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(ABSTRACT) 

 

The objective of the study was to investigate multi-modality effects (visual and auditory) on the 

perception of urgency in elderly individuals addressing issues of safety and comfort. Twenty 

individuals (10 young, 10 elderly) from Montgomery County of Virginia participated in the 

laboratory study. In the pre-experimental audiometric tests, as expected elderly individuals had 

higher hearing thresholds (dBHL) than young across all the frequencies (250, 1000, 2000 and 

4000 Hz) of pure tones. The difference was more pronounced at 4000 Hz. In visual acuity tests 

administered, elderly individuals had a lower Snellen VA than young at both near and far 

distances. The participants also were administered Bausch and Lomb color test; all participants 

were able to differentiate red color. Method of adjustment was used to collect empirical data. 

Rating test was administered after every treatment to objectively assess the participants’ feeling 

of perceived urgency associated with the auditory warning signal. All the participants rated the 

experimental sound as urgent. Repeated measures was conducted to remove variations due to 
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time and treatment conditions. A mixed-factorial design was used to investigate the main and 

interaction effects. The age effect was found to be marginally statistically significant. Modality 

and trial effects were not found to be significant. The reanalysis conducted after removal of 

outliers resulted in marginal statistical significance for age and modality main effects. Although 

not significant, a trend was seen in the pulse intensity levels (dBL) across modalities in the 

elderly individuals. Future research should be conducted to investigate modality effects in 

elderly individuals in a naturalistic driving environment which would give a better insight of the 

effects of dual modalities.  
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INTRODUCTION 

Specific Aims 

The primary objective of the study was to investigate multi-modality effects on the perception of 

urgency in elderly drivers. It was hypothesized that multi-modality (vision and auditory) would 

affect the dependent variable, perceived urgency and the same perception of urgency would be 

created with a lower level of pulse intensity (dBL). This would theoretically increase comfort of 

elderly drivers while addressing issues of safety. Its practical implications would be in designing 

collision warning systems not only for the elderly drivers’ but also could be extended to younger 

individuals. Several studies had been conducted to investigate multi-modality effects (Selcon, 

Taylor & Shadrake, 1992), but few studies had adequately addressed its implication on elderly 

drivers’ perception of urgency. The study was aimed to fill this research void by addressing 

issues of comfort for elderly individuals by designing to their sensory and cognitive limitations. 

 

The central tenet of this study was that a visual stimulus would act as a confirmation cue and 

reduce uncertainty, which would increase the perception of urgency even at a lower pulse 

intensity level (dBL). A feeling of perceived urgency impersonating the situational urgency 

would be aroused due to supplying of redundant information through dual sensory modalities. 

The current research investigated this research paradigm having practical implications on 

collision warning system design leading to enhanced safety and comfort.         
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Background 

In United States, with roads being the most common mode of transportation, vehicular crashes 

not only lead to death and injury but also inflict a great deal of pain and frustration to the people 

involved. Although fatal crashes increased slightly (1.2 percent) from 2001 to 2002, the fatality 

rate dropped to a new historic low of 1.51 fatalities per 100 million vehicle miles of travel in 

2002. In the year 2002, 26,549 drivers were reported to be killed and 1,920,000 injured 

(NHTSA, 2002). 

 

Elderly people aged 70 and older constituted 9.0 percent of the overall US population in 2002 

(US DOT HS 809611, 2002). The elderly population is on an increase with 65+ age group in the 

United States doubling over the next 30 years, reaching 70 million by the year 2030 (Stutts, 

2001). According to a report submitted by the statistics branch of NHTSA, NCSA, elderly 

individuals were reported to be involved in 5% of the crashes in the year 2002. In addition, 

elderly drivers were involved in 12% of all the traffic fatalities and vehicle occupant fatalities. 

 

It has been reported that individuals aged 65 and older use their cars 80% of the time for running 

errands and making trips (Kosnik et.al., 1988). Thus, the inability of elderly individuals to drive 

independently and safely could have adverse effects on their overall well-being. Society has to 

bear a substantial cost and effort to provide care for the elderly individuals who lose mobility. 

Thus, mobility not only enriches quality of life of individuals, but also has a positive impact on 

their mental and physical state.  
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Increasing age has a profound influence on the driving ability of the older adults. Individuals 

have been seen to experience loss in visual perception ability (e.g., Bailey & Sheedy, 1988; 

Owsley & Sloane, 1990; Schieber, 1994a), cognitive (eg., Cerella, 1985; Denney & Palmer, 

1981) and psychomotor functionality (e.g., Kausler, 1991; Marottoli & Drickamer, 1993; Yee, 

1985) with advancing age. The differences evident in the accident rates between younger and 

older individuals can be better elucidated by taking into consideration information processing 

skills of elderly individuals (Guerrier et.al, 1999). 

 

The advent of Intelligent Vehicle Information Systems (IVIS) have increased the need for a 

better medium to communicate relevant and critical information. The information should enable 

drivers in making decisions rather than adversely affect their driving. Technological 

interventions have been reported to cause false alarms which leads to adaptive tendencies like 

cry-wolf syndrome (Breznitz, 1983) slowing down responses in people (Getty, Swets, Pickett  & 

Gonthier, 1995). Thus, prudence should be adopted while applying these technologies. 

 

Collision warning systems are instrumental in reducing the frequency as well as the severity of 

the automobile crashes (Barfield and Dingus, 1998). A half second more reaction time has been 

seen to prevent 60 percent intersection crashes and 30 percent of head-on collisions (Little, 

2000). A good illustration indicating the advantages of collision warning systems is Greyhound 

Lines, which has experienced a 21% reduction in their accident rates from 1992 to 1993 after 

installation of collision warning systems in their bus fleet (Ozbay and Kachroo, 1999). The 

effectiveness of a warning system is accomplished when it can alert the driver of the presence 

and nature of a potential hazard. Elderly drivers due to their cognitive, sensory and physical 
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limitations present a challenge to IVIS (Intelligent Vehicle Information Systems) designers.    

 

Rationale 

Auditory, vision and haptic (tactile) modalities have been used to present urgent and critical 

information to the driver. Auditory warnings due to its omnidirectional attributes, is normally 

preferred to be used in imminent collision situations to warn the driver of an immediate danger 

(Wickens & Hollands, 2000). Visual warning systems on the other hand, present structural 

distraction to the driver as they must look away from the road to comprehend the displays 

(Lunenfeld, 1989; Mollenhauer et.al., 1997; Srinivasan & Jovanis, 1997). Auditory and visual 

modalities both have their advantages and limitations and consequently, the medium of 

conveying information to the driver becomes imperative.   

 

A great deal of time and resources could be saved if the urgency level inherent in the warning 

signal is comprehended by the driver in a timely manner (Burt et.al, 1995). It is imperative that 

highly urgent situations are presented to the driver through the use of auditory warnings having 

high perceived urgency and less risky situations through less urgent sounds. Patterson (1982) 

reported in his study that individuals usually get distracted by excessive loud auditory warnings 

and prefer shutting them down. A void exists in literature addressing the issues of comfort of 

elderly drivers during their use of warning interfaces.  

 

Miller (1991) recommended the use of multi-modal warning systems, which by its virtue of 

presenting redundant information would increase perceived situational urgency. Multiple 

modalities have been recommended to be used in warning systems to present information 
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(Dingus, Hulse, & Barfield , 1998 ; Labiale, 1990). In laboratory settings and complex flight 

simulation studies, cross modality has been seen to be advantageous than intramodal displays 

(Wickens et.al., 1983).  

 

 

                                                                            

                                                                    

                                                                            

 

 

 

Figure 1. Multi-Modal Model for Perceived Urgency 

According to the model, the warning stimuli would be presented in two mediums – audition as 

well as visual. It was hypothesized that dual modality would enhance the perception of urgency 

even at a lower loudness level. One of the plausible reasons was that the visual stimuli would act 

as a confirmation cue, which would influence the criteria of urgency in an individual’s mind. A 

person’s criterion of urgency is influenced not only by the physical stimuli but also other factors 

like past experience, sensory abilities and overall behavior.   
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LITERATURE REVIEW 

Epidemiology 

In 2001, there were 19.1 million elderly licensed drivers who made up 10% of all licensed 

drivers in the U.S. (NHTSA, 2002). According to the Traffic Safety Facts (NHTSA, 2002), there 

were 154,000 elderly individuals injured in traffic crashes representing 5% of all the individuals 

injured in traffic crashes during 2002. Elderly individuals were involved in 12% of all traffic 

fatalities and vehicle occupant fatalities and 17% of all pedestrian fatalities (NHTSA, 2002). In 

2002, it was observed that elderly drivers were involved in daytime traffic fatalities (81%), 

weekday fatalities (72%) and others involving another vehicle (75%) (NHTSA, 2002). This is 

the major drive for the automobile industry to invest in research and design of products 

addressing the cognitive, sensory and physical limitations of elderly drivers.  

 

Cognitive and Sensory Limitations 

While driving, 90% of the information are translated to the driver through the visual modality, 

hence the person’s visual requirements becomes imperative as it influences overall driving 

ability (Simms, 1985). Laboratory studies along with self reported visual problems (Kline et.al., 

1992) suggested association between visual problems, poor driving, and accidents. A potential 

cause for reduced driving among individuals can be cognitive and visual impairments 

experienced due to natural aging process (Marottoli et.al., 1996; Forrest et.al., 1997; Ball et.al., 

1998; Stutts, 1998; Owsley et.al., 1999).  

 

Sensory functioning of the human systems can be better understood when its implications are 

studied in light of specific tasks and disorders of the visual systems (Mangione et.al., 1998). 
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Rubin et.al., (1994) reported poor visual acuity to be associated with difficulties  experienced in 

conditions having poor resolution and changing light conditions. They found an association to 

exist between contrast sensitivity with difficulties experienced in tasks requiring distance 

judgments, night driving and mobility. A significant amount of loss has been observed with age 

in visual perception ability (e.g., Bailey & Sheedy, 1988; Owsley & Sloane, 1990 ; Schieber, 

1994a), cognition (eg., Cerella, 1985 ; Denney & Palmer, 1981) and psychomotor functionality 

(e.g., Kausler, 1991 ; Marottoli & Drickamer, 1993 ; Yee, 1985). Static visual acuity, visual 

fields, complex reaction time, selective attention, divided attention and hearing all show gradual 

deterioration with age and have detrimental effects on overall driving ability. Visual restrictions 

including glaucoma were reported to significantly affect driving and lead to accidents (Owsley 

et.al., 1998; Owsley, et.al., 1998). It was studied that older individuals tend to have smaller 

useful field of view (UFOV) than younger individuals (Sekular & Ball, 1986; Sivak, 1995). 

Elderly persons suffering from UFOV shrinkage have experienced problems in driving as 

relating to the need for peripheral vision, although they may not have any visual sensitivity 

impairment (Ball et.al., 1990; Ball and Owsley, 1991). For example, old age was found to be 

associated with increasing number of steering errors and more specifically in poor illuminated 

conditions (Owens & Tyrrell, 1999). Healthy elderly drivers were found to drive slowly, and 

make fewer braking actions, steering and eye movement excursions than younger drivers 

(Perryman & Fitten, 1996). 

 

Glare 

Steen and colleagues, (1994) examined the effects of glare on contrast color sensitivity. In their 

study it was seen that additional glare for red-green and luminance conditions decreased contrast 

sensitivity. Glare was found to desaturate the color components, consequently reducing contrast 
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sensitivity. 

 

Static Visual Acuity     

Acuity is the ability to perceive spatial detail at a given distance (Olzak & Thomas, 1986). 

Several studies indicated that static visual acuity begins to decline from normal levels around 40 

or 50 years of age (Owsley & Sloane, 1990) and continues to decline thereafter (Weymouth, 

1928). This decline affects many tasks including the ability to safely operate an automobile. 

Studies suggest that visual acuity is an important component of driving in general, and that 

declines in acuity are likely to affect more complex driving tasks (McGwin, Chapman, and 

Owsley, 2000). Verriest (1971) suggested that acuity decreases from about 1.0 for the 50-year-

olds to about 0.35 in the 90-year-olds. Pitts (1982) also suggested that overall acuity for the 75- 

year-olds were about 0.6. Significant findings have been found on effects of age, luminance and 

contrast on visual acuity (Haegerstrom-Portnoy et.al., 1999). Further research is needed to 

investigate the relationship between age-related visual acuity and the visual distance for the 

appropriate design of in-vehicle displays especially for the elderly drivers.  

 

Presbyopia and Accommodation 

Accomodation is the ability of the eye to adjust its focal length. For nearby objects, the ciliary 

muscles contract and squeeze the lens into a convex shape and for distant objects, the ciliary 

muscles relax and the lens return to a flatter shape. Age has been seen to have a profound effect 

on the accommodative ability of the lens which is a major factor influencing near acuity 

(Atchison et.al., 1994). In their study, Atchison et.al, (1994) reported that accommodation 

deteriorated from 5D to 2D as age increased from 20s to 40s (A diopter D is a unit of 
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accommodation). Presbyopia is an age-related degradation of visual acuity stems from the 

weakening of the elasticity of the crystalline lens that degrades accommodation process. This 

condition makes it more difficult to focus nearby objects in the elderly (Tsui, Atsumi, Kanamori, 

& Miyao, 2002).  

 

Hearing Limitations  

Exposure to noise and genetic factors influence gradual degradation of normal hearing among 

individuals. By the age of 50, there is sufficient hearing loss to lead to an impairment in listening 

situations like faint sounds, background noise and multiple sources of sounds (Haigh, 1993). 

Individuals experience a hearing loss termed as ‘presbycusis’ with advancing age (Gelfand, 

1998; Kryter, 1994). Elderly individuals experience difficulty in` perception and interpretation of 

sounds and speech with higher frequencies against noisy backgrounds (Lila, 1995). An increase 

in detectable hearing threshold level has been observed due to hearing loss and particularly for 

higher frequencies above 2000 Hz. Engineering guidelines have generally recommended that 

auditory warning signals have energy peaks between 1000 and 4000 Hz which is the maximal 

hearing sensitivity range for normal hearing (Casali & Robinson, 1999; Gelfand, 1998; Kryter, 

1994). Elderly drivers using hearing aids may be exposed to an increased risk of collision 

(McCloskey et.al., 1994). McCloskey et.al., (1994) reported  that hearing aids may cause 

distraction to drivers by producing irrelevant sound feedback. However, in the absence of any 

significant increase in risk among abnormal hearing individuals, this paradigm needs more 

investigation.   
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Cognitive Limitations 

Complex tasks pose hindrances to elderly drivers who experience deterioration in their ability to 

divide their attention instantaneously (McDowd & Craik, 1988; McDowd, 1986; Salthouse, 

1985b). The elderly face difficulty in deciphering and comprehending relevant information 

especially during tasks involving memory (Kausler &  Klein, 1978), problem solving (Hoyer 

et.al., 1979) or visual search (Salthouse, 1991). Elderly individuals report difficulties in doing 

two concurrent tasks like driving, reading and listening to radio, reading and typing a document 

etc (Salthouse, 1990 ; Haigh, 1993).   

 

Warning Systems 

The use of warning systems have been found to be quite effective in reducing automobile 

accidents (Barfield & Dingus, 1998). Warning signals can be broadly categorized into three 

groups based on the logic of ascribing message. (ISO/ TC 22/ SC 13/ WG 8, ISO/ CD 16951, 

2001; ISO/ TC 22/ SC 13/ WG 8, N342, 2002). 

- Warning - Driver is prompted to take immediate action to prevent a potential hazard   

- Caution - Driver is prompted to do immediate preparation to prevent a potential hazard 

- Advisory - Information is presented to the driver about a potential hazard. 

 

As the present research paradigm revolves around imminent collision scenarios, the literature 

review was limited to collision warning systems. Research in collision warnings systems has 

achieved momentum partly due to its implications in Automotive Vehicle Control Systems 

(Alicandri & Moyer, 1992; IVHS America, 1992b). The primary role of collision warning 

systems was to increase the awareness in drivers and their perception of driving environment, 
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thereby reducing motor vehicle accidents. Collision warning systems have undergone a transition 

from its primary role of warning the driver to incorporation of vehicle control technologies such 

as intelligent cruise control and soft braking to compensate for driver’s performance (Najm, 1994 

; Transportation Research Board , 1993).      

 

NHTSA (1997) has categorized the major problem areas for collision warning systems as 

follows:  

Specific Crash Type 

1. Rear-end Collision Avoidance 

2. Intersection 

3. Road Departure 

4. Lane Change/Merge 

5. Heavy Vehicle Stability 

 

Driver Performance Enhancement 

1. Drowsy driver 

2. Vision Enhancement 

 

Crash Consequence Mitigation 

1. Automatic Collision Notification 

The major challenge facing the ITS (Intelligent Transportation Systems) designers is to integrate 

the warning systems according to the needs and limitations of the user without distracting and 

increasing the driver workload (Roland & Moriarty, 1990). Technological interventions, 
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especially in the case of elderly drivers without addressing their needs, would do more harm than 

good.  

 

Modalities Conveying Information 

Information can be conveyed through any of sensory system of the body, vision and auditory 

being the ones commonly used for the purpose (Helander, 1987; Sorkin, 1987). Both auditory 

and visual modalities, have their advantages and limitations and therefore, consideration of the 

format or mode of conveying information to the driver is imperative.   

 

Guidelines for appropriate presentation of auditory and visual information to the driver are listed 

below – (Adapted from Deatherage, 1972; Sanders & McCormick, 1993)  

Auditory Modality is preferred when: 

- The message is simple and short. 

- The message will not be referred to later. 

- The message calls for immediate action. 

- The visual system of the operator is overburdened. 

- The receiving location is too bright, or dark adaptation integrity is necessary. 

- The operator’s job requires continuous movement. 

- Speech channels are fully occupied (In this case, auditory tonal signals can be 

differentiated from the speech). 

- Lighting conditions are bad and affecting vision. 
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Visual Modality preferred when: 

- The message is complex and long. 

- The message will be referred to later. 

- The message does not call for immediate action. 

- The auditory channel of the operator is overburdened. 

- The receiving location has too much noise. 

- The job requires the operator to remain stationary. 

Resources that require attention associated with vision and manual response are needed while 

driving. Structural distraction has been seen to occur with the usage of visual displays for in-

vehicle systems as drivers have to look away from the road to glance at the display (Lunenfeld, 

1989; Mollenhauer et.al.1997; Srinivasan & Jovanis, 1997). On the other hand, auditory displays, 

specifically speech-based interaction, cause cognitive distraction and affect the overall driving 

ability (Goodman, Tijerina, Bents, & Wierwille, 1999; McKnight & Mcknight, 1993; Parkes, 

1993).  

 

In several aviation studies, auditory warnings produced faster reaction times than visual warning 

signals (Reinecke 1976, 1981; Wheale 1981, 1982, 1983). Auditory warning systems due to their 

omnidirectional characteristics are preferred for warning systems specifically for urgent 

conditions (Wickens & Hollands, 2000). 

 

Cross-Modality Effects 

Research in the field has found cross-modality to be more suitable and effective than intramodal 

displays in laboratory and complex flight simulation studies (Wickens et.al., 1983). Faster 
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reaction times have been observed in multiple modality than when auditory or visual stimuli 

presented individually (Selcon et.al., 1992). The multi-modal displays have augmented 

dimensionality, increased inter-modal correlation and improved temporal resolution (Kramer, 

1994). The multiple resource model provides a distinction between resources underlying 

perception (and working memory) and those associated with selection of actions.     

  

Stages  

Perception, working memory and cognition appear to use the same resources but, have been 

found to use different resources than selection and execution of responses (Shallice et.al., 1985). 

In dual task performance studies conducted by Shallice, McLeod, and Lewis (1985), it was 

reported that underlying resources for the processes of speech recognition (perception) and 

production (response) were different.   

 

Perceptual Modalities 

A lot of tasks require visual scanning and by reducing the information load from visual to 

auditory modality, the dual task interference is reduced. It is known that dividing attention 

between eye and ear is far more easier than dividing attention between two auditory or two visual 

channels. Auditory messages elicit some difficulty in processing in comparison to one of them 

being presented visually (Rollins & Hendricks, 1980).  

 

Processing Codes 

It has been found that spatial and verbal codes depend on distinct and different resources and this 

separation can be linked to the two cerebral hemispheres (Polson & Friedman, 1988). A high 
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level of efficiency has been seen with which manual and vocal outputs could be time shared 

under the assumption that manual responses are spatial in nature and vocal ones are verbal. 

While considering different resource modalities, it is important to keep in mind that verbal tasks 

are most compatible with voice control while spatial tasks are with manual control. Goettl and 

Wickens (1989) reported that in dual task studies, resource conflict rather than compatibility was 

the most dominant factor.       

  

Wickens and Hollands (2000) report that distinct perceptual resources within the brain might not 

be the real reason for relative benefits of cross-modality over intramodal displays. They reiterate 

that intramodal displays might be at a disadvantage due to peripheral factors.  

 

Perception of urgency and its implications 

There is a dearth of information on proper methodologies to present information to the driver in 

the right manner in space and time. Warning systems have both iconic and informational aspects. 

For the auditory modality domain, examples of iconic aspects include its pulse level, temporal 

characteristics (e.g., inter pulse interval) and spectral characteristics (e.g., pulse format). The 

iconic parameters of the visual display can be illustrated by its display size, angle, color, contrast 

sensitivity, and blinking rate.   

 

The warning sound has a perceived urgency inherent in it (Hellier, Edworthy, Weedon, Walters, 

Adams, 2002). The quantification of the perceived urgency of sounds assumes importance as the 

urgent sounds can be used to present critical information and less urgent sounds can be used for 

conveying less critical information (Hellier, Edworthy,Weedon, Walters, Adams, 2002). 
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Acoustic parameters like amplitude, frequency, pitch range, speed, inharmonicity, melodic 

structure can be systematically manipulated to improve the perceived urgency of nonverbal 

auditory warnings (Edworthy et.al ., 1991 ; Haas &  Casali , 1995 ; Haas & Edworthy, 1996 ; 

Hellier et.al., 1993 ; Momtahan, 1990 ). Auditory warning signals due to omnidirectional nature 

and ease of incorporating a sense of urgency (Stanton & Edworthy, 1998a) are widely used in 

IVIS systems.  

 

Acoustic parameters  

The iconic parameters of the warning signal, i.e., the physical characteristics like spectral 

components, temporal components, and frequency   greatly influence perceived urgency 

(Edworthy & Adams, 1996; Haas and Casali, 1995). Patterson (1982) recommended a four stage 

process which consisted of selection of a suitable pulse intensity level, creation of a pulse of 

sound, including the pulse into a longer burst of sound, consequently designing a warning signal 

having bursts of sound intertwined with short durations of silence. An in-depth knowledge of the 

acoustic parameters and its contribution to perceived urgency is required to use this methodology 

of warning construction. 

 

Pitch 

Frequency is referred to as pitch where high frequencies are referred as being ‘high’ in pitch and 

low frequencies are associated to being ‘low’ in pitch. However, the relationship is not wholly a 

one-to-one scenario. Studies have investigated the effect of pulse intensity (loudness) on the 

pitch of a tone. Although reported to influence perceived urgency, the effects of fundamental 

frequency has not been completely quantified (Edworthy et.al., 1991; Momtahan , 1990). 
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Direction of change (up or down) of pitch (frequency) might influence perceived urgency more 

rather than its magnitude (Edworthy et.al., 1991).  

 

Pulse Intensity level 

Pulse Intensity level influences both dimensions of the warning signal, its detectability and 

perceived urgency (Edworthy et.al., 1991; Haas & Casali, 1995). Pulse Intensity level of the 

warning signal has to take into consideration the intensity of the environmental noise (Kryter, 

1994). The warning signal should have a greater signal-to-noise (S/N) ratio in order to be audible 

and urgent in a noisy environment. In an IATA study, pilots in standard aircrafts in 46 airlines 

were monitored. The study indicated that the pulse intensity level was too loud (Lauber, 1976). 

Since it was too loud, people tend to shut down the warning system, thus reducing its utility.  

 

Complex Tones  

Aural harmonics is the simplest form of manipulation of pure tones. It has frequencies that are 

multiples of the stimulus frequency. An illustrated example can be given as – A 500 Hz primary 

tone having frequencies in multiples of f1, 2f1, 3f1 and so forth. Varied combination tones are 

generated when more than one primary tone is presented simultaneously. Many in-depth studies 

have been conducted to investigate compatibility between physiological and psychoacoustic 

findings on combination tones (Plomp, 1965; Goldstein et.al., 1978). The concept of periodicity 

pitch can be elucidated in great detail by exploring the perception of missing fundamental 

(Seebeck, 1841; Schouten, 1940). Suppose a complex periodic tone is considered containing 

energy only above 1200 Hz. The power spectrum when drawn would show energy peaks at 1200 

Hz, 1400 Hz, 1600 Hz and 1800 Hz, which are higher harmonics of the fundamental frequency 
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200 Hz. Although, there is no energy peak at 200 Hz, the participants who would be presented 

with this sound would match its pitch with the 200 Hz tone, which is the fundamental frequency 

(Gelfand , 1998).   

 

Temporal Characteristics 

Edworthy et.al. (1991) reported that temporal characteristics of warning signals have varied 

effects on the perception of urgency. They found speed to be one of the strongest influence on 

perceived urgency. The perception of urgency was enhanced by the number of times the burst is 

played, but this led to insistence and irritation to the listener as the warning signal got potentially 

longer.  

 

Inter-pulse interval can be described as the duration of time between the end of offset of one 

pulse to the onset of the next pulse. Haas and Casali (1995) investigated the effects of 0, 150 and 

300 ms inter-pulse intervals on perception of urgency. A significant difference in perceived 

urgency was found between inter-pulse intervals of 0 ms and 150 ms or 300 ms. But, no 

significant differences were reported between 300 ms and 150 ms. Their results showed shorter 

pulse intervals to be more urgent and continuous signals without any pulse interval to be most 

urgent.  

 

Galer and Simmonds (1984) found that modulated signals such as an intermittent beep having 

pulse rates of 1-8 beeps per second were suitable for warning purpose in vehicles. But, in the 

process of developing urgent warning signals, the warning signal can become quite intrusive, 

disruptive and annoying for the user. Patterson (1982) in his study suggested some guidelines to 
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reduce the annoying effect: 

1. Warnings should be intermittent having high off-time in comparison to on-time. 

2. A gradual onset of the warning signal should be designed. 

 

Visual display physical parameters  

Geiser (1990) proposed the following classification of design parameters of information 

presentation : 

- Sensoric related parameters 

- Coding parameters 

- Organizational parameters 

 

Size, brightness and contrast are some of the sensoric parameters associated with visual displays. 

There is a consensus that urgent information depending on which the driver has to react quickly, 

should be presented as close as possible to the primary field of view. The modern information 

display systems are generally placed in the middle console where movements of eye and head 

become necessary (Farber & Farber, 1987). Visual angle when large not only enhances the 

urgency of the signal but also improves the temporal characteristics of the information 

acquisition (Uno.et.al, 1999). A viewing angle of 30 degrees is required to observe the 

instruments in middle console (Farber et al., 1990). This has been a cause of discomfort 

especially for elderly drivers for viewing the instrument clusters (Knoll, 1997). Previous studies 

indicate that elderly participants took 33-100 % more time to read maps in a simulator and 40-

70% longer to read maps on the road (Green, 2001; Marottoli & Drickamer, 1993). The 

comprehension of information from inside and outside the vehicle for elderly individuals is 
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slowed down when they have to switch between near and far vision constantly (Mourant et.al, 

2001).     

 

The color has distinct benefits especially in conditions where numerous bits of information have 

to be presented in a distinguishable manner i.e. clarity, conspicuousness and less tiring (Christ, 

1984). Chapanis and Kinkade (1972) recommended the usage of not more than 5 colors- red, 

orange, yellow, green, and blue. Visual display qualities have urgency increasing in an ascending 

manner as color is changed from white to green, blue,yellow and to red (Uno, et.al 1999). Red 

and yellow are the colors that are the best suited for warning signals and blue and green for 

conveying information in vehicles (Galer and Simmonds, 1984). Due to the conspicuity and 

recognition property of color coding, color assumes importance in designing warning signals 

(ISO/TC204/WG8, 2001). 

 

A blinking signal, which is basically the on-off operation of binary signals, increases the 

perceived urgency of the warning signal due to its conspicuity (Geiser, 1990; ISO/TC204/WG8, 

2001; Uno et.al., 1999). McCormick and Sanders (1982) recommended a blinking frequency 

between 2 and 10 Hz for the warning signal to be conspicuous (Corso, 1993). The current study 

investigated multi-modal collision warning systems addressing both issues of safety and comfort 

of elderly drivers.  

 

Extensive literature search had been conducted to investigate the influences of the auditory 

display characteristics (sound pressure level, spectral characteristics and temporal characteristics) 
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and visual display characteristics (color luminance, temporal and spatial characteristics) on the 

perception of same level of urgency.  
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Hypothesis 

 

1. Pulse intensity level (dBL) would be lower for dual modality than single modality across both 

age groups. 

 

2. Pulse intensity level (dBL) of elderly individuals would be higher than their younger 

counterparts across both single and dual modalities. 

 

3. Perceived urgency as measured by the Rating Scale would not be significantly different 

between single and dual modalities across both age groups. 
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METHOD 

Participants 

A total number of 20 individuals (10 young, 10 elderly) were recruited as participants for the 

study.   

 Young Elderly 

Mean (yrs) 23.8 

 

71.9 

 

Std Dev (yrs) 2 

 

 

 

8.3 

 

 

Table 1. Participant Demographics 

The elderly participants in the age group of 62 – 85 years old were recruited from Montgomery 

County region of Virginia while the younger individuals in the age group 20-27 years old were 

recruited from Virginia Tech student population. An equal number of male/ female individuals 

were recruited. The participants were required to have a valid driver’s license and be an active 

driver. They were given the informed consent form detailing the objectives, procedures and risks 

involved in the experiment. The participants completed a driving questionnaire which detailed 

their driving behavior. All the drivers were active drivers (drove atleast four to five times a 

week) who had normal or corrected to normal vision. The participants were tested for visual 

acuity at far and near distances using a Bausch and Lomb visual acuity (VA) tester. Elderly 

individuals had a mean Snellen VA of 20/25 at both far and near distances. Younger individuals 
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had a mean Snellen VA of 20/22 and 20/18 at far and near distances respectively. A Bausch and 

Lomb Color test was also conducted to test their ability to see red color; and all participants were 

able to differentiate red color. The participants were administered pulsed pure tones at 250, 1000, 

2000 and 4000 Hz for right and left ears at 5 dB increments using the Beltone Clinical 

Audiometer. Younger participants had a mean threshold of 4 and 7 dBHL for their right and left 

ear respectively at 4000 Hz. Elderly participants had a mean threshold of 28 and 33 dBHL for 

their right and left ear respectively at 4000 Hz. All the participants had already participated in a 

similar study conducted for Toyota Motor Corporation. 

 

Apparatus   

The experiment was conducted in a laboratory which had wall boundaries covered in SonexTM 

acoustical foam to dampen sound reflections and reduce the reverberation time. A CD having 

background noise at 75 dBL was played via a CD player, an integrated preamplifier/ power 

amplifier, and 2 Infinity RS 6B Speakers at constant levels. The background noise at 75 dBL was 

the noise which could be heard at the drivers’ seat when the windows of the cars are kept down. 

A laptop computer with a sound card, an attenuator, an integrated preamplifier/power amplifier, 

and horn loudspeaker were used to present warning signals to the participant. The attenuator, 

which was controlled by the participant, had precision to an accuracy of 2 dB. A Rion NA-29E 

Octave Band Analyzer was used to measure sound and noise levels for calibration purposes prior 

to each experimental session. The calibration was done to remove ambient noise introduced into 

the pulse intensity level (dBL) data collected from the attenuator. For the mixed modality 

treatment condition, the visual display was presented to the participant via a laptop. For the 
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Visual domain, red color at a 50% blinking cycle with a painted square was chosen as an urgent 

visual display (Uno et.al., 1999). 

 

Figure 2. Visual Stimuli 

Visual acuity tests (far and near) and the Bausch and Lomb color test were administered using 

Bausch and Lomb VA tester. A Beltone Clinical Audiometer model was used to conduct the 

audiogram test.  

 

Experimental Variables 

Independent Variables-  

The independent variables used in the study were – 

1. Age – Age was an independent variable having two levels – Young and Old.  

2. Modalities –Modality had two levels – Single Modality (Auditory), Dual (Visual + 

Auditory) Modality. 

3.  Trials – Repeated measures were used in which all subjects participated under all levels 

of the experiment. Two trials were conducted for each of the four treatment conditions.  
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                                                                                            11-20   Elderly 

                    Elderly     1  1    11-20                   

                                Young 

                                                                                  1-10       1-10         

                     AGE                                                                          Trial 2 

                   Young                                                                       Trial 

                                                                                          Trial 1  

                                        Single               Dual     

                                            MODALITY 

                                             Figure 3.  Mixed Factor Design  

 

Age (2) – young and old: Two age groups were used so that comparison could be made and an 

optimal pulse intensity level range could be established. There is no specific demarcation in the 

literature which defines the elderly and the younger age groups. In our study, younger 

participants were in the age range of 20-27 years old and the elderly were in the range of 62-85 

years old. A wider age range was selected for the elderly individuals to enhance generalizability 

of the findings.  

 

Modalities (2) – single and dual: Patterson (1982) reported findings that in the presence of noise, 

4000 Hz tones were much more difficult to mask than other frequency tones. Based on this 

finding, the 4000 Hz pure tone was chosen for the auditory stimulus. This seems plausible as 

earlier studies reported subjects rating pulses with higher fundamental frequency as being more 

urgent (Edworthy et.al., 1991). In a recent similar study conducted for Toyota Motor Corporation 

 
Subjects              Subjects 
11-20 11-20  
 
 
 
 
Subjects              Subjects 
1-10                    1-10 
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at Virginia Tech, it was found that 4000 Hz had the lowest pulse intensity level (dBL) for 

perceived urgency across other frequency levels (500, 1000, 2000 and 4000 Hz).  

 

Inter-pulse interval can be described as the duration of time between the end of offset of one 

pulse to the onset of the next pulse. Haas and Casali (1995) in their study investigated the effects 

of 0, 150 and 300 ms inter-pulse intervals on perception of urgency. A significant difference in 

perceived urgency was found between inter-pulse intervals of 0 ms and 150 ms or 300 ms. But, 

no significant difference was reported between 300 ms and 150 ms. Their results showed that 

shorter pulse intervals were found to be more urgent. Discrete signals having 0 ms pulse interval 

were found to be most urgent. From a physiological perspective, this seems reasonable as the 

stimuli energy reaching the external auditory meatus (ear canal) is greater per unit second and 

per square unit area. Therefore, a tone having 0 ms pulse interval was chosen for the study. In the 

study conducted for the Toyota Motor Corporation at Virginia Tech, similar results were 

obtained and continuous tone was found to illicit same perception of urgency at a lower loudness 

level across all temporal levels. 

  

In noisy environments, warning signals require greater sound levels (higher signal/noise [S/N] 

ratios) in order to be heard. The sound pressure level of the warning signal depends upon the 

nature and intensity of the noise (Kryter, 1994). A background noise at 75 dBL was chosen for 

the study after referring to Haas and Casali (1995) study. The background noise is basically the 

noise heard at the drivers’ seat when the windows of the cars are kept down. In an earlier similar 

research project conducted for Toyota Motor Corporation at Virginia Tech, the sound pressure 

threshold was found to be higher during the noise condition than the no noise condition. This is 
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due to the fact that masking stimuli (noise) raises the sound pressure threshold (Scharf, 1970). 

More importantly, range difference (difference in threshold values) was much more pronounced 

between noise and no noise condition at the perceived urgency level. This was one of the reasons 

to conduct the experiment under noise conditions. 

 

For the Visual domain, red color at a 50% blinking cycle with a painted square was chosen as an 

urgent visual display (Uno et.al., 1999). As mentioned earlier, the coding of the color assumes 

importance in designing warning signals due to the conspicuity and recognition property of color 

(ISO/TC204/WG8, 2001). Thus, red color was chosen to present the warning stimulus.  

 

A blinking rate of 0.5 second or less has a positive impact on the urgency of the signal (Uno 

et.al., 1999). Thus, for the warning stimuli, a 50% blinking cycle was chosen.  

 

Dependent Variables 

Pulse intensity (dBL) at perceived urgent level was one of the dependent variables. Pulse 

intensity level has been reported to influence both dimensions of the warning signal, its 

detectability and perceived urgency (Edworthy et.al., 1991; Haas & Casali, 1995). In the present 

study, perceived urgency was quantified by using pulse intensity level (dBL). Method of 

adjustment was used by the participants to adjust the pulse intensity level (dBL) on the attenuator 

until they perceived a sense of urgency. This method was chosen after referring to the Haas and 

Casali (1995) study. Method of adjustment is the procedure where the participant is given the 

control to adjust the dependent measure (in this case, pulse intensity level) till they achieved their 

criterion.    
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The rating scale measure of perceived urgency was the second dependent variable. It was 

hypothesized that perceived urgency would not be significantly different across treatment 

conditions. To test the hypothesis, a rating scale test was administered after each trial to get an 

objective measure of perceived urgency.  It was important for the reliability of the data that the 

participants adjusted the pulse intensity level (dBL) until they felt a sense of perceived urgency 

and that feeling of urgency remained the same across the treatment conditions. 

 

 
Experimental Procedures 

Pre-Experimental Procedures  

As earlier mentioned, the participant was given a detailed outline of the experiment and his/ her 

queries were answered. The participant was asked to read and sign the informed consent form. 

The participants completed a driving questionnaire at this time.   

 

Hearing test: Pure tone audiogram 

Pure tone audiograms were conducted from 250Hz to 4000Hz in octave band steps, with 

intermediate frequencies of 1000 and 2000 Hz at 5 dB increments. 
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Figure 4. Beltone Clinical Audiometer and Audiometric Booth 

Initially, the Beltone 119 manual audiometer was turned ON and allowed to warm up for 15 

minutes. The participant was given a pure-tone audiometric exam, recording the results on the 

Pure-Tone Audiometric Testing Form. He/she was instructed to remove any glasses, earrings, or 

other similar adornments which might interfere with the fit of the audiometric headphones. The 

participant was then asked to sit in the chamber. He/she was informed that he/she would be 

listening for very faint tones presented to one ear at a time and that they should listen very 

intently. Also, he/she was instructed to press the pushbutton as soon as the tone was heard and 

keep it pressed down until the tone was no longer heard. At that point, he/she should release the 

pushbutton and leave it released until a tone was heard again. The Telephonics TDH 50 

headphones was placed over the participant’s ears, centering directly over the ear canals. He/ she 

was asked how the headphones felt and if he/she was comfortable. The participant was instructed 

to not touch the headphones and to inform the experimenter if they slipped or became 

uncomfortable. He/she was instructed to remain still throughout the experiment and that he/she 

could speak to the experimenter after the experimenter had left the room by simply talking. An 
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intercom was always turned on and the participant could be heard. In addition, the participant 

was informed that the experimenter could talk to them through the headphones. The participant 

was informed that because the room was very quiet, he/she would begin to hear their own 

heartbeat and blood flow and should try to distinguish them from the test signals by 

concentrating on the tones. He/she was also advised to indicate if the sounds (heartbeat and 

bloodflow) became too interfering and inform the experimenter and ask for a break. The 

participant was advised that if any ambient noise interfered with the test signals or if he/she had 

trouble maintaining attention, the experimenter should be informed. 

 

A practice trial for the right ear at 250 Hz was administered initially using the Hughson-

Westlake psychophysical procedure (Morrill, 1984). The test for the right ear was performed at 

250, 1000, 2000, and 4000 Hz using the same psychophysical procedure and then was repeated 

for the left ear. 
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Figure 5. Audiometric Testing Setup 

Visual Acuity Tests  

Visual Acuity (Bausch & Lomb Vision Tester) 

Setup 

1. Near Vision Test: Lens Lever at NEAR; Both Occluder Switches at ON; Dial on 8. 

2. Far Vision Test: Lens Lever at FAR; Both Occluder Switches at ON; Dial on 3. 
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Figure 6. Visual Acuity Test by Bausch-Lomb Tester 

The participant was seated in front of the Bausch-Lomb tester. They were allowed to wear 

corrective lenses if they used them while driving. The participants were instructed to report the 

direction of the checkerboard. The following instruction was read out to them before each 

session “In the big sign at the top, the No. 1 sign, do you see a large black checkerboard? Where 

is the checkerboard? In the No. 2 sign where is the checkerboard? Number 3?  Number 4?” 

The test was continued until the participant missed two consecutive answers or they admitted 

that they could not see the next target. The visual acuity corresponding to the participant’s 

answer was noted. The order of presentation of the Near Vision Test and Far Vision Test was 

randomized. 
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Calibration 

The initial calibration was done each day before the experimental session.  Initially, an attenuator 

was used to produce a sound at 65 dBL. A microphone was placed at the participant’s hearing 

position and a Rion NA-29E Octave Band Analyzer was used to measure sound level for 

calibration purposes prior to each experimental session. A correction factor was applied which 

converted the sound level (65 dBL) produced by the attenuator into the sound level actually 

present at the participant’s hearing level taking into consideration the ambient noise present in 

the room.  

 

Experimental Procedure 

                                    

Figure 7. Experimental Setup 

The participant was asked to sit directly facing the television screen. A horn loudspeaker which 

was located directly behind the participant was used for presenting the warning stimulus. The 

participant was briefed that he/she would be given a continuous pure tone and that he/ she would 

be asked to adjust the dial for urgent sound levels. This was followed by showing the participant 
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a video clip conveying an urgent condition as an example. The participant was asked to adjust 

the dial to “a point where the signal conveys a feeling of urgency or criticality, such that 

something is going to happen now”. The experiment started with background noise presented at 

75dBL. The background noise is basically the noise which could be heard at the drivers’ seat 

when the windows of the cars are kept down. In an earlier similar research project conducted for 

Toyota Motor Corporation at Virginia Tech, the sound pressure threshold was found to be higher 

during the noise condition than the no noise condition. This is due to the fact that masking 

stimuli (noise) raises the sound pressure threshold (Scharf, 1970). More importantly, range 

difference (difference in threshold values) was much more pronounced between noise and no 

noise condition at the perceived urgency level. This was one of the reasons to conduct the 

experiment under noise conditions. 

 

In the method of adjustment, the participants were given the control to adjust the dependent 

variable (pulse intensity level (dBL)) on the attenuator until they perceived a sense of urgency. 

The whole experiment was repeated for the auditory stimulus with the inclusion of a visual 

urgent warning stimulus presented to the participant.  

 

It took approximately 15-20 minutes for the Audiometric test, 10-15 minutes for the Visual 

Acuity test and 15-20 minutes for the main experiment. Overall, the experiment took 

approximately 40-50 minutes for each participant.  

 

 

 

 



 36

DATA ANALYSIS 

Repeated measures was administered to remove variations due to time or treatment conditions. 

Under repeated measures, two trials were conducted for each participant under all the four 

treatment conditions.   

 

A mixed factor design having (2 x 2 x2) levels was conducted to determine whether there is any 

significant differences in pulse intensity levels (dBL) between age groups, modality and trials. 

The mixed or split Plot design combines features of both between groups and within subjects 

designs. 

  

In the current experiment there were three factors having two levels each. The design had three 

main factors, three two-factor interactions and a three -factor interaction. 

Between Factors – Age (A) 

Within Factors – Modality (M), Trial (T)  

Yijklm =   µ + αi + βj + dk + sl(i) + αβij + αdik   + βdjk+ βsjl(i) + dskl(i)  + αβdijk + βdsjkl(i) +   

 ε m(ijkl) 

Where α = Age having i = 2, Young and Elderly  

           β = Modality having j = 2, Single and Dual 

           d = Trials having k = 2, Trial 1 and Trial 2 

           s = Subjects/Age (Subjects nested within Age) 

           εm(ijkl) =  Random error in model  
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ANOVA DESIGN 

 Between Subject Factors        Degree of Freedom (dF)                       F-Ratio 

 A                                                               (A-1) = 1                                             F =  MSA 

 S/ A                                                            A(n-1) = 2 (10-1) = 18                              MSS/A 

 

Within Subject Factors Degree of Freedom (dF)           F-Ratio 

M (M-1) = 1  F = MSM/ MS M x S/A 

M x A (M-1)(A-1) = 1 F = MSM x A / MS M x S/A                     

M x S/A A (M-1) (n-1) = 2(1)(9) = 18 Error Term 

T (T-1) = 1 F = MST/ MST x S/A 

T x A (T-1) (A-1) = 1 F = MST x A / MS T x S/A                       

T x S/A A (T-1) (n -1) = 18 Error Term 

M x T (M-1) (T-1) = 1 F = MS MxT / MS M x T x S/A 

M x T x A (M-1) (T-1) (A -1) = 1 F = MS M x T x A / MS M x T x S/A  

M x T x S/A A (M -1)(T-1) (n-1) = 

2(1)(1)(9) = 18  

Error Term 

 

TABLE 2. Summary Table 
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Homogeneity of Covariance could not be tested in this case as there was only one degree of 

freedom (Monash, 2005). As our study entails two levels for each factor, sphericity effect was 

automatically fulfilled (Monash, 2005). Histograms were constructed and a normal distribution 

curve was fitted to check the normality of the data. A box plot was plotted inorder to identify any 

outliers in the data. The box plot (Chambers 1983) is used to detect variation between different 

data clusters. The lower limit is the 25th percentile and the upper limit is the 75th percentile. The 

median is indicated as a line across the box. In the box plots a five number summary is shown – 

Minimum, First (Lower) Quartile , Median, , Third (Upper) Quartile  and Maximum. The 

data was reanalyzed and mixed factorial design was run again as some outliers were found in the 

younger age group.   

 

Data Analysis after Conversion to Sones 

Sone scale is a mathematical interval scale of loudness using which arithmetic operations can be 

done on sounds and it can be compared with loudness. 

1 Sone = Perceived loudness of a 1000 Hz reference tone, 40 dB above threshold 

A linear relationship has been illustrated between phons and sones at about 40 phons or 1 sone. 

In order, to double the sone level for sounds, an increase of 10 dB is required. At lower loudness 

levels (below about 40 phons), the loudness in sones increments more rapidly than does the 

loudness in phons. 
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The data set was reanalyzed after initially converting the data points (dBL) into phons using the 

equal loudness contours. The equal loudness contours illustrates the ear’s response to different 

frequencies. Then, it was converted into Sones using the mathematical formula  

For phon levels > 40 

 Ssones=2(phon level-40)/10 
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RESULTS 

As illustrated, audiometric data (dBHL) for elderly and young at 250, 1000, 2000 and 4000 Hz 

for their right and left ear respectively are presented. Elderly individuals were seen to have 

higher hearing thresholds (dBHL) than young, especially at higher frequencies. 

Right Ear  YOUNG   

  250 1000 2000 4000 

Mean(dBHL) 4 4 6 4 

 Std Dev 6 4 14 16 

 

Right Ear   Elderly     

  250 1000 2000 4000 

Mean (dBHL) 16 11 12 28 

Std Dev 17 14 18 30 

 

Left Ear   Young     

  250 1000 2000 4000 

Mean (dBHL) 4 3 2 7 

Std Dev 6 8 14 14 

 

Left Ear   Elderly     

  250 1000 2000 4000 

Mean (dBHL) 12 11 13 33 

Std Dev 9 17 21 30 

                                                    Table 3. Audiometric Results 
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The following figure shows mean audiometric abilities (dBHL) as a function of age and 

frequency.  

 

Audiometric Ability (dBHL) as a function of Age 
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Figure 8. Audiometric Ability as a function of Age and Frequency 

Visual Acuity test data collected for Elderly and Young at far and near distances is as shown 

below. Elderly, as expected had lower Snellen VA in comparison to the young. 

  Elderly   

  Far Acuity Near Acuity 

Mean 20/25 20/25 

Std Dev 3.01 2.95 

  

 

 

                                           

 

Table 4. Visual Acuity (Far and Near) 

  Young   

  Far Acuity Near 

Mean 20/22 20/18 

Std Dev 2.00 0.93 
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In the Bausch and Lomb color test, everybody was able to differentiate red color. It was 

imperative for the reliability of data that perceived urgency remained the same across the 

treatment conditions. In the rating test which was conducted to test this, all the participants rated 

the sound as urgent.  

 

In the ANOVA analysis, age effect was found to be significant (α < 0.10) (F (1, 18) = 3.168, p < 

.092). Modality and trial effects were not found to be significant. None of the two and three-

factor interaction was found to be significant. The conclusion is that age is of marginal statistical 

significance. 

Source SS MS Num DF Num F Ratio Prob > F 

Age 2969.36 2969.36 1 3.17 0.092 

Subject[Age]&Random 16871.3 937.29 18 16.90 <.0001 

Modality 105.79 105.79 1 2.21 0.154 

Age*Modality 77.19 77.19 1 1.61 0.220 

Subject*Modality[Age]&Random 860.67 47.82 18 2.10 0.062 

Trials 0.318 0.31 1 0.01 0.919 

Age*Trials 21.19 21.19 1 0.70 0.414 

Subject*Trials[Age]&Random 546.81 30.37 18 1.34 0.272 

Modality*Trials 0.85 0.859 1 0.04 0.848 

Age*Modality*Trials 2.019 2.02 1 0.09 0.769 

Subject*Trials*Modality[Age]&Random 409.22 22.73 18 . . 

 

Table 5. ANOVA Summary Table 
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The box plot when plotted found outliers in the younger age group data as illustrated below -    
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Figure 9. Normal Quantile Plot 
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In the following table, a five number summary is shown – Minimum, First (Lower) Quartile , 

Median, , Third (Upper) Quartile  and Maximum 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Quantile table 

100.0% Maximum 99.99 

99.5%  99.99 

97.5%  99.96 

90.0%  95.63 

75.0% Quartile 78.33 

50.0% Median 68.88 

25.0% Quartile 64.12 

10.0%  54.61 

2.5%  36.23 

0.5%  35.96 

0.0% Minimum 35.96 
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The Moments Table indicates the descriptive statistics (mean, std dev) of the younger 

population. 

 

 

 

 

 

 

 

 

Table 7. Descriptive Statistics 

 

A normal distribution curve was fitted on the data and the following table shows the mean (Mu) 

and standard deviation (Sigma) of the estimates.  

 

Type Parameter Estimate Lower 95% Upper 95% 

Location Mu 71.30 66.70 75.89 

Dispersion Sigma 14.37 11.77 18.45 

 

Table 8. Fitted Normal-Parameter Estimates 

 

 

   

Mean 71.30 

Std Dev 14.37 

Std Err Mean 2.27 

upper 95% Mean 75.90 

lower 95% Mean 66.70 

N 40 
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The reanalysis conducted after removal of outliers resulted in significant (at α < 0.10) age main 

effect F (1, 16) = 3.860, p < .067) and modality main effect F (1, 16) = 3.870, p < .066). Trial effect 

was not found to be significant. None of the two and three-factor interaction was found to be 

significant.  The plausible conclusion is age and modality main effects are of marginal statistical 

significance when outliers are removed. Therefore, figures of age and modality main effects are 

probably justified. 

 

The ANOVA summary table after the reanalysis (removal of outliers) is as presented below -  

Source SS MS Num DF Num F Ratio Prob > F 

Age 2782.03 2782.03 1 3.85 0.067 

Modality 173.15 173.15 1 3.87 0.066 

Trials 2.11 2.11 1 0.06 0.803 

Subject[Age]&Random 11532.7 720.80 16 12.76 <.0001 

Age*Modality 23.26 23.26 1 0.51 0.481 

Age*Trials 27.66 27.66 1 0.84 0.372 

Modality*Trials 7.68 7.68 1 0.36 0.555 

Age*Modality*Trials 0.31 0.31 1 0.01 0.905 

Subject*Modality[Age]&Random 715.74 44.73 16 2.11 0.072 

Subject*Modality*Trials[Age]&Rand

om 

338.99 21.19 16 . . 

Subject*Trials[Age]&Random 526.60 32.91 16 1.55 0.193 

Table 9. ANOVA Summary Table after the reanalysis 
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Age Main Effect 

As illustrated in the figure, a significant difference (at α <0.10) was seen between age groups. 

Sum of Squares F Ratio DF Prob > F 
2782.03 3.86 1 0.067 

 

Level Least Sq Mean Std Error Mean 

Elderly 83.49 4.24 83.49 

Young 70.98 4.75 70.98 

 

Table 10. Age Main Effect 
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Figure 10.  Pulse Intensity (dBL) at perceived urgency level as a function of Age 

(Two sided error bars in the graph indicates the standard error of the observations for young and 

elderly age groups). 

 

 

 



 48

Modality Main Effect 

As illustrated in the figure, a significant difference (at α <0.10) was seen between modalities. 

Sum of Squares F Ratio DF Prob > F 
173.15 3.87 1 0.066 

 

Level Least Sq Mean Std Error Mean 

Dual 75.67 1.12 76.30 

Single 78.79 1.12 79.55 

  

Table 11. Modality Main Effect 
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Figure 11. Pulse Intensity (dBL) at Perceived Urgency Level as a function of Modality 

 

 

 

 

 



 49

Reanalysis after conversion to Sones 

The data after conversion to sones was modeled using the mixed factorial design. Age and Trial 

main effects were not significant. Modality Main effect was found to be significant (at α <0.10) 

F (1, 18) = 3.128, p < .093). None of the two and three-factor interaction was found to be 

significant. 

 

Source SS MS Num DF Num F Ratio Prob > F 

Age 7900.31 7900.31 1 0.32 0.581 

Modality 6003.11 6003.11 1 3.13 0.093 

Trials 108.11 108.11 1 0.84 0.371 

Subject[Age]&Random 450022 25001.2 18 13.13 <.0001 

Age*Modality 3524.51 3524.51 1 1.84 0.192 

Age*Trials 171.11 171.11 1 1.33 0.263 

Modality*Trials 5.51 5.51 1 0.04 0.847 

Age*Modality*Trials 0.11 0.11 1 0.0008 0.978 

Subject*Modality[Age]&Random 34538.6 1918.81 18 13.34 <.0001 

Subject*Trials[Age]&Random 2315.03 128.61 18 0.89 0.592 

Subject*Modality*Trials[Age]&Rand

om 

2588.63 143.81 18 . . 

 

Table 12. ANOVA Summary Table of Sones Data 
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Modality Main Effect 

Modality main effect was found to be of marginal statistical significance and thus, its figure is 

probably justified. 

  

Sum of Squares F Ratio DF Prob > F 
6003.11 3.13 1 0.093 

 
 
 

Level Least Sq Mean Std Error Mean 

Dual 43.30 6.93 43.3 

Single 60.63 6.93 60.63 

 
 

Table 13. Modality Main Effect 

 
 

S
on

es
LS

 M
ea

ns

0
50

100
150
200
250

Dual Single

Modality
 

Figure 12. Modality Main Effect 
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DISCUSSION 

Information can be conveyed through any of body’s senses, but vision and audition are the 

primary mediums generally used (Helander, 1987; Sorkin, 1987). Structural distraction has been 

seen to occur with the usage of visual displays for in-vehicle systems (Lunenfeld, 1989; 

Mollenhauer et.al.1997; Srinivasan & Jovanis, 1997). One of the reasons could be as the drivers 

attention is diverted from the road to glance at the display. Auditory displays, on the other hand, 

specifically speech-based interaction, has been seen to cause cognitive distraction and affect the 

overall driving ability (Goodman, Tijerina, Bents, & Wierwille, 1999; McKnight & Mcknight, 

1993 ; Parkes, 1993). In several aviation studies, auditory warnings were seen to produce faster 

reaction times than visual warning signals (Reinecke, 1981; Wheale, 1983). Auditory and visual 

modalities both have their advantages and limitations and consequently, the medium of 

conveying information to the driver becomes imperative.   

 

To briefly recapitulate, the objective of the present study was to investigate multi-modality 

effects on the perception of urgency in elderly drivers. The independent variables in the study 

were Age (Young and Old), Modality – Single Modality (Auditory), Dual Modality (Visual + 

Auditory) and Trials. Pulse intensity (dBL) at perceived urgent level was one of the dependent 

variables. In the present study, perceived urgency was quantified by using pulse intensity level 

(dBL). Method of adjustment was used by the participants to adjust the pulse intensity level 

(dBL) on the attenuator until they perceived a sense of urgency. This method was chosen after 

referring to the Haas and Casali (1995) study.  The rating scale measure of perceived urgency 

was the other dependent variable. A background noise at 75 dBL was chosen for the study after 

referring to Haas and Casali (1995) study. The background noise is basically the noise which 
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could be heard at the drivers’ seat when the windows of the cars are kept down. In an earlier 

similar research project conducted for Toyota Motor Corporation at Virginia Tech, the sound 

pressure threshold was found to be higher during the noise condition than the no noise condition. 

This could be attributed to the fact that masking stimuli (noise) raises the sound pressure 

threshold (Scharf, 1970). More importantly, range difference (difference in threshold values) was 

much more pronounced between noise and no noise condition at the perceived urgency level. 

This was one of the reasons to conduct the experiment under noise conditions. 

 

The proposed model was that multi-modality (vision and auditory) would affect the dependent 

variable, perceived urgency and the same perception of urgency would be created with a lower 

level of pulse intensity. This would theoretically increase comfort of elderly drivers while 

addressing issues of safety. Its practical implications would be in designing collision warning 

systems not only for the elderly drivers’ but also could be extended to younger individuals.  

 

Sensory Domain                            Cognitive Domain                          Practical Implications  

 

 

 

 

 

Figure 13. Proposed Multi Modal Model 

 

 

Visual  
Modality 

Auditory 
Modality 

Perception of same level of 
urgency at a reduced loudness 
level  

Increased Comfort  
and Usability 

Redundancy of Information 
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Understanding the urgency/caution criterion associated with human response to a stimuli will 

lead to better design of collision warning systems. The proposed model could also be explained 

from a physiological perspective – As shown in the figure below, the auditory warning stimuli 

after reaching the external ear passes through ear canal till it reaches the eardrum. It then gets 

conducted via the tympanic cavity (middle ear) to the inner ear. 

 

 

   Auditory                                                        Statoacoustic nerve 

Warning Stimuli                                              Efferent Nerve Fibers 

                  Rotate Dial Right                                 No 

 

 

               No Rotation                                           Yes 

Figure 14. Physiological Model 

   

The sensory hair cells of cochlea then transmit it to the nervous system via the statoacoustic 

nerve (Adapted from Gelfand, 1998). There seems to be a criterion set in the participant’s mind 

which an individual constantly compares with the external stimuli presented. This criterion is 

influenced by a number of factors – experimenters’ explanation of an urgent scenario, stress due 

to energy, past experience etc. The motor abilities of the elderly might also influence the 

dependent variable, feeling of perceived urgency as they lose precision in rotating the dial. 
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The central tenet of the study was that the auditory warning signal when presented alone would 

initiate interpretation and a certain amount of uncertainty in participant’s behavior 

(ISO/TC204/WG8, 2001). The visual stimulus might act as a confirmation cue and reduce the 

uncertainty which would increase the perception of urgency even at a lower loudness level (dB). 

A feeling of perceived urgency taking into account the gravity of the situation might be aroused 

due to supply of redundant information through dual sensory modalities.  

 

Attentional resources associated with vision and manual response are required while driving. 

Research done in the paradigm of Advanced Traveler Information Systems (ATIS) for ground 

vehicles suggested combined usage of auditory and visual modalities to supply information 

(Dingus, Hulse, and Barfield, 1998; Labiale, 1990). Several studies had been conducted to 

explore multi-modality effects (Selcon, Taylor & Shadrake, 1992), but few studies had 

adequately addressed its implication on elderly drivers’ perception of urgency. The study was 

aimed to fill this research void by addressing issues of comfort for elderly individuals by 

designing to their sensory and cognitive limitations. 

 

Summary and Interpretation of Results 

Elderly individuals had higher hearing thresholds (dBHL) than young across all the frequencies 

(250, 1000, 2000 and 4000 Hz) of pure tones. The difference was more pronounced at 4000 Hz. 

This was expected as age related hearing loss has been seen to be more prevalent for frequencies 

above 2000 Hz. This fact also becomes important as most engineering guidelines recommend the 

usage of frequencies between 1000 and 4000 Hz for designing warning signals as it constitutes 

the region of maximal hearing sensitivity (Casali and Robinson, 1999; Gelfand, 1998; Kryter, 
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1994). The current study adopted the Hughson-Westlake psychophysical procedure for 

conducting the audiometric tests.    

 

Acuity is the ability to perceive spatial detail at a given distance (Olzak & Thomas, 1986). It 

depends on the size of the smallest detail in a visual target which allows identification and 

detection to a certain limit. Several studies indicated that static visual acuity begins to decline 

from normal levels around 40 or 50 years of age (Owsley & Sloane, 1990) and continues to 

decline throughout the rest of life (Weymouth, 1928).  As expected, elderly individuals had a 

lower VA than their younger counterparts across both far and near distances. Elderly individuals 

had a mean Snellen VA of 20/25 for far and near, whereas the young had 20/22 and 20/18 

respectively.   

 

All the participants were able to differentiate red color when Bausch and Lomb Color test was 

administered to them. Visual display qualities have urgency increasing in an ascending manner 

as color is changed from white to green, blue, yellow and to red (Uno, et.al 1999). The coding of 

the color assumes importance in designing warning signals due to the conspicuity and 

recognition property of color (ISO/TC204/WG8, 2001). For the visual stimuli, a 50% blinking 

cycle was chosen. Blinking signal, which is basically the on-off operation of binary signals, 

increases the perceived urgency of the warning signal due to its conspicuity (Geiser, 1990; 

ISO/TC204/WG8, 2001; Uno et.al., 1999). A blinking rate of 0.5 second or less has a positive 

impact on the urgency of the signal (Uno et.al., 1999). McCormick and Sanders (1982) 

recommended a blinking frequency between 2 and 10 Hz for the warning signal to be 

conspicuous (Corso, 1993).  
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The rating scale measure of perceived urgency was one of the dependent variables. It was 

hypothesized that the feeling of perceived urgency would not be significantly different between 

single and dual modalities across both age groups. To test the hypothesis, a rating scale was used 

which gave an objective measure of the feeling of perceived urgency. In the Rating test which 

was administered after every treatment, in order to check the perception of urgency of the sound, 

everybody rated the sound as urgent. It was important for the reliability of the data that the 

participants adjusted the pulse intensity level until they felt a sense of perceived urgency and that 

feeling of urgency remained the same across the treatment conditions. Otherwise, it would 

introduce noise in the data and question the validity of the data.  

 

Age main effect as expected was found to be significant (α < 0.1). The outliers in the younger 

age group, identified from the box plot were removed and the data was reanalyzed using the 

mixed factorial design. Age was again found to be significant (at α < 0.1) after reanalysis. The 

conclusion is that age is of marginal statistical significance. None of the two and three-factor 

interactions was found to be significant.   

 

Elderly individuals reported higher pulse intensity levels (dBL) than their younger counterparts 

across both the modalities. This result is in agreement with the finding that hearing loss is a 

common problem among older adults (Wyatt, 1991), which was also supported by the 

participant’s hearing level (in dBHL) measured in this study. The primary motive in the study to 

test young and elderly was to determine age implications on overall performance and its 

interaction with other parameters.  
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Presbycusis is defined as hearing loss due to the aging process (Gelfand, 1998; Kryter, 1994). 

This age related hearing loss is a gradual decline in hearing ability, and results in an increase in 

detectable hearing level threshold. This is particularly true for frequencies above 2000 Hz. This 

is very important when designing auditory warning signals, due to the fact that most human 

engineering guidelines recommend that such signals have energy peaks between 1000 and 4000 

Hz, since this is the region of maximal hearing sensitivity for those of normal hearing. (Casali & 

Robinson, 1999; Gelfand, 1998; Kryter, 1994).  

 

In the initial data analysis, modality and trial main effects were not found to be significant. The 

analysis conducted after removal of outliers resulted in significant (α < 0.1) difference in 

modality main effect. This supported our main hypothesis that the same level of perceived 

urgency would be created at a lower loudness level for dual modalities than single modality.  

It can thus be concluded that modality effect was of statistical marginal significance. 

 

Trial, again was not found to be significant. Trial main effect not being significant was a good 

indication, as the measures did not vary across treatment conditions. Repeated measures were 

administered to take out variations caused due to time or treatment conditions. A concerted effort 

was made to conduct the experiment in such a manner as no biases or noise gets introduced into 

the data. All the instructions and protocol were recorded and the participant was given a recorded 

briefing. 

 

But, as illustrated earlier, the perception of urgency may not only be influenced by the physical 

stimuli but also by a criterion set in the participant’s mind. Previous research conducted has 
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reported cross-modality to be more suitable and effective than intramodal displays in laboratory 

and complex flight simulation studies (Wickens et.al., 1983). Faster reaction times have been 

observed in multiple modality than when auditory and visual stimuli were presented alone 

(Selcon et.al., 1992). The multi-modal displays have been seen to lead to augmented 

dimensionality, increased inter-modal correlation and better temporal resolution (Kramer, 1994).  

It was suggested by Wickens and Hollands (2000) that the real reason for advantages of cross 

modality might not be due to separate perceptual resources within the brain. They reiterate that 

intramodal displays might be at a disadvantage due to peripheral factors.  

 

In the present study, little difference was seen in pulse intensity levels (dBL) in younger 

individuals due to the modality effect. Although not significant, a trend was seen in the pulse 

intensity levels (dBL) across modalities in the elderly individuals. In elderly individuals, strong 

correlations were reported between visual acuity, auditory pure tone thresholds and different 

measures of intellectual functioning (Lindenberger and Baltes 1994, 1997). From the elderly 

driver’s perspective, who may have vision and hearing deficiencies, supplying redundant 

information through multiple modalities may help their perception (Miller, 1991) of the 

situational urgency. Also, none of the two-factor interactions (Age x Modality, Modality x Trial, 

Age x Trial) and three-factor interaction (Age x Modality x Trial) were found to be significant. 
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Reanalysis after Conversion to Sones 

The ear has the ability to hear a wide range of sounds and in this regard, logarithmic units (dB) 

are very useful. Fletcher and Munson developed the sone procedure and it was later modified by 

S.S. Stevens in 1936. Sone scale facilitates in performing arithmetic operations on the sounds 

and comparing it with loudness.  

 

The dBL data after being converted into sones was analyzed using the mixed factorial design. 

Modality main effect was seen to be statistically significant (at α <0.1). Age and Trial main 

effects were not found to be significant. None of the two-factor and three-factor interactions 

were found to be significant.  

 

Limitations of Study 

The current study was a basic research conducted in a laboratory setting. In the study, the 

participants had to adjust the dial to “a point where the signal conveys a feeling of urgency or 

criticality, such that something is going to happen now”. This criterion of perceived urgency is 

influenced by a number of factors – experimenter’s explanation of an urgent scenario, stress due 

to physical stimuli, past experience etc. The motor abilities of the elderly might also influence 

the dependent variable, feeling of perceived urgency as they loose precision in rotating the dial. 

Future research should be conducted in a naturalistic driving environment, so that it becomes 

more ecologically valid experimental study.  

 

For the auditory modality, different complex tones should be tested. Patterson (1982) 

recommended the use of multi component sounds having four or more frequency components in 
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the range of 1000 to 4000 Hz as multi-component sounds were seen to be more difficult to mask 

in the presence of noise. Kryter (1994) suggested that spectral complexity, sound duration, 

increasing intensity, and sound impulsiveness influence the perceived loudness of sound. In 

warning signal design, fundamental frequency, spectral complexity, sound duration, signal 

intensity, temporal variation and sound impulsiveness may be very important factors to consider. 

These parameters have been seen to influence the perception and effectiveness of the intended 

message of the warning signal (Haas & Casali, 1995 ; Gelfand, 1998; Kryter, 1994 ; Saifuddin et 

al., 2002). 

 

The study should be conducted using visual icons depicting different situations. Wickens and 

Hollands (2000) put forth the principle of pictorial realism which states that the display 

representation becomes effective if it is a pictorial representation of the entity it is representing. 

Specifically, the visual displays assumes greater importance under conditions of stress (Wickens 

& Hollands, 2000).  

 

Also, the sample size should be increased for future studies. The current study had a sample size 

of 20 (10 young, 10 elderly). Power calculations were done post study to determine sample size 

which might lead to significant differences.  

 

The power of the test for the standard two-sided t test for two populations is given by (Neter 

et.al., 1996): Power = P {| t*| > t (1- α/2; n-2) | delta}} 

Where delta is the non-centrality parameter, or a measure of the distance between the means of 

perceived urgency of elderly and younger individuals: 
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∆ = | Urgent (dBL) levels of elderly – Urgent (dBL) levels of younger individuals / s √ 2 / n 

Where s is the standard deviation of the distribution of pulse intensity level (dBL) at perceived 

urgency and n is the total number of subjects. α = 0.05, power calculation was performed with 

risks of Type I error of 0.05 and Type II error of < 0.3 (Power > 0.7). When power = 0.7, 22 

subjects for each group would be required. Generally, a power > 0.7 was chosen for studies as it 

kept the type II error < 0.3 and facilitated in getting significant differences.   

 

Practical Implications  

A good illustration indicating the effectiveness of collision warning systems could be given of 

Greyhound Lines which reported a reduction in their accident rates by 21% from 1992 to 1993 

after installation of collision warning systems in their bus fleet (Ozbay and Kachroo, 1999). 

Thus, it becomes imperative to design collision warning systems tailored to the needs and 

limitations of the user population.  

 

The effectiveness of a warning system is accomplished when it can alert the driver of the 

presence and nature of a potential hazard. Elderly drivers, due to their cognitive, sensory and 

physical limitations, pose a challenge to IVIS (Intelligent Vehicle Information Systems) 

designers. The research would provide insight for the designers to determine the range of Pulse 

Intensity Level (dBL) for the urgent warning system to be set at in order to impersonate the 

feeling of situational urgency in elderly drivers addressing their issues of safety and comfort. It is 

believed that designing for the elderly population would satisfy the needs of the younger 

demographics and thus different designs would not be needed. Also, different designs for elderly 

and young would not be feasible economically as it would raise the overall cost of the vehicle.  
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APPENDICES 

APPENDIX A 

AUDIOMETRIC TESTING FORM 
 

 
 
 

Pure-Tone Audiometric Test for Normal Hearing 
 
 

Subject: ________________________________ Age:_____ Sex:_____ 
 
Phone:____________________ Screening Date:_________ Qualify?____ 
 
 

Right Ear 
 Frequency       final 
 Hz t-1 t-2 t-3 t-4 t-5 t-6 threshold 
 
   
 250 _____ _____ _____ _____ _____ _____ _____ 
 
 1000 _____ _____ _____ _____ _____ _____ _____ 
 
 2000 _____ _____ _____ _____ _____ _____ _____ 
 
 4000 _____ _____ _____ _____ _____ _____ _____ 
 
   
 

Left Ear 
 Frequency       final 
 Hz t-1 t-2 t-3 t-4 t-5 t-6 threshold 
 
  
 250 _____ _____ _____ _____ _____ _____ _____ 
 
 1000 _____ _____ _____ _____ _____ _____ _____ 
 
 2000 _____ _____ _____ _____ _____ _____ _____ 
 
 4000 _____ _____ _____ _____ _____ _____ _____ 
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APPENDIX B 

DRIVING QUESTIONNAIRE 

Personal Driving Data and Medical History 

Virginia Tech, ISE Department 

 

Assessment of Age-Related Visual Acuity and Auditory Warning Design    

         Date _____________ 

Number ______________________Phone_____________________ Age  _____________ 

Sex  __________ Height (ft in)  _______________ Weight (lb)  _____________ 

In case of emergency contact:  Name  ______________________  Phone  ____________ 

 

1. Do you have a valid driver’s license?  Yes________  No________ 

2. How long have you had your driver’s license?  ___________________________ 

3. How often do you drive each week? ____________________________________ 

4. What type of vehicle do you currently drive?  _____________________________ 

5. Have you been involved in any accidents within the past 2 years?  If so, please explain.  

__________________________________________________________________ 

6. Do you drive during the night?  Yes _________  No  __________  If no, please explain.  

___________________________________________________________________ 

7. If you do drive at night, how often do you drive at night?  Every day____________  

At least twice a week _____________    Less than twice a week  _______________ 

8. Do you drive in an area that does not have overhead lighting at night?  If so, please explain.  

____________________________________________________________ 
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9. Do you usually drive in an area that does have overhead lighting at night? ________ 

10. Do you have any vision and hearing impairments that restrict your night driving?  If so, 

please explain.  ____________________________________________________________ 

11. Do you have normal or corrected to normal vision?  If no, please explain.  

___________________________________________________________________ 

12. Do you wear hearing-aid? ______________________________________________ 

13. Do you wear hearing-aid when driving?  __________________________________ 

 

Check if susceptible to: 

Shortness of breath  _____ Dizziness  _____ Headaches  _____    Fatigue  _____ 

Pain in arm, shoulder or chest  ______ 

If you checked any of the items above, please explain:  ___________________________ 

_______________________________________________________________________ 

 

Are you currently taking any type of medication ?  ______  If so, please explain:   

_______________________________________________________________________ 

 

Have you had or do you now have any problems with your blood pressure ?  _______  If so, 

please explain:  ________________________________________________________ 
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APPENDIX C 
 
INFORMED CONSENT FORM 
 
 
 

Virginia Polytechnic Institute and State University 

Informed Consent for Participants of Investigative Projects 

Grado Department of Industrial and Systems Engineering 

Virginia Tech 

 

TITLE:  Effects of Multi-Modal warning systems on elderly drivers’ perceived urgency and 

comfort  

      PRINCIPAL INVESTIGATOR:  Arka Ghosh. 

 

I.  PURPOSE   

       The primary objective of the study was to investigate multi-modality effects on the 

perception of urgency in elderly drivers. It was proposed that multi-modality (vision and 

auditory) would affect the dependent variable, perceived urgency and the same perception of 

urgency would be created with a lower level of pulse intensity. This would theoretically increase 

comfort of elderly drivers while addressing issues of safety. Its practical implications would be 

in designing collision warning systems not only for the elderly drivers’ but also could be 

extended to younger individuals. 

II.  PROCEDURE  

1. Read and sign this Informed Consent Form. 

2. Participate in two hearing tests. 
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Study 1:  Audiogram 

You will be asked to sit in a sound booth while listening for very faint tones presented to one ear 

at a time – at this time we ask that you listen very intently.  You will be given a response switch, 

please hold the response switch and pressed just as soon as the tone is heard and continue to hold 

down until the tone is no longer heard.  Afterwards, release the pushbutton and leave it released 

until a tone is again heard.  You will repeat this procedure several times until it is completed.  

You may stop at any point of the session, and ask any questions necessary.  The experimenter 

will answer all necessary questions. 

 

Study 2:  Perceived Urgency Test 

You will be given a series of tones at various frequencies with background noise (similar to noise 

in the car), in which you will be allow to adjust sound intensity levels utilizing dials to your 

right.  We ask that you adjust according to your perception of urgency.  The experimenter will 

give you the definition of the “urgency”.  While you are participating in this testing session, we 

ask that you focus your eyes on the monitor front of you.  A driving scene will be displayed on 

the TV.  You may stop at any point of the session, and ask any questions necessary.  The 

experimenter will answer all necessary questions. You will be allowed to rest after each session.  

 

III.  RISKS OF PARTICIPATION 

Minor irritation of the eyes, and momentary blur vision:   Risks will be minimized 

through resting of the eyes.   
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IV.  BENEFITS  

While there are no direct benefits to you from this research, you may find the experiment 

interesting.  No promise or guarantee of benefits is made to encourage you to participate.  Your 

participation may provide a better understanding of your visual and auditory perception 

characteristics during daytime and nighttime conditions.  

  

V.  COMPENSATION 

 Monetary compensation will be provided ($10.00 per hour). 

 

VI.  ANOYNMITY AND CONFIDENTIALITY 

The data from this study will be kept strictly confidential.  No data will be released to anyone but 

the principal investigator and graduate students involved in the project without written consent of 

the subject.  Data will be identified by subject number. 

 

VII.  FREEDOM TO WITHDRAW 

 You are free to withdraw at any time from the study for any reason.  Circumstances may 

come up that the researcher will determine that you should not continue as a subject in the study.  

For example, an illness could be a reason to have the researcher stop your participation in the 

study. 

 

VIII.  APPROVAL OF RESEARCH 

 This research has been approved, as required, by the Institutional Review Board for 

Research Involving Human Subjects at Virginia Tech, and by the Grado Department of Industrial 
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and Systems Engineering.  You will receive a copy of this form to take with you. 

 

VIIII.  SUBJECT PERMISSION 

 I have read the informed consent and fully understand the procedures and conditions of 

the project.  I have had all my questions answered, and I hereby give my voluntary consent to be 

a participant in this research study.  I agree to abide by the rules of the project.  I understand that 

I may withdraw from the study at any time. 

 

If I have questions, I will contact:  Principal Investigator:  Thurmon E. Lockhart, Assistant 

Professor, Grado Department of Industrial and Systems Engineering, 231-9088. 

Chairman, Institutional Review Board for Research Involving Human Subjects:  David Moore, 

231-4991. 

 

Signature of Subject  __________________________________________ Date:   

 

Signature of Project Director or his Authorized Representative: 

___________________________________________________________ Date:   

 

Signature of Witness to Oral Presentation: 

___________________________________________________________  

Date:   
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APPENDIX D 

DATA SHEET 

Calibration Measure -   

Noise - …….dBA 

Participant Number -………. 

 

Visual Acuity 

Far -………. 

Near -……….. 

 

Color Test -………. 

            

            Single Modality (dBL) 

Trial 1. …….. 

Trial 2……… 

Dual Modality (dBL) 

Trial 1……… 

Trial 2……… 
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APPENDIX E 

RATING SCALE 

TEST 1. – SINGLE MODALITY 

 

 
Feeling                          Not Feeling                                      Feeling                           Not  
Urgent                           Urgent                                              Cautious                   Cautious 

 

 

TEST 1. – DUAL MODALITY 

 

 
Feeling                          Not Feeling                                      Feeling                           Not  
Urgent                           Urgent                                              Cautious                   Cautious 
 

 

TEST 2.– SINGLE MODALITY 

 

 
Feeling                          Not Feeling                                      Feeling                           Not  
Urgent                           Urgent                                              Cautious                    Cautious 
 
 
 
TEST 2. DUAL MODALITY 

 

 
Feeling                          Not Feeling                                      Feeling                           Not  
Urgent                           Urgent                                              Cautious                    Cautious 
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