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Using mobile phones as light at night and noise measurement instruments: a

validation test in real world conditions
Nahum M. Gabinet

, Hassan Shama, and Boris A. Portnov

Department of Natural Resources and Environmental Management, Faculty of Social Sciences, University of Haifa, Haifa, Israel

ABSTRACT

Exposure to noise from road traffic and industries is known to be linked to various health dysfunc-
tions, including hypertension, cardiovascular diseases and hearing loss. Exposure to artificial light at
night (ALAN) is also increasingly recognized as being associated with ecosystem damage and
various illnesses, including cancers, excessive weight gain and sleep disorders. However, measuring
and monitoring these environmental risk factors by professional equipment are laborious and
expensive, which impede large-scale research and various citizen science initiatives. In this study,
we test a possibility that reliable noise and ALAN exposure estimates can be gathered using
smartphones (SPs) sensors. To verify this assumption, we develop a standardized testing protocol,
and use Andro-Sensor app, installed on three different Samsung Galaxy SPs - S7, S20FE5G, and
SM520F, — to perform measurements of ALAN and noise in real-world conditions while comparing
these measurements with measurements performed by professional (type 2) equipment — SL814 for
noise and LX-1330B for illumination. The analysis of 3450 measurements, performed in two
different locations in Israel, reveals that the SPs measurements and measurements performed by
control instruments correlate strongly for noise (r = 0.76-0.94) and are nearly identical for ALAN
(r=0.998-0.999). The association between the two types of measurements is also found to be close
to linear, with the slope of the trend line being close to 45° for ALAN and varying between 30° and
45° for noise, depending on the SPs used. Our conclusion is that the level of accuracy of ALAN
measurements by SPs is greater for ALAN than for noise, which can make SPs a useful tool for large-
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scale ALAN studies that do not require the accuracy of professional instruments.

Introduction

The disruption of biological rhythms in humans is known
to be linked to light pollution, resulting from exposure to
various light-emitting devices, such as household appli-
ances, tablets and cellular phones (see inter alia, Falchi
et al. 2011; Green et al. 2017; Ohshima 2015; Smolensky
et al. 2015; Zubidat and Haim 2017). As modern technol-
ogy evolves, new sources of artificial light, such as light-
emitting diodes (LEDs), constantly emerge (Montoya et al.
2017), which exacerbate the problem (Falchi et al. 2019).
Exposure to noise from traffic, industries and various
household devices is another source of environmental
pollution, known to be linked to various health dysfunc-
tions, including hypertension (Babisch et al. 2001; Ising
and Braun 2000; Maschke et al. 2002; Waye et al. 2003);
cardiovascular diseases (Carter et al. 1994; Van Kempen
et al. 2006); sleep disturbance and phase shift (Basner
etal. 2011; Berg 2001; Buxton et al. 2011; Eberhardt et al.
1987; Freedman et al. 2001; Griefahn et al. 2008;
Jakovljevic et al. 2006; Okada and Inaba 1990; Passchier-
Vermeer 2003; Smith et al. 2013; Stanchina et al. 2005;

Topf 1992; Vallet et al. 1983); bad mood, depression,
reduced cognitive performance (Carter 1996; Ohrstréom
1991; Waye et al. 2003; Wilkinson 1963) and hearing
loss (Lewis et al. 2013; Lim et al. 2017).

However, most previous studies that investigated the
effect of ALAN and noise on chronobiological disrup-
tion and related health effects in humans were ecological
studies (cf., inter alia Gabinet and Portnov 2021; Zhang
et al. 2018). Well-known limitations of such studies
include exposure mis-specification due to differences
between average and individual-level exposures and
potential presence of uncontrolled confounders
(Wakefield 2008). Concurrently, individual level studies,
investigating ALAN and noise exposures, on the one
hand, and their health effects, on the other, were mostly
carried out in small population cohorts, and mainly
under controlled laboratory conditions, and thus lack
generality (e.g., Girschik et al. 2012).

Shortage of large-scale individual-level studies of
ALAN and noise effects on humans in real-world condi-
tions is largely due to the fact that monitoring these
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environmental pollutants by professional instruments is
laborious and expensive, which impedes large-scale
research and citizen-science initiatives (Zamora et al.
2017). In this respect, the widespread use of smart tech-
nologies, including smartphones (SPs), smart-bands, and
data clouds (Kim et al. 2017; Petrolo et al. 2014; Su et al.
2011) can offer a valuable alternative for large-scale envir-
onmental data gathering for individual-level research.

According to the Pew Research Center, the level of
smart technology proliferation in the world constantly
increases, with about 70 million people in the USA alone
(21%) owning smartwatches and smart-bands (Pew
Research Center 2019a) and about 76% of people own-
ing SPs (Pew Research Center 2019b). Bayindir and
Paisley (2018) place these estimates even higher, putting
smartwatch ownership (including smart-bends) at 24%
and SPs ownership at 95%.

However, the use of these, now widely available and
affordable technological tools, in scientific research is still
in its infancy, with only a handful of studies using SPs as
monitoring instruments (see inter alia, Dutta 2019;
Martin et al. 2012). Most of these studies are carried out
in laboratory conditions or in controlled laboratory set-
tings (Gutierrez-Martinez et al. 2017; Machado et al. 2017;
Murphy and King 2016; Odenwald 2020; Serpanos et al.
2018; Williams et al. 2017). This focus on laboratory
testing effectively leaves the question open whether SPs
can be used in real-world conditions as sufficiently accurate
ALAN and noise monitoring tools? The present study aims
to fill this knowledge gap.

In particular, to answer this question, we develop and
use a standardized testing protocol, and employ the Andro-
Sensor app, installed on three different popular and com-
monly used SPs, to perform measurements of ALAN and
noise and to compare them with measurements performed
by professional (Type 2) instruments. To the best of our
knowledge, the present study is the first, which investigates
the feasibility of using SPs for simultaneous real-time mon-
itoring of ALAN and noise in real-world conditions.

Background studies

Modern SPs integrate a rich set of sensors, including
high-resolution digital cameras, three-axis acceler-
ometers, magnetometers, gyroscopes, global positioning
devices (GPS), proximity sensors and others (Grossi
2019). These sensors are used to support SP functioning
by monitoring the device’s positioning, orientation and
performance (Grossi 2019). By using different software
apps, SPs’ users can activate sensors and hardware com-
ponents, such as ambient light sensor (ALS), micro-
phone (MIC), pulse tracker, and many others. Using
the algorithms embedded into the app, data collected
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from these apps can be stored in SP’s memory or in the
data cloud, projected on the hardware screen and ana-
lyzed (Yirtr et al. 2016).

Studies, carried out in recent years, demonstrate the
usefulness of SP technology for physical experiments
(see inter alia, Hosker 2018; Salinas et al. 2018; Sans
et al. 2013); biosensing (Dutta 2019); healthcare mon-
itoring (Lesher et al. 2021), and infrastructure manage-
ment (Alavi and Buttlar 2019). Constant improvement
in materials, technology and software lead to a leap
forward in SP sensing capabilities (Grossi 2019;
Majumder and Deen 2019). This ongoing improvement
makes past year technology quickly obsolete, as new,
faster and improved devices are launched every year
(Bai et al. 2018; Bayindir and Paisley 2018).

Studies, which investigate the performance of SPs as
monitoring tools, are summarized in Table 1. As evi-
denced from this table, early studies note an impaired
performance of the Android operating system (AOS),
while Apple’s iPhone operating system (iOS) is found to
demonstrate better accuracy and consistency (Kardous
and Shaw 2014; Murphy and King 2016; Williams et al.
2017). As technology evolves, AOS performance
improved to a + 1.6 dB error for measuring noise
(Odenwald 2020), and to less than 1 dB after calibration
(Ventura et al. 2017; Zamora et al. 2017). By adding an
external MIC, Roberts et al. (2016) find that calibrated
iOS can be used as a Type 2 Sound Level Meter (SLM).
Garg et al. (2019) also demonstrate that AOS devices with
an external MIC can be used, after calibration, as reason-
ably accurate noise monitoring tools.

Although studies, investigating the use of SPs for noise
measurements, are on the rise, the use of such devices for
ALAN measurements is still sporadic and infrequent (see
Table 1), albeit several iOS and AOS apps, currently avail-
able, can make this task possible. These apps include the
LightMeter app by WBPhoto (WBPhoto 2021),
AndroSensor app by FivAsim (Fiv Asim 2015) and
Physics Toolbox Sensor Suite app by the Vieyra Software
(Vieyra Software 2021). To perform illumination measure-
ments, these apps enable ALS, which is used to adjust the
brightness of the phone in order to reduce the power
consumption of the battery. If ALS operates, the screen of
the phone become dim when it is dark, being sufficient
enough to enable a user to see the phone’s screen effectively
(Dutta 2019).

Thus, in one of such studies, investigating the potential
of SPs use for ALAN measurements, Gutierrez-Martinez
et al. (2017) test the accuracy of AOS devices using a self-
developed app, which enables the on-board camera, ALS
and external light measurement kit. The researchers
found that after applying a correction factor, the absolute
error in illuminance measurements dropped to 6.35%
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(from 12.63% before correction) and to 2.7%, when the
external light measuring kit is used. In a separate study,
Machado et al. (2017) found no significant differences
between AOS ALS measurements and by the measure-
ments performed using an HDE® LX-1010B type lux-
meter with the average error of less than 0.1 lux
(p < .05). Yet, Odenwald (2020) reports a 12%-18% aver-
age error, after comparing measurements performed
using iOS and AOS apps with professional grade light
measurement equipment.

However, it should be noted that most attempts to
validate SPs as ALAN and noise measurement instru-
ments have been performed under controlled, i.e., close
to laboratory conditions (Odenwald 2020; Serpanos et al.
2018). Other studies were based on a small number of
measurements (Williams et al. 2017), or used ad hoc
algorithms, embedded in self-developed apps (Garg
et al. 2019; Williams et al. 2017; Zamora et al. 2017). As
a result, these studies lack generality, and their results
cannot be replicated in wide-scale real-world experi-
ments. The present study attempts to address these issues
by applying a standardized, yet simple methodological
approach, applying it to a variety of real-world conditions,
as detailed in the next subsections of this paper.

Research method
Research protocol

To verity a possibility that reliable information on noise
and ALAN exposure measurements can be obtained
from SPs sensors, we devised a standardized test proto-
col, featuring different combinations of ALAN and noise
level settings in bedrooms and living rooms of typical
urban apartments that face busy city streets.

The sources of ALAN and noise in residential apart-
ments are diverse, as these types of environmental pollution
come from both outdoor emitters (such as car engines and
headlights, streetlights, AC compressor and others) and
from indoor devices, such as TVs, room lights, household
appliances and so on. In addition, apartments’ residents can
change the level of exposure to ALAN and noise by opening
or closing windows, or/and raising or lowering window
shutters. Therefore, while devising the study protocol, we
considered a combination of several factors, as detailed in
Table 2: computer screen (on/oft), TV (on/oft), background
light (15 W LED, on/off), windows (open/closed) and
shades (open or lowered). The combinations of these fac-
tors defined in Table 2 are assumed to reflect a variety of
settings that might occur in apartments at night.

To perform the measurements, under each combina-
tion of the above-mentioned factors, we placed the
tested SPs (see Table 3) on a flat horizontal platform in
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the middle of the room, with the sensors directed to the
largest source of light, in order to account for ALS
location inside the SPs (Gutierrez-Martinez et al.
2017). Next to the SPs tested, we positioned measure-
ment instruments - SL-814 for sound measurements
and LX-1330B for ALAN measurements.

The measurements were performed from late
February to the end of March 2021, when no space
cooling or heating is normally required in Israel, which
we considered important to minimize the potential
impact of artificial wind sources, such as air conditioners
and fans, on the instruments.

During 23 consecutive nights, between 19:00 to 23:00,
ALAN and sound measurements collected from all
devices every 5 minutes. The measurement process
resulted in 1,150 observations for each device for
ALAN and sound, separately, thus totaling 3,450 mea-
surements for all three SPs, matched by the same num-
ber of simultaneous measurements by the control
instruments.

Measurement locations

Measurements were taken in two different locations in
Israel: The City of Nahariya (68,988 residents) and the
City of Tamra (35,210 residents) (Gov Data 2021); see
Figure 1. The cities in question are major cities in
northern Israel, characterized by dense development
patterns and relatively high traffic volumes. While the
City of Nahariya has predominantly Jewish population,
the City of Tamra is an Arab town. Although differ-
ences in ethnicity are not analyzed in this study per se,
we consider that representing ethnically different
places might be important for investigating differences
in exposure between different groups of localities in the
future. In both cities, the test apartments, in which the
measurements were performed (one in each city), are
located on main streets: near the Tamars Mosque in
Tamra and next to the Yitzhak Sadeh St. in Nahariya
(see Figure 2).

SPs, apps and control devices

Three different Samsung SPs - Galaxy A5-SM520F,
Galaxy s7 and Galaxy S20FE5G - were used in the
study as test devices (see Table 3). Samsung SPs are
very popular in Israel, as elsewhere, forming ~48% of
the domestic SPs market (GlobalStats 2021). The market
proliferation was an important consideration for select-
ing the test devices, considering their potential use in
future experiments. All the SPs used in the test run on
the Android Operating System (AOS) but were released
to the market in different years and incorporate
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Table 2. Measurement protocol.

Measurement Measurement settings
code Light Windows Shades PC TV
" & m | = | =
< | [ = | = | Ed
M2
Y == L.
M3 S @
7 | O o | =
M4
g | I
M3 =
6 &
M —
@ -
M7 v E
@ @ | B | 2
M8 ) - ==
M9 & =
M10 @ W | jus}
w | 7 | ;| = | =
wve | @ | 0| = | Q2 |

(Continued)



Table 2. (Continued).

CHRONOBIOLOGY INTERNATIONAL 33

Measurement Measurement settings
code Light Windows | Shades PC vV
M14 € « = [xxx]
M15 @ 08 =
M16 <> O] - [xxx]
M17 < ]
Mg ] 4 [x]
w | @ | ] = | =
M20 na =
M21 & | = e
w | 7| [ &S
M23 & | OO — [exx]

Notes: “ lights off; = lights on; -/ windows closed; [l windows open;

shades closed;

= shades open; =PC off; =~ PC on; == TV off; =/ TV on

somewhat different features, as detailed in Table 3. In
particular, the first SPs — Samsung Galaxy A5-SM520F -
were released in 2017 and incorporates two micro-
phones (top and bottom) with active noise canceling,
and has an ALS featuring maximum measurement range
of up to 60,000 Ix with a 1 Ix resolution (GSMArena

team 2017). The Galaxy S7 SPs, released in 2016, have
similar features: it incorporates two high hand micro-
phones (top and bottom) with active noise canceling
(Zamora et al. 2017) and its TMS49XX ALS has the
maximum measuring range of 60,000 Ix with a 1 Ix
resolution (Boycracked 2016). Concurrently, Samsung
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Figure 1. Location of the study sites (ArcGIS 2015).

Galaxy S20FE5G SPs, released in 2020, incorporate two
high hand microphones (top and bottom) with active
noise canceling and Stk31610 ALS featuring maximum
measuring range of 4,094 Ix with 0.53 Ix resolution
(GSMArena team 2020).

On all SPs tested, the AndroSensor App by Five Asim
was installed. The app in question is freely downloadable
from the Google© Play Store and offers an easy-to-use
interface with multi-sensor logging capabilities (Fiv
Asim 2012) The app generates an .csv output file auto-
matically and enables emailing the data collected from
all active sensors, according to a predefined measure-
ment frequency.

The ALAN reference device was LX-1330B, manufac-
tured by Dr. Meter with light intensity threshold of 0.1
to 200,000 Ix, 0.1 Ix resolution, and +2% repeatable
accuracy (DrMeter 2019). The device used for noise

measurements — SL-814 - is manufactured by Oaktree-
Products and is fully compliant with IEC651 & ANSI
S1.4, with a measurement range of 30 to 130 dB with
a 0.1 dB resolution (Oaktree Products 2013).

Data analysis

The measurements assembled from SPs and controlled
instruments were cointegrated and imported into the
IBM SPSS 26.0"™ software for analysis. The analysis
was performed in the following two stages: First, we
mutually compared the measurements collected by SPs
and reference instruments, using scatterplots, gener-
ated for noise and ALAN separately. Next, correlation
coeflicients were estimated and trend lines were fitted
and analyzed.
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Figure 2. Location and pictures of building in which the measurements were carried out: A. Khalet el-Ghazal st, Tamara (Google, n.d.a),

B. Yitzhak Sadeh St., Nahariya (Google, n.d.b).

Research hypothesis

Several previous studies investigated the accuracy of
SPs as measurement instruments (see Table 1).
However, as previously mentioned, most of these
tests were performed in controlled or close-to-
laboratory conditions. It thus remains unclear
whether SPs measurements are sufficient accurate in
real-world field studies, in which the exposure might
occur under different combinations of ambient fac-
tors. Therefore, our operational research hypothesis
was formulated as follows:

Hy: The accuracy of ST devices for ALAN and noise
measurements in real-world conditions is insufficient
and such measurements cannot be used as supporting
evidence for scientific research.

H,: Light and sound sensors, installed on common SPs
devices, provide sufficiently accurate measurements of
ALAN and noise exposure, thus making them
a sufficiently accurate tool for investigating ALAN and
noise exposures in real-world experiments.

If this hypothesis is correct, then we shall see a strong
and linear association between measurements performed
by reference instruments and SPs’ apps (r = 0.9 or more,
p < .01). Otherwise, we should reject this hypothesis.

The research conforms to the international ethical stan-
dards for biological rhythm research studies (Portaluppi
et al. 2010).

Results

In Table 4, we report descriptive statistics of the
measurements performed by different SPs, for
ALAN and noise separately. As evidenced by this
table, the standardized mean error for ALAN varies
between 0.026-0.064 (2.6%-6.4%), with Samsung S7
providing most accurate results (standardized mean
error = 0.026 (2.6%); SD = 1.35). For noise measure-
ments, standardized mean errors reach 0.157 (15.7%),
SD = 3.65 for Samsung A5; 0.135 (13.5%), SD = 4.99
for Samsung S20FE5G, and 0.064 (6.4%), SD = 2.97
for Samsung S7.

The results of the mutual comparison of ALAN and
noise measurements by the test SPs and control instru-
ments are reported in Figure 3. As evidenced by this



Table 4. Descriptive statistics of the research variables.
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Measurement location

Tamra® Nahariya®
Mobile phone brand

Measurement type and statistic Samsung A5 Samsung S7 Samsung S20FE5G
(A) Measurements performed by smartphones
Noise, dB
® Min 12 39 34
® Max 61 74 87
® Mean 34.16 46.01 46.87
® Standardized absolute mean error® 0.157 0.064 0.135
e 5p¢ 3.65 297 4.99
® No of obs. 1150 1150 1150
ALAN, Ix
® Min 0.00 2.00 2.00
® Max 194 101 102
® Mean 59.20 46.90 46.04
® Standardized absolute mean error® 0.064 0.026 0.027
e 5p¢ 439 135 143
® No of obs. 1150 1150 1150
(B) Measurements performed by instruments
Noise — SL814 (dB)
® Min 20 39
® Max 70 78
® Mean 40.47 43.89
® sD 10.63 4.04
® No of obs. 1150 1150
ALAN - LX-1330B (Ix)
® Min 1 2
® Max 205 103
® Mean 62.99 46.83
® SD 70.25 35.81
® No of obs. 1150 1150

Notes: @ Khalet el-Ghazal st’; Tamara, °Yitzhak Sadeh st., Nahariya (see Figures 1-2); ¢ Standardized absolute mean error between measurements performed by
reference instruments (SL814 and LX-1330b) and SPs; 9 Standard Deviation for the calculated error.

figure, the correlation between the measurements per-
formed by the control device and SPs measurements is
very high for ALAN (r = 0.998-0.999) and much lower
for noise (r = 0.76-0.94).

Among the test devices, Samsung A5-SM520F reports
the highest correlation for noise measurements (r = 0.94,
p < .01), as opposed to Samsung S7 (r = 0.83, p < .01).
Somewhat surprisingly, the lowest correlation for noise is
observed for the newest Samsung S20FE5G SPs (r = 0.76,
p <.01); see Table 5. Characteristically, in all cases, the shape
of the trend lines is close to linear, with their slope
approaching 45° for Samsung A5-SM520F, ~40° for
Samsung S7 and ~30° for Samsung S20FE5G. This indicates
that the latter two SPs tend to underestimate the levels of
noise exposure and might thus require the application of
a correction factor, if used for measurements.

Concurrently, for ALAN, the measurements from all the
test SPs are found to be quite accurate, being almost identical
to the measurements performed by the control instrument
(R? = 0.998-0.999; p < .01), with the shape of the trend lines
being close to straight lines with a 45° slope for all test devices.

As previously mentioned in the research protocol sec-
tion, while designing the experiment, we followed the
recommendations of Gutierrez-Martinez et al. (2017)

and Sans et al. (2017), according to which the tested SP
is placed toward the strongest source of light, so as to
minimize a measurement bias potentially attributed to the
location of the ALS in the SP. Yet, in order to assure that
the test results are not solely affected by major luminaries
located on the ceiling or other major sources of lighting,
we analyzed the test results separately for different room
settings, both with and without a dominant luminary. The
results of such a stratified analysis are reported in
Figure 4, which shows that SP measurements and mea-
surements by control instruments correlate strongly for
both types of room settings, that is, for room settings with
and without major luminaries (R? = 0.912-0.999).

Discussion

Light pollution affects a variety of processes in natural
ecosystems, affecting animal reproduction system, preda-
tor-prey relationship, and competition of species (Gaston
et al. 2013; Svechkina et al. 2020). In humans, excessive
exposure to ALAN is also known to be linked to various
illnesses and health disorders, such as breast cancer (Blask
et al. 2005; Garcia-Saenz et al. 2018; Hurley et al. 2014;
Kloog et al. 2008, 2011, 2010), prostate cancer (Garcia-
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Figure 3. Comparison of noise and ALAN measurements, performed by different SPs with measurements performed by noise and light
measurement instruments (see text for explanations). Notes: Left panel diagrams — Noise measurements; right panel diagrams — ALAN
measurements; A, B — Samsung Galaxy S7; C, D — Samsung Galaxy S20FE; E, F — Samsung Galaxy A5; Instruments used for

measurements: SL814 for sound and LX-1330B for light.

Table 5. Pearson correlation for SPs with control devices.

Pearson correlation
coefficient by

Mobile phone brand

measurement type ~ Samsung A5  Samsung S7  Samsung S20FE5G
I ALAN 0.998** 0.999** 0.999**
I noise 0.94%* 0.83** 0.76**

Notes: * Indicates a 0.05 significance level; ** Indicates a 0.01 significance level

Saenz et al. 2018; Kloog et al. 2009), obesity (Rybnikova
et al. 2016), fatigue (Martin et al. 2012) and sleep quality
(Dijk and Archer 2009; Gabinet and Portnov 2021;

Smolensky et al. 2015). The known mechanism behind
such associations includes circadian disruption (Cho et al.
2013; Zeitzer et al. 2000, 2005) and reduction in melato-
nin (MLT) secretion (Chellappa et al. 2013; Wahnschaffe
et al. 2013; Zubidat and Haim 2017), as well as general
stress, attributed to ALAN exposure (Haim and Portnov
2013).

Noise is another environmental risk factors, exposure
to which is known to be a source of annoyance (Ahrlin
1988; Bolin et al. 2011; Fields and Walker 1982;
Ohrstrém et al. 1980; Taylor 1982); bad mood,
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Figure 4. Comparison of measurements performed by SPs with measurements performed by light measurement instruments under
different ALAN settings. Notes: A, C, E (left-panel diagrams) — room lights off (Measurement codes: M1, M2, M4, M6, M9, M11, M19, and
M21-M23; see Table 2); B, D, F (right panel diagrams) — room lights off (measurement codes: M3, M5, M7-M8, M10, M12-M18, M20; see
Table 2); SP devices: A, B - Samsung Galaxy S7; C, D - Samsung Galaxy S20FE; E, F — Samsung Galaxy A5.

depression, reduced cognitive performance (Carter
1996; Ohrstrom 1991; Waye et al. 2003; Wilkinson
1963) and various physiological responses, including
hearing loss (Lewis et al. 2013; Lim et al. 2017), stress
(Babisch et al. 2001; Ising and Braun 2000; Maschke

et al. 2002; Waye et al. 2003), sleep disturbance (Basner
etal. 2011; Berg 2001; Buxton et al. 2011; Eberhardt et al.
1987; Freedman et al. 2001; Griefahn et al. 2008;
Jakovljevi¢ et al. 2006; Okada and Inaba 1990; Passchier-
Vermeer 2003; Smith et al. 2013; Stanchina et al. 2005;
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Topf 1992; Vallet et al. 1983) and increase in the risk of
ischemic heart disease (Carter et al. 1994; Van Kempen
et al. 2006).

A possible reason for a relative scarcity of individual-
level studies, investigating the effect of noise and ALAN on
human and ecosystem health, may be attributed to techni-
cal difficulties associated with using expensive and bulky
monitoring equipment for field measurements, which
impede large-scale experiments (Pueh et al. 2018; Zamora
et al. 2017). This limitation also impedes citizen science
initiatives aimed at integrating data, collected by volunteers
for scientific research and for formulating public policies,
also known as bio-science (Guerrini et al. 2018; Irwin 2001).

A potential alternative to the use of laboratory equip-
ment for ALAN and noise measurements is SPs’ mea-
surements, which accuracy is investigated in this study.
At present, SPs incorporate a variety of sensors, includ-
ing high-resolution digital cameras, three-axis acceler-
ometers, magnetometers, gyroscopes, GPS, proximity
sensors, ALS, MIC, pulse tracker and others (Grossi
2019). Modern SPs constantly improve in performance
and quality and are widely available and affordable
(Mallinson 2015). This presents an opportunity for
using such devices in wide-scale exposure monitoring,
providing, of course, that their measurements are suffi-
ciently accurate.

To verify the accuracy of common SPs as ALAN and
noise measurement tools, the present study employed
a standardized testing protocol, representing different
room settings. The collected data were then analyzed,
to estimate the correlation between SPs measurements
and measurements performed by control instruments.

The analysis of 3450 measurements, performed in
two different locations in Israel, reveal that SPs measure-
ments and measurements performed by control instru-
ments correlate strongly for noise (r = 0.76-0.94) and
are nearly identical for ALAN (r = 0.998-0.999). The
association between the two types of measurements is
also found to be close to linear, with the slope of the
trend lines being close to 45° for ALAN and varying
between 30° and 45° for noise, depending on the SPs
used.

Several limitations of this study are to be mentioned.
First and foremost, the study was based on measurements
performed using three SPs only, all of which ran on AOS.
The study also used one app - AndroSensor. Although
the SPs we tested are proliferate, which we consider
important for future wide-scale experiments, we cannot
exclude a possibility that somewhat different results might
have been obtained if iOS, or other monitoring apps were
used. Therefore, follow up studies should consider using
the test protocol we developed to test a larger variety of
AQS and i0S SPs and/or other monitoring apps available

in the market, such as Physics Toolbox Suite by Vieyra
software (Vieyra 2018; Vieyra Software 2021) or others.
As the present study was carried out in two apartments
only, follow up studies should also expand the number of
testing sites and their geographic settings.

It should also be noted that we measured ALAN
and sound intensities but did not account for ALAN
and sound spectra. As well established, different spec-
trum combination of light and noise may have differ-
ent effects on human health and wellbeing (see inter
alia, Bolin et al. 2011; Chellappa et al. 2013; Van
Kamp et al. 2017; Van Kamp and Van Den Berg
2018; Wahnschaffe et al. 2013; Waye et al. 2003).
Therefore, follow up studies should account for spec-
tral power distribution of ALAN and noise, using
specialized apps, such as, Light Analyzer by Open-
Source Physics Singapore (Open Source Physics
Singapore 2019) or Spectroid app by Carl-Reinke
(Reinke 2018).

Conclusions

The importance of ALAN and noise measurements for
large-scale chronobiological studies, carried out in real-
world conditions, is due to potentially adverse effects of
these environmental risk factors on human morbidity,
attributed, inter alia, to MLT suppression, general
stress and circadian disruption (Haim and Portnov
2013). The effects of these environmental risk factors
on ecosystem health are also substantial (Slabbekoorn
2019; Svechkina et al. 2020). However, the use of bulky
and often expensive laboratory equipment for monitor-
ing these environmental risk factors, especially in large
scale real-world experiments, is not always feasible.
Therefore, in this study we tested a possibility of
using widely available SPs for ALAN and noise mon-
itoring, which might facilitate future large-scale indivi-
dual-level studies of biological rhythms, to be carried
out in real-world conditions.

Our main conclusion is that the level of accuracy of
ALAN measurements by SPs is greater for ALAN than
for noise, which can make SPs a useful tool for large-scale
ALAN studies that do not require the accuracy of profes-
sional (Type 1 or Type 2) instruments. In this respect, the
standardized testing protocol developed in this study can
offers an easy-to-follow approach for calibrating any SPs
in real-world conditions. To the best of our knowledge,
the present study is the first which developed such
a protocol and tested it empirically. However, follow up
studies should test the accuracy of different AOS and iOS
using other APPs available, with emphasis on spectrum
power distribution and extending the sample of cities



with respect to demographical, socioeconomical and
environmental heterogeneity which needs to be
accounted for.
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