
There are many sources of potentially hazardous noise in daily life.  Identification of 
safe listening levels and durations within a given noisy environment is critical so 
listeners can choose to reduce the sound level (if the volume is under their control), 
increase their distance from the sound source, limit time in the noisy location, or use 
hearing protection.  Decisions about safety from sound exposure depends on reliable 
sound level estimates.  Dosimeters and sound level meters (SLMs) are useful tools, 
but these devices can be cost-prohibitive. Use of such devices not only requires 
special knowledge but also requires a consumer to  identify, purchase, and carry the 
device with them.  The internet has provided easy access to technical information and 
mobile technology has made that information more readily accessible than ever.  A 
potential sound monitoring tool that has emerged in recent years is the “smartphone”, 
in combination with an inexpensive SLM "app”.  
SLM apps provide quick, easy, convenient, and inexpensive sound level monitoring 
opportunities; there are now more than 50 SLM apps available for the iPhone®.   
Theoretically, people carry their app-based SLM with them at all times.  Accuracy is a 
major unknown for the apps however, and accuracy is critical.   
Per 1998 recommendations of The National Institute for Occupational Safety and 
Health (NIOSH), a 3-dB increase in sound level halves “safe” listening time.  
According to Occupational Safety and Health Administration (OSHA) standards (CFR 
1910.95), a 5-dB increase in sound level halves safe listening time. Given rapidly 
increasing popularity and use of smart phones, SLM apps could identify hazardous 
noise levels in daily activities, creating an opportunity for informed safe listening 
decisions, but only if the apps are accurate within 3-5 dB. We assessed the accuracy 
of several SLM apps loaded on a new iPhone®. App-based sound level 
measurements (in dBA and dBC) were compared to measurements made using a 
Class I SLM.  

Sound levels were measured using a Class I SLM (Brüel and Kjær, type 2250, meets 
IEC 61672-1:2002, +1.9 dB) rated for 16-140 dB SPL measurements at 1 kHz.  The 
sound level meter calibration was verified using a Brüel and Kjær Type 4231 calibrator 
(1 kHz, 94 dB SPL + 0.2 dB) prior to use.  Levels measured using the SLM served as 
“control” data with respect to assessing accuracy of each SLM apps.  Five iPhone® 
applications with default settings were loaded onto a new iPhone® 4S (Table 1).  Free-
field sound levels were measured in a double-walled sound attenuating chamber.  The 
SLM and iPhone® were positioned facing the speaker at a distance of 3 feet. Stimuli 
were narrowband noise signals generated using a professionally calibrated GSI-61 
audiometer.  Narrowband noises were produced at octave intervals from 250 Hz to 
8,000 Hz.  Ambient noise level was measured, and the narrowband levels were 
measured when presented at: quiet (0 dB HL), low (50 dB HL), medium (70 dB HL) 
and high (85-95 dB HL, depending on the limits of the audiometer) signal levels. The 
signal was turned on and sound levels were sampled with the SLM once every 10 
seconds until 10 measurements had been collected using A-weighted measures, then 
once every 10 seconds until 10 measurements had been collected using C-weighted 
measures.  This was done for the SLM and for each app, then the process was 
repeated, yielding a total of 20 measurements at each frequency and intensity for 
each weighting.  
App-based sound level measurements were compared to control using a Two Way 
Analysis of Variance with frequency and app as independent variables, and measured 
level as the dependent variable.  All apps were compared against the Type I SLM 
(Table 2).  Pair-wise comparisons were corrected for multiple comparisons using the 
Bonferroni procedure.   

Repeatability, Accuracy & Reliability 
•  Sound level measurements were highly consistent within all conditions (see 

small standard deviations). 

•  Levels measured using apps varied relative to SLM measurements. 
•  Some apps were more accurate than others as a function of frequency (see 

Figures 1 and 2) and level (not shown). 
Significance 
•  There were statistically significant differences between apps and the SLM at 

all frequencies and levels, for all apps.  Differences <1 dB were statistically 
significant, but do not have robust real-world impact.   

•  Based on well accepted 3-dB (NIOSH) to 5-dB (OSHA) time-intensity trading 
relationships, we argue here that an error of 3-5 dB is the smallest difference 
with “real world relevance”. 

•  Apps that inaccurately report lower noise levels than are actually present 
would be potentially hazardous if users base safe listening durations on the 
app data.  

•  Two of the apps underestimated hazardous levels by at least 3-5 dB. 
Hardware & Software 
•  Neither the SLM nor iPhone® apps measured any level increase when the  

0-dB HL noise bands were turned on (Figures 1 and 2); these microphones 
are not meant for measuring low level noises. 

•  The microphone on the iPhone® is assumed to meet factory standard as the 
phone had not been used prior to this study. 

•  Some apps allow calibration, which might increase accuracy (Table 1). 

•  If an error is made, an overestimation of sound level is the “safer” error, in 
that app users will believe the environmental level to be higher than it 
actually is.  Decisions about listening time and safety will be based on those 
higher values, leading to less noise exposure.   

•  If noise levels are reported lower than actual levels, there is concern that 
consumers may underestimate hazardous environments. 

•  Further testing is needed at higher intensities to measure the full extent of 
the plateauing effect that occurred in three of the apps. This does not appear 
to be a limitation of the iPhone® microphone since the SPLnFFT, Noise 
Meter and SoundMeter apps continued to show increases in loudness 
consistent with the SLM.  

•  iPhone® SLM apps had variable accuracy.  Data from this study can provide 
a preliminary guide for selecting an accurate app.  Additional testing using 
multiple iPhones® is needed to understand variability across phones as 
microphone performance may change over time. Testing of other models of 
smartphones and additional apps is also needed. 

•  This study was conducted in a controlled setting using simple narrow-band 
noise, and in the real world most sounds will be complex signals across a 
wide range of frequencies.  Comparisons of apps to SLM measurements in 
real-world conditions leaves room for further research. 

•  Unless the accuracy of an app has been determined, consumers should be 
hesitant to trust noise level estimates based solely on the app-based 
measurements. 
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METHODS 

INTRODUCTION 

Measurement tool Price Designer 

Bruel & Kjaer, Type 2250 SLM $3,825 B&K 

dB Volume app, v1.0.5 Free DSP Mobile 

Advanced Decibel app, v1.0 $0.99 Darren Gates 

SPLnFFT Noise Meter app, v3.3* $3.99 Fabian Lefebvre 

SPL app, v2.6* $8.99 Studio Six Digital 

SoundMeter app, v3.1 (686)* $19.99 Faber Acoustical 

DISCUSSION RESULTS  

Figure 1. Ambient noise and 0-dB HL measurements were 
virtually indistinguishable within each condition, suggesting 
none of the devices were sensitive to low-level acoustic signals.  
Mean + SD.    

Figure 2. As observed during A-weighted measurements, ambient 
noise and 0-dB HL measurements were virtually indistinguishable 
within each condition. Differences in pattern between 0 dB HL and 
50 dB HL may suggest the SLM has greater sensitivity to low 
frequency ambient sounds than the iPhone®. Mean + SD.  

•  At higher levels, dB Volume app and Advanced Decibel 
app reported levels < the Class I SLM;  the other apps 
reported levels > the control, with some differences 
reaching 15-dB.  

•  The differences observed between A- and C- weighting at 
500Hz should be 3 dB. The dB Volume app showed a 
reversed pattern and measured dBA levels higher than 
dBC levels.  The dB Volume app also applied too much 
weighting, with differences reaching 9-dB.  

•  Three of the five apps (SPLnFFT, SPL, and SoundMeter) 
consistently reported higher levels than the SLM; apps 
reported higher sound levels than were actually present.  

•  The dB Volume app consistently recorded values below 
that of the SLM.  The Advanced dB app varied between 
overestimating and underestimating sound level. 

•  Three of the apps (dB Volume, Advanced Decibel, and SPL) 
plateaued at high intensities.  These apps registered 
almost identical values when 4000Hz narrowband noise 
was presented at 90 dB HL or 95 dB HL. 

•  The largest discrepancies between SLM measurements 
and app measurements were observed at 250 Hz.  The dB 
Volume app did not follow the pattern of the SLM across 
frequencies at 70 and 85-dB HL intensities.  
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OUTCOMES & IMPLICATIONS 

Table 1. SLM and apps used (*=App allows for calibration) 

Frequency dB Volume Advance dB SPLnFFT SPL SoundMeter 

500 -11.3 4.2 8.1 3.2 0.8 

1000 -5.4 4.2 10.1 6.8 2.2 

2000 -5.4 1.8 9.8 5.5 2.8 

4000 0.9 7.9 11.5 11.7 4.1 

8000 -1.6 7.2 11.1 8.4 1.9 
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