
ABSTRACT 

TAYLOR, JESSECA ROSANNE ISRAEL. Effects of Speaker Voice and Warning 
Content on Acceptability of Spoken Fire Evacuation Warnings. (Under the direction 
of Dr. Michael S. Wogalter.) 
 

Speech warnings are beneficial because they can provide important safety 

information to people using existing language that people already understand.  In the 

case of auditory fire warning systems, most current systems use simple sounds to 

indicate that fire may be present, but they do not provide important safety evacuation 

information.  The current study examined (a) whether voice type (3 male voices, 3 

female voices) used to enunciate fire evacuation instructions affects warning 

acceptability and (b) whether the content and length of instructions (15 spoken fire 

warnings and 2 non-speech sounds) will affect their acceptability.  Sixty-five 

volunteers rated a total of 92 spoken fire evacuation warnings and non-speech 

sounds.  The results showed that 2 male and 1 female voices produced higher 

ratings of acceptability than the other male and female voices.  The analyses also 

indicated that ratings were higher for fire warnings that provided evacuation 

instructions and communicated the need to evacuate right away as compared to 

warnings that consisted of some or none of that information.  Warning duration was 

shown to be a predictor of ratings: Warnings that were longer in duration (in terms of 

time taken to enunciate content) tended to produce higher ratings.  However, the 

longest warnings were too long showing decreased acceptability ratings than those 

that were less lengthy. These results support previous research on length in visual 

fire warnings.  Implications and future research are discussed.           
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Introduction 

To be effective, warnings should be designed so that people notice, read, 

understand, and comply with them.  An extensive body of research has been 

published on visual warnings on the characteristics that benefit their effectiveness 

such as color, pictorials, placement, and size.  For example, Wogalter, Conzola, and 

Smith-Jackson (2002) reviewed studies that found certain features and factors of 

visual warnings to influence noticeability, comprehension, memory, and compliance 

of safety instructions.  Although most warning research has focused on visual 

warnings, there is a large body of warning research indicating auditory warnings can 

be beneficial for communicating important safety information. Wogalter and Young 

(1991) examined compliance to warning information about wearing gloves and a 

mask while working with chemicals.  They manipulated the modality of the warnings 

presented, and found that compliance was significantly higher when the warning 

information was presented vocally as compared to the same information presented 

in printed format.  However, compliance was highest when the warning information 

was presented both vocally and in print.  Other studies have found vocal warnings 

produced higher rates of compliance compared to similar warning content presented 

visually (e.g., Conzola & Wogalter, 1999; Wogalter, Kalsher, & Racicot, 1993).  On 

the other hand, some research suggests that recall of warning content is better when 

presented in print versus voice in alcohol-beverage video advertisements (Barlow & 

Wogalter, 1993).  In a similar vein, Wogalter, Shaver, and Kalsher (2014) reported 
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higher recall of risk information from prescription drug advertisements when 

disclosures were printed on the screen compared to disclosures presented vocally 

(though not statistically significant).  Similar to Wogalter and Young (1991), recall 

was highest for risk disclosures presented in both vocal and printed formats.          

An auditory warning is one that consists of sound or voice, and this sound or 

voice is evoked after something elicits it.  For example, a warning may be evoked 

after sensors for temperature and pressure have exceeded a designated threshold 

value (Edworthy & Hellier, 2001).  One purpose of this sound or voice is to attract 

the attention of receivers to the warning.  The sound or voice may then inform the 

intended receiver(s) about hazardous events, which is a second important purpose.   

A major advantage of auditory warnings is that they are omnidirectional.  

Receivers do not have to have their attention directed to these warnings in order to 

notice or receive the content (Haas & Edworthy, 2006). Visual warnings, on the other 

hand, require the material to be in the visual field for receivers to see the warning 

content in order to notice and receive important information.   

Auditory warnings can be classified as simple non-speech, complex (coded) 

non-speech, and speech warnings (Wogalter, 2012).   Simple non-speech warnings 

are typically sounds such as beeps, buzzers, and bells.  They are commonly used in 

a variety of products such as microwaves, automobiles, and smoke detectors.  The 

drawback with simple non-speech warnings is that they provide limited information.  
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They can communicate that there is a problem and possibly the location of the 

problem but not much else. 

Complex (coded) non-speech warnings have more information coded into 

sounds compared to simple non-speech warnings.  Information is coded into 

warnings using frequency, amplitude, modulation of amplitude, and etc.  These 

warnings are found in certain occupational environments such as aircraft cockpits.  

Cockpit auditory displays have many classifications of coded, non-speech warnings.  

Kantowitz and Sorkin (1983) provided a summary table of possible cockpit warnings 

found in various aircraft, such as the 727, 747, and DC-8.  For example, Bell A and 

Bell D warnings signal engine fire and excessive airspeed, respectively, in the 727 

aircraft.  Pilots need to know frequency, loudness, and other descriptors to make 

distinctions among the bell warnings and many other sounds.  Bell A is coded at a 

frequency between 600 and 10,000 Hz, amplitude between 88 to 98 dB, and sounds 

continuously.  Bell D has the same frequency range as Bell A but an amplitude 

between 90 to 100 dB and sounds as an interrupted, non-continuous sound.  Some 

aircraft have up to 40 warnings sounds; pilots must learn a large number of warning 

sounds and differentiate sounds and comprehend their meanings, which is a 

drawback of complex (coded) non-speech warnings.  People must receive training to 

learn the relationships between sounds and their meanings.  In general complex 

warnings’ meanings are usually not understood without training. 
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There are several potential issues with both types of non-speech warnings.  

Warnings that are too loud can be aversive to people.  This is especially true when 

warnings are overused.  If people consider such warnings as nuisances, they might 

disable the warning system (e.g., smoke detectors).  Warnings that are too low to be 

heard are an issue too.  Other louder sounds can mask important warning sounds. 

Speech warnings use speech to directly communicate information to people.  

Extensive training is not needed because people can use pre-existing knowledge of 

language to comprehend the spoken messages.  Warnings can be presented such 

that people are not required to translate arbitrary codes into meaningful concepts, 

which might be especially beneficial for certain populations such as children and 

illiterates.  Because speech warnings do not require as much training as non-speech 

warnings, they can be used in non-occupational settings (e.g., shopping malls, office 

buildings, and schools) where training is impossible or limited. 

Although speech warnings do not require as much training as complex 

(coded) non-speech warnings, there are potential issues that must be considered 

when using speech warnings.  Speech warnings cannot be excessively long 

because long warnings might delay response to the warnings.  In emergencies 

people need to respond quickly to eliminate or remove themselves from hazardous 

situations.  Furthermore, the language used to communicate warnings must be 

considered.  People might have difficulties understanding warnings that use 

complex, low frequency words and complex sentence structures.  
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Fire warning systems in particular have long benefited from the use of 

auditory warnings.  In 2013, U. S. fire departments responded to 1,240,000 fires 

(Karter, 2014).  Of the fires reported, there were 3,240 civilian deaths and 15,925 

civilian injuries.  Ahrens (2014) reported that the death rate in reported home fires 

was at least two times higher in homes without smoke alarms or with inoperable 

smoke alarms than the death rate associated with homes with working smoke 

detectors.  These statistics show that fire warning systems are instrumental in 

protecting people and property from fires.      

 To date most fire warning systems are non-speech, auditory warnings that 

employ bell, buzzer, or siren-type tones. These warning systems usually have two 

functions: a sensor that detects heat and/or smoke and a warning alerting people of 

the fire.  In large building structures, fire alert systems typically installed are smoke 

detectors and heat detectors, combined with an auditory warning (Williamson, 2006). 

As mentioned before, one major disadvantage of non-speech auditory warnings is 

that the receivers of those warnings must correctly associate a hazard to the sound 

(i.e., relate the sound to be a fire alarm).  For instance, when a buzzer sounds over 

an intercom or speaker system in a public building, do all of the occupants know 

what it is signaling?  In comparison to non-speech fire warnings, spoken fire 

warnings can use language to directly communicate more information during fire 

emergencies.   
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 In the following sections, a background on acoustic characteristics associated 

with speech warnings is presented. Then, a review on the effects of warning content 

is provided.  Lastly, the current study and hypotheses are presented.   

Acoustic Characteristics 

 Research on speech warnings shows that characteristics such as loudness, 

voice presentation style, and speaker gender can influence perceived urgency (e.g., 

Hellier, Edworthy, Weedon, Walters, & Adams, 2002) and objective response 

measures (e.g., Arrabito, 2009; Baldwin, 2011).  Perceived urgency has been 

examined in numerous auditory warning studies.  The urgency of a warning is tied to 

certain physical acoustical characteristics, such as amplitude and frequency, as well 

as semantic content (Edworthy & Hellier, 2006).  Perceived urgency is a potentially 

important factor for warnings (e.g., Edworthy, Loxley, & Dennis, 1991).   In addition 

to perceived urgency, other response measures (ratings) such as intended 

carefulness (Barzegar & Wogalter, 1998, 2000; Hollander & Wogalter, 2000), 

perceived believability and appropriateness (Edworthy, Hellier, Walters, Clift-

Mathews, & Crowther, 2003) have been assessed with respect to different spoken 

warnings.   

   Loudness.  Sound is mechanical energy in some medium, usually air.  

Sound loudness is considered a psychological sensation of amplitude--the intensity 

or pressure of sound (Moore, 1989).  Research indicates that loudness (a subjective 

measure) influences warning measures.  Barzegar and Wogalter (2000) manipulated 
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the sound level of various spoken warning messages, and measured intended 

carefulness associated with the warnings.  They reported that participants gave 

higher carefulness ratings to spoken warnings presented at higher amplitudes.  

Intended carefulness has been found to be strongly and positively related to urgency 

and hazardousness.  Hellier, Edworthy, Weedon, Walters, and Adams (2002) found 

that spoken signal words presented at higher amplitudes received higher perceived 

urgency ratings than those signal words presented in lower amplitudes.  

Vocal presentation style.  Research demonstrates that the perceived 

importance of a spoken warning is influenced by the manner in which a warning is 

spoken.  In particular, warnings enunciated in a rushed, faster manner tend to be 

perceived as more urgent and more important than the same warnings enunciated in 

a relaxed, conversational or in a monotone, flat manner.  Barzegar and Wogalter 

(2000) presented voiced warnings in three different vocal styles: monotone, 

emotional, and whisper.  Their results showed that vocal style affected intended 

carefulness ratings for warnings.  Warnings spoken with an emotional voice received 

significantly higher carefulness ratings than the same warning content spoken in a 

monotone and a whisper voice with loudness held constant across conditions.  

Warnings enunciated in a monotone voice received the lowest ratings.  Hellier et al. 

(2002) also manipulated vocal style and evaluated perceived urgency of various 

signal words, such as deadly, danger, warning, and caution.  They found that the 

signal words spoken in an emotional voice were rated more urgent than words in 
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non-urgent, conversational or a monotone voice.  Furthermore, participants in 

another study responded faster to verbal cockpit warnings enunciated in a monotone 

or urgent voice during a dual task experiment (listening and tracking tasks) as 

compared to the same warnings spoken in a whisper voice (Arrabitio, 2009, Study 

1).  Edworthy, Hellier, Walters, et al. (2003, Study 1) reported that signal words 

spoken in an urgent tone were perceived more urgent, believable, and appropriate 

compared to signal words spoken in an non-urgent tone.       

 Speaker gender.  Speaker gender has received some attention in warning 

research.  One characteristic that is used to differentiate gender is pitch.  Pitch is 

associated with the physical sensation of frequency.  In humans, auditory frequency 

is generally positively correlated with perceived pitch (Edworthy & Hellier, 2006).  

Higher voice pitches are usually associated with the female voice, and they also 

tend to elicit higher perceived urgency (e.g., see Hellier et al., 2002, Patterson, 

1982).  Hellier et al. (2002) manipulated various parameters including speaker 

gender, and they found overall that signal words spoken by a female actor were 

rated as more urgent.  Others have found a similar main effect indicating that signal 

words enunciated in a female voice tend to produce higher ratings of intended 

carefulness (e.g., Barzegar & Wogalter, 1998; Hollander & Wogalter, 2000).   

While there are studies that show the female voice tends to be more effective, 

there are also studies that show the male voice is more effective than female voice 

or show that gender does not have a statistical effect.  For instance, Arrabito (2009) 
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found that participants were able to identify more cockpit warnings spoken with the 

male voice presented in a noisy environment.  Edworthy, Hellier, Walters, et al. 

(2003) presented recordings of signal words enunciated by two actors, and found 

significant main effects of speaker gender on urgency, believability, and 

appriopriateness.  In general, the male voice produced higher ratings.  

Barzegar and Wogalter (2000) reported an interaction effect of vocal style and 

speaker gender: Warning statements enunciated by females in an emotional voice 

produced higher intended carefulness ratings than statements enunciated by males 

in an emotional voice.  However, a reversed pattern was found for the statements in 

a whisper tone.  Male voice produced higher ratings.  Arrabito (2009) did not find a 

speaker gender effect when warnings were presented in a quiet background (Study 

1). Also, Edworthy, Hellier, Walters, et al. (2003) used female and male synthesized 

voices to present warning stimuli, and in this study they did not find an effect of 

gender on warning perceived urgency, believability and appropriateness.   

The disparate results from the above studies suggest that more research is 

needed on speaker gender.  Two auditory warning studies used multiple male and 

female speakers, but aggregated data from the individual speakers into gender 

categories for analysis (Barzegar & Wogalter, 1998, 2000; Hollander & Wogalter, 

2000).  For example in Hollander and Wogalter (2000), three male and three female 

speakers enunciated signal words (which were manipulated with sound editing 

software to repeat three times).  However, they did not report whether analyses on 
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individual speakers was conducted.  Likewise, Barzegar and Wogalter (2000) did not 

report any analyses of individual voice.  Other studies mentioned in this review 

(Arrabito, 2009; Edworthy, Hellier, & Rivers, 2003; Edworthy, Hellier, Walters, et al., 

2003) have used only two speakers—one from each gender.  Baldwin (2011) used 

one male speaker in one study and a female speaker in the other study.   

The methodologies used in the abovementioned studies limit the 

generalization one can make about gender.  Many studies have used 2 levels for 

gender manipulation when there are probably many other confounding variables co-

varying with these 2 levels of gender. One issue is there is variation and overlap in 

male and female voices.  The distribution for male voices probably overlaps with the 

female voice distribution.  Some speakers have ambiguous voices, meaning that 

gender cannot be identified according to their voices.  For example, if a male 

speaker has a high pitched voice that is perceived to sound female, how do 

researchers categorize this ambiguous voice?  Edworthy, Hellier, and Rivers (2003) 

examined whether using an unambiguous, female speaker (average fundamental 

frequency of 600 Hz) versus an ambiguous, female speaker (average fundamental 

frequency of 400 Hz) to enunciate signal words would influence perceived urgency 

ratings.  Prior to the study, a different sample of raters labeled female speakers’ 

voices as male or female.  The unambiguous voice that was chosen for the study 

was labeled female by all of the raters.  The ambiguous voice that was chosen was 

labeled male by roughly half of the raters.  The results showed that the ratings 
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associated with the unambiguous female speaker were significantly higher than 

ratings from the ambiguous female speaker.  Nevertheless, the researchers used 

only two speakers, and they did not include male speakers.      

How would warning effectiveness compare if the speaker had a voice like 

James Earl Jones, who is an American actor known for his low, commanding, 

masculine voice as compared to a female with a high pitched, whiny voice (for 

example, Fran Drescher)?  If James Earl Jones’ commanding voice produces high 

urgency then this would contradict research findings that show higher pitched voices 

are generally better for warnings (e.g., Edworthy & Hellier, 2006; Patterson, 1982).  

Indeed some anecdotal evidence shows that lower, masculine voices are effective in 

commanding attention to television programs.   

As can be seen there are some discrepancies in the literature on the effect of 

speaker gender on measures related to perceived urgency.  Thus, one purpose of 

this study was to examine different male and female voices’ effects on people's 

ratings of auditory voiced warnings.  In addition to acoustic characteristics on 

auditory warning design, semantic content may also be important to consider (see 

Edworthy & Hellier, 2006).  Therefore, the other purpose of this study was to 

examine how fire warning content affects ratings.               

Warning Content 

 The main purpose of warnings is to provide safety information so that people 

can make informed decisions on how to avoid hazards and property damage 
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(Wogalter, 2006).  Thus far, warnings research literature indicates that warnings 

should include specific details such as potential hazards, consequences, and 

instructions to increase warning effectiveness (Laughery & Smith, 2006).  Research 

demonstrates that providing highly explicit information in printed product warnings 

increases perceived danger, comprehension of hazard, and intentions to act with 

caution (e.g., see Laughery, Vaubel, Young, Brelsford, & Rowe, 1993).  

 Signal word.  Warning research has focused on investigating the effect of 

signal word on warning response measures. Signal words serve several purposes: 

to direct receivers' attention to the warning and to inform warning receivers about the 

level of hazard present (ANSI, 2002; Hellier & Edworthy, 2006).  ANSI (2002) 

recommends using signal words, DANGER, WARNING, and CAUTION, on printed 

warnings to connote different levels of hazard.  Research on printed warnings has 

shown that some signal words recommended by ANSI and other signal words 

connote different levels of hazard (e.g., Chapanis, 1994; Hellier & Edworthy, 2006; 

Wogalter & Silver, 1995).     

Most signal word research has been conducted on visual printed forms.  

Speech warnings research has also investigated the effects of signal words on 

peoples' perceptions of hazard-related dimensions.  Most of the studies on auditory 

warnings mentioned in this review (Arrabito, 2009; Barzegar & Wogalter, 1998, 

2000; Edworthy, Hellier, & Rivers, 2003; Edworthy, Hellier, Walters et al., 2003; 

Hellier et al., 2002; Hollander & Wogalter, 2000) have found effects of signal words 
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on different measures.  For example, Arrabito (2009) presented six spoken cockpit 

warnings.  The study showed that participants had faster response times for the 

word “Bingo” compared to other signal words: “Caution,” “Climb,” “Gear,” “Lock,” and 

“Warning.”  Barzegar and Wogalter (1998) reported that there were differences 

among the ratings for intended carefulness for five signal words, “Deadly,” “Danger,” 

“Warning,” “Caution,” and “Notice,” from highest to lowest ratings, respectively.  The 

ratings for “Warning” and “Caution” did not differ from each other.  In addition, 

Hollander and Wogalter (2000) found that intended carefulness ratings for “Deadly,” 

“Danger,” and “Warning” were higher than ratings for “Caution” and “Notice.”  In 

Study 1 and Study 2, Edworthy, Hellier, Walters et al. (2003) observed an effect of 

signal word on perceived urgency ratings.  In Study 2, they found an effect of signal 

word on believability and appropriateness ratings when signal words were presented 

in synthesized voices.  Hellier et al. (2002) found a significant effect of signal word 

on perceived urgency ratings.    

Most of the studies in this review, with the exception of a few (Baldwin, 2011; 

Barzegar & Wogalter, 2000), used single signal words as stimuli.  In real world 

settings, most visual and auditory warnings are not limited to single signal words.  

Therefore, auditory warning research should focus on more complex warnings in 

order to increase external validity. 

Multiword warnings. Few studies on auditory speech warnings have used 

stimuli that are realistic to what would appear in real world warnings.  In a series of 
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studies, Baldwin (2011) created collision avoidance warnings by combining single 

warning words, for example, “Caution,” “Warning,” and collision avoidance 

statements, such as "Decrease speed," "Tailgating," and "Following too close."  An 

example of a complete message presented to participants was "Warning! Following 

too close." Participants responded to these warning messages while engaged in a 

driving simulation.  Barzegar and Wogalter (2000) also used more realistic warnings 

in their study.  They used warning statements that were combinations of signal word, 

hazard type, and instructions.  The warnings in Baldwin (2011) and Barzegar and 

Wogalter (2000) provided information about potential hazards and/or instructions on 

avoiding hazard. 

 Fire alarms could benefit from incorporating evacuation instructions to 

facilitate quick and safe evacuations.  Some research on appropriate instructions for 

aiding children in responding to smoke alarms exists (Smith & Wogalter, 2007).  In 

Smith and Wogalter (2007), evacuation instructions were shown to participants as 

visual print text but participants were asked to imagine the instructions as being 

spoken.  Fire experts recommend that evacuees use stairs instead of elevators 

during fire emergencies because elevators can malfunction or go to floors with fires 

(NFPA, 2011).  Although public-use elevators have signs nearby warning to avoid 

using elevators and use stairs, the warning messages on the signs appear to have 

received very little attention in research.   
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In one study, Taylor and Wogalter (2012) manipulated fire warning 

instructions to examine how acceptable those instructions were if presented in a 

hypothetical fire emergency (Taylor & Wogalter, 2012).  Participants rated 13 

evacuation warnings printed on paper.  Participants rated the warnings on how 

acceptable they would be as visual fire warnings.  The warnings composed of 

several phrases.  They began with a signal phrase "Fire," which was given twice 

("Fire, Fire").  The other two phrases, egress (evacuation) immediacy and egress 

directive were manipulated such that some warnings had none, one, or both 

phrases.  The egress immediacy phrase was included to encourage people to 

evacuate a building quickly.  The egress immediacy phrases used in the warnings 

were "Exit Now" (short form) and "Exit Immediately" (longer form). Some warnings 

had no immediacy phrase.  Other warnings included either the short form or long 

form of the immediacy phrase. 

The egress directive phrase provided specific evacuation instructions.  The 

possible egress directives used in the warnings were: "Use Stairs" and "Do Not Use 

Elevator."  Some warnings did not include the directive phrase.  Other warnings 

included either one directive or the other.  Several fire warnings had both egress 

directives, and the order of these directives were manipulated (i.e., some warnings 

had "Use Stairs" precede "Do Not Use Elevator" and others were in the reverse 

order).  In addition to manipulating the order of the egress directives within a 

warning, the order of the egress immediacy and directive(s) were manipulated.  
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Some warnings were presented with the directive following the immediacy phrase 

(e.g., “Exit Now, Use Stairs”) and in the reverse order (e.g., “Use Stairs, Exit Now”).    

Taylor and Wogalter (2012) found people rated fire warnings with immediacy 

and directive phrases (e.g.,, "Fire, Fire, Exit Now, Use Stairs") to be more 

acceptable than the simplest (and shortest with least amount of content) warning, 

"Fire Fire," which received the lowest ratings.   Furthermore, longer warnings with 

more syllables were rated more acceptable than shorter warnings, but an 

intermediate length warning (7 syllables), "Fire, Fire, Exit Now, Use Stairs," had the 

highest rating in a set of warnings that ranged from two syllables to 16 syllables.  

The results suggested that warning brevity and completeness influence what 

warnings should be presented during a possible fire emergency.  “Fire, Fire” is an 

example of a brief warning that people may perceive to be incomplete because it 

does not provide specific evacuation details.  Warnings need to be brief so that 

occupants get necessary information quickly, but long enough to provide important 

information (Wogalter, DeJoy, & Laughery, 1999).  This study was the first to 

manipulate and evaluate evacuation steps in visual fire warnings, but no research 

has systematically manipulated fire evacuation information in auditory fire warnings.                        

Present Study 

The present study had several purposes.  It extends the study conducted by 

Taylor and Wogalter (2012) in which potential fire evacuation warnings were 

presented as statements in print format.  The present study presented fire 
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evacuations warnings as auditory warnings.  It included warnings enunciated by 

multiple male and female speakers.  Also, warnings with multiple phrases were used 

rather than just single signal words.  The current study sought to address several 

research questions: 1) explore how gender and speaker voice affect acceptability 

ratings of verbal fire evacuation warnings, 2) examine what fire evacuation warnings 

(i.e., warning content) are most acceptable for a fire warning, and 3) evaluate the 

relationship between fire evacuation warning duration and fire warning acceptability.  

These research questions were investigated using the hypotheses below. 

Hypothesis 1.  There will be a significant difference in acceptability ratings 

for warnings enunciated by males and females.  When warnings are analyzed 

according to gender, either gender is expected to produce significantly higher 

ratings.  Additionally, individuals within each gender are expected to have “mixed” 

ratings; some male and female speakers will receive relatively high ratings.  

Similarly, some male and female speakers will receive low ratings.     

Hypothesis 2.  It is expected that there will be no significant difference in 

ratings for the spoken warning "Fire, Fire" and a buzzer-type fire warning because 

they have similar semantic meanings.  Both indicate that a fire is present but do not 

offer any other instructions.  The buzzer warning should be interpreted as a fire 

alarm as opposed to a security or carbon monoxide alarm.  Furthermore, the white 

noise sound is expected to receive the lowest ratings because this sound is not 

usually associated with fire alarms.  There will be a main effect of spoken warning 
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content on acceptability ratings.  “Fire, Fire” will have significantly lower ratings than 

all other spoken warnings.        

Hypothesis 3.  Some warnings in this study were manipulated to consist of 

specific phrases that communicated the need to evacuate quickly and explicit 

evacuation instructions.  Some warnings included an egress immediacy phrase, 

which stated to exit immediately or exit now (i.e., the shorter form).  Some included 

one egress directive phrase (“Use Stairs” or “Do Not Use Elevator”) while other 

warnings had both instructions.  A main effect of egress immediacy on ratings is 

expected; warnings with an egress immediacy phrase are expected to receive higher 

ratings than ones without the phrase.  Additionally, there will be a main effect of 

egress directive on ratings; warnings with an egress directive(s) would have higher 

ratings than ones without directives.  Significant 2-way and 3 interactions were 

expected.   

 Hypothesis 4.  In Taylor and Wogalter (2012), warnings with more syllables 

were found to be more acceptable fire warnings, but the warnings with the most 

syllables did not have the highest ratings.  The warning stimuli in that study had a 

smaller syllable range as compared to the stimuli used in the current study.  

Therefore, a similar trend is expected in this study.  Duration (time taken to speak 

warning) was expected to be related with acceptability ratings.  More specifically, 

duration was expected to have a curvilinear-shaped relationship (quadratic) with 

acceptability ratings.  The general trend will begin as a positive, linear relationship 
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between duration and ratings with longer durations generating higher ratings.  More 

complete evacuation information may take longer to be enunciated because there is 

more information to be presented.  Warnings that too much time to be presented 

might not give people sufficient time to listen and respond safely.  Longest durations 

are expected to have lower acceptability ratings.        

Additional analyses were conducted and are described in the Results section.   

Method 

Design 

 A 6 (Speaker Voice: male 1, male 2, male 3, female 1, female 2, female 3) X 

15 (Spoken Warnings) factorial design was used.  The dependent variable was 

perceived acceptability.  This measure of acceptability was chosen because has 

been used as a measure in previous studies that evaluate product labels (e.g., Lim & 

Wogalter, 2006) and in a study that evaluated visual fire evacuation warnings (Taylor 

& Wogalter, 2012).  Acceptability is a global-type measure that likely includes 

different measures such as perceived urgency, believability, appropriateness, and 

perceived hazardousness.   

Participants 

 Seventy undergraduate students from introductory psychology courses at 

North Carolina State University participated, but five students' data were eliminated 

from analyses because they did not give a rating for one or more warnings. The final 

sample comprised of 31 males (47.7%) and 34 females (52.3%).  The participants' 
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ages ranged from 18 years to 25 years (M = 18.7 years, SD = 1.33).  Participants' 

reported their ethnicity as follows: 42 (64.6%) Caucasian, 4 (6.2%) African, 7 

(10.8%) African American, 8 (12.3%) Asian, 1 (1.5%) East Indian, 1 (1.5%) Hispanic 

or Latino, and 2 (3.1%) Mixed Race.  Fifty-five (84.6%) participants reported English 

as their native language.  The other native languages reported were: 4 Chinese, 2 

Vietnamese, 1 Spanish, 1 Arabic, 1 Urdo, and 1 Gujarati. Participants were asked to 

report any diagnosed hearing problems: One participant reported being diagnosed 

with Tinnitus and was allowed to participate.  Sixty-four participants were scored on 

a Hearing Screen Inventory, which assesses for hearing loss (Coren & Hakstian, 

1992).  One participant was eliminated from the screening due to not answering all 

of the questions.  Three other people had mild hearing impairments according to the 

scoring criteria; their scores were just above the cutoff score for normal hearing. All 

participants received research credit for volunteering to participate.  

Apparatus 

Several pieces of equipment and software were used.  Audacity, a free, open 

source, sound recording and editing software, was used to record speakers 

enunciating fire evacuation warnings.  A CAD Professional® microphone was used 

in recording speakers enunciating warnings.  A digital sound level meter was used to 

assure that all of the spoken warnings were recorded and presented at 

approximately 80 dB.  It is an approximate sound level because voices naturally 

fluctuate in sound level.  The chosen sound level (80 dB) is relatively loud but is 
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below the Occupational Safety and Health Standards (OSHA) standards for 

occupational noise exposure for 8 hours (90 dB) and 15 minutes (115 dB) 

(Occupational Safety and Health Standards 1910.95). Participants wore a pair of 

Sony MDR-XD100 stereo, over-the-ear headphones while listening to the warnings. 

An Acer Veriton X2110 desktop computer (with AMD Athlon ™ II X2 260 dual-core 

desktop processor) was used to play the warnings to the participants.  PRAAT 

speech analysis software program (http://www.praat.org) was used to calculate the 

duration of each speech recording sample (Boersma & Weenink, 2012). This 

software program has been used by other researchers to measure acoustic 

characteristics (e.g., Arrabito, 2009).   

Stimuli 

 Fire warning recordings.  Four male and four female native English 

speakers were recruited to prepare the voiced fire warning recordings.  The 

speakers were recruited from introductory psychology courses at North Carolina 

State University.  Speakers received either research or extra credit for participating.  

Each speaker spoke 30 warnings – all 15 fire warnings twice.  The reason for 

collecting repeat recordings was to have a backup available in case there was a 

problem (e.g., distortion) in one of the recordings.  One recording from each 

duplicate recording was used as a stimulus in the experiment.     

Prior to recording the warnings, the experimenter conducted a "voice training" 

session with each speaker.  First, the experimenter instructed speakers to enunciate 
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the warnings in a way to capture the attention of occupants in a building.  The 

experimenter asked the speakers to enunciate the warnings quickly but also to 

distinctly enunciate all of the words.  Speakers practiced enunciating the warnings 

until they maintained the sound level at a fairly consistent and approximate level of 

80 dB (measured by the sound level meter) and could produce recordings without 

distortion (i.e., no clipping shown on recording software).  Background noise in the 

room was approximately 40 dB.       

The actual recording process began after the training session was completed.  

The recording process was comprised of two recording sessions: one session to 

record the entire set of warnings once and another session to record the set again.  

The warnings were randomized such that no speaker enunciated the warnings in the 

same order.  Speakers enunciated the entire set of warnings (15) once, and again 

but in a different order.  The recording orders used are shown in Appendix A. 

The experimenter worked with one speaker at a time so only one speaker 

was present during a recording session.  The recording sessions were held in a 

small, quiet room. The microphone was positioned in a small microphone stand on a 

table in front of speakers.  All speakers sat in chair in front of the table while 

recording the warnings.  The experimenter sat in a chair adjacent to speakers.  The 

sound level meter was placed on the table near the speaker and experimenter, and 

its display faced the experimenter.  The computer was powered on with the Audacity 

software running.  The computer screen was in the experimenter's view, but turned 
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away from the person speaking to avoid distraction from the screen during the 

recording sessions.   

The speakers were given a set of note cards in which each card had a 

different printed fire warning.  The note cards were organized in a predetermined 

random order that was designated for that particular speaker.  The experimenter 

pressed the "record" button on the interface to begin recording and raised her left 

hand to signal to speakers to begin speaking.  Speakers enunciated the warning 

appearing on the top note card.  They were required to maintain the approximate 

sound level (80 dB) and to avoid distorted recordings that could clip parts of the 

sound.  The experimenter monitored the sound level meter while participants spoke 

and the Audacity interface to check for potential and actual clipping.  After the 

speaker enunciated the current fire warning, the experimenter stopped recording 

and saved the audio file (.wav file) on the computer.  If speakers were unable to stay 

within the appropriate recording range, the experimenter asked speakers to repeat 

the warning.  After the current warning had been recorded at an acceptable sound 

level and quality, speakers removed the top note card from the stack and proceeded 

to record the next warning.  This process continued until all of the warnings in the 

note cards were recorded.  Speakers took a brief break before beginning the second 

recording session.  The experimenter then re-arranged the note cards into another 

random order designated for that participant in the second recording session. 



24 
 
 

 

 

After all recording sessions were completed, the experimenter asked an 

independent person to rank the speakers in terms of urgency conveyed by speakers.  

Six speakers' (3 males, 3 females) recordings were chosen to be used as stimuli.  

The chosen speakers reported their ethnicity as follows: Male 1, Caucasian; Male 2, 

Caucasian; Male 3, Hispanic or Latino; Female 1, African American; Female 2, 

African American; and Female 3, Caucasian.  

After the final set of speakers and the warnings were chosen, the 

experimenter recorded the duration for each warning recording using PRAAT.  Each 

warning was uploaded into the software, which calculated the duration of the 

warning in seconds.  Additionally, the recorded warnings were loaded into 

WaveGain software to adjust their amplitude to approximately 80 dB.   

Fire warnings presented to participants.  There were a total of 90 spoken 

warnings and two non-speech sounds that were presented to participants.  These 

warnings were arranged into five different random orders.  The random orders were 

generated using a random number table.  The warnings are shown in Appendix B1 

and are listed according to levels of each independent variable: speaker voice and 

warning.  Participants were randomly assigned to one of the 5 orders of warnings 

(see Appendix B2 and B3).  Thirteen participants were assigned to each warning 

order.  

Table 1 shows the fire warnings used in the present study. Thirteen fire 

warnings in this study were also used in Taylor and Wogalter (2012).  Two additional 
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fire warnings were created for this experiment.  The two newly-generated warnings 

"Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator" and "Fire, Fire, Exit 

Immediately, Do Not Use Elevator, Use Stairs" were longer than the original 13 

warnings.  These warnings were included to have a more complete and 

systematically manipulated warning set for analyses.  There was a total of 90 

spoken fire warnings generated from six speakers each enunciating all 15 warnings.   

In addition to the 90 spoken fire warnings, two non-speech warnings were 

included. One sound was a short audio clipping of a buzzer-type fire alarm (3.16 s, 

~80 dB) produced by a Simplex 4100U Addressable Fire Alarm system.  This fire 

alarm was included to represent a non-speech, buzzer fire alarm (Williamson, 2006).  

This alarm produced three continuous buzz sounds (i.e., buzz, buzz, buzz).  It was 

included to compare its mean rating with the spoken warnings’ ratings.   The other 

sound was white noise (1.27 s, ~80 dB), which was generated using Audacity.  

White noise was used to represent a control condition.  It is a type of sound that 

people often hear (e.g., from air conditioners and fans) but it is typically not used in 

fire alarms.  Participants would not associate this sound to a fire emergency, and 

thus it was expected that it would not be rated as acceptable in this application. 

The participants' assignments to conditions are shown in Appendix B3.  

Participants listened to one of five different, random orders of the warnings.  The 

experimenter created a VLC media playlist (.vlu file) for each of the 5 random 

warning orders.  The playlists were organized such they appear in the designated 
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order with 7-second intervals of silence in between each warning.  The intervals of 

silence were included to give participants enough time to write down their ratings.  

Each playlist was saved and labeled accordingly. 

  
Table 1.  
Warnings used in present study. Warnings are presented in order according to 
levels of the warning factor used in a one-way ANOVA analysis. 
1. Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
2. Fire, Fire, Exit Now 
3. Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
4. Fire, Fire, Use Stairs 
5. Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
6. Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
7. Fire, Fire, Do Not Use Elevator, Exit Now 
8. Fire, Fire, Exit Immediately, Use Stairs 
9. Fire, Fire, Exit Immediately, Do Not Use Elevator 
10. Fire, Fire, Exit Immediately 
11. Fire, Fire, Exit Now, Use Stairs 
12. Fire, Fire, Do Not Use Elevator 
13. Fire, Fire, Use Stairs, Do Not Use Elevator 
14. Fire, Fire 
15. Fire, Fire, Exit Now, Do Not Use Elevator 
16. <Buzzer-type Fire Alarm> 
17. <White noise> 

Note: Italicized fire warnings were created for current study. The last two are non-speech 
warnings.  The remaining warnings were used in Taylor and Wogalter (2012). Warnings 
 are in a random and different order from the order used in Taylor and Wogalter (2012).  
 

Rating instructions. Participants read the instructions shown below (and 

shown in Appendix C1); the experimenter also read the instructions aloud before 

asking participants to put on headphones to begin the experiment. 

Imagine that you are working at large company and you hear a very loud fire alarm.  No 
one near you knows whether it is a real fire or just a fire drill.  You see people starting to 
leave the offices.  There is some confusion with a few people waiting for an elevator 
when they should be using the stairs.  In search for better ways to alert people and have 
them respond appropriately in real fire emergencies, we are examining the 
appropriateness of different warnings that could be given by electronic alarms.  We are 
trying to find out what kinds of warnings might be best to give in case of a building fire.  
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You will listen to a series of speech (verbal) statements and sounds, such as white 
noise and sirens. Imagine that the statements and sounds will be repeated as warnings 
to get people to leave the building safely and quickly.  Please rate each of the warnings 
according to how acceptable the statements and sounds would be if given as a fire 
alarm.  The scale ranges from 0 (Not at all acceptable) to 8 (Extremely acceptable).   
You will hear a warning followed by 7 seconds of silence. Immediately after listening to a 
warning, please write your rating in the corresponding blank during the 7 second period. 
You will not be able to return to the current warning later so write down your 
rating as quickly as possible and the next warning will be played after the 7 
second silent period.  After you listen to the next warning, write your rating in the next 
blank, and you will continue these steps until you have finished listening to all of the 
statements and sounds.  Write down your ratings beginning from the leftmost column, 
followed by the middle column, and followed by the right column. Start from the top of 
the column and work downward.  The blanks are labeled in an alphabetical ordering to 
help you. 
 
Use the following scale to rate each statement or sound on acceptability as a fire 
evacuation warning statement. Acceptability might include a variety of things, such as 
perceived hazardousness, appropriateness, and how careful one would be to follow the 
statement or sound.  Use the written text on the scale to guide you, but you can choose 
any number shown on the scale (0 through 8). Do not write down fractions or decimal 
numbers. 
 

 Rating scale. After reading the instructions shown above, participants 

received three rating sheets stapled together.  Each rating sheet contained an area 

provided for the experimenter to record the condition order and participants’ 

identification numbers.  Participants rated each warning for acceptability as a fire 

alarm using a 9-point likert-type scale with the even numbers having the following 

anchors: 0=Not at all acceptable, 2=Somewhat acceptable, 4=Acceptable, 6=Very 

acceptable, and 8=Extremely acceptable.  The rating sheet consisted of blank 

spaces labeled with alphabet lettering for participants to record their ratings.  The 

rating scale and rating sheet are show in Appendix C2. 

   Demographic questionnaire. Participants completed a demographic 

questionnaire (see Appendix D), which included items related to age, gender, 
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ethnicity, and education level.  In addition to the items listed above, the 

questionnaire included questions pertaining to native language, hearing difficulty, 

and vision problems. For example, one question was "Have you ever been 

diagnosed with a hearing problem?" with "no" and "yes" as the answer options.      

Procedure 

The experiment was conducted in a small quiet room and participants were 

tested individually.  Participants received a packet consisting of an informed consent 

form, rating sheets, a demographic questionnaire, and a hearing screen inventory.  

An experimenter asked participants to read an informed consent form and sign the 

form if they consented to participating (see Appendix E for the form used).  After the 

consent form was signed, participants were instructed to sit at a table and to wear 

the Sony MDR-XD100 stereo, over-the-ear headphones during the session.  

Participants wore headphones to minimize ambient noise and to control the sound 

level presented at ear level.  Prior to running experiment sessions, an experimenter 

held the sound level meter to the headphone speakers and played a sample of fire 

warnings in the headphones.  This was done to ensure that the sound level output 

was approximately 80 dB at ear level.  In addition to controlling sound from the 

headphones, the computer volume control was set to remain at the same setting for 

all participants.  Before beginning the experimental tasks, an experimenter informed 

participants that they would listen to fire warnings and write ratings for these 

warnings using the set of rating sheets in the packet.  The experimenter read aloud 
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the experiment scenario to participants and then asked them to read the text version 

of the instructions to themselves.  Prior to beginning the experimental task, an 

experimenter played an audio clip that contained three fire warnings including seven 

seconds of silences between each (e.g., fire statement 4, 7 seconds of silence, fire 

statement 10, 7 seconds of silence).  The purpose of this step was to familiarize 

participants with the pace of the task and practice rating warnings.  After participants 

completed the practice task, an experimenter started the playlist that corresponded 

with the participants' predetermined order of warnings.  The playlist was 

approximately 15 minutes.  Participants wrote their ratings for all 92 warnings.  

Participants then answered questions about their demographics. Once the 

demographics questionnaire was completed, participants filled out the Hearing 

Screen Inventory (HSI) (Coren & Hakstian, 1992).  The HSI is a 12-item self-report 

survey that assesses hearing loss.  This survey was used in place of an audiometer 

test.  Coren and Hakstian (1992) reported their survey to have an internal 

consistency coefficient of α = 0.89 and the survey scores were correlated with pure-

tone hearing thresholds in both ears combined (r = 0.82, p < 0.001).  A copy of HSI 

is in Appendix F.  Afterwards, the experimenter debriefed participants and thanked 

them for participating.    

Results 

 Several analyses were conducted to address the primary research questions.  

A 2 (Speaker Gender) X 15 (Spoken Fire Warning) factorial ANOVA and 6 (Speaker 
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Voice) X 15 (Spoken Fire Warning) factorial ANOVA were conducted to address 

several hypotheses related to speaker voice and fire warning content and their 

effects on acceptability ratings. Another factorial ANOVA was conducted to examine 

how specific warning instructions in spoken fire warnings affect acceptability ratings.  

A regression analysis was conducted to determine whether warning duration was a 

significant predictor of acceptability ratings. The analyses are described below with 

the corresponding hypothesis.  All tests were run using the .05 significance level 

unless otherwise is specified.  The ANOVA summary tables are in Appendix G. 

Hypothesis 1 

A main effect of gender is expected with either gender producing higher 

ratings.  Speakers within each gender are expected to have “mixed” ratings; 

some male and some female speakers will receive relatively high ratings.     

 

The data were combined according to speaker gender such that ratings for 

warnings enunciated by males and warnings enunciated by females were 

aggregated into two groups.  A 2 (Speaker Gender) X 15 (Spoken Fire Warning) 

factorial ANOVA was conducted to examine the effect of speaker gender on 

acceptability ratings.  There was a significant main effect of speaker gender on 

acceptability ratings, F(1,64 ) = 5.24, MSE = 3.28, p = .03, ηp
2 = .08.  Male speakers 

produced significantly higher ratings (M = 4.39) than female speakers (M = 4.21).  

The means are provided on Table 2. 
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Another 2 (Speaker Gender) X 15 (Spoken Fire Warning) factorial ANOVA 

was conducted to determine whether the gender effect might be partly due to 

participants’ cultural differences.  This analysis excluded non-native English 

speaking participants.  There was no Speaker Gender main effect, F(1,54) = 2.90, 

MSE = 3.72, p = .09, ηp
2 = .05.       

A 6 (Speaker Voice) X 15 (Spoken Fire Warning) factorial ANOVA was 

conducted to examine the effect of individual speaker voice on acceptability ratings.  

The mean ratings for each speaker are shown on the last row of Table 3.  Male 

speaker 3 and female speaker 1 had the highest ratings, 4.53 and 4.46 respectively.  

Female speakers 2 and 3 received the lowest ratings, 4.11 and 4.05 respectively, 

and had the highest standard deviations in ratings.  There was a significant main 

effect of speaker voice on acceptability, F(3.18, 203.38) = 6.72, MSE = 8.08, p < 

.001, ηp2 = .10.  Mauchly’s test indicated that the assumption of sphericity had been 

violated for the Speaker Voice main effect, χ2 (14) = 77.08, p < .001; therefore, 

degrees of freedom were corrected using the Greenhouse-Geisser estimate of 

sphericity (ε = .64).  Bonferroni adjusted post-hoc tests indicated speakers' ratings 

were significantly different from each other.  Male speaker 3's and female speaker 

1's mean ratings were significantly higher than Female 2 and 3.  Means for the three 

highest rated speakers, Male 3, Male 1, and Female 1, were not significantly 

different from each other.  There were no other significant mean differences.  
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Hypothesis 2 

The difference between the mean ratings for “Fire, Fire” and the buzzer-type 

fire warning is expected to be non-significant.  The white noise is expected to 

receive significantly lower ratings than the other warnings.  A main effect of 

spoken warnings is expected.  “Fire, Fire” will be rated lower than the other 

spoken warnings.   

The next analysis involved all 15 spoken fire warnings and the two non-

speech warnings.  The means for the spoken fire warnings were collapsed across 

the Speaker Voice to ignore speaker voice manipulations.  Table 2 and 3 show the 

means and standard deviations for the spoken and non-speech warnings.   A one-

way repeated measures ANOVA was conducted to examine the effect of the 

warnings on acceptability ratings, F(3.99, 255.30) = 37.65, MSE = 5.09, p < .001, 

ηp2 = .37.  Mauchly’s test indicated that the assumption of sphericity had been 

violated, χ2 (135) = 948.50, p < .001; therefore, degrees of freedom were corrected 

using the Greenhouse-Geisser estimate of sphericity (ε = .25).  Post-hoc tests using 

Bonferroni corrections were conducted to examine whether the ratings for non-

speech warnings were significantly different from the spoken warnings.  The fire 

alarm (non-speech buzzer warning) (M = 4.52, SD = 2.08) had a significantly higher 

mean rating than the shortest spoken warning "Fire, Fire" (M = 2.71, SD = 1.78) and 

the white noise warning (M = 1.66, SD = 2.41).   



33 
 
 

 

 

The non-speech buzzer fire alarm received a higher rating than some spoken 

fire warnings but the differences were not significant (see Table 2 or 3 for means 

and standard deviations of spoken fire warnings).  The white noise warning was 

rated significantly lower than all other warnings. The white noise meaning rating fell 

between “not at all acceptable” and “somewhat acceptable” on the scale used.  The 

white noise also had the highest standard deviation among all spoken and non-

speech warnings.  All other warnings’ ratings were at least somewhat acceptable 

according to the scale used. 

The 6 (Speaker Voice) X 15 (Spoken Fire Warning) factorial ANOVA showed 

a significant main effect of spoken fire warning on acceptability, F(3.36, 215.10) = 

28.17, MSE = 20.98, p < .001, ηp
2 = .31.  Mauchly’s test indicated that the 

assumption of sphericity had been violated for the Spoken Fire Warning main effect, 

χ2 (104) = 681.52, p < .001; therefore, degrees of freedom were corrected using the 

Greenhouse-Geisser estimate of sphericity (ε = .24).  Post-hoc tests using 

Bonferroni corrections were conducted to find the warnings that were significantly 

different from each other.  Table 4 shows the significant differences in warning mean 

ratings.  The patterns shown are similar to results from other analyses reported in 

previous paragraphs.  For example, “Fire, Fire” (warning 14 in table) received 

significantly lower ratings than all other warnings except white noise (warning 17).  

“Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs” (warning 6) received 

significantly higher ratings than most warnings, except for “Fire, Fire, Exit 
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Immediately, Use Stairs, Do Not Use Elevator” (warning 1), “Fire, Fire, Exit Now, Do 

Not Use Elevator, Use Stairs” (warning 3), and buzzer fire alarm.  

 
   

Table 2. 
Means from Speaker Gender X Fire Warning ANOVA. Standard deviations are in parentheses. Warnings are 
displayed in descending order of means. 
 Speaker Gender  

Warning 
Male  

Mean (SD) 
Female 

Mean (SD) 
Overall 

 Mean (SD) 
Fire, Fire, Exit Immediately, Do Not Use Elevator, 
Use Stairs 
 

5.36 (1.41) 4.95 (1.54) 5.16 (1.33) 

Fire, Fire, Exit Immediately, Use Stairs, Do Not 
Use Elevator 

5.09 (1.63) 
 

4.99 (1.47) 
 
 

5.04 (1.40) 

Fire, Fire, Exit Now, Do Not Use Elevator, Use 
Stairs 
 

4.92 (1.50) 4.77 (1.57) 4.85 (1.41) 

Fire, Fire, Exit Now, Use Stairs, Do Not Use 
Elevator 
 

4.66 (1.45) 4.74 (1.79) 4.70 (1.41) 

Fire, Fire, Use Stairs, Do Not Use Elevator 4.76 (1.39) 4.42 (1.38) 
 

4.59 (1.22) 

Non-speech, Buzzer Fire Alarm -  -  4.52 (2.08) 
 

Fire, Fire, Exit Immediately, Use Stairs 4.73 (1.44) 4.25 (1.29) 4.49 (1.22) 
 
Fire, Fire, Exit Now, Use Stairs 

 
4.51 (1.37) 

 
4.30 (1.42) 

 

 
4.41 (1.26) 

 Fire, Fire, Exit Now, Do Not Use Elevator 
 

4.59 (1.44) 4.08 (1.28) 4.33 (1.17) 

Fire, Fire, Exit Immediately, Do Not Use Elevator 
 

3.94 (1.55) 4.72 (1.26) 4.33 (1.13) 

Fire, Fire, Do Not Use Elevator, Exit Now 4.35 (1.37) 4.23 (1.44) 
 

4.29 (1.23) 

Fire, Fire, Use Stairs 4.18 (1.57) 3.88 (1.54) 
 

4.03 (1.39) 

Fire, Fire, Exit  Now 4.13 (1.55) 3.89 (1.59) 
 

4.01 (1.42) 

Fire, Fire, Exit Immediately 4.33 (1.41) 3.36 (1.13) 
 

3.85 (1.14) 

Fire, Fire, Do Not Use Elevator 3.75 (1.65) 3.72 (1.16) 
 

3.74 (1.28) 

Fire, Fire 2.61 (1.65) 2.80 (2.17) 
 

2.71 (1.78) 

White Noise - - 1.66 (2.41) 

Overall Mean 4.39 (0.99) 4.21 (1.10)  
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Table 3. 
Means from Speaker Voice X Fire Warning ANOVA.  Standard deviations are in parentheses. Warnings are 
displayed in descending order of acceptability ratings. 
Warning Male 

 Voice 1
Male  

Voice 2 
Male  

Voice 3 
Female 
 Voice 1 

Female  
Voice 2 

Female  
Voice 3 

Overall
Mean 
(SD)

Fire, Fire, Exit Immediately, 
Do Not Use Elevator, Use 
Stairs 

5.28 5.34 5.46 5.26 5.00 4.60 5.16(1.33)

 
Fire, Fire, Exit Immediately, 
Use Stairs, Do Not Use 
Elevator 
 

 
5.54 

 
4.49 

 
5.25 

 
5.18 

 
4.60 

 
5.17 5.04(1.40)

Fire, Fire, Exit Now, Do Not 
Use Elevator, Use Stairs 
 

5.29 4.49 4.97 5.32 4.35 4.65 4.85(1.41)

Fire, Fire, Exit Now, Use 
Stairs, Do Not Use Elevator 
 

4.03 4.62 5.34 4.86 4.72 4.65 4.70(1.41)

Fire, Fire, Use Stairs, Do Not 
Use Elevator 
 

5.12 4.40 4.77 5.02 4.55 3.68 4.59(1.22)

Non-speech, Buzzer Fire 
Alarm 

- - - - - - 4.52 
(2.08)

Fire, Fire, Exit Immediately, 
Use Stairs 
 

4.77 5.02 4.40 4.68 3.78 4.29 4.49(1.22)

Fire, Fire, Exit Now, Use 
Stairs 
 

4.86 4.08 4.60 4.94 3.97 4.00 4.41(1.26)

Fire, Fire, Exit Now, Do Not 
Use Elevator 
 

5.12 4.15 4.49 4.54 3.71 3.98 4.33(1.17)

Fire, Fire, Exit Immediately, 
Do Not Use Elevator 
 

4.32 3.42 4.09 4.66 4.95 4.54 4.33(1.13)

Fire, Fire, Do Not Use 
Elevator, Exit Now 
 

4.02 4.54 4.49 4.18 4.68 3.83 4.29(1.23)

Fire, Fire, Use Stairs 
 

3.58 3.98 4.97 4.12 3.74 3.77 4.03(1.39)

Fire, Fire, Exit  Now 
 

3.63 4.28 4.48 3.98 3.83 3.86 4.01(1.42)

Fire, Fire, Exit Immediately 
 

4.35 4.57 4.08 3.26 3.09 3.74 3.85(1.14)

Fire, Fire, Do Not Use 
Elevator 
 

3.51 4.02 3.74 4.45 3.43 3.29 3.74(1.28)

Fire, Fire 2.02 3.02 2.80 2.38 3.26 2.75 2.71(1.78)

White Noise - - - - - - 1.66 
(2.41)

Overall Mean 4.36 
(1.12) 

4.29 
(1.03) 

4.53 
(1.06) 

4.46 
(1.07) 

4.11 
(1.29) 

4.05 
(1.16) 
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An additional analysis showed a significant interaction effect between 

Speaker Voice and Spoken Fire Warning, F(70, 4480) = 5.48, MSE = 2.09, p < .001, 

ηp
2 = .08. Figure 1 shows a graph of the interaction with the means in ascending 

order as a function of both factors.  Because of the complexity of the interaction, the 

Speaker Gender X Spoken Fire Warning ANOVA was used to find the conditions 

that caused the interaction.  There was significant interaction effect between 

Speaker Gender and Spoken Fire Warning, F(6.47, 413.88) = 6.31, MSE = 1.65, p < 

.001, ηp
2 = .09.  Mauchly’s test indicated that the assumption of sphericity had been 

violated, χ2 (104) = 363.51, p < .001; therefore, degrees of freedom were corrected 

using the Greenhouse-Geisser estimate of sphericity (ε = .46).    To decompose the 

interaction, the main effect of Spoken Warning was examined at different levels of 

the other main effect (Speaker Gender) using Bonferroni corrections to control for 

alpha inflation.  Figure 2 shows a graph of the interaction.  For most warnings, there 

were no significant differences in the ratings produced by male and female 

speakers.  The interaction appears to be due to six warnings.  Male speakers 

generated significantly higher ratings for Warnings 6, 8, 10, 13, and 15.  Female 

speakers generated higher ratings for Warning 9.  Table 1 shows the warnings listed 

according to numbers.  More analyses on warning content are presented later in the 

Results section.   
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Hypothesis 3 

Warnings with an egress immediacy phrase are expected to have significantly 

higher ratings than ones without the phrase.  Warnings with an egress 

directive(s) are expected to have higher ratings than ones without directives.  

Significant 2-way and 3 interactions are expected. 

 

The next set of analyses involved spoken fire warnings ignoring the Speaker 

Voice factor.  A 3 (Egress Immediacy: <none>, “Exit Now,” “Exit Immediately") X 2 

(Includes Stairs Directive: no, yes) X 2 (Includes Elevator Directive: no, yes) factorial 

repeated measures ANOVA was conducted. Table 5 shows the warnings used in the 

ANOVA.  Table 6 shows the means organized according to all three factors.  The 

last column shows the means organized according to the Egress Immediacy and 

Elevator Directive factors.  There was a significant main effect of Egress Immediacy 

on ratings, F(1.56, 99.99) = 34.59, MSE = 1.34, p < .001, ηp
2 = .35. 

Mauchly’s test indicated that the assumption of sphericity had been violated 

for the egress immediacy main effect, χ2 (2) = 20.71, p < .001; therefore, degrees of 

freedom were corrected using the Greenhouse-Geisser estimate of sphericity (ε = 

.78).  Post-hoc tests using Bonferroni corrections were conducted to examine which 

egress immediacy phrases had significantly different ratings from each other.  

Warnings with no egress immediacy phrase (M = 3.77) had significantly lower 

ratings than warnings with "Exit Now" (M = 4.38) and "Exit Immediately" (M = 4.45).  
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Table 4. 
    

Mean Differences from Bonferroni Comparisons of Warnings. 
   

Warning  
(I) 

Warning  
(J) 

 

  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1                 

2 -1.03                 

3  .84                

4 -1.01  -.82               

5                  

6  1.15  1.13 .45             

7 -.75  -.56   -.87            

8    .46  -.67            

9 -.71     -.83            

10 -1.19  -1.00  -.85 -1.31  -.64          

11 -.63     -.75            

12 -1.3  -1.11  -.96 -1.42 -.55 -.75 -.59  -.67       

13  .58  .56  -.57    .74  .85      

14 -2.33 -1.31 -2.14 -1.32 -2.00 -2.45 -1.59 -1.79 -1.63 -1.14 -1.70 -1.03 -1.89     

15 -.71  -.51   -.82      .60  1.63    

16              1.82    

17 -3.38 -2.34 -3.19 -2.37 -3.04 -3.50 -2.63 -2.83 -2.67 -2.19 -2.75 -2.08 -2.93 -1.04 -2.67 -2.86  

Note. Table includes only significant mean differences.  Mean differences are Warning (I) - Warning (J). The warning numbers correspond the warnings in Table 1. 
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Figure 1. Speaker Voice X Spoken Warning interaction.  X-axis ordinates correspond with 
warnings labeled in Table 1.  Means are displayed in ascending order as a function of both 
factors. 
 

 

 
Figure 2. Speaker Gender X Spoken Warning interaction.  X-axis ordinates 
correspond with warnings labeled in Table 1. 
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There was no significant difference between the two latter warnings.  Warnings with 

“Exit Immediately” had higher ratings than those without an immediacy phrase. 

The last row of Table 6 shows the means organized according to the Stairs 

Directive factor.  There was significant main effect of the Stairs Directive on ratings, 

F(1, 64) = 73.65, MSE = 1.45, p < .001, ηp
2 = .54.  Post-hoc tests using Bonferroni 

corrections were conducted to examine which egress directive phrases had 

significantly different mean ratings.  Warnings with no stairs directive (M = 3.83) had 

significantly lower ratings than warnings with "Use Stairs" (M = 4.57).  Warnings with 

no stairs directive had a mean rating between “somewhat acceptable” and 

“acceptable.” Warnings with the stairs directive had a mean rating above acceptable.   

There was significant main effect of the Elevator Directive on ratings, F(1, 64) 

= 25.12, MSE = 2.42, p < .001, ηp
2 = .28.  Post-hoc tests using Bonferroni 

corrections were conducted to examine which egress directive ratings were 

significantly different.  Warnings with no elevator directive (M = 3.92) had 

significantly lower ratings than warnings with "Do Not Use Elevator" (M = 4.47). 

There was a significant interaction of egress immediacy and stairs directive 

on ratings, F(2, 128) = 21.03, MSE = .34, p < .001, ηp
2 = .25.  To decompose the 

interaction, the main effect of egress immediacy was examined at different levels of 

the other main effect (stairs) using Bonferroni corrections to control for alpha 

inflation.  Figure 3 shows the graph of the Egress Immediacy X Stairs Directive 

interaction.  For warnings that did not include the stairs directive, warnings with the 
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“Exit Now” phrase produced higher ratings than warnings with no immediacy phrase.  

There was no significant difference between warnings with “Exit Now” and warnings 

with “Exit Immediately.”  “Exit Immediately” was rated higher than warnings with no 

elevator directive.  Warnings with the stairs directive had a different pattern in 

acceptability means.  There was no significant difference between warnings with 

“Exit Now” and warnings with no immediacy phrase.  Warnings with “Exit 

Immediately” received higher ratings compared to warnings with “Exit Now” and 

warnings with no immediacy phrase.         

There was a significant interaction effect between egress immediacy and 

elevator directive, F(2, 128) = 11.69, MSE = .30, p < .001, ηp
2 = .15.  To decompose 

the interaction, the main effect of egress immediacy was examined at different levels 

of the other main effect (elevator) using Bonferroni corrections to control for alpha 

inflation.  Figure 4 shows the graph of the egress immediacy and elevator 

interaction. 

For warnings with no elevator directive, warnings with “Exit Now” produced 

higher ratings than warnings with no immediacy phrase.  There was no difference in 

warnings with “Exit Now” and those with “Exit Immediately.”  Warnings with “Exit 

Immediately” had higher ratings than warnings with no immediacy phrase.  For 

warnings with the elevator directive, warnings with “Exit Now” had higher ratings 

than warnings with no immediacy phrase.  Warnings with “Exit Immediately” were 

rated more acceptable than warnings with “Exit Now” and warnings with no 
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immediacy phrase.   There was no significant interaction effect between stairs 

directive and elevator directive, F(1, 64) = 1.01, MSE = .42, p = .32, ηp
2 = .02.   

 
 

Table 5. 
Warnings Organized by Egress Immediacy, Stairs, and Elevator Phrases. 
  Includes Stairs Directive 
Egress Immediacy  No Yes 
None No Elevator Directive Fire, Fire Fire, Fire, 

Use Stairs 
 

 Elevator Directive Fire, Fire, Do Not Use 
Elevator 

Fire, Fire, 
Use Stairs, 
Do Not Use 

Elevator 
 

Exit Now No Elevator Directive Fire, Fire, Exit Now Fire, Fire, Exit 
Now, Use 

Stairs 
 
 

 Elevator Directive Fire, Fire, Exit Now, Do 
Not Use Elevator 

 
Fire, Fire, Do Not Use 

Elevator, Exit Now 
 

Fire, Fire, Exit 
Now, Use 

Stairs, Do Not 
Use Elevator 

 
Fire, Fire, Exit 
Now, Do Not 

Use Elevator, 
Use Stairs 

Exit Immediately No Elevator Directive Fire, Fire, Exit 
Immediately 

Fire, Fire, Exit 
Immediately, 

Use Stairs 
 

 Elevator Directive Fire, Fire, Exit 
Immediately, Do Not Use 

Elevator 

Fire, Fire, Exit 
Immediately, 

Use Stairs, 
Do Not Use 

Elevator 
 

Fire, Fire, Exit 
Immediately, 
Do Not Use 

Elevator, Use 
Stairs 
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Table 6. 
Means Organized by Egress Immediacy, Stairs, and Elevator Phrases. Standard deviations are in parentheses. 
  Includes Stairs Directive  

Egress Immediacy 
 

No Yes 
 

Overall Mean 
None No Elevator Directive 

 
2.71 (1.78) 4.03 (1.39) 

 
3.37 

 Elevator Directive 
 

3.74 (1.28) 4.59 (1.22) 
 

4.16 

Exit Now No Elevator Directive 
 

4.01 (1.42) 4.41 (1.26) 
 

4.21 

 Elevator Directive 
 

4.31 (1.09) 4.77 (1.36) 
 

4.54 

Exit Immediately No Elevator Directive 3.85 (1.14) 4.49 (1.22) 
 

4.17 

 Elevator Directive 4.33(1.13) 5.10 (1.27) 4.72 
Overall Mean  3.83 4.57  

 
 

 

Figure 3. Egress Immediacy X Stairs Directive Interaction.  Each bar represents a 
level of the egress immediacy factor.   
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Figure 4. Egress Immediacy X Elevator Directive Interaction.  Each bar represents a 
level of the egress immediacy factor.  
 
 

Lastly, the Egress Immediacy X Stairs Directive X Elevator Directive 

interaction was significant, F(1.74, 111.56) = 4.13, MSE = .49, p = .02, ηp
2 = .06.  

Mauchly’s test indicated that the assumption of sphericity had been violated for the 

3-way interaction effect, χ2 (2) = 10.05, p = .007; therefore, degrees of freedom were 

corrected using the Greenhouse-Geisser estimate of sphericity (ε = .87).  Warnings 
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between “Fire, Fire, Exit Immediately, Do Not Use Elevator” and “Fire, Fire, Exit 

Now, Do Not Use Elevator”)   

The interaction appeared when both directives were included in warnings 

(e.g., “Use Stairs, Do Not Use Elevator”).  The top line in Figure 5.2 shows the graph 

of the means for those warnings.  Warnings with “Exit Now” and those with no 

immediacy phrase were not significantly different.  For example, the mean rating for 

“Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator” was not significantly different 

from the mean rating for “Fire, Fire, Use Stairs, Do Not Use Elevator.”  Warnings 

with “Exit Immediately” had higher ratings than those with “Exit Now.”  For example, 

“Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator” was higher than “Fire, 

Fire, Exit Now, Use Stairs, Do Not Use Elevator.”  

Hypothesis 4 

Warning duration is expected to have a quadratic relationship with warning 

ratings.  Duration will have positive relationship with ratings.  However, 

warnings that are too long will have a negative relationship with ratings. 

   

A hierarchical regression was run to determine whether there was a quadratic 

relationship between spoken fire warning duration (the predictor variable) and 

ratings (outcome variable).  Plots showed the distribution was approximately normal 

and homoscedastiscity was met (see Appendix H).  There were no standardized 

residuals greater than 2.58.   
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Ratings for each spoken fire warning were averaged across participants.  For 

each warning, warning duration (in seconds) was centered by subtracting the mean 

duration to get the centered duration.  The centered warning duration was used in 

the regression to eliminate collinearity between the linear term for warning duration 

and the quadratic (squared) term for warning duration.  A preliminary analysis 

included number of syllables as second predictor.  However, number of syllables 

and duration were strongly correlated (r = .83) and VIF was 4.8 indicating possible 

multicollinearity.  Number of syllables was excluded because it had a smaller 

regression coefficient, and duration likely incorporates not only the number of 

syllables in warnings but also the time the speaker takes to enunciate warnings. 

 

 

Figure 5.1. Three-way Interaction (No Elevator Directive).  Includes mean ratings for 
warnings without the elevator directive. 
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Figure 5.2. Three-way Interaction (Elevator Directive).  Includes mean ratings for warnings 
with the elevator directive. 

 

Table 7 shows the results from the regression model with warning duration as 

the predictor.  In step 1 of the regression, centered warning duration was entered to 

determine whether a linear relationship between duration and ratings existed.  

Warning duration accounted for 50% of the variance in the mean ratings and was a 

positive, significant predictor.  For every one second increase in duration, there is a 

.50 increase in ratings. 

 In step 2, the centered warning duration was squared and entered to 

determine if it was a quadratic term in the regression.  It accounted for 3% of the 

variance in ratings.  Squared warning duration was a negative, significant predictor; 
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Additional Analyses 

Several other analyses were conducted.  Several comparisons concerning 

warning content order were conducted as a manipulation check.  The warnings used 

in the comparisons consisted of the same information but presented in a different 

order.  The comparisons between “Fire, Fire, Exit Now, Do Not Use Elevator, Use 

Stairs” versus “Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator” and “Fire, Fire, 

Do Not Use Elevator, Exit Now” versus “Fire, Fire, Exit Now, Do Not Use Elevator” 

did not show significant differences between the two sets of means.  Order of 

warning content had no significant effect.  

Another analysis compared mean acceptability ratings for the visual warning 

warnings found in Taylor and Wogalter (2012) with mean ratings found in this study.  

A Spearman's rho correlation test was run to examine whether there is a significant 

relationship between the mean acceptability ratings for the warnings used in Taylor 

and Wogalter (2012) and the same warnings used in this experiment (ignoring 

Speaker Gender and Voice manipulation).  The ratings from both studies were 

positively and significantly related, rs (13) = .80, p = .001.  Visual warnings that 

received high acceptability ratings also received high ratings when presented as 

auditory warnings.   

A 2 (Participant gender) X 6 (Speaker voice) X 15 (Spoken warning) mixed 

ANOVA (Participant Gender was a between subjects factor) was performed to 

determine whether participants' gender impact their ratings.  There was no 
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significant main effect of participant gender (MaleM = 4.28; FemaleM = 4.32) on 

acceptability ratings, F (1, 63) = .03, p = .87.  However, there was a significant 

interaction of participant gender and speaker voice on ratings, F(3.234, 203.748) = 

3.19, MSE = 7.67, p = .02, ηp
2 = .05.  Mauchly’s test indicated that the assumption of 

sphericity had been violated for speaker voice, χ2 (14) = 71.67, p < .001; therefore, 

degrees of freedom were corrected using the Greenhouse-Geisser estimate of 

sphericity (ε = .65). Bonferroni post-hoc tests were used to decompose the 

interaction.  Male participants gave similar ratings for all of the speakers.  The 

interaction is in the female participant ratings.  Female participants rated warnings 

spoken by female voices 2 and 3 significantly lower ratings than warnings 

enunciated by the other speakers.  This significant difference is depicted by the dip 

the female participant line on Figure 7. 

 
 
 
Table 7. 

  
 
 

   

Hierarchical Regression with Duration (Predictor) and Ratings (Outcome). 

 R2 ∆R2 B SE (B) Β
Step 1 .50 .50*   

Constant    0.053 4.30
Duration Ctr.   .71* 0.053 .50

Step 2 .54 .03**   
Constant    0.07 4.41
Duration Ctr.   .71* 0.052 .50
Duration Ctr.2 

  -.18** 0.043 -.104
Note: Duration is centered at its mean.  p < .001*; p < .05** 
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Figure 6. Scatter plot of curvilinear effect of duration and ratings.     
 
 

 The interaction between participant gender and spoken warning was not 

significant, F(3.30, 207.572) = 0.86, MSE = 21.45, p = .47, ηp
2 = .01, and the 3-way 

interaction was not significant, F(11.27, 709.91) = 0.61, MSE = 13.05, p = .82, ηp
2 = 

.01.   
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Figure 7. Graph of Participant Gender X Speaker Voice interaction 
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speakers— usually only one from each gender or did not look at the effect of 

individual speakers (collapsing speakers into gender categories).  This study 

extended the research on gender and its effectiveness on warnings by using multiple 

speakers within each gender to enunciate warnings.  Several hypotheses were 

formulated to examine the effect of voice on fire warning acceptability.  As predicted, 

there was a difference in ratings from male and female speakers.  On average, 

participants rated warnings enunciated by males as more acceptable than warnings 

enunciated by females.  These results converge with Arrabito (2009) and Edworthy, 

Hellier, Walters, et al. (2003) findings, but contradict other studies in which warnings 

spoken by females were more effective (e.g., Barzegar & Wogalter, 1998; Hollander 

& Wogalter, 2000).  The Speaker Gender main effect, however, was not significant 

when participants whom were non-English native speakers were excluded from 

analyses.  In some cultures where men are given privilege and power over women, it 

is inappropriate for women to give orders to men.  It is possible that some of the 

excluded participants come from such cultures, and they may have perceived 

warnings enunciated by male speakers to be more acceptable than warnings 

enunciated by female speakers.  The Speaker Gender effect might have been driven 

by differences in gender perceptions of the non-English native speaking participants.    

As predicted in hypothesis 1, there were both male and female voices that 

produced the most acceptable warnings.  The speaker gender and voice effects 

appear to be driven by the Speaker Voice X Spoken Warning interaction.  Overall, 
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there were no differences in male and female speakers’ ratings.  However, there 

were five warnings that did receive significantly higher ratings for male speakers 

compared to one warning receiving higher ratings when spoken by females.  Post 

hoc analyses did not reveal the specific factors that caused the differences in 

ratings.  For example, a regression analysis showed pitch was not a significant 

predictor of fire warning acceptability.  Furthermore, warning duration did not appear 

to influence the interaction effect.  

These findings suggest that factors other than speaker gender make some 

voices more acceptable than others.  Differences among speakers’ enunciations, 

such as what syllables were stressed and clarity of warning information, might be 

factors (Sanders & McCormick, 1993).  It is possible that speaker’s geographical 

accent/dialect and ethnicity have an effect on how people perceive spoken warnings.  

For example in this study, during informal post-experiment interviews, some 

participants noted that that one male speaker was salient because of his British 

accent.  Another interesting finding is that the highest rated male and female 

speakers identified themselves as non-Caucasians.  Unfortunately, demographic 

data on speakers’ native geographical region were not collected in this experiment.   

Vocal authoritativeness and masculinity may be other potential factors.  The 

two female voices that received the lowest ratings did not sound as commanding 

compared to the other speakers.  Follow-up experiments could have participants 

rate speakers’ voices used in this experiment on dimensions such as vocal 
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masculinity and authoritativeness among others.  Researchers have already 

explored whether people make social judgments about job applicants according to 

masculinity and femininity of applicants’ vocal cues (Ko, Judd, & Staple, 2009).  In 

that study, people judged job applicants with very feminine (male and female) voices 

as less competent than those applicants with less feminine voices; whereas, very 

feminine voices were judged as warmer than those with less feminine voices.  With 

all of the discrepant findings on speaker gender and voice, a repository of sounds 

would be helpful for researchers in pinpointing factors that are driving speaker 

effects and in replicating findings. 

An exploratory ANOVA showed there was no significant difference in male 

and female participants’ ratings, but there was an interaction effect of speaker voice 

and participant gender.  The ANOVA indicated that female participants rated 

warnings spoken by Females 2 and 3 to be significantly less acceptable than the 

other four speakers.  There is evidence suggesting females are more likely to attend 

to warnings and comply with them (e.g., Glover & Wogalter, 1997).  This is a 

potential reason why female participants rated some speakers differently.  Females 

might be more discerning in evaluating the quality of the warnings produced by 

different speakers but this possibility would need to be tested by further research.   

In this study, spoken fire warnings were compared with a non-speech fire 

alarm and white noise.  In general, all warnings with the exception of the white noise 

were rated as being at least somewhat acceptable.  “Fire, fire” and the non-speech 
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buzzer fire alarm were expected to have similar ratings.  However, the results did not 

support the hypothesis; the non-speech warning had a significantly higher mean 

rating than “Fire, Fire.”  The non-speech fire alarm was recorded during a fire drill in 

a university building and is probably used in other buildings.  Some participants may 

have heard this alarm before and therefore have built an association between a fire 

emergency and this alarm.  Although the non-speech alarm and “Fire, fire” have the 

same semantic meaning, the latter is probably one that participants have not heard 

during a fire drill or emergency.  The non-speech fire alarm fits peoples’ pre-existing 

expectations as to how a fire alarm might sound. 

As expected, the white noise sound had a significantly lower mean rating than 

the rest of the warnings.  One use of white noise is to mask background noise 

(White noise, n.d).  It does not have a semantic association with a fire emergency.  

An interesting finding from this experiment is the standard deviation for the white 

noise mean was the highest.  A high standard deviation suggests that some 

participants did give the white noise higher ratings.  This may have been due to 

confusion related to the sound’s meaning, especially in context of a fire.  An 

alternative explanation might be that the noise startled some participants because it 

played for a slightly shorter duration (a quick burst of sound) as compared to some 

of the other warnings. 

  As expected, spoken warning content had an effect on ratings; some 

analyses produced similar findings as those reported in Taylor and Wogalter (2012).  
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There was a relationship between the ratings produced by auditory warnings in this 

study and the visual printed warnings in the previous study.  Although the studies 

used different modalities to present the warnings, some participants in the earlier 

study might have silently rehearsed the printed warnings, resulting in verbal 

representation of the visual warnings (Baddeley, 1992). Furthermore similarities in 

the findings on semantic content suggest there is certain information that makes fire 

warnings more acceptable and the ordering of that information does not matter 

much.  Further research might look at whether having both visual and auditory fire 

warnings are better than presentation in only one modality.  There is evidence that 

warnings presented in both modalities are more effective than warnings in one 

modality (e.g., Wogalter, Shaver, & Kalsher; Wogalter & Young, 1991).  During a fire 

emergency, auditory fire evacuation warnings could sound and television displays in 

elevator areas could present the same warnings visually.      

In general, the results seem to support warning brevity but also adequate 

completeness.  As expected, analyses showed that the shortest warning, “Fire, Fire,” 

had the lowest rating of all spoken fire warnings.  This warning alerts a potential fire 

but does not provide any additional information that facilitates evacuation.  Several 

phrases of information were manipulated in the spoken fire warnings.  One was 

egress immediacy, which signals to exit quickly, “exit now” or “exit immediately.”  

Warnings that had an egress immediacy phrase were rated more acceptable than 

those without an immediacy phrase.  The immediacy instructions are direct 



57 
 
 

 

 

commands to leave right away (do not delay evacuation).  People might hear this 

information as motivation to evacuate quickly.  This information might add a 

warning’s perceived importance.  

 Although the findings show that immediacy information is important, the main 

effect of immediacy showed no difference in the phrases used (“Exit Now” versus 

“Exit Immediately”). The words now and immediately are synonyms (e.g., Webster’s 

American Thesaurus College Edition, 2000).   Because the words have the same 

meaning, this may be a reason why the ratings did not differ.  However, one phrase 

is longer and takes more time to say.  One solution might be to use the shorter 

phrase because it saves time for other potentially important information to be given, 

but interaction effects of immediacy and directive phrases suggests that longer 

warnings are better in some instances.  An exception is presented later regarding 

these terms.       

 Egress directives were also manipulated in the study.  The warnings that 

included egress directives received higher ratings than those that did not include 

directives.  Although adults know to avoid elevators during fires, this knowledge may 

not be cued or brought to awareness due to stress during an emergency such as a 

fire.  Some people might exhibit well-learned behaviors (using elevators) because 

attention is restricted in stressful situations.  By warning to avoid the elevator (and/or 

use stairs), there is a better chance that knowledge will be brought to awareness 

and break the automatic behavior of taking an elevator. 
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 The 3-way interaction produced interesting results.  When warnings included 

both directives (“Use Stairs” and “Do Not Use Elevator”), they received higher 

ratings with “Exit Immediately” than with “Exit Now.”  For example, “Fire, Fire, Exit 

Immediately, Do Not Use Elevator, Use Stairs” was rated significantly more 

acceptable than “Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs,” even though 

these warnings have the same meaning.  There are several explanations for this 

finding.  Speakers might have stressed or slowed the enunciation of “now” compared 

to “immediately,” which might decrease perceived urgency.  Additionally, speakers 

might have sped up enunciation (i.e., increased speech rate) when they enunciated 

the longer warnings with both directives and “Immediately.”  By increasing the 

speech rate for those warnings with “Immediately,” speakers might have sounded 

more urgent.  There is evidence that warning speech rate influences ratings of 

intended carefulness, which is correlated with urgency.  In Hollander and Wogalter 

(2000), warning statements with “Danger,” “Warning,” “Caution,” or “Notice” received 

higher intended carefulness ratings when they were presented in faster speech 

rates.     

   The regression analysis indicated that warnings are perceived less 

acceptable if they are too long.  Other research supports this finding.  In Simpson 

and Marchionda-Frost (1984), pilots listened to voiced threat messages that varied 

in speech rate (duration decreasing with speech rate increasing) and other 

characteristics.  The pilots showed preference for the messages voiced in a 
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moderate speech rate as opposed to those messages in slow and fast rates.  

Warnings need to be physically long enough to provide important information but 

presented as fast as possible so that receivers can respond quickly.  A longer 

warning could improve intelligibility (ability to identify all of the words) because more 

content (or context) can be heard if some is masked due to noise (Sanders & 

McCormick, 1993).  Longer spoken warnings, however, may be less effective due to 

constraints of attentional capacity and memory (Wogalter, DeJoy, & Laughery, 

1999).    Nevertheless, warnings also need to be enunciated quickly without 

sacrificing intelligibility.  Because of time constraints, the most acceptable fire 

warnings will not be on either extreme ends of brevity and wordiness and will be 

spoken relatively fast.        

 Although this study addressed several limitations of auditory warning studies, 

there were some limitations in this study that must be mentioned.  The sample 

consisted of only college students.  Due to conditions like presbycusis and 

sociocusis, older adults are usually sensitive to a smaller audible frequency range 

than younger adults.  A sample with older adults might result in different findings for 

speaker voice effects and warning duration (due to working memory reduction). 

Another limitation was that warnings were presented in a noise-absent 

environment.  During a real fire emergency, the environment may be noisy with 

people hurrying to evacuate, alarms sounding, and objects falling.  Research 

suggests that auditory warnings’ effectiveness is influenced by their degree of 
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similarity with background noise characteristics (Haas & Edworthy, 2006).  If there is 

a significant overlap in warning and noise characteristics or a high noise-to-warning 

ratio, then warning information could be masked and unintelligible.  Baldwin (2011) 

manipulated the signal-to-noise (S/N) ratio of spoken collision avoidance warnings.  

She found that perceived urgency, annoyance, and warning effectiveness increased 

as the S/N ratio increased.  Furthermore, response time to warnings decreased as 

S/N ratio increased.  Future studies on fire warnings could study S/N ratio as a 

factor.   

 Another methodological limitation relates to the current study obtaining 

subjective ratings instead of objective measures (e.g., response time and behavioral 

compliance).  In warning research, measuring behavioral compliance is ideal 

because it is a direct measurement of people’s responses to warnings (Kalsher & 

Williams, 2006).  Subjective measurements might not reflect people’s actual 

response to warnings. Although behavioral compliance is the ideal measure, it would 

be unfeasible and unethical to expose participants to real fire emergencies.  

Alternatively, researchers can use simulated environments to examine people’s 

responses to auditory fire warnings.  Duarte, Rebelo, Teles, & Wogalter (2014) used 

an immersive virtual environment (IVE) to examine objective measures such as 

behavioral compliance and response time to work-related safety signs and fire exit 

signs.       
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Despite the limitations, this study has potential to be extended in many ways.  

The warnings used in the study could be rated on dimensions other than 

acceptability.  Warnings researchers have examined the believability, urgency, and 

intended carefulness of auditory warnings.  Future studies could include these 

measures (and others) and determine whether acceptability is correlated with those 

measures. 

Future research might also examine warnings for voiced smoke alarms and 

carbon monoxide detectors.  Some research has examined printed messages 

(intended to be spoken) that might help wake and instruct small children during 

potential house fires (Smith & Wogalter, 2007).  However, Smith and Wogalter 

(2007) presented messages in print format instead of spoken format.  Also, message 

content was not systematically manipulated.  Future studies could extend Smith and 

Wogalter (2007) study including systematically manipulated messages and present 

the messages as spoken content.     
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Appendix A 

Assignment of Speaker Order 

A1: Fire Warnings Labeled with Corresponding Number 

Number Fire Warnings 
1 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
2 Fire, Fire, Exit Now 
3 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
4 Fire, Fire, Use Stairs 
5 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
6 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
7 Fire, Fire, Do Not Use Elevator, Exit Now 
8 Fire, Fire, Exit Immediately, Use Stairs 
9 Fire, Fire, Exit Immediately, Do Not Use Elevator 
10 Fire, Fire, Exit Immediately 
11 Fire, Fire, Exit Now, Use Stairs 
12 Fire, Fire, Do Not Use Elevator 
13 Fire, Fire, Use Stairs, Do Not Use Elevator 
14 Fire, Fire 
15 Fire, Fire, Exit Now, Do Not Use Elevator 

Note. Fire warnings 1 and 6 are newly-added to those used in Taylor and 
Wogalter (2012).  Warnings are in random order and in a different order than 
what was used in Taylor and Wogalter (2012). 

 

A2: Speaker Recording Orders 

Speaker SR 1 SR 2 SR 3 SR 4 SR 5 SR 6 SR 7 SR 8 SR 9 SR 10 SR 11 SR 12 SR 13 SR 14 SR 15

1a 11 4 14 6 13 7 1 2 3 12 9 5 8 10 15 

1b 3 15 9 13 4 2 5 12 8 7 11 1 10 6 14 

2a 2 9 3 14 7 8 6 10 1 13 5 12 11 4 15 

2b 6 7 3 9 10 14 12 2 5 4 13 1 11 8 15 

3a 5 11 1 6 14 3 12 9 2 10 8 13 15 4 7 

3b 4 11 6 2 10 8 5 1 3 12 7 13 14 9 15 

4a 12 8 1 5 9 14 7 6 2 15 3 10 11 13 4 

4b 3 8 1 10 13 4 12 15 6 9 5 7 14 11 2 

5a 10 2 6 4 5 7 1 8 12 13 14 15 3 9 11 

5b 15 14 6 1 5 2 9 8 7 10 11 13 4 12 3 

6a 12 7 6 11 10 1 8 9 14 4 2 13 5 15 3 

6b 3 9 13 10 4 8 14 7 15 5 12 11 6 1 2 
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7a 4 5 14 3 2 8 12 7 15 11 9 1 13 6 10 

7b 12 6 5 15 1 7 8 10 3 11 13 9 14 4 2 

8a 11 8 14 4 7 2 6 15 9 5 10 1 13 3 12 

8b 5 7 11 1 14 12 3 13 2 4 10 9 6 8 15 

9a 9 11 1 8 13 5 10 14 2 3 12 4 15 7 6 

9b 11 13 14 7 3 9 8 6 12 2 1 5 4 15 10 

10a 11 3 12 15 8 1 4 7 5 6 2 10 13 14 9 

10b 1 15 6 11 8 7 2 12 5 9 4 10 3 13 14 

11a 2 13 1 6 10 15 3 14 11 4 8 9 5 12 7 

11b 1 4 2 7 14 10 11 12 3 8 6 15 5 13 9 

12a 11 4 3 1 15 12 8 13 7 5 14 2 6 9 10 

12b 1 5 10 13 14 15 7 2 8 3 9 6 11 12 4 

13a 7 9 13 5 4 3 11 6 2 8 15 14 10 12 1 

13b 14 9 6 12 11 13 15 4 5 3 8 2 1 7 10 

14a 6 4 14 8 2 1 7 12 5 13 15 9 3 10 11 

14b 11 12 2 4 3 9 1 7 14 6 8 13 15 5 10 

15a 6 2 12 5 11 9 3 15 4 13 8 7 1 10 14 

15b 5 12 11 8 1 3 6 10 9 13 14 2 15 4 7 

16a 7 12 6 14 10 4 9 13 15 5 8 11 2 3 1 

16b 4 9 7 11 8 3 5 6 13 15 14 10 12 2 1 

17a 13 1 5 3 7 4 9 6 2 8 15 14 11 12 10 

17b 15 3 9 4 5 8 6 10 11 14 12 1 13 2 7 

18a 9 13 14 4 3 10 6 7 5 8 15 12 2 1 11 

18b 8 13 1 7 12 15 10 2 11 4 9 6 3 5 14 

19a 11 14 4 2 10 1 9 3 15 12 5 8 13 6 7 

19b 6 14 13 12 4 2 8 5 1 7 10 9 11 3 15 

20a 3 9 5 10 12 4 7 14 6 11 8 1 2 15 13 

20b 6 5 7 14 3 13 12 1 4 8 2 11 15 9 10 

Key: SR = Sequence in which fire warnings are spoken.  For example, Speaker 1a will speak warning 11 (see Appendix A1 for warning) first 
(SR1) and  warning 4 second (SR2); a = represents recording order used in first session, b = represents recording order used in second session 
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Appendix B 

Warning Order 

B1: Warnings Assigned According to Voice and Warning Factor Levels 

Warning Voice Fire Statement/Sound 
1 Male 1 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
2 Male 1 Fire, Fire, Exit Now 
3 Male 1 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
4 Male 1 Fire, Fire, Use Stairs 
5 Male 1 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
6 Male 1 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
7 Male 1 Fire, Fire, Do Not Use Elevator, Exit Now 
8 Male 1 Fire, Fire, Exit Immediately, Use Stairs 
9 Male 1 Fire, Fire, Exit Immediately, Do Not Use Elevator 

10 Male 1 Fire, Fire, Exit Immediately 
11 Male 1 Fire, Fire, Exit Now, Use Stairs 
12 Male 1 Fire, Fire, Do Not Use Elevator 
13 Male 1 Fire, Fire, Use Stairs, Do Not Use Elevator 
14 Male 1 Fire, Fire 
15 Male 1 Fire, Fire, Exit Now, Do Not Use Elevator 
16 Male 2 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
17 Male 2 Fire, Fire, Exit Now 
18 Male 2 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
19 Male 2 Fire, Fire, Use Stairs 
20 Male 2 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
21 Male 2 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
22 Male 2 Fire, Fire, Do Not Use Elevator, Exit Now 
23 Male 2 Fire, Fire, Exit Immediately, Use Stairs 
24 Male 2 Fire, Fire, Exit Immediately, Do Not Use Elevator 
25 Male 2 Fire, Fire, Exit Immediately 
26 Male 2 Fire, Fire, Exit Now, Use Stairs 
27 Male 2 Fire, Fire, Do Not Use Elevator 
28 Male 2 Fire, Fire, Use Stairs, Do Not Use Elevator 
29 Male 2 Fire, Fire 
30 Male 2 Fire, Fire, Exit Now, Do Not Use Elevator 
31 Male 3 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
32 Male 3 Fire, Fire, Exit Now 
33 Male 3 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
34 Male 3 Fire, Fire, Use Stairs 
35 Male 3 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
36 Male 3 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
37 Male 3 Fire, Fire, Do Not Use Elevator, Exit Now 
38 Male 3 Fire, Fire, Exit Immediately, Use Stairs 
39 Male 3 Fire, Fire, Exit Immediately, Do Not Use Elevator 
40 Male 3 Fire, Fire, Exit Immediately 
41 Male 3 Fire, Fire, Exit Now, Use Stairs 
42 Male 3 Fire, Fire, Do Not Use Elevator 
43 Male 3 Fire, Fire, Use Stairs, Do Not Use Elevator 
44 Male 3 Fire, Fire 
45 Male 3 Fire, Fire, Exit Now, Do Not Use Elevator 
46 Female 1 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
47 Female 1 Fire, Fire, Exit Now 
48 Female 1 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
49 Female 1 Fire, Fire, Use Stairs 
50 Female 1 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
51 Female 1 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
52 Female 1 Fire, Fire, Do Not Use Elevator, Exit Now 
53 Female 1 Fire, Fire, Exit Immediately, Use Stairs 
54 Female 1 Fire, Fire, Exit Immediately, Do Not Use Elevator 
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55 Female 1 Fire, Fire, Exit Immediately 
56 Female 1 Fire, Fire, Exit Now, Use Stairs 
57 Female 1 Fire, Fire, Do Not Use Elevator 
58 Female 1 Fire, Fire, Use Stairs, Do Not Use Elevator 
59 Female 1 Fire, Fire 
60 Female 1 Fire, Fire, Exit Now, Do Not Use Elevator 
61 Female 2 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
62 Female 2 Fire, Fire, Exit Now 
63 Female 2 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
64 Female 2 Fire, Fire, Use Stairs 
65 Female 2 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
66 Female 2 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
67 Female 2 Fire, Fire, Do Not Use Elevator, Exit Now 
68 Female 2 Fire, Fire, Exit Immediately, Use Stairs 
69 Female 2 Fire, Fire, Exit Immediately, Do Not Use Elevator 
70 Female 2 Fire, Fire, Exit Immediately 
71 Female 2 Fire, Fire, Exit Now, Use Stairs 
72 Female 2 Fire, Fire, Do Not Use Elevator 
73 Female 2 Fire, Fire, Use Stairs, Do Not Use Elevator 
74 Female 2 Fire, Fire 
75 Female 2 Fire, Fire, Exit Now, Do Not Use Elevator 
76 Female 3 Fire, Fire, Exit Immediately, Use Stairs, Do Not Use Elevator 
77 Female 3 Fire, Fire, Exit Now 
78 Female 3 Fire, Fire, Exit Now, Do Not Use Elevator, Use Stairs 
79 Female 3 Fire, Fire, Use Stairs 
80 Female 3 Fire, Fire, Exit Now, Use Stairs, Do Not Use Elevator 
81 Female 3 Fire, Fire, Exit Immediately, Do Not Use Elevator, Use Stairs 
82 Female 3 Fire, Fire, Do Not Use Elevator, Exit Now 
83 Female 3 Fire, Fire, Exit Immediately, Use Stairs 
84 Female 3 Fire, Fire, Exit Immediately, Do Not Use Elevator 
85 Female 3 Fire, Fire, Exit Immediately 
86 Female 3 Fire, Fire, Exit Now, Use Stairs 
87 Female 3 Fire, Fire, Do Not Use Elevator 
88 Female 3 Fire, Fire, Use Stairs, Do Not Use Elevator 
89 Female 3 Fire, Fire 
90 Female 3 Fire, Fire, Exit Now, Do Not Use Elevator 
91 None <non-speech fire alarm sound> 
92 None <white noise> 

 

B2: Generated Warning Orders for Participants 

Key: Play Order Sequence = represents the order that the conditions are 
presented to participants; Order # in columns = List of conditions (92 
warnings and sounds) in randomized orders. For example for Order 2, the 
first recording played is statement 66 and the second is statement 46.  

Play Order 
Sequence 

Order 1 Order 2 Order 3 Order 4 Order 5 

1 01 66 32 01 19 

2 69 46 18 25 29 

3 43 83 64 75 43 

4 76 40 67 73 02 

5 37 71 73 24 58 
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6 60 08 53 88 34 

7 44 07 47 62 53 

8 46 53 14 59 33 

9 51 33 43 26 18 

10 54 79 39 67 55 

11 74 45 81 40 05 

12 11 59 07 71 66 

13 35 28 57 76 79 

14 18 05 24 44 80 

15 08 78 16 29 22 

16 70 03 22 90 42 

17 10 09 42 63 32 

18 71 58 04 86 44 

19 15 61 34 33 62 

20 36 35 87 89 45 

21 34 88 75 49 75 

22 27 62 70 77 73 

23 75 23 55 79 16 

24 40 26 58 56 69 

25 84 75 03 02 17 

26 29 48 13 50 82 

27 80 73 23 48 49 

28 03 18 25 21 63 

29 17 65 05 92 56 

30 63 16 08 35 81 

31 32 90 41 55 26 

32 14 01 35 20 84 

33 72 27 89 41 15 

34 65 31 62 61 57 

35 64 72 46 53 92 

36 22 74 26 19 64 
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37 30 68 12 12 59 

38 05 19 37 09 83 

39 25 02 74 13 25 

40 73 42 44 04 61 

41 21 21 88 23 71 

42 57 67 66 08 14 

43 59 84 69 36 88 

44 48 24 77 05 38 

45 89 92 36 37 04 

46 77 12 84 15 76 

47 88 54 65 87 70 

48 24 37 48 39 91 

49 50 50 38 28 60 

50 19 22 82 91 30 

51 13 36 90 70 77 

52 38 13 63 74 65 

53 28 39 02 46 20 

54 31 20 31 60 39 

55 61 15 51 66 23 

56 04 11 80 14 28 

57 52 55 20 16 37 

58 20 51 92 69 41 

59 55 64 85 68 24 

60 85 56 60 81 87 

61 12 10 76 83 12 

62 91 80 49 11 68 

63 81 89 86 38 27 

64 06 57 19 32 11 

65 67 30 56 18 08 

66 86 25 91 54 06 

67 66 87 29 57 50 
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68 82 04 09 51 35 

69 41 34 50 17 78 

70 42 29 52 85 40 

71 92 60 33 31 13 

72 90 52 71 10 36 

73 87 63 61 07 46 

74 02 69 54 64 01 

75 47 32 28 27 54 

76 39 82 40 45 67 

77 78 70 17 84 89 

78 56 06 06 52 51 

79 58 17 78 72 21 

80 26 14 27 03 09 

81 16 38 59 58 03 

82 79 47 11 22 74 

83 83 76 01 80 10 

84 09 44 45 82 72 

85 53 49 72 78 31 

86 62 91 30 47 07 

87 07 86 79 30 86 

88 68 41 15 06 85 

89 23 81 83 34 52 

90 33 77 68 42 47 

91 49 85 21 65 48 

92 45 43 10 43 90 
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B3: Participant Order Assignment 

Key: P = participant, O = Warning order corresponding to table in Appendix B2 

P O P O P O P O P O P O 

P1 3 P12 5 P23 5 P34 3 P45 3 P56 1 

P2 4 P13 1 P24 3 P35 5 P46 5 P57 2 

P3 1 P14 2 P25 4 P36 2 P47 3 P58 5 

P4 2 P15 4 P26 5 P37 1 P48 1 P59 3 

P5 5 P16 5 P27 2 P38 4 P49 2 P60 4 

P6 1 P17 2 P28 1 P39 3 P50 4 P61 1 

P7 5 P18 3 P29 4 P40 5 P51 1 P62 2 

P8 2 P19 4 P30 3 P41 5 P52 2 P63 4 

P9 3 P20 1 P31 4 P42 2 P53 5 P64 5 

P10 4 P21 1 P32 2 P43 1 P54 3 P65 3 

P11 3 P22 2 P33 1 P44 4 P55 4   
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Appendix C  

Fire Warning Ratings 

C1: Sample Instruction Form 

Instructions: Please read the following scenario completely. 

Imagine that you are working at large company and you hear a very loud fire alarm.  No 
one near you knows whether it is a real fire or just a fire drill.  You see people starting to 
leave the offices.  There is some confusion with a few people waiting for an elevator 
when they should be using the stairs.  In search for better ways to alert people and have 
them respond appropriately in real fire emergencies, we are examining the 
appropriateness of different warnings that could be given by electronic alarms.  We are 
trying to find out what kinds of warnings might be best to give in case of a building fire.  

You will listen to a series of spoken (verbal) statements and sounds, such as white 
noise and sirens. Imagine that the statements and sounds will be repeated as warnings 
to get people to leave the building safely and quickly.  Please rate each of the warnings 
according to how acceptable the statements and sounds would be if given as a fire 
alarm.  The scale ranges from 0 (Not at all acceptable) to 8 (Extremely acceptable).   
You will hear a warning followed by 7 seconds of silence. Immediately after listening to a 
warning, please write your rating in the corresponding blank during the 7 second period. 
You will not be able to return to the current warning later so write down your 
rating as quickly as possible and the next warning will be played after the 7 
second silent period.  After you listen to the next warning, write your rating in the next 
blank, and you will continue these steps until you have finished listening to all of the 
statements and sounds.  Write down your ratings beginning from the leftmost column, 
followed by the middle column, and followed by the right column. Start from the top of 
the column and work downward.  The blanks are labeled in an alphabetical ordering to 
help you. 
 
Use the following scale to rate each statement or sound on acceptability as a fire 
evacuation warning statement. Acceptability might include a variety of things, such as 
perceived hazardousness, appropriateness, and how careful one would be to follow the 
statement or sound.  Use the written text on the scale to guide you, but you can choose 
any number shown on the scale (0 through 8). Do not write down fractions or decimal 
numbers. 
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C2: Sample Rating Scale and Rating Sheet 

|------------|------------|------------|------------|------------|------------|-----------|------------| 
0              1             2             3              4             5             6             7             8 
Not at all          Somewhat             Acceptable                 Very                    Extremely     
Acceptable      Acceptable               Acceptable  Acceptable  
 
 

Statement Rating 
 

 Statement Rating
 

Statement Rating
 

Practice 1 
  

       L. 
 
 

        Z. 
  

  

Practice 2 
 

           M.           AA.  

Practice 3 
 

           N.           AB.  

        A. 
  

          O.           AC.  

        B. 
  

           P.           AD.  

        C. 
  

           Q.           AE.  

        D. 
  

           R.          AF.  

        E. 
 

           S.          AG.  

        F. 
 

           T.          AH.  

        G. 
 

           U.         AI.  

        H. 
 

           V.         AJ.  

        I. 
 

           W.         AK.  

        J. 
 

           X..         AL.  

        K. 
  

           Y.         AM.  
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Appendix D 

 Demographic Questionnaire 

Instructions:  Please do not write your name on this or the remaining pages of 
the survey. 
 

 
1. Age: __________             

2. Gender: _____ Male  _____ Female  

3. Ethnicity (please check one): 

4.  Are you a full-time student? _____ No _____ Yes 
       

4-a) If "Yes," then what is your major (or most likely major if undeclared)?         

                  _________________________________ 

4-b) If "No," what is your current occupation/profession?       

5. Please circle a number that describes you last or highest year of school 

completed  

 

1   2   3   4   5   6   7   8   9   10   11   12       13    14    15    16         17    18    19    20   or more 

---Grade School-----------High School-----------Technical/----------Graduate/Masters/Doctoral 

 College/University 

 
6. Are you a full-time student? _____ No _____ Yes 

      6-a) If "Yes," then what is your major (or most likely major if undeclared)?         

                     _________________________________  

       6-b) If "No," what is your current occupation/profession?       

_________________________________ 

7.Is English your first language? (Please check one)  _____ No  _____ Yes 

If "No," please give your first language(s):  ____________________ 

_______ African                                        _______ Native American   
_______ African-American                       _______ Middle Eastern  
_______ Asian                                           _______ Mixed Race  
_______ Caucasian                                    _______ Pacific Islander  
_______ East Indian                                  ____ Other _________ Please specify   
_______ Hispanic or Latino                     
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8. Have you ever been diagnosed with a hearing problem? _____ No  _____ Yes 

If "Yes," please describe ________________________________________ 

9. Do you wear glasses or contacts? _____ No  _____ Yes
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Appendix E 

Informed Consent Form 

Safety Information 
Primary Investigator: Jesseca Taylor                                Faculty Advisor: Dr. Chris Mayhorn 
                                   
You are invited to participate in a research study.  The purpose of this study is to examine people's 
perceptions concerning safety information.  In this study, you will be asked to complete a task and 
complete a questionnaire. This task will last approximately 30 minutes. 
 
INFORMATION 
You will rate a set of safety-related statements and complete a demographic survey related to the 
topics mentioned above. 
 
RISKS  
There are no risks or discomforts associated with this study. 
 
BENEFITS 
There will be no direct benefit expected to the participants, but knowledge may be gained  
that could help others. 
 
CONFIDENTIALITY 
The information in the study records will be kept strictly confidential.  Data will be stored securely and 
will be made available only to persons conducting the study unless you specifically give permission in 
writing to do otherwise. In addition to signing this form, you will not be asked to write your name on 
any other materials. So your name will not be linked to your survey responses, this consent form will 
be collected and stored separate from your completed survey. No reference will be made in oral or 
written reports that could link you to the study. 
 
COMPENSATION  
You will receive 1 research credit for participating in this study. 
CONTACT 
If you have questions at any time about the study or the procedures, you may contact the researcher, 
Jesseca Taylor, at POE 700, or jrisrael@ncsu.edu.  If you feel you have not been treated according to 
the descriptions in this form, or your rights as a participant in research have been violated during the 
course of this project, you may contact Deb Paxton, Regulatory Compliance Administrator, Box 7514, 
NCSU Campus (919/515-4514).  
 
PARTICIPATION 
Your participation in this study is voluntary; you may decline to participate at any time.   
 
CONSENT 
"I have read and understand the above information.  I have received a copy of this form.  I agree to 
participate in this study with the understanding that I may choose not to participate or to stop 
participating at any time without penalty or loss of benefits to which I am otherwise entitled. I am 
confirming that I am at least 18 years of age." 
 
Subject's signature_______________________________________         Date __________ 
Investigator's signature___________________________________    Date __________ 
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Appendix F 
 

Hearing Screen Inventory 
Instructions: 
This questionnaire deals with a number of common situations. For each question you should select 
the response that describes you and your behaviors best. You can select from among the following 
response alternatives: 
 
Never (or almost never), Seldom, Occasionally, Frequently, Always (or almost always) 
 
Simply circle the letter that corresponds to the first letter of your choice. (If you normally use a 
hearing aid, answer as if you were not wearing it.) 
 
1) Are you ever bothered by feelings that your hearing is poor? N S O F A 
 
2) Is your reading or studying easily interrupted by noises in nearby rooms? N S O F A 
 
3) Can you hear the telephone ring when you are in the same room in which it is located? N S O F A 
 
4) Can you hear the telephone ring when you are in the room next door? N S O F A 
 
5) Do you find it difficult to make out the words in recordings of popular songs?  

N S O F A 
 
6) When several people are talking in a room, do you have difficulty hearing an individual 
conversation? N S O F A 
 
7) Can you hear the water boiling in a pot when you are in the kitchen? N S O F A 
 
8) Can you follow the conversation when you are at a large dinner table? N S O F A 
 
Answer these questions using 
 
Good, Average, Slightly below average, Poor, Very poor 
 
(Circle the first letter corresponding to your choice) 
 
9) Overall I would judge my hearing in my RIGHT ear to be G A S P V 
 
10) Overall I would judge my hearing in my LEFT ear to be G A S P V 
 
11) Overall I would judge my ability to make out speech or conversations to be  
G A S P V 
 
12) Overall I would judge my ability to judge the location of things by the sound they are making alone 
to be  G A S P V 
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Appendix G 
 

ANOVA Summary Tables 
 

ANOVA Summary Table 1. 
Acceptability Rating. 2 (Gender: male, female) X 15 Spoken Warning repeated measures ANOVA 

Source df 
Type III Sums 

of Square Mean Square F p 
Epsilon 

Correction 
Gender 1 17.17 17.17 5.24 .03  

Error 64 209.96 3.28    
Spoken Warning 14 662.12 47.29 28.17 .00  

Error 896 1504.13 1.68   .24 
Gender X 
Spoken Warning 

14 67.21 4.80 6.31 .00 
 

Error 896 681.71 0.76   .46 

 
 
 

ANOVA Summary Table 2. 
Acceptability Rating. 6 (Speaker: male 1, male 2, male 3, female 1, female 2, female 3) X 15 Spoken Warning 
repeated measures ANOVA 

Source DF 
Type III Sums 

of Square Mean Square F P 
Epsilon 

Correction 
Speaker 5 172.40 34.48 6.72 .00  

Error 320 1642.39 5.13   .64 
Spoken Warning 14 1986.36 144.88 28.17 .00  

Error 896 4514.40 5.04   .24 
Speaker X 
Spoken Warning 

70 800.87 11.44 5.48 .00 
 

Error 4480 9355.84 2.09   .16 

 
 
 
ANOVA Summary Table 3. 
Acceptability Rating. Fire Warning (17 warnings) repeated measures ANOVA  

Source DF 
Type III Sums 

of Square Mean Square F P 
Epsilon 

Correction 
Fire Warning 16 764.79 47.80 37.65 .00  

Error 1024 1300.21 1.27   .25 
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ANOVA Summary Table 4. 
Acceptability Rating. 3 (Egress Immediacy) X 2 (Stairs Directive) X 2 (Elevator) repeated measures ANOVA 

Source DF 
Type III Sums 

of Square 
Mean 

Square F P 
Epsilon 

Correction 
Egress Immediacy 2 72.33 36.16 34.59 .00  

Error 128 133.82 1.05   .78 
Stairs Directive 1 106.90 106.90 73.65 .00  

Error 64 92.89 1.45   1.00 
Elevator Directive 1 60.88 60.88 25.12 .00  

Error 64 155.11 2.42   1.00 
Egress Immediacy X 
Stairs 

2 14.16 7.08 21.03 .00 
 

Error 128 43.09 0.34   .99 
Egress Immediacy 
X Elevator 

2 7.00 3.50 11.69 .00 
 

Error 128 38.34 0.30   .94 
Stairs X Elevator 1 0.43 0.43 1.01 .32  

Error 64 26.94 0.42   1.00 
Egress Immediacy 
X Stairs X Elevator 

2 3.52 1.76 4.13 .02 
 

Error 128 54.58 0.43   .87 

 
 
 

ANOVA Summary Table 5. 
Acceptability Rating. 2 (Participant Gender) X 6 (Speaker) X 15 (Spoken Warning) mixed model ANOVA 

Source DF 
Type III Sums 

of Square Mean Square F P 
Epsilon 

Correction 
Participant Gender 1 2.94 2.29 .026 .87  

Error 63 5648.34 89.66    
Speaker 5 79.07 32.75 6.60 .00  

Error 315 1563.32 4.96   .65 
Spoken Warning 14 1970.65 140.76 27.89 .00  

Error 882 4451.34 5.05   .24 
Participant Gender X 
Speaker 

5 79.07 15.81 3.19 .008  

Error 315 1563.32 4.96    
Participant Gender X 
Spoken Warning 

14 61.06 4.36 0.86 .60  

Error 882 4451.34 5.05   . 
Speaker X Spoken 
Gender 

70 800.63 11.44 5.44 .00  

Error 4410 9264.55 2.10   .16 
Participant Gender X 
Speaker X Spoken 
Warning 

70 91.29 1.30 0.62 .00  

Error 4410 9264.55 2.10    
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Appendix H 

Histogram and Scatterplot 

 

 


