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• Triangle tone has high stable detection in all conditions compared to flat tones.

• Triangle tone, was perceived as marginally more annoying compared to the standard flat tone.

• Implicating that temporally varied harmonically complex tones could provide a greater balance of annoyance and 

detection.

• However, this detection stability negatively affects speech comprehension. 

• Our team has found in a previous studies (Foley et al., 2022) that tones with a percussive 

amplitude envelope are more detectable and less annoying than standard flat tones. 

• We use the triangle instrument as a temporally varied, and harmonically complex model, 

that would increase alarm efficiency 

• Does a temporally and harmonically complex tone improve alarm efficiency by reducing 

annoyance and increasing detection compared to flat standard alarms without affecting 

speech comprehension? 
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Fig. 1 (Foley et al., 2022)

Figure 1. A 3D representation of a flat tone, x axis is Time (in seconds), y axis is intensity, z axis is each harmonic component. The flat tone (left) and percussive tone (right)
have 100% harmonic fundamental component over time, and 50% harmonics in components 2 to 5.

Figures a) and b) are spectrograms of each auditory stimuli with frequency in the y axis, and time (in seconds) in the x axis and the relative amplitude is shown farthest
right. Underneath it shows the waveform (y = relative amplitude, x = time in seconds). a) represent the Standard Flat tone with the fundamental at 261 Hz and four
additional harmonics. Stimuli b) represents the synthesized triangle tone. Figure c) represents the CRM paradigm for experiment 1 (measuring detection and speech
comprehension), where the tone present in the experiment was the triangle tone, flat tone, or silence. Figure d) represents the perceived annoyance task as a two
alternative forced choice task, comparing both the flat and triangle tones together.

Plot e) top left, measures detection using d prime of Triangle Full compared to standard flat tones. Plot f) top right, represents performance at the CRM task 
comparing the Triangle Full the the standard flat tones.  Plot g) bottom, measures perceived annoyance of Triangle Full compared to standard flat tones. 
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