable sounds, two or more of the following parameters should be varied: (1) 
spectral content, (2) pulse duration, (3) pulse shape, and (4) temporal pattern. 

 
 
MIL-STD-1472F (1999) US Department of Defense, “Design Standard Criteria – Human 
Engineering” 
 
This standard established general human engineering criteria for design and development of military 
systems, equipment and facilities. The following criteria are used: 
 

• A signal-to-noise ratio of at least 10 dB shall be provided in at least one octave band between 200 
Hz and 5,000 Hz at the operating position of the intended receiver. 

 
• Signal to noise ratios can be greater as long as the levels do not exceed 115 dB at the ear of the 

listener. 
 

• Attention and avoidance of startle reaction. Signals with high alerting capacity should be provided 
when the system or equipment requires the operator to concentrate attention. Such signals shall 
not, however, be so startling as to preclude appropriate responses or interfere with other functions 
by holding attention away from other critical signals. To minimize startle reactions, the increase in 
sound level during any 0.5 sec period should be not greater than 30 dB. In addition, the first 0.2 
sec of a signal should not be presented at maximum intensity, use square topped waveforms, or 
present abruptly rising waveforms. 

 
  



 

10 

Transport Research Laboratory Report PA 3721/01 (February 2002), “Design Guidelines for Safety 
of In-Vehicle Information Systems” 
 
The following TRL recommendations were made in relation to the audibility of In-Vehicle Information 
Systems (IVIS), including alarm signals (Stevens, Quimby, Board, Kersloot, & Burns, 2002): 
 

• It should be possible to hear the signal of interest under all driving conditions at a level that will not 
startle the user. 

 
• The volume of auditory output should be adjustable over a reasonable range, in most 

circumstances between 50 dBA and 90 dBA would be suitable; higher than 90 dBA should be 
avoided. 

 
• Broadband sound should be presented at an appropriate volume; usually this can be achieved if 

the signal exceeds the ambient noise by 15 dBA or more. However, to avoid a startle response, 
the signal should not exceed ambient noise by more than 25 dBA. The signal level is a matter of 
balancing the listener comfort against message audibility. 

 
• Auditory information should always lie within the range of human hearing, ie 200 Hz to 8000 Hz, 

but it is recommended in practice that it should lie between 500 Hz and 4000 Hz. 
 

• In relation to the audibility of speech, the system should be able to cope with background noise 
and should not be influenced by it, a signal to noise ratio (SNR) of around 5 dBA should be 
sufficient to ensure audibility – refer also ISO/CD 15006 (1996). 
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U.S. Department of Transportation Federal Railroad Administration Report DOT/FRA/ORD-06/26 
(December 2006), “Human Factors Guidance for Intelligent Transportation Systems at the 
Highway-Rail Intersection” 
 
The following FRA recommendations are in relation to attributes of auditory (non-speech) displays (US 
Federal Railroad Administration, 2006): 
 

• Audible message output should be 15–35 dB above the ambient noise level. This can be achieved 
by automatically adjusting audible warning output or muting onboard radios/stereos.   

 
• The volume should be adjustable over a reasonable range (between 50 dB and 90 dB). Avoid 

using sounds louder than 90 dBA.  
 

• The signal should not exceed ambient noise by more than 25 dB because this may elicit a startle 
response. A tone that is not sufficiently intense relative to background noise impairs intelligibility; 
too intense produces startle (Benekohal et al., 2000).  

 
• For urgent warnings requiring immediate action, use signal strength of 70–90 dB(A) and signal-to-

noise ratio of 10– 15 dB(A).  
 

• It is desirable to have the signal level automatically adjust to the background noise. The system 
may also allow drivers to adjust volume within a range of +/-10dB(A). 

 
 
Environmental Noise Levels – In Vehicle 
 
An ideal design criterion for alarm audibility should therefore be robust enough to accurately reflect the 
audibility of an alarm for the intended receiver over the range of background noise environments in which 
it will operate.  
 
Internal vehicle noise is generated primarily form three main sources: 1) aerodynamics; 2) power-train; 
and 3) road/tyre interaction (Parnell & Samuels, 2006). Typical noise levels in vehicle are measured in 
terms of energy averaged sound level (Leq dBA).  
 
For both traditional family cars and for heavy transport vehicles Leq is between 65 and 80 dBA (Morrison 
& Casali, 1997; Parnell & Samuels, 2006). Little difference between interior noise levels is evident as a 
function of vehicle type at open freeway speeds. However, for all vehicles there is a strong relationship 
between vehicle speed and in- vehicle noise.  
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The main challenge for acoustic displays is they have to compete with complex noisy backgrounds 
(Edworthy & Hellier, 2000). 
 
Therefore, setting the loudness level of a warning requires first determining the background noise in that 
environment and then deciding how much louder the warning should be above it. 
For in-vehicle contexts, a number of noise sources can contribute to the overall interior noise levels 
dependent upon the operating conditions of the vehicle. These can be:  the engine and drive train, 
exhaust system, ventilation or climate control systems (including windows), tire/roadway interaction, air 
turbulence resulting from vehicle motion, entertainment systems, phones, accessories, passenger 
conversation, and noise from outside sources such as traffic and sirens (United States Department of 
Transportation, 1994, 1999). 
 
A measure of the acoustic characteristics of motor vehicles is therefore needed in order to fully 
understand their effects on the detectability of an audible warning signal. However, vehicle interior noise 
levels are highly design-specific, and the acoustic environment can only be determined on a case-by-case 
basis. As such, any reported data should only be used as a very high level guidance to the gather some 
general understanding on vehicle interior noise levels. 
 
 
Light to Medium Vehicles 
 
Various studies on the subject of motor vehicle acoustic characteristics were conducted in the 1970s and 
1980s (Beranek, 1971; Potter, Fidell, Myles, & Keast, 1977; Wilson, 1983). Data obtained from six 1970 to 
1974 model year motor vehicles that appeared in Potter, Fidell, Myles, and Keast (1977) cite typical 
cruising noise levels range from 62 to 83 dBA, with an energy mean of 74 dBA at the driver's ears. 
 
Given the progress made since 1974 in reducing interior noise levels (sound insulation and vibration 
control to further limit the penetration of exterior sound), and the use of air conditioning (which 
encourages driving with the windows closed), the numbers reported were described as a pessimistic case 
for modern passenger cars (United States Department of Transportation, 1994). 
 
As a part of another study by the US DOT (1999) acoustic data were collected through field 
measurements to determine the interior noise levels and insertion loss characteristics of later model motor 
vehicles. The following graphs illustrate the average interior noise levels of the vehicles reviewed: 
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Figure A-1:  Average Interior Noise Levels – 48 km/h (30 mi/h) 
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Figure A-2:  Representative Interior Noise Level – 48 km/h (30 mi/h) 

(Average of Seven Vehicles Tested) 
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The same study also cited that additional evidence from General Motors and automotive magazines 
suggests that interior noise levels alone have decreased by at least 10 dB since 1970. For comparative 
purpose, a baseline (windows closed, ventilations systems off and radio off) interior noise levels that was 
published in the Car and Driver, and, Road and Track (; )(; )automotive magazines for several 1992 – 
1993 model vehicles were also shared, represented here as Table 1: 
 

Table 1: Interior Noise Levels of 1992-1993 Model Year Automobiles 
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Additional effects that were found to be applicable to later model motor vehicles include (Engineering 
Dynamics, September 1990; Potter, et al., 1977; Wilson, 1983): 

• Open windows will increase interior noise levels by 2 to 3 dB at low frequencies (<1000Hz) and by 
5 to 10 dB at high frequencies. 
 

• Air conditioning systems operating at medium or high will increase interior noise levels by 2 to 5 
dB at low frequencies (<1000 Hz) and 5 to 10 dB at high frequencies. 
 

• Radio operation at a “normal volume” will increase interior noise levels by 10 to 30 dB. 

 
Heavy Trucks 
 
In a number of studies involving truck cabs from the 1970s (Clarke, 1978; Leneman, 1977; Z. E. Reif, and 
Moore, T.N. , 1983; Werner & Boyce, 1976), interior sound levels between 90 and 95 dBA were reported.  
 
Reif et al. (1980) who measured the narrow band frequency spectra of truck cabs, found noise to be 
concentrated in the frequency ranges below 2000 Hz. In addition, they also found that speech increased 
instantaneous sound levels by 5 dB, while CB radio producing a similar affect of 10 dB. 
Morrison and Casali (1997) found in their literature review, no studies conducted on the interior noise 
levels of trucks were produced after 1980. In their noise measurement study, they reported that modern 
trucks have a substantially lower overall noise level (details in Table 2) than the 1970s vintage trucks.  
The noise levels for all four trucks that were reviewed were well below the OSHA action level, which is 85 
dBA time-weighted average (TWA) for an eight-hour day (OSHA, 1989).  The authors concluded this 
reduction in interior noise to most likely be attributed to the improvement in truck design and noise control 
in the intervening years. 
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Table 2: SAE J336 and freeway interior truck cab noise measurements 

 
 
Additional research work relating to truck drivers were shared by Nerbonne and Accardi (1975) which 
showed a slow but steady increase in hearing level (HL) with years of driving and that the mean HLs of 
truck drivers were significantly worse by 10 to 20 dB at 250 to 4000 Hz than non-noise exposed men of 
similar age. This reveals the possibility that a significant proportion of the truck driver population has some 
hearing loss, and the criticality of considering and evaluating this information in the final design of audible 
warnings for heavy in-vehicle conditions. 
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Field Data Collection 
 
Due to the age of the light and medium vehicle data available (especially in relation to the relatively fast 
turnover of these vehicles when compared to heavy vehicles) it was decided that the gaps in existing data 
needed to be filled with more recent data. Accordingly, it was deemed necessary to undertake field data 
collection to provide a more up-to-date picture of in-vehicle noise ambient levels.  
 
Field data were collected according to international standardised data collection methods, using a typical 
Australian family car – a 2010 model Ford Flacon Station Wagon. These field recordings were undertake 
at a range of speeds (60, 80 and 100km/h) across a range of different road surfaces (urban 7mm chip 
bitumen, peri-urban 14mm chip bitumen and rural dirt road surfaces). These data provided an upper and 
lower range of ambient noise levels across 1/3rd octave noise spectrum against which the dB of the 
auditory warning could be tailored. This upper and lower range is illustrated in the figure below: 
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These field recording thresholds were then subjected to further analysis utilising the DetectSound system 
(designed for the tailoring of auditory warnings for a given population). Given the profile of the ambient in 
vehicle noise across the 1/3rd octave spectrum it is suggested that the ideal volume of the auditory 
warning lies between 70dB(A) and 90dB(A). 
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Summary 
Based on the research data found, it is clear that interior noise levels and the acoustic spectra are highly 
specific to the design of a particular vehicle, and tightly coupled on multiple internal and external vehicle-
related noise sources.  Interior noise levels have definitely improved in the recent decades; however, it 
still encompasses a wide scale of loudness and spectrum definition that needs to be considered in the 
creation of auditory warnings. 
 
The major difference between sound pressure levels across the 1/3rd octave with respect to light and 
heavy vehicles appears to occur in the lower-frequency ranges, and as such are unlikely to interfere 
significantly with the detectability and audibility of the auditory warning.  
 
The major factor identified in field data collection relates to both the independent and combined effects of 
having the vehicle windows down and air-conditioning fans selected to the high position. The combined 
effects of which can mean a difference up to 20dB(A) in the critical frequencies associated with the 
detectability and audibility of the auditory warning. Accordingly, the ideal solution would be the 
development of a system which is able to sample the ambient noise immediately prior to the warning, and 
tailor the volume level to between 10dB(A) and 15dB(A) above that ambient noise.  
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Recommendation Two – Volume Level 
 
The idea volume level for an auditory warning is between 10dB(A) and 15 dB(A) above ambient 
environmental noise levels. Lower signal to noise ratios will render the warning difficult to attend to, and 
higher may elicit an undesired startle response. 
 
To minimize startle reactions, the increase in sound level during any 0.5 sec period should be not greater 
than 25 dB.  
 
Given the variability in environmental baseline in-vehicle noise levels, the system should automatically 
shape the auditory warning volume according to environmental noise levels. If this is not possible, we 
propose the baseline volume level should be 85dB(A) for the auditory warning for both light and heavy 
vehicles. It is recommended that this volume level is subjected to rigorous usability evaluation in the field 
prior to implementation.  
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 Message Type 
 
Auditory warnings come in many forms, including simple or complex tones, auditory icons, and 
synthesised or speech-based verbal warnings. The primary considerations relating to auditory warning 
type and duration involve the concepts of detectability and understandability (Stanton, 1999). In addition, 
consideration needs to be given to any unwanted impacts of the auditory warning on performance, such 
as potential distraction and annoyance. 
 
Several comparative studies of verbal and non-verbal warnings appear to show some advantage for 
verbal warnings (c.f. Hakkinen & Williges, 1984; Simpson & Williams, 1980). However, such studies 
typically compared newly-developed speech systems with more meagre non-verbal signals (such as 
those consisting solely of single tones), that the comparison would be considered hardly fair. In solitude, 
neither of these auditory warnings modalities seems to pose adequate features for the delivery of an 
effective warning communication. However when brought together with the right compositional elements, 
they can be elevated into a much superior auditory warning system. 
 
Unlike visual warning signage, where representational images convey meaning without the need for 
written language to be relied up, it is more difficult for such symbolic representation to be encoded within 
an auditory warning. With respect to the nature and content of the auditory warning, the signal’s 
characteristics should exploit either learner or natural relationships. Auditory warnings affordances are not 
always easily established, and behavioural performance is poor with abstract sounds (Stanton & 
Edworthy, 1999).  
 
Within the context of Rail Level Crossings, in Australia we have a pre-existing auditory warning modality 
of the level crossing “bells”. This auditory warning has high level of affordance in the form of a learned 
symbolic representation. It is recommended that this affordance is capitalised upon by incorporating the 
tones of the level crossing “bells” into the auditory warning. 
 
Traditional warning sounds such as bells, horns, and sirens have known to possess a number of 
undesirable acoustic qualities. Typically they are too loud for the application in which they will be used; 
they are usually continuous once activated, which gets in the way of speech and other communication; 
and they are often irritating and aversive (Edworthy & Hellier, 2000). 
 
Having said the above, some of the strengths that they are known for include being clearly recognised as 
warnings both within and across cultures (Lazarus & Hoge, 1984). It has also been shown that traditional 
warnings are particularly salient when heard among other sounds (Ballas, 1993). 
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There is also some evidence to show that the essence of a sound can be retained without having to retain 
all parts of the sound (Warren & Verbrugge, 1984). Considering this, it may be possible to retain the 
essence of some traditional warning sounds while editing out the more irritating qualities. For example, to 
digitise and edit a bell sound into a new sound which still sounds like a bell, and then to update it with 
known ergonomic design protocols.!!
 
While the meaning of non-verbal auditory warnings must be learned, or have inherent meaning, voice 
warnings can make use of existing linguistic knowledge to convey specific meaning. Research also shows 
that the presence of a voice warning produces a strong and reliable increase in compliance compared to 
auditory warnings without a voice component (Wogalter, et al., 1991). The greatest advantage of speech 
over non-speech warning is that, if it is intelligible, its meaning is unambiguous. However, in complex 
ambient noise environments, it is more difficult to produce intelligible speech warnings than it is to fit a 
non-speech warning to the same noise spectrum. !
 
Speech warnings should also be designed to deliver with sufficient time to listen to the full message and 
to choose the correct action. Therefore, speech messages should be simple with the most important 
information presented at the beginning of the message (and repeated at end, optionally). To this end, the 
auditory warning should also include an English language verbal warning. 
 
 
 
Recommendation Three – Message Type 
 
Preliminary analysis suggests a combined auditory warning consisting of a representational sound (the 
existing bells of an active crossing) combined with an English language verbal warning be deployed.  
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Message Activation and 
Timing  
 
 

The activation and timing of the advance auditory warning message is a function of speed and distance to 
the crossing, both for the approaching rail vehicle and the road users. 
 
To illustrate the critical points for message activation and timing, a typical country rail level crossing is 
depicted below. The level crossing involves a single rail line, bisected at right-angles by a 80km/h sealed 
country road. Approximately 100m each side of this main sealed road are two 60km/h unsealed minor 
roads. 
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Activation Timing: To provide adequate time for driver response, the auditory warning must be activated 
at least 25 seconds from the time the train will first enter the level crossing, and remain active throughout 
the period of time taken for all rail vehicles to be clear of the crossing.  
 
It is recommended that this is calculated dynamically through the rail vehicle on-board unit as it will be a 
function of train speed and distance from the crossing. Alternatively, it could be calculated for maximum 
track speed at each crossing location, such that slower rail vehicles will provide a more conservative 
buffer of timing, as is done with traditional track circuitry.  
 
 

 
 



 

27 
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Activation Zone: To provide adequate time for driver response, the auditory warning must be broadcast 
to a given distance from the crossing. 
 
It is recommended that this zone is calculated on the road distances provided in AS1742.7 for the 
installation of Advanced Warning Signage. These signs are designed to be placed at high-risk crossings 
where driver deceleration and stopping can be facilitated by advanced warning of the activation of active 
crossing protection. A table is provided in an Appendix of AS1742.7 which enables the calculation of 
suitable distances based on road surface, speed limits, and grades. 
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Recommendation Four – Message Activation and Timing 
 
It is recommended that two main concepts guide the engineering design of auditory warning activation. 
The first of these, Activation Timing, involves the first activation of the auditory warning device. The 
second, Activation Zone, refers to the distance from the crossing at which the road vehicle will first receive 
the auditory message. 
 
Activation Timing: To provide adequate time for driver response, the auditory warning must be activated 
at least 25 seconds from the time the train will first enter the level crossing, and remain active throughout 
the period of time taken for all rail vehicles to be clear of the crossing.  
 
Activation Zone: To provide adequate time for driver response, the auditory warning must be broadcast 
to a given distance from the crossing. It is recommended that this zone is calculated on the road 
distances provided in AS1742.7 for the installation of Advanced Warning Signage.  
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Message Duration and Repeat 
Timings 
 
 

Verbal or speech messages can transmit much more information than simple tones, but they are also 
subject to interference from the various in-vehicle ambient noise. Older drivers, in particular, can also 
have difficulty understanding voice messages in the presence of background noise. 
 
Unlike visually displayed information, spoken messages cannot be referenced once the information has 
been provided. Unless some mechanism allows drivers to easily repeat spoken messages, (at their 
discretion), the information can be quickly forgotten.  
 
Although repeating messages can help alleviate this problem, repeating alert and warning messages 
numerous times may annoy or irritate drivers. This can be particularly true for audible or voice warning 
messages. 
 
In-vehicle warning devices should provide a means to reduce the nuisance potential of an alert once it 
has been issued.  
 
This can be accomplished by: 
• muting or reducing the volume of any audible warnings after it has cycled through several times,  
• limiting the number of times or cycles the warning is issued,  
• including a driver confirmation button, and  
• changing the mode of the warning (change from audible to visual warnings) 
 
 
 
Recommendation Five – Message Duration and Repeat Timings 
 
The representational sound of level crossing bells should be used as an audible cue in advance of the 
message, which prepares drivers to attend to the message. 
 
The verbal component of the warning should be presented three times. Repetitions should occur in 
immediate succession.  
 
Where appropriate, the duration of the representational sound (bells) should mirror the duration of the 
sound as if the crossing were subject to active protection.  
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Wording 
 
 

 
 
When words are used in the context of a warning, it has been highlighted that they must be chosen 
carefully and tested for comprehension (Sanders & McCormick, 1993). It has been suggested that 
warnings must not use: 1) vague, ambiguous, or ill-defined terms; 2) highly technical words or phrases; 3) 
double negatives; 4) long phrases; or 5) grammatically complex phrasing. Consideration must also be 
given to the primary languages of the user population. 
 
Sanders and McCormick (1993) identified 4 principal purposes for a warning: 
1. Inform the users or potential users of a hazard or danger, of which they may not be aware 
2. Provide users or potential users with information regarding the likelihood and/or severity of injury  
3. Inform users or potential users how to reduce the likelihood and/or severity of injury 
4. Remind users of a danger at the time and place where the danger is most likely to be encountered 
 
In the design of verbal warnings (typically visual), the following components have been identified as 
fundamental to effective warning design (Sanders & McCormick, 1993; Wickens & Hollands, 2000; M.S. 
Wogalter, Desaulniers, & Brelsford, 1987; M.S. Wogalter, Godfrey, et al., 1987). 
 

(a) Signal word: to attract attention and convey the gravity of the risk (e.g., “Danger”, “Warning”, 
“Caution”) 

(b) Hazard: the nature or description of the hazard (“toxic material”) 
(c) Consequences: what is likely to happen if the warning is not heeded (“could cause death if 

inhaled”) 
(d) Instructions: appropriate behavior to reduce or eliminate the hazard 

 
Traditionally, three levels of hazard have been differentiated (Sanders & McCormick, 1993; Wickens & 
Hollands, 2000) and generally well understood by the English-speaking population (M. S. Wogalter & 
Silver, 1995): 

1. Danger is used where there is an immediate hazard which, if encountered, will result in severe 
personal injury or death 

2. Warning is the signal word for hazards or unsafe practices which could result in severe personal 
injury or death 

3. Caution is for hazards or unsafe practices which could usually result in minor persona injury, 
product damage, or property damage 
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The American National Standards Institute (ANSI, 1998) Z535 Standards on Safety Signs and Colors also 
includes a fourth addition to the above list – Notice used for basic low level advisories (M.S. Wogalter, 
Conzola, & Smith-Jackson, 2002). 
 
With few exceptions  signal word research has consistently shown that Danger connotes the greatest 
degree of hazard and Notice the least (Leonard, Matthews, & Karnes, 1986).  
 
The perceived distinction between the intermediate terms Warning and Caution is less clear (Braun, Holt, 
& Silver, 1995; Chapanis, 1994; Drake, Conzola, & Wogalter, 1996; Leonard, Karnes, & Schneider, 1988; 
Silver, Gammella, Barlow, & Wogalter, 1993; Silver & Wogalter, 1989; M.S. Wogalter, Jarrard, & Simpson, 
1992; M.S. Wogalter, et al., 1995; M.S. Wogalter, Racicot, Kalsher, & Simpson, 1994)  
 
Research also indicates that the presence of a signal word in warnings increases its effectiveness (M.S. 
Wogalter, Desaulniers, & Godfrey, 1985; M.S. Wogalter, Fontenelle, & Laughery, 1985; Young, Wogalter, 
Laughery Sr., Magurno, & Lovvoll, 1995) and the level of perceived hazard (M.S. Wogalter, et al., 1992; 
M.S. Wogalter, et al., 1994). 
 
The hazard description should be specific and complete. For example, it might involve an explanation or 
description of the mechanisms involved so that people will understand the nature of the hazard. At the 
same time, the hazard description should not be so lengthy that few people will take the time and effort to 
read or listen to it. Therefore, there is a need to balance completeness and brevity. 
 
The warning should also describe the possible consequences of non-compliance. A specific description of 
the mechanism of injury provides more information and informs individuals why it is important that they 
comply. The list of consequences should be explicit and should map to the hazard descriptions. For 
example, a chemical hazards warning could explicitly state that ‘Severe lung injury can result’’ as opposed 
to stating the consequence non-explicitly (e.g., ‘‘You could be injured’’). More explicit warnings have been 
associated with greater levels of perceived dangerousness, hazard understanding, perceived injury 
severity, intent to act cautiously, manufacturer’s concern, and protective equipment use (Braun, et al., 
1995; Laughery Sr. & Stanush, 1989; Laughery Sr., Vaubel, Young, Brelsford, & A.L., 1993; Young & 
Wogalter, 1998) 
 
Finally, the warning should offer directives or instructions on how to avoid the hazard. It too, should be 
explicit. For example, a warning should state the type of protective equipment to be worn to avoid injury to 
lungs, rather than provide a vague reference to personal protective equipment. Hazard avoidance 
instructions should describe specific actions that need to be taken (or avoided) by the warning recipient 
for safe behaviour. 
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However, If one part of a warning conveys information relevant to another part (e.g., if the consequences 
of the hazard are obvious by the statement that identifies the hazard or is communicated by a pictorial 
symbol), then the consequence information need not be communicated as a separate statement. This rule 
of thumb is also true of hazard descriptions and instructions, that is, there is no need to give a separate 
statement for a component message if the other components of the warning make the information 
obvious. 
 
The US FRA (2006) recommends that messages that require an immediate response should consist of a 
single word or short phrase, and they should be understood immediately.  
 
Non-urgent messages should contain a maximum of seven units of information (approximately seven 
words). The most important information should be presented at the beginning and/or end of the message 
because it is easiest to recall  
 
Speech warnings should be brief and concise, generally between one and three words. Longer messages 
are preferred if time is not a critical factor. Under time sensitive situations, drivers should be able to 
understand the message immediately. Longer messages require more processing time than shorter 
messages and are subject to forgetting. Presenting information in order of importance allows drivers to 
quickly focus and extract critical information. 
 
However, Simpson and Williams (1980) found that semantically rich format (e.g. 3 or 4 word warnings, 
such as “Landing gear not down”) did not produce slower reaction times in comparison to keyword type 
format (e.g. the earlier warning is now 2 or 3 worded - “Gear not down”) even thought the semantically 
richer warnings were an average of 0.3 seconds longer than those in the keyword format. This replicates 
an earlier finding (Simpson & Hart, 1977). In fact, responses to the keyword format were slower than they 
were to the semantically richer warnings, although not significantly so.  
 
Edworthy and Adams (1996) interpret this as showing that greater redundancy of information in the 
warning reduces processing time per word, which also decreases the amount of attention required in 
processing the message. Thus semantically richer voice warning might be particularly useful under high 
workload conditions. 
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The effect of linguistic redundancy on reaction time has a number of interesting parallels in written 
warning design. The “semantic context” warnings were generally more explicit than the “keyword” 
warnings. Laughery et al, (1993), showed that for written warning the explicitness of the warning 
increased the perceived hazardousness of the product to which the label was referring. It is just possible 
that the same thing happens for vocally presented warning, and that the increased perceived 
hazardousness of the situation results in a reaction which, on the basis of the warning length alone, may 
have been slower but has been speeded up because of the greater perceived hazardousness resulting 
from the increased explicitness of the warnings. 
 
The above situation of linguistic redundancy on reaction time were also further confirmed by Byblow and 
Corlett (1989) and Wogalter et al. (1987) in studies where more semantically informative warnings was 
preceded by an appropriately urgency-coded word such as “Danger” or “Caution”. 
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Recommendation Six – Message Wording 
 
The verbal component of the message should be in English language and should be concise. It should 
adhere to the generic structure of “signal word – hazard – instructions”. 
 
The signal word “warning” appears from the literature to convey the correct sense of gravity and urgency. 
The hazard is easily defined as “train at crossing”, which identifies the nature of the hazard.  
 
The instructions within the message should elicit on the desired behaviour, and as such “prepare to stop” 
appears to be the most direct and generic instruction.  
 
The message wording: “warning – train at crossing – prepare to stop” is therefore advised to be 
suitable from a Human Factors perspective. 
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Voice  
 
Speech warnings and communication systems are increasingly used in noisy, high workload 
environments. An important decision in the development of such systems is the choice of a male or a 
female speaker.  
 
Edworty et.al (2003c) suggests that both acoustic and non-acoustic differences (such as social 
attributions towards speakers of different sexes) between male and female speakers is negligible, 
therefore the choice of speaker should depend on the overlap of noise and speech spectra.  
 
Female voices do however appear to have an advantage in that they can portray a greater range of 
urgencies because of their usually higher pitch and pitch range.  
 
Also knowledge about the sex of a speaker has no effect on judgements of perceived urgency, with 
acoustic variables accounting for such differences. 
 
Male and female voices are acoustically different, and listeners can differentiate male from female voices 
without having to see the speaker. 
 
Female voices are often associated with nurturing, childhood, safety, security and so on whereas male 
voices might typically be associated with authority, dependability, and strength (e.g. Mcminn et al, 1993). 
 
A question which can shed some light on the nature of the relationship between male and female voices, 
and in particular whether the male-female transition is a continuum or categorical in nature, is that of the 
ability of listeners to recognise the sex of a speaker. 
 
There is evidence both to suggest that the perception of speaker sex is speaker-independent and 
unambiguous, and that the identification of speaker sex is not categorical but exists along a continuum.  
More specifically, it seems that there is a distinction between basic acoustic cues and phonetic cues. The 
male-female voice transition might be a continuum in purely acoustic terms but may be more categorical 
when one looks at phonetic influences.  
 
For example, Mullennix et al (1995) suggest that voice sex perception is based on an acoustic continuum, 
different in kind from the representation of phonetic information which appears to make the distinction 
between male and female voices more reliable. Wu and Childers (1991) showed that information about 
speaker gender in automatic speech recognition is time-invariant, phoneme independent, and speaker 
independent for both speaker genders. 
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They go on to distinguish ten vowels which appear to be responsible for distinguishing a speaker's sex. 
Mendoza et al (1996) analysed the speech of a number of male and female speakers using long-term 
speech analysis, and showed differences in amplitude across frequency bands for male and female 
voices. Female voices also showed greater levels of aspirational noise (making the voice more 'breathy') 
and lower spectral tilt. At a more general level, Gelfer and Young (1997) suggest that overall there is little 
difference between the conversational intensity levels of male and female speakers. Thus the evidence 
suggests that acoustical differences between the sex of speakers may exist along a continuum (so thus 
there could be genuinely ambiguous voices), but at a voiced and phonetic level the differences may 
become clearer. 
 
If the male-female voice transition is a continuum for many important acoustic variables, then this make it 
less likely that there are qualitatively different responses to speech as a function of the sex of the speaker. 
Rather, it strengthens the view that responses are quantitative in nature and that it is quantitative 
differences in key acoustic parameters (such as pitch and level) which underpin differences between 
perception of male and female voices. The evidence presented in the following sections suggests that 
apparent differences between the perceived urgency of male and female voices are entirely underpinned 
by acoustic differences between the voices, and will vary systematically as the size of these differences 
varies. 
 
Signal-to-noise ratio is key to the intelligibility of speech, and in complex noisy environments the 
determination of speech intelligibility is a function not only of overall levels of noise and speaker, but of the 
precise relationship between the spectrum of the noise and the spectrum of the speaker's voice, which will 
in turn be influenced by the functioning of auditory filters (Patterson 1974, 1976). 
 
Studies by Nixon et al (1996) suggest that although the intelligibility of male and female speech is 
approximately equal under ordinary noise and listening conditions, specific noise spectra may dictate the 
use of one or other voice, for example finding a niche in the spectrum where there is a lower level of 
noise. 
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Preferences or advantages that exist between male and female voices are purely a result of differences 
between the acoustic structure of female and male voices.  
 
It is clear that as a phenomenon, perceived urgency is almost wholly underpinned by acoustic variables.  
And in this regard, there might be certain advantages in using female voices.  
 
There has been a considerable amount of research on perceived urgency in nonverbal warnings and the 
charting of the acoustic factors which underpin subjective assessments of urgency (Momtahan, 1990; 
Edworthy et al., 1991: Hellier et al., 1993; Haas and Casali, 1995; Burt et al., 1995; Haas and Edworthy, 
1996). This work shows that the perceived urgency of nonverbal warnings can be determined very 
specifically through manipulation of acoustic parameters such as pitch, pitch range, level, speed, spectral 
structure and so on. 
 
More recently, focus has been given to acoustic influences in the perceived urgency in speech messages. 
The small body of research work that has focused specifically on the perceived urgency of speech has 
warnings has focused either on single signal words (words which are typically used to denote a hazard, 
such as 'Warning', 'Danger', 'Deadly', 'Note' and so on) or on very short phrases. 
 
Two reasons for this being: 
- first that acoustic analysis of long speech messages is inevitably complex and noisy, and  
- second that there is considerable research on signal words in the visual domain (e.g. Leonard, et al., 
1989; Wogalter and Silver, 1990, 1995; Laughery et al., 1993; Braun and Silver, 1995; Wogalter et al, 
1998; Hellier et al., 2000a; Edworthy et al., in press(a)).  
 
In particular, it is a well established point that signal words vary in their 'arousal strength' (Wogalter and 
Silver, 1995), a measure of a word's alerting quality which can be seen as the visual corollary of perceived 
urgency. Consistent patterns have been shown whereby some words such as 'Deadly' and 'Danger' are 
attributed a higher arousal strength than words such as 'Attention' and 'Note'. Thus word semantics have 
an impact on people's perception of the word, an additional factor which can be useful in application.  
Aside from replicating these effects for those words when presented visually, studies on the perception of 
spoken signal words have largely replicated the acoustic effects found for nonverbal warnings, as would 
be expected. 
 
Studies also show that when speakers imbue a specific level of arousal in their utterances, listeners do 
interpret this accurately. For example, Barzegar and Wogalter (1998a, 1998b, 2000) found that words 
spoken in an 'emotional' way were rated higher in terms of the carefulness the listeners would show when 
hearing the words than words spoken either in a monotone fashion or a whisper.  
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Hollander and Wogalter (2000) demonstrated that some of the main acoustic variables shown by 
Edworthy etal (1991) to affect urgency in nonverbal warnings also affect the perceived urgency (or 
arousal strength) of a small set of spoken warning words. These same acoustic variables are known to 
influence listeners' perception of fear (Scherer, 1986) as well as to be important in speech synthesis 
systems (e.g. Murray and Arnott, 1995). 
 
Hellier et al., (2002) demonstrated the acoustic underpinning of these effects by carrying out detailed 
analysis of utterances. One male and one female speaker spoke a series of warning signal words in an 
'urgent' and a 'nonurgent' way, and listeners' judgements confirmed that the urgent utterances were rated 
as more urgent than the nonurgent utterances. Acoustic analysis of the pitch, speed and level of those 
utterances varied across speaker, word, and utterance type, and when mapped against subjective 
responses, they very closely followed the urgency judgements. The results of the acoustic analysis were 
used to make synthetic 'urgent' and 'nonurgent' versions of the same set of signal words, with the 
differences between them being the mean of the pitch, speed and level differences between the urgent 
and nonurgent utterances produced by the human speakers. The results confirmed that urgency 
judgements almost exactly follow the acoustic manipulations made, although of course the story is a 
complex mixture of the relative strengths of the three acoustic parameters manipulated. Other acoustic 
variables are also likely to affect judgements, but these were not explored in this study. 
 
Studies on the perceived urgency of speech have shown specific and replicable interactions that make an 
acoustic explanation likely. For example, one of the main findings from these studies is that female voices 
tend (though not always) to produce higher urgency ratings than male speakers. More importantly and 
consistently, female voices tend to produce a greater range of responses. Urgent utterances in a female 
voice are rated as more urgent than those in a male voice, while nonurgent utterances tend to produce 
lower ratings for female than for male voices (Barzegar and Wogalter 1998a, 1998b, 2000, Hellier et al, 
2002; Edworthy et al (in press (a))). Edworthy et al (in press (a)) showed that when pitch alone is 
controlled but voices are still clearly male and female (the latter being more breathy and more typically 
female than the other), no differences in urgency judgments between male and female voices are to be 
found. This suggests not only that acoustic differences underpin sex differences, but also that the pitch of 
the voice is a key acoustic variable under such circumstances. 
 
In cases where male speakers are perceived as being more urgent than female speakers, this can often 
be attributed to the male speaker talking at a considerably higher level than the female speakers, thus 
providing further evidence for an acoustic explanation of male/female voice differences. For example both 
Hellier et al (2002) and Barzegar and Wogalter (2000) found that, particularly in nonurgent conditions, the 
male voice was louder than the female voice and thus produced higher urgency ratings. 
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As acoustics seem to dominate judgements, Edworty et.al (2003c) state that in noise, it should be the 
noise spectrum above all else which determines the type of voice used in any warnings or 
communications system. 
 
In complex noise environments, there is no a priori case for selecting either a male or a female voice; the 
choice of the sex of the speaker is an irrelevance. What matters is the overlap of the noise spectrum and 
the speech spectrum. 
 
If the noise spectrum is even, or moderate, then we suggest that there is some advantage in selecting a 
female voice. If adequate acoustic control is placed over the stimuli (such as ensuring that loudness levels 
are equal), there is little evidence to show that either female or male voices work better in such systems. 
 
In the perception of urgency, the female voice has a distinct advantage in that it can cover a larger range 
of urgencies, seemingly a result of the higher pitch and the greater available pitch range of the female 
voice. 
 
As far as task performance is concerned, there is probably more to be gained by focusing on the nature of 
the messages conveyed rather than on the male versus female question: 
- the use of appropriate signal words to convey appropriate levels of importance  
- expressing risks in particular ways such as increasing explicitness (Laughery et al, 1993)  
- use of the personal pronouns (Edworthy et al., in press, b) 
 
Following are samples of technology transformations or techniques that can assist to improve intelligibility 
issues within noisy ambient: 
- Augmentation of speech loudness  
- Peak clipping, where consonants can be boosted relative to vowels (making speech more intelligible in 
noise) 
- Filtering to further improve the fit of the speech to the noise spectrum.  
However, it should be borne in mind that such artificial boosting and equalising of signals do influence the 
determination of factors such as the sex and age of the speaker, and their emotional state (Sorkin and 
Kantowitz, 1987). 
 
Nevertheless, there will always be noise environments where speech intelligibility will remain a problem. 
In these cases, the best solutions may be not to use speech at all, but to use something more resistant to 
distortion such as nonverbal acoustic signals, or even visual signals if possible (though the kinds of 
environments where noise will typically be a problem are often those where the visual environment is 
already rather crowded).  
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Recommendation Seven – Voice 
 
There is little evidence to suggest that an a priori choice between a male or female voice has significant 
impact on perceived urgency or behavioural modification. 
 
Acoustics seem to dominate judgements perceived urgency or behavioural modification and research 
indicates that it should be the noise spectrum above all else which determines the type of voice used in 
any warnings or communications system. 
 
Findings identified above suggest a relatively stable noise spectrum across the critical voice frequencies. 
To this end it is recommended that a simple usability evaluation is undertaken to inform the final decision 
between male and female voice.  
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Tailoring of message to risk 
profile of crossing 
 
 
 
 

The possibility exists to tailor the content of the message to the individual risk-profile of the crossing. 
However, from a Human Factors perspective it is advisable for the message to be as standardised as 
possible in order to develop and initiate a learner response. 
 
Differing messages run the risk of additional cognitive load and thus potential distraction for drivers who 
may be approaching both an unfamiliar crossing and trying to make meaning from an unfamiliar message. 
This could inadvertently reduce the attention to the external environment and thus cause unintended 
consequences. 
 
However, in certain circumstances it may well be desirable to tailor the message content. The most likely 
scenario is when positioning of the hardware does not enable “masking” of the message from roads 
running parallel to the railway. In this instance it is recommended that the words “on side road” are added 
to the standard message to clearly denote the location of the hazard. Such wording should be deployed in 
line with AS 1742. 
 
Similarly, instances of multiple trains at a crossing are a well known high risk situation from a Human 
Factors perspective, whereby road-users can easily make an incorrect decision that it is safe to cross 
once one train has passed, and fail to look for a following train or a train coming from the opposite 
direction. In this instance it is recommended that the words “more than one train” are added to the 
standard message to clearly denote the location of the hazard. Such wording should be deployed in line 
with AS 1742. 
 
Recommendation Eight – Tailoring of Message to Risk Profile of Crossing 
 
It is recommended that standardisation of the message across all crossing types has significant benefits 
with respect to cognitive load, potential distraction and comprehension of the message. 
 
However, in certain circumstances it may well be desirable to tailor the message content. The most likely 
scenario is when positioning of the hardware does not enable “masking” of the message from roads 
running parallel to the railway. In this instance it is recommended that the words “on side road” are added 
to the standard message to clearly denote the location of the hazard. Such wording should be deployed in 
line with AS 1742. 
 
Similarly, instances of multiple trains at a crossing are a well known high risk situation from a Human 
Factors perspective, whereby road-users can easily make an incorrect decision that it is safe to cross 
once one train has passed, and fail to look for a following train or a train coming from the opposite 
direction. In this instance it is recommended that the words “more than one train” are added to the 
standard message to clearly denote the location of the hazard. Such wording should be deployed in line 
with AS 1742. 
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Non-Normal Operation  
 

It is likely that if the Radio Break-In system is subject to widespread deployment, road users will quickly 
become habituated to the system, and will associate any lack of warning on approach to a crossing with 
the assumption that no train is present. To this end, if the Radio Break-In system is not functioning 
correctly, the absence of an auditory warning may well be taken as drivers to mean that the crossing is 
clear of any rail traffic.  
 
It is critical for maintaining the behavioural benefits of the auditory warning that trust in the veracity of the 
warning device is maintained. Mistrust in the auditory warning can be quickly established through either 
false positives (auditory warning is provided when no rail vehicle is present) or false negatives (where no 
warning is given but rail vehicle is present or active protection is activated) (Bliss, 1999). To this end, both 
a fail-to-safe mode, as well as integration with the existing active warning systems at crossings will be 
critical. 
 
It is recommended that both a warning tone (not the sound of bells) and a voice message is automatically 
broadcast if any component of the system is deemed to be malfunctioning. This “fail to safe” state will 
alert divers that the auditory crossing protection is not functioning and the drivers should revert to 
behaviour associated with an unprotected crossing. 
 
The warning tone should include auditory representational elements from existing road traffic devices, 
such as the “flashing amber” warning that an intersection protected by traffic lights is not functioning. To 
this end a pulsating tone would be most appropriate.  
 
If the in vehicle unit malfunctions, it is suggested that an intermittent “bleep” is deployed as a “fail to safe” 
engineering approach. This approach has been successfully deployed with household fire alarms, and 
provides a warning message that is minimally intrusive. 
The warning tone should be a repeated mid-range frequency tone that has intuitive mapping to the 
warning concept. Utilising the standard tones of building fire alarm systems should enable widespread 
mapping for the general population. To this end a repetitive interrupted square wave of 420hz with an 
on/off duration of 0.625 seconds is recommended.  
 
The verbal component of the message should adhere to the to the generic structure of “signal word – 
hazard – instructions”. Accordingly, the message is recommended to be  
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The verbal component of the message should adhere to the to the generic structure of “signal word – 
hazard – instructions”. The signal word “caution” appears from the literature to convey the correct sense 
of gravity and urgency. The hazard is best defined as “crossing system faulty ”, which identifies the 
nature of the hazard. The instructions within the message should elicit on the desired behaviour, and as 
such “look for trains” appears to be the most direct and generic instruction.  
 
The message wording: “caution – crossing system faulty – look for trains” is therefore advised to be 
suitable from a Human Factors perspective. 
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Recommendation Nine – Non-Normal Operations 
 
In order to maintain the desired behaviour response to the auditory warning, both a fail-to-safe mode, as 
well as integration with the existing active warning systems at crossings will be critical. 
 
It is recommended that both a warning tone (not the sound of bells) and a voice message is automatically 
broadcast if any component of the system is deemed to be malfunctioning. This “fail to safe” state will 
alert divers that the auditory crossing protection is not functioning and the drivers should revert to 
behaviour associated with an unprotected crossing. 
 
The warning tone should be a repeated mid-range frequency tone that has intuitive mapping to the 
warning concept. Utilising the standard tones of building fire alarm systems should enable widespread 
mapping for the general population. To this end a repetitive interrupted square wave of 420hz with an 
on/off duration of 0.625 seconds is recommended.  
 
The verbal component of the message should adhere to the to the generic structure of “signal word – 
hazard – instructions”. The signal word “caution” appears from the literature to convey the correct sense 
of gravity and urgency. The hazard is best defined as “crossing system faulty ”, which identifies the 
nature of the hazard. The instructions within the message should elicit on the desired behaviour, and as 
such “look for trains” appears to be the most direct and generic instruction.  
 
The message wording: “caution – crossing system faulty – look for trains” is therefore advised to be 
suitable from a Human Factors perspective. 
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End User Acceptance  
For the level crossing auditory warning to be not only effective, but also well accepted by its targeted end-
users, it is essential that the system be designed around a human-centred design philosophy. However 
human cognition and characteristics of roadway users that relate to their driving behaviour, risk perception 
and decision-making is often complex and difficult to predict. The authors of the US-FRA report on 
Highway-Rail Intersection (2006) succinctly describe this in the following summary statement: 
 

The human factors aspects of design cannot be treated as a simple and direct transaction 
between the device and the road user, with the road user responding automatically in the manner 
envisioned by the designer. Road user behaviour is more complex than that. There exist 
numerous models of various sorts that attempt to describe some aspect of driver behaviour. 
However, no broadly accepted and sufficiently detailed model of the driver or other road user 
serves as an integrative scheme for characterizing the roadway user.   

 
Having said that, an auditory warning application developed around an appropriately understood concept 
of the road user (their characteristics, tasks in which they are engaged in, and the context of their 
immediate surrounding environment), will more likely lead to better resonance (use and acceptance) with 
targeted road users. 
 
A high level chronology of good user-interaction with the level crossing auditory display can be described 
as follows (US FRA, 2006): 

• Notice the display, in a reliable and timely manner 
• Process the information being presented 
• Comprehend the intended message and all of its implications 
• Accept the validity and relevance of the message 
• Choose to respond to the message, given the full range of (sometimes conflicting) tasks and 

motivations being dealt with 
• Ability to execute the desired behaviour in a safe and timely manner 

 
But this does not take place in isolation nor as a highly focused one-to-one type activity, but amidst many 
other constantly changing demands and distractions that make up the operating system of the road user: 
maintaining the vehicle’s path, monitoring other road users, searching for landmarks or signs, 
conversation with passengers, attending to a mobile phone call, and many other possible activities.   
Revisiting the above list within the continuous flow of driving, following are possible elements or situations 
that may, in one way or the other, influence on the overall acceptance by the end user of the auditory 
warning: 
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Startling Warnings 
 
In the design of auditory warnings, maintaining message effectiveness while minimising annoyance is a 
thorny issue. Unfortunately, many of the attributes that contribute to display effectiveness (e.g. 
conspicuity, urgency) also are associated with annoyance. And, in general, acoustic signals are known to 
be more intrusive than visual signals, and speech messages tend to annoy drivers further more than non-
speech signals (Lerner et al., 1996). 
 
As highlighted within the Volume Level section of this report, one key and repetitive cautionary note that 
all research texts on auditory warning highlight is the adverse effect of an immediate overly loud auditory 
display which elicits a startle response on the driver or other passengers in a vehicle. The obvious 
annoyance factor and attention interference has been found repetitively to result in only negative and non-
compliance behavioural responses – immediate turning off of the warning before its complete message 
gets broadcasted, and if repetitively encountered, a lack of faith in the alarm system and the enterprise 
associated with it.   
 
Therefore extra care and effort must be put into finding the most appropriate and contextually suitable 
loudness strategies for an auditory warning – the right loudness balance that can both augment the 
attention-getting and perceived urgency attributes of a warning, while maintaining a positive affect and 
acceptance to the end-user. 
 
False Alarms 
 
Another key element that can have a major impact on the acceptance of a warning system is its utilitarian 
reliability. Road users must perceive train warning information to be accurate and reliable, as unreliability 
leads only to mistrust, uncertainty, and a high possibility of negative driver behaviour and response to the 
system. 
 
As such, any occurrence of false alarms (issuance of a warning when no threat exists) can therefore 
erode driver confidence in the system and have measurable impacts in driver behaviour (Chugh & Caird, 
1999). Drivers may ignore system warnings or delay in responding to the warnings if the system is 
perceived to be undependable - research suggests drivers are likely to search for confirmatory evidence 
and delay braking as a consequence of false alarms. 
 
Furthermore, Bliss et al. (1996) note that the decision process leading to an alarm response decisions is 
highly dependent on operator (user) trust. If a user mistrusts the alarm system because of frequent false 
alarms - the ‘cry-wolf’ effect, not only response action may decrease (Breznitz, 1983), but may eventually 
cease altogether (Pate-Cornell, 1986). 
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Breznitz refers to alarm mistrust in terms of credibility loss: 
 

‘The credibility loss following a false alarm episode has serious ramifications to behaviour in a 
variety of response channels. Thus, future similar alerts may receive less attention’. 

 
As a recommendation, the US FRA (1996) report advocates reliability rates that are more than 80% 
based on empirical research on maintaining user trust. And also cites that higher levels may be required 
for other reasons, in particular to the fact that missed detections are much more safety critical than false 
positives. 
 
Disruption to Tasks 
 
Though a driver’s ability to simultaneously pay attention to the different aspects of the driving environment 
is limited, various recent researches (e.g. Stutts et al., 2003) on driver distraction demonstrates that 
distraction is not unusual but quite typical within a normal driving scenario. 
 
The allocation of attention to different activities is not only influenced by the momentary demands of the 
driving task, and the timeliness plus urgency of various sources of in-vehicle information, but also takes 
into count the driver’s personal motivations. 
 
Additionally, from a risk perspective, it is know that road users base their actions on their perceived risk, 
which is not necessarily an accurate reflection of actual risk. Furthermore, the road user’s typical goal is 
not to minimise personal risk, but rather to optimise all personal benefits, based on their personal criteria: 
of which safety is only one component. 
 
Therefore, it is only naturally foreseeable the challenge this imposes to the design of a warning that 
attempts to be compliant to both above mentioned factors (allocation of attention and risk) while also 
striving to be seen as positive within the realm of user-acceptance. 
 
An exemplary case for the radio break-in technology is the following real-world scenario: How best (i.e. in 
a non-disruptive and non-annoying manner) to present the auditory warning within a setting where the 
driver is partaking in a Bluetooth hands-free mobile phone conversation where the audio is being 
channelled through the vehicle’s speaker system. 
 
An auditory warning that continuously strives to resonate with the various complex in-vehicle demands or 
needs of the driver, will only naturally improve its level of user-acceptance.   
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Repetitive Message 
 
Another attribute that can help improve the effectiveness of a warning’s display but also easily have an 
adverse affect, is the strategy of incorporating message repetition as part of the warning system. 
Repeating alert and warning messages to drivers in-vehicle systems can easily turn into nuisance. This is 
particularly true for audible or voice warning messages.  
 
Therefore, once a driver has been alerted to the presence of a train (i.e., received the warning message), 
an in-vehicle system should provide a means to reduce the nuisance potential of the warning. 
Nevertheless, warning signals should continue to be issued throughout the entire duration of the train 
event to alert other approaching traffic. 
 
Benekohal et al. (2000) share the approach of muting or reducing the volume of any audible warnings 
after it has cycled through several times, limiting the number of times or cycles the warning is issued. 
They also suggest that the inclusion of a driver confirmation button and changing the mode of the warning 
if possible (change from audible to visual warnings). 
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Recommendation Ten – End User Acceptance 
 
It is without doubt that for a warning to find better public acceptance, it is a requirement that the design 
and development of it takes into account and appreciates the capabilities, behaviours, motivations and 
attitudes of the range of road users who may encounter it. And the aforementioned illustrates the 
complexity of the matter. 
 
Beyond the approach of applying and integrating heuristics or other evidence-based recommendations or 
guidelines into the design of the warning system, the user-centred design methodology also proposes 
conducting systematic evaluation with samples of actual end-users to better measure not only the 
effectiveness of the warning, but also the degree to which it encourages or influences behavioural 
compliance and overall acceptance.  
 
It is recommended that both formative evaluation (occurs while the warning is being designed) and 
summative evaluation (testing the final warning after all design activities have been completed) be 
conducted to support the creation of a warning that better fits into its target audiences’ world. 
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Legal Ramifications 

 

 

 
In order to examine the potential legal ramifications of the Radio Break-In technology, broad opinion was 
sought with respect to a range of issues including changes to potential liability through the introduction of 
the technology.  
 
In short, the advice received indicated no additional liability issues through the introduction of the 
technology and that the technology would fall within the definition of an active advance warning assembly 
as per AS1742.7 2007. The full report on this advice is provided within an appendix to this report.  
 
 
 
Recommendation Eleven – Legal Ramifications 
 
The introduction of the Radio Break In technology does not create any additional legal liability risks to the 
rail infrastructure managers or rail operators especially if it incorporates fail to safe features. Critically for 
the purpose of this advice, the Radio Break In  warns of impending danger rather than providing a positive 
instruction that it is safe to proceed. Complete with road rules and signage which requires driver 
verification of clearance to cross, the technology can only be of assistance in improving safety 
standards at rail crossings. 
 
It is considered that the Radio Break-In falls within the general definition of active advance warning 
assemblies as referred to in the relevant Australian Standard. 
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BACKGROUND 
!
The!simulator9based!evaluation!of!the!auditory!warning!formed!a!key!component!of!the!human!factors!research!and!development!effort!for!the!Radio!
Break9In!project.!It!provided!a!controlled!task!environment!for!the!assessment!of!the!warning’s!effectiveness!in!producing!the!intended!driver!behaviour!
modification.!
!
In!this!regard,!it!enabled!the!capture!and!study!of!the!following!driving!behaviour!variables:!

1) measures!of!speed,!speed!variability,!braking!and!deceleration!of!the!vehicle!through!the!data9output!system!that!was!built9in!as!part!of!the!driving!
simulator!

2) measures!of!visual!search!patterns!that!were!derived!using!an!eye9tracking!technology!system,!and!!

3) subjective!participant!data!(level!of!driving!difficulty!at!the!railway!crossings,!and!attitude!to!and!perception!of!the!auditory!warning!system)!that!
were!collected!using!a!Visual!Analogues!Scale!(VAS)!rating!instrument!

!
A!summary!of!major!findings!from!the!study!were!presented!as!part!of!the!Proof!of!Concept!report!that!was!published!in!September!2011.!!However,!this!
earlier!report!was!not!able!to!incorporate!the!eye9tracking!component!due!to!the!more!complex!analysis!effort!and!additional!time!that!was!required!to!
complete!the!processing!of!the!large!set!of!visual!search!data!that!was!collected.!
!
This!addendum!report!expands!on!the!methodology!and!findings!and!concludes!the!overall!simulation9based!human!factors!evaluation!of!the!Radio!Break9
In!technology.!!
!
! !
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Objectives 
!
To!recap,!following!were!the!key!research!objectives!for!the!simulator:!
!

1) Evaluate!the!effectiveness!of!an!in_vehicle!auditory!warning!on!driver!behaviour!at!a!railway!crossing!
In!addition!to!reviewing!the!theoretical!guidelines!that!were!proposed!for!the!audibility!of!the!warning,!a!key!component!of!the!simulator!
evaluation!was!to!utilise!a!controlled!experiment!condition!for!the!assessment!of!the!warning’s!effect!on!driver!behaviour!at!rail!level!crossings.!

2) Observe!any!unanticipated!behaviour!modifications!
Introduction!of!a!new!technology!or!artefact! into!an!existing!ecology!can!sometimes!create!unanticipated!modification(s).! !The!driving!simulator!
was!utilised!to!help!with!the!assessment!of!any!unforeseen!behaviour!changes!with!the!inclusion!of!the!auditory!warning!into!the!existing!railway!
crossing!signalling!system.!
!

3) Examine!if!driver!responses!to!in_vehicle!auditory!warnings!are!affected!by!a!variation!in!environmental!features!
Further!to!the!above!goals,!the!simulator!was!also!designed!to!study!the!influence!of!environmental!features!on!the!auditory!warning!and!its!effect!
on!driver!behaviour.!This!included!elements!such!as!roadside!infrastructure,!prescribed!speeds,!road!signage,!and!other!critical!factors.!

!
!
! !
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METHODOLOGY 
!
A!complete!overview!and!details!of!the!methodology!provided!in!the!2011!report!submission!are!re9attached!here.!In!addition,!more!information!on!the!
eye9tracking!system,!setup!procedure!plus!analysis!details!are!supplemented!herewith.!
!

Participants 
!
A!total!of!40!road!users!were!recruited!for!participation!in!this!study.!These!road!users!were!split!evenly!between!professional!truck!(N=20)!and!light!
transport!drivers!(N=20)!representative!of!the!general!population.!!
!
High!risk!user!categories!have!been!suggested!within!the!accident!literature;!however,!given!the!overall!low9rate!of!accident!occurrence,!and!lack!of!
demographic!data!for!drivers!involved!in!near!miss!events,!it!was!deemed!appropriate!to!generate!a!sample!that!was!representative!of!the!general!
population.!
!
Participants!were!selected!from!the!25950!years!age!group!to!ensure!that!all!had!sufficient!road!driving!experience,!and!were!required!to!present!a!current!
drivers!licence.!Participants!were!also!requested!to!disclose!any!auditory!or!visual!impairment.!
!

Design Procedure & Study 

The!study!adopted!a!between9individuals!research!design:!

1) half!of!the!sample!was!part!of!the!control!group!and!drove!with!existing!level!crossing!controls!

2) the!other!half!as!part!of!the!experimental!condition,!with!the!inclusion!of!the!advanced!auditory!warning!on!approach!to!the!level!crossings!

Participants!in!the!treatment!group!were!closely!matched!to!maintain!homogeneity!across!the!group,!that!is,!reduce!the!individual!variability.!

Participants! were! requested! to! drive! a! standardised! 459minute! scenario,! involving! 11! instances! of! interaction! with! a! level! crossing.! The! scenario! was!
designed!to!represent!a!cross!section!of!level!crossing!risk!types,!including!both!passive!and!active!level!crossing!designs,!with!a!range!of!approach!speed!
and!environmental!conditions,!as!described!in!the!Australian!Standard!AS!1742.792007!Manual!of!Uniform!Traffic!Control!Devices,!Part!7:!Railway!Crossings.!
The!simulated!driving!environment!was!also!designed!to!“activate”!a!train!when!the!driver!drove!to!within!a!particular!distance!to!the!crossing.!Generally!
speaking,!if!the!driver!were!to!follow!the!prescribed!road!speed,!they!would!encounter!the!train!as!they!got!nearer!to!the!crossing,!or!on!occasion,!shortly!
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after!performing!a!stop.!If!they!chose!to!drive!faster,!they!were!more!likely!to!encounter!the!train!after!having!come!to!a!complete!stop!at!the!crossing.!
Alternatively,!if!they!drove!at!speeds!that!were!lower!or!more!conservative!than!those!prescribed,!they!would!see!the!train!from!a!distance.!In!addition!to!
driving!speed,!the!visibility!of!the!train!was!further!determined!by!environmental!obstructions!that!were!present!at!certain!crossing!locations!(e.g.,!trees,!
hill,!buildings,!houses).!Under!these!circumstances,!it!is!more!likely!the!presence!of!the!train!is!detected!through!its!auditory!warning!signal.!

The!driving! scenario! commenced!with!an!urban!driving!environment! involving! suburban!driving! speeds!and! typical!urban! intersections.! ! These!were!be!
protected!with!standard!active!protection!involving!traffic!light!installations!or!passive!“give9way”!or!“stop”!signage.!The!scenario!then!transitioned!to!peri9
urban!and!rural!environments!in!which!a!variety!of!rail!level!crossings!were!encountered.!Three!of!the!crossings!were!also!selected!to!exclude!the!presence!
of!a! train!when!encountered.!This! is! to!help! remove!any!habitual!expectancy!of!a! train!at! crossings,! thus!producing!a!better!simulated! reality!of!actual!
driving!conditions.!When!train!were!present!at!crossings,!they!were!typically!coming!from!the!right!section!of!the!road.!The!exception!to!this!was!in!the!last!
crossing,!where!the!train!arrived!from!the!left.!These!details!are!summarised!in!a!table!on!the!following!page!(Table!1).!!!

Participants!also!undertook!a!10!minute!instructional!and!familiarisation!session!to!acclimatise!to!the!simulated!driving!environment.!!

! !
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Table!1:!Rail!Level!Crossing!types!and!environmental!conditions!used!in!the!simulator!experiment!
!

Crossing!! Environment! Crossing!Type!
Road!

Condition!
Road!
Speed!

Presence!
of!Train!

1! Urban! Active!9!Flashing!Lights!+!Gates! Straight! 50!km/h! Yes!

Dummy!1! Peri9urban! Active!9!Flashing!Lights! Straight! 60!km/h! No!

2! Peri9urban! Active!9!Flashing!Lights! Straight! 60!km/h! Yes!

3! Peri9urban! Passive!9!Give!Way! Straight! 60!km/h! Yes!

Dummy!2! Rural! Passive!9!Give!Way! Straight! 80!km/h! No!

4! Rural! Passive!9!Stop! Straight! 100!km/h! Yes!

5! Rural! Passive!9!Stop! Straight! 80!km/h! Yes!

Dummy!3! Rural! Passive!9!Stop! Straight! 80!km/h! No!

6! Rural! Passive!9!Stop! Curve! 60!km/h! Yes!

7! Rural! Passive!9!Give!Way! Straight! 60!km/h! Yes!

8! Rural! Passive!9!Give!Way! Straight! 80!km/h! Yes!
!
!
! !
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Materials and Measures 

The! study! was! undertaken! using! a! fixed! motion! part9task! car! driving! simulator! featuring! a! high9fidelity! driver! user! interface! provided! by! SYDAC! in!
combination!with!Logitech’s!G27!steering!wheel!and!braking!system.!An!eye9tracker!system!called!faceLAB!designed!by!Seeing!Machines!was!used!to!help!
track! and! record! participants’! visual! search! patterns! of! the! projected! driving! environment.! Figure! 1a! provides! an! illustrative! overview! of! the! simulator!
driving!environment!and!Figure!1b!!

The!sole!independent!variable!in!the!study!design!involves!the!presence!(or!absence)!of!the!advance!auditory!warning.!The!auditory!warning!was!provided!
through!desktop!speakers.!A!sound!level!meter!was!used!to!set!the!loudness!level!at!between!75!9!80!dB(A)!per!the!refined!human!factors!recommendation!
made!during!the!live!trail!heuristic!evaluation.!For!the!condition!containing!the!experimental!manipulation!(i.e.!where!the!auditory!warning!was!present),!
the!warning!was!placed!as!such!that!it!commenced!to!provide!an!auditory!cue!to!the!driver!before!they!were!presented!with!the!first!visual!cue!or!road!sign!
advising!the!driver!of!the!upcoming!railway!crossing.!The!actual!distance!varied!according!to!the!location!of!the!road!signs!in!the!simulated!environment!
which! emulated! the! prescription! provided! in! the! Australian! Standard.! In!most! cases,! the! distance!was! about! 300m! from! the! crossing,! but! there!were!
instances!where!the!auditory!warning!was!provided!at!250m,!360m!and!400m!from!the!crossings.!

!
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!

Figure!1:!The!fixed!motion!part9task!car!driving!simulator!used!in!the!experiment!

! !



! 68!

The!dependent!variables!relate!specifically!to!driving!behaviour!on!approach!to!each!of!the!eleven!level!crossings:!

1) Measures!of!speed,!speed!variability,!braking!and!deceleration!of!the!vehicle!were!derived!from!the!data9output!of!the!driving!simulator.!These!
were!captured!using!the!SYDAC!simulator.!

2) Measures!of!visual!search!patterns!were!derived!using!the!eye9tracking!technology,!utilising!the!faceLAB!system.!

Subjective!participant!data!were!also!captured!for:!

1) Level!of!driving!difficulty!at!the!railway!crossings!(making!speed!changes,!braking!and!stopping)!

2) Attitude!to!and!perception!of!the!auditory!warning!system!!

These!were!collected!using!a!Visual!Analogue!Scale!(VAS),!a!measurement!instrument!that!tries!to!capture!a!subjective!characteristic!or!attitude!across!a!
continuum!of!values.!The!VAS!used!for!this!study!was!a!horizontal!100mm!line,!anchored!by!word!descriptors!at!each!end,!as!exemplified!here:!

How!was!it!to!carry!out!speed!changes!at!the!rail!level!crossing?!

(Place'a'vertical'mark'on'the'line'below)!!

!!!!!!!!!!!!!!!

!!!!!!!Easy!!!!!!! ! ! ! ! ! ! ! !!!!!!!!Hard!

Additional!opinion!was!also!gathered!about!participants’!preference!to!the!gender!of!the!voice!used!in!the!auditory!warning!–!male!vs.!female!voice.!!This!
was!captured!by!playback!of!an!alternative!version!of!the!warning!that! incorporated!a!female!voice,!and!requesting!participants!to!make!a!comparative!
review!against!the!male!voice!they!heard!during!the!driving!simulation.!

Pilot Studies 

Prior!to!running!the!simulation!trials,!pilot!studies!were!carried!out!to!review!the!procedure!and!validate!the!experimental!design.!!This!was!to!ensure!that!
the!experiment!was!free!from!any!extraneous!disturbances!or!confounding!influences.!!

!

!
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Analysis 

The! simulator! study! produced! a! large! amount! of! raw! data! for! all! the! variables! that! were! measured! or! captured.! They! were! imported! into! an! Excel!
spreadsheet!for!additional!data!processing!and!coding!before!they!were!ready!for!final!statistical!analysis!and!visualisation.!!

Quantitative!data!from!the!driving!simulator!(measures!of!speed,!speed!variability,!braking!and!deceleration)!and!the!video!capture!of!the!eye9tracking!gaze!
search!patterns!were!also! consolidated! together!using! the!Noldus!Observer!XT!data! integration! software! to! assist!with! the!data!processing! and! coding!
works.!Figure!2!provides!a!snapshot!of!these!data!within!Noldus!Observer.!

!

Figure!2:!Quantitative!driving!behaviour!and!eye9tracking!video!data!were!consolidated!in!Noldus!Observer!XT!to!assist!data!processing!and!coding!efforts!!
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Driving!behaviour!data!captured!by!the!SYDAC!simulator!were!analysed!for!the!deceleration!distance!to!each!level!crossing!pattern.!This!was!calculated!by!
measuring! the! distance! between! the! locations!where! the! participant! started! to!make! a! brake! application! to! the! stop! line! (white!marking)! at! the! level!
crossing.!

Visual!gaze!patterns!of!participants!captured!by!the!eye9tracker!were!analysed!using!Eyeworks!Video!Analysis!software.!Although!gaze!data!were!recorded!
for! the! complete! driving! session,! only! those! recorded!after! the!warning! had! activated!were! analysed.! The! primary! objective! of! the! simulation!was! to!
observe,!compare!and!better!understand!driver!behaviour!at!railway!crossings,!when!driving!with!and!without!the!auditory!warning!conditions.!With!that!in!
mind,!the!visual!gaze!pattern!analysed!was!for!the!driving!that!took!place!just!before!each!crossing,!therefore!distance9based.!!A!time9based!approach!was!
not! adopted! as! this!would! be! affected!by! the! driving! speed!of! each!participant! –! in! other!words,! the! time!when!drivers! arrive! at! each! crossing!would!
depend!on! their! driving! speed.! So,! visual! gaze!data! that!was! capture! for! the! analysis!was! distance9based,!more! specifically! this!was! the!data! collected!
between!two!points!at!each!crossing:!

• Starting!point!–!the!recommended!location!for!auditory!warning!presentation!to!drivers.!!
!
NOTE:! For! “dummy”! crossings,! where! no! auditory! warning! was! made! available,! the! starting! point! identified! was! the! location! where! auditory!
warning! would! have! been! presented! if! it! were! to! be! made! available.! This! was! a! general! rule! adopted! for! consistency,! and! applied! for! the!
identification!of!starting!points!in!the!control!condition!(i.e.!where!no!auditory!warning!was!presented!to!drivers).!
!

• End!point!–!the!designated!stopping!location!(as!indicated!by!the!white!line!across!the!road)!just!before!each!crossing.!

The!following!diagram!(Figure!3)!of!a!crossing!scenario!taken!from!the!Australian!Standard!(AS!1742.7!–!2007)!document!further!illustrates!the!data!analysis!
region!highlighted!in!yellow.!
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!

Figure!3:!Data!used!for!gaze!pattern!analysis!

!

No! analysis! was! produced! to! compare! pre9warning! conditions! with! post! warning! conditions,! as! the! study! was! focused! on! finding! out! the! effect! of!
introducing!the!auditory!warning!to!existing!driving!conditions!and!signals!presented!to!drivers!towards!crossings.!

!

! !
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MAJOR FINDINGS 
The!following!sections!provide!the!major!findings!from!the!Human!Factors!review,!and!are!structured!with!respect!to!key!variables!including!!

1)!the!audibility!of!the!warning;!!

2)!modifications!to!driver!behaviour.!

 

Audibility of Warning 

Of! the! 40! vehicle! drivers!who! took! part! in! the! study,! half! of! them! (the! experimental! group)!were! conditioned! to! driving!where! they! encountered! the!
auditory!warning!in!the!presence!of!train!at!level!crossings.!Per!the!enquiries!made!in!the!subjective!assessment,!participants’!feedback!to!various!different!
aspects!of!the!warning!are!summarised!here:!

On!the!average,!participants!shared!an!overall!good!rating!of!the!auditory!warning!that!was!presented!during!the!simulated!driving,!which!was!set!to!75!
dB(A)!for!the!light!vehicles.!It!was!neither!too!loud!nor!too!quiet!for!the!participants,!as!illustrated!in!the!chart!below:!

This!was!found!not!only!for!the!overall!loudness!of!the!auditory!warning,!but!also!the!various!aspects!of!it:!

(a) the!incremental!loudness!of!the!warning!upon!trigger!

(b) the!loudness!of!its!tone!(crossing!bells)!sound,!and!

(c) the!loudness!of!the!spoken!words!
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!

Figure!4:!Graph!showing!Auditory!Warning!Feedback!(Light!vehicle!drivers)!

Other!findings!in!view!of!the!warning’s!audibility!include:!

1) All!participants!clearly!heard!the!auditory!warning!when!it!was!presented!at!respective!rail!level!crossing.!

2) Everyone!easily!understood!the!overall!warning!and!its!intended!message.!

3) Description! of! action! to! be! taken! upon! hearing! the!message! corresponded! to! its! intended! goal,! which! is! to! assist! drivers’! awareness! of! train!
presence!at!a!crossing,!and!preparing!them!towards!a!stop.!

4) All!participants!acknowledged!that!the!warning!can!assist!them!in!stopping!safely!at!rail!level!crossings.!

5) Almost!all!participants!described!correctly!the!tone!sound!of!the!warning!(i.e.,!railway!crossing!bells)!and!what!it!meant,!with!the!exception!of!two!
who!described!the!tone!as:!
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i. “analogous'to'alert'tone'in'building'fire”'

ii. “official'safety'announcement:'please'pay'attention”'

6) !Everyone!also!approved!that!the!spoken!words!used!in!the!warning!was!easy!to!understand.!
!

With!regard!to!participants’!preference!to!the!gender!of!the!voice!used!in!the!auditory!warning!–!male!vs.!female!voice,!seven!of!the!ten!participants!had!
an!overall!preference!towards!the!male!voice.!In!additional!to!this,!following!are!other!comments!shared:!

1) Seven!of!the!ten!participants!found!both!(male!and!female)!voices!easy!to!hear.!The!remaining!three!found!it!easier!with!the!male9voiced!warning.!

2) Eight!participants!found!both!voices!easy!to!understand.!Two!found!it!better!with!the!male!voice.!

3) Seven!participants!preferred!a!warning!with!the!male!voice.!Two!didn’t!mind!either,!and!one!person!preferred!if!it!incorporated!a!female!voice.!

The!following!table!provides!more!detailed!information!to!each!participant’s!feedback:!

!

Table!2:!Participant!subjective!feedback!of!auditory!warning!
!

!
! !



! 75!

Effectiveness of Auditory Warning on Driver Behaviour Modification 

By!and!large,!the!experimental!group!who!had!auditory!warning!assistance!commenced!their!vehicle’s!deceleration!(from!level!crossing)!at!a!much%earlier!
point!in!comparison!to!the!control!group!that!did!not!hear!the!warning.!!

For! the! light! vehicle! drivers,! the! average! distance! for! the! group! with! warning! was! 194.44! m;! where! else! the! participants! from! the! control! group!
commencing! their! deceleration!much! closer! to! level! crossings!with! the! average!of! 115.31!m.! This! is! an!overall! difference!of! 79.13!m!between! the! two!
groups.!!

For! the! heavy! vehicle! drivers,! the! average! distance! for! the! group! with! warning! was! 243.72! m;! where! else! the! participants! from! the! control! group!
commencing! their! deceleration!much! closer! to! level! crossings!with! the! average!of! 183.06!m.! This! is! an!overall! difference!of! 60.66!m!between! the! two!
groups.!

Statistical!analysis!of!the!performance!data!captured!revealed!the!following:!

There!was! a! significant! effect! of! crossing,! F! (10,! 350)! =! 15.44,! p! <! .001.! The! commencement! of! deceleration!was! significantly! affected! by! the!
crossing,!where!participants’!commencement!of!deceleration!was!dependent!on!the!nature!of!the!crossing!that!they!approached!

There!was!a!significant!effect!of!warning,!F!(1,!35)!=!!57.72,!p!<!.001.!The!group!that!heard!the!warning!began!deceleration!earlier!(M!=!218.05m,!SE!
=!6.48)!than!those!who!did!not!hear!the!warning!(M!=!149.18m,!SE!=!6.31).!

There!was!a!significant!effect!of!vehicle,!F!(1,!35)!=!40.36,!p!<.001.!Truck!drivers!commenced!deceleration!earlier!(M!=!212.36m,!SD!=!6.48)!than!car!
drivers!(M!=!154.87m,!SD!=!6.31).!

There!was!a!significant!interaction!between!crossing!and!warning!(F!(10,!350)!=!4.43,!p!<!.001),!which!suggests!that!the!effect!of!warning!depends!
on!the!type!of!crossing!approached!(see!graph!below)!–!the!magnitude!of!the!main!effect!of!warning!changes!depending!on!the!crossing.!

The!details!of!deceleration!commencement!for!each!crossing!are!further!illustrated!visually!in!the!following!page:!

!

!

!

!
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Figure!5:!Graph!showing!commencement!of!deceleration!to!level!crossings!for!light!vehicle!
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Figure!6:!Graph!showing!commencement!of!deceleration!to!level!crossings!for!heavy!vehicle!
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!

Participants! were! also! requested! to! share! their! feedback! for! various! driving! parameters! at! the! level! crossings!where! train!was! present.! The! following!
summarises!their!subjective!assessment!on!these!matters:!

a) Carrying_out!speed!changes!at!the!rail!level!crossings!

The!following!chart!illustrates!the!average!data!captured:!

(a)!

!

!

!

!

!

!

(b)!
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!

Figure!7:!Graph!showing!changing!speed!at!rail!level!crossings!for!(a)!light!vehicles,!and!(b)!heavy!vehicles!

As!revealed!above,!participant!drivers!found!some!level!crossings!easier!than!others.! !However,!further!statistical!analysis!of!the!data!showed!that!there!
was!little!difference!in!the!subjective!perception!to!changing!speeds!between!the!two!experiment!groups.!
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b) Braking!at!the!rail!level!crossings!

The!second!assessment!carried!out!was!how!participants!found!braking!at!the!respective!rail!crossings.!Its!summary!finding:!
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Figure!8:!Graph!showing!braking!at!rail!level!crossings!for!(a)!light!vehicles,!and!(b)!heavy!vehicles!

!

Participants!who!were!assisted!by!the!auditory!warning!generally!perceived!braking!to!be!easier!at!level!crossings.!This!is!with!the!exception!of!the!first!two!
crossings!and!crossing!number!six.!!

Nevertheless,!statistical!analysis!revealed!that!across!crossings!there!was!no!significant!difference!between!the!two!groups.!
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c) Stopping!at!the!rail!level!crossings!

With! regard! to! stopping! at! rail! crossings,! the! summary! results! indicated! that! at! some! crossings,! there! was! a! significant! difference! between! the! two!
experiment!groups.!!

With!the!group!that!heard!the!auditory!warning,!participants!were!found!to!perceive!stopping!at!the!rail!crossings!to!become!easier!over!the!course!of!the!
journey:!
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(b)!

!

Figure!9:!Graph!showing!stopping!at!rail!level!crossings!for!(a)!light!vehicles,!and!(b)!heavy!vehicles!
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Changes to Driver Behaviour – Visual Search and Scan 

When!coming!to!a!crossing,!more!visual!references!were!made!to!the!left!portion!of!the!road!ahead.!This!is!probably!due!to!the!concentration!of!road!signs!
located!near!or!on!the!left!road!curb.!The!limited!number!of!other!vehicles!9!ahead!and!on!the!opposite!direction!(right!side!of!the!road)!9!may!have!also!
played!an!additional!influence!to!this!increase!in!difference.!

Light!Vehicle!Drivers!

For! light!vehicle!drivers,! there!was!no!difference!with!respect! to!visual!search!pattern!as!a! function!of! the!auditory!warning,!with! the!exception!of!very!
small! decrease! in!middle! and! front! search.! This! suggests! that! at! least!with!moderate! exposure! to! the!warning! system,! no! significant! changes! in! driver!
vigilance!behaviours!are!evident.!

! !
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Figure!10:!Matrix!of!graphs!visual!search!pattern!for!light!vehicle!drivers!as!a!function!of!the!auditory!warning!(red)!and!no!auditory!warning!(grey)!
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However,!at!dummy!crossings,!when!no!trains!were!seen!or!heard,!the!frequency!of!visual!gaze!(to!the!left)!peaked!in!comparison!to!all!other!scenarios!
when!train!was!present.!This!increase!was!also!higher!for!those!who!drove!with!auditory!warning!assistance!F(1,49)!=!6.539!p<.05.!It!could!be!suggested!
that!in!absence!of!auditory!cues,!drivers!still!maintain!enhanced!vigilance!through!a!higher!visual!inspection!rate.!

Heavy!Vehicle!Drivers!

In!contrast!to!light!vehicle!drivers,!truck!drivers!who!did!not!have!any!auditory!warning!assistance!made!more!visual!inspections!at!crossings!through9out!
their!driving,!in!comparison!to!those!with!warning.!Excluding!dummy!crossings,!where!there!was!considerable!inter9individual!variability,!these!differences!
were!statistically!significant!with!respect!to!proportion!of!left!gaze!F(1,149)!=!4.323!p<.05,!and!middle!gaze!F(1,149)!=!13.871!p<.05.!

! !
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Figure!11:!Matrix!of!graphs!visual!search!pattern!for!heavy!vehicle!drivers!as!a!function!of!the!auditory!warning!(red)!and!no!auditory!warning!(grey)!
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!

Crossings!with!no!train!present! (dummy!crossings)!were!again!associated!with!different!patterns!of!driver!visual! search.!However,! for! the!heavy!vehicle!
drivers,! significantly! more! variability! was! evident! in! the! “with! warning”! condition,! which! suggests! that! some! drivers! may! potentially! habituate! to! the!
warning!and!not!engage!in!enhanced!visual!search!when!the!warning!is!not!present.!
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CONCLUSIONS 
Driver Behaviour 

The!simulator!study!has!clearly!demonstrated!a!positive!effect!of!the!advance!auditory!warning!on!driver!behaviour!at!rail!level!crossings.!The!presence!of!
the!auditory!warning!consistently!resulted!in!earlier!deceleration!on!approach!to!level!crossings!when!compared!to!the!control!condition,!and!appears!to!
have!facilitated!compliance!with!existing!forms!of!level!crossing!protection.!!

The!auditory!warning!was!demonstrated!to!provide!an!easily!detected!signal!that!augments!existing!controls.!Moreover,!the!auditory!warning!specifically!
targets! known! risk! factors! such! as! inattentional! blindness! and! erroneous! expectation,! both! of!which! have! been! identified! as! causal! factors! for! unsafe!
behaviours!at!level!crossings.!!

Usability Perspectives 

Participants! in! the! study! identified! no! usability! problems! associated!with! the! auditory!warning.! The! simulator! study! verified! that! the! target! volume! of!
75dB(A)!is!appropriate,!being!seen!as!neither!too!loud!nor!too!soft!by!drivers.!

The!study!also!reinforced!preliminary!theoretical!recommendations!with!respect!to!the!message!voice!and!message!content.!

Unanticipated Consequences 

The! simulator! study! identified! no! major! unintended! consequences! associated! with! the! auditory! warning! which! may! have! adverse! effects! on! driver!
behaviour.!

The!simulator!study!did!demonstrate!a!significant!“learning!effect”!with!respect!to!the!auditory!warning,!whereby!the!first!few!experiences!of!the!auditory!
warning!increased!perceived!complexity!of!the!deceleration!and!stopping!tasks.!This!is!suggested!to!be!evidence!of!a!short!term!novelty!effect,!whereby!
the! unanticipated! presence! of! the! auditory! warning! resulted! in! divided! attention! and! higher! cognitive! workload! associated! with! the! stopping! task.!
However,!this!novelty!effect!appears!to!have!been!quickly!extinguished!by!the!third!time!a!participant!experiences!the!auditory!warning.!

These!findings!suggests!the!need!for!an!advertising!campaign!such!that!drivers!are!able!to!anticipate!the!occurrence!of!the!auditory!warning,!reducing!the!
likelihood!of!the!warning!becoming!a!distractor!when!it!is!first!encountered!by!drivers.!


