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A newly developed smartphone application was piloted to characterize and validate mobile phone use in
young people. Twenty-six volunteers (mean age 17.3 years) from France, Spain, and the Netherlands
used a software-modified smartphone for 4 weeks; the application installed on the phone recorded
number and duration of calls, data use, laterality, hands-free device usage, and communication system
used for both voice calls and data transfer. Upon returning the phone, participants estimated their mobile
phone use during those 4 weeks via an interviewer-administered questionnaire. Results indicated that
participants on average underestimated the number of calls they made, while they overestimated total
call duration. Participants held the phone for about 90% of total call time near the head, mainly on the
side of the head they reported as dominant. Some limitations were encountered when comparing reported
and recorded data use and speaker use. When applied in a larger sample, information recorded by the
smartphone application will be very useful to improve radiofrequency (RF) exposure modeling from
mobile phones to be used in epidemiological research. Bioelectromagnetics. 36:538–543, 2015.
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Epidemiological studies on health effects of
mobile phone use suffer from inaccurate exposure
assessment, that is, participants’ self-reported mobile
phone use [Auvinen et al., 2006; Vrijheid et al.,
2006b; Morrissey, 2007; Inyang et al., 2008; Aydin
et al., 2011a; Cardis et al., 2011b]. Validation studies
with operators’ traffic records or software-modified
phones in adults [Parslow et al., 2003; Samkange-
Zeeb et al., 2004; Vrijheid et al., 2006a, 2009], and
more recently in children and adolescents [Inyang
et al., 2009; Aydin et al., 2011b], have shown that
recall of number and duration of mobile phone calls
was prone to systematic and random errors. Accuracy
of other determinants used in radiofrequency (RF)
exposure models from mobile phones, such as later-
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ality and the use of hands-free devices [Cardis et al.,
2011a], have not been adequately measured yet. As
part of Mobi-Kids [Sadetzki et al., 2014], a large
ongoing international study exploring the potential
association between communication technology, other
environmental risk factors, and risk of brain tumors in
young people (http://www.mbkds.com), Mobi-Expo
was planned as a validation study to characterize and
validate mobile phone use habits in young people
from all participating countries using software-modi-
fied smartphones (SMSP). The SMSP had a newly
developed software application (app) installed that
recorded frequency and duration of calls, laterality,
use of hands-free devices, and data use. The Mobi-
Expo protocol and the SMSP were piloted in children
and adolescents in three countries.

Between January and June 2012, 26 young
people were recruited in France, Spain, and the
Netherlands (NL). Only people who currently used a
mobile phone (at least once a week) were eligible.
Because of valuable equipment used, volunteers were
selected from colleagues and acquaintances. The
National Committee on Information Technology and
Liberties, France, and the Parc de Salut-Mar Ethics
Committee, Spain approved the study. In NL, medical
ethical approval was not required for this study. All
study volunteers (as well as parents for volunteers
<18 years) signed informed consent forms before
participating. After completing a screening question-
naire, participants transferred their subscriber identity
module (SIM) card to the study-provided SMSP.
Participants were instructed to use the SMSP for 4
weeks as they would use their own mobile phone.
Upon returning the SMSP, participants completed a
short interview, either face-to-face (n¼ 23) or by
phone within the next week (n¼ 3), concerning any
changes in and an estimate of their mobile phone use
during the 4-week period of SMSP use. This included
number and duration of calls made and received;
laterality (side of head where they generally held the
handset: right, left, or both); use of hands-free devices
(i.e., headset, speaker phone, hands-free kit in
vehicle); time spent using the Internet; and whether
other people had used their SMSP.

The SMSP contained the app “XMobiSense”
developed by Whist Lab, the common lab of the
Institute Mines-T�el�ecom and Orange (Paris, France).
The app recorded the following: date and time of
voice calls, communication system used (second [2G]
or third generation [3G] mobile telecommunications
technology: General Packet Radio Service [GPRS,
2.5G], Enhanced Data Rates for GSM Evolution
[EDGE, 2.75G], Universal Mobile Telecommunica-
tions System [UMTS, 3G], High-Speed Downlink

Packet Access [HSDPA, 3.5G], and “other” systems),
laterality during a voice call (amount of call time
phone was held, either solely or combined, at right or
left side of head, or away from the head, i.e., using a
hands-free device or “speaker use”), and transmitted
and received data using 2G/3G or Wi-Fi (kilobytes
[kB] per day). As “speaker use” was recorded when
the handset was not near the head during a voice call
(and no hands-free device was connected)—using the
built-in capacity of the smartphone to turn off the
screen when close to the head—speaker use includes
more than using the speaker mode of the phone, for
example, answering/ending a voice call. The app was
extensively tested in Spain and NL. Number and
duration of calls and headset usage were accurate, but
some errors were found for laterality. As laterality is
based on values from the phone accelerometer (a
combination of three axes determine the angle to
which the handset is held), with the assumption that
the participant is mostly in the vertical position during
phone use, scenarios where the user was in a more
horizontal position gave some erroneous laterality
values.

The mean age of participants was 17.3 years
(range 11–23 years); 54% were female. Just over 80%
of the participants reported that their mothers were
graduates of university/high-level technical school or
higher. Seventeen (65%) participants reported a
change in mobile phone use while using the SMSP
compared to their own phone. Increased data use was
most often reported, followed by a change in number
and/or duration of calls. No change in laterality was
reported. Per week, the participants made on average
19 calls (standard deviation [SD]¼ 13.2), spoke on
the phone for 30.4min (SD¼ 28.8), and transferred
329.6 megabytes (MB) (SD¼ 320.6) of data (Table 1).
No significant differences in these variables were
found between the 4 weeks of SMSP use applying
Analysis of variance (ANOVA) with repeated meas-
ures, neither when specifically comparing the first
week of use (we hypothesized there might be an
“adaptation” period) with the second to fourth weeks
(paired-samples t-tests: number of calls week 1 vs.
weeks 2–4: P¼ 0.91; call duration: P¼ 0.36; data
transfer: P¼ 0.51). ANOVA analyses showed that
average number of calls and call duration increased
statistically significantly with increasing age
(P¼ 0.03, <0.01, respectively). Data use was higher
among males compared to females (P¼ 0.06). Partic-
ipants from France had, on average, a higher number
and duration of calls than participants from Spain and
NL, while their weekly data transfer was lower
(although not statistically significant). The communi-
cation system used most often for voice calls in NL
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and France was UMTS (82.1% and 47.5% of total call
time, respectively), while GPRS was most common in
Spain (35.7%) (Fig. 1). Data were mostly transferred
via Wi-Fi (93.0%) rather than 2G/3G networks
(Fig. 2); Wi-Fi use was lower in France (75.9%)
compared to Spain (94.1%) and NL (96.9%).

Spearman correlation coefficients between
SMSP-recorded and self-reported number and dura-
tion of calls and data use were 0.75, 0.77, and 0.59,
respectively (Fig. 3). On average, participants seemed
to underestimate number of calls made and received
(geometric mean ratio of self-reported to SMSP-
recorded¼ 0.65, 95% confidence interval (CI) 0.50–
0.85). SMSP-recorded calls, however, also included
unsuccessful outgoing calls (i.e., no connection);
when excluding outgoing calls of 0–2 s (potentially
unsuccessful calls, n¼ 120), the geometric mean ratio
increased to 0.68, 95%CI 0.53–0.89. Total call
duration was on average overestimated by participants
(geometric mean ratio¼ 1.71, 95%CI 1.28–2.30).

SMSP-recorded laterality, hands-free device,
and speaker use were adjusted for total call duration.
Participants held the phone near the head for about

90% of total call time (Table 2). Participants who
reported generally using the phone on the right side of
their head did so on average for 63.8% (95%CI 54.2–
73.4%) of total call time as recorded by the SMSP.
Self-reported left-side users held the phone on average
for 76.9% (95%CI 61.1–92.7%) of total call time on
the left side of their head. For the one participant
reporting headset use, the SMSP did not record hands-
free device usage, while for the non-headset-users, the
SMSP recorded hands-free usage for an average of
0.5% (95%CI 0.0–1.1%) of total call time. At least a
small amount of “speaker use” (median 2.4 s/call) was
recorded by the SMSP for all participants, probably
recorded when answering/ending a call. Whether the
observation that the percentage of recorded speaker
use was on average slightly lower among participants
who reported using the phone’s speaker mode (9.1%)
compared to non-users (10.5%) is due to misreporting
or the way the app measured speaker use remains
therefore unclear.

This pilot study presented early indications on
valuable information provided by the smartphone
app, which can be used to improve RF exposure

Fig. 1. Communication systems used for voice calls, stratified
by country.

Fig. 2. Data transfer made over 2G/3G networks or Wi-Fi,
stratified by country.

TABLE 1. SMSP-Recorded Mobile Phone Use, Stratified by Age, Gender, and Country

N Number of calls (mean p/wk) Call duration (meanmin p/wk) Data use (mean MB p/wk)

Total sample 26 19.0 30.4 329.6
By age
10–14 years 7 10.0 10.4 321.3
15–19 years 10 18.1 24.8 433.5
20–24 years 9 26.9 52.3 220.8

By gender
Male 12 17.8 24.4 458.0
Female 14 19.9 35.6 219.6

By country
NL 11 11.9 23.3 358.6
Spain 8 22.8 33.7 389.4
France 7 25.7 37.8 215.8
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models utilizing self-reported mobile phone use.
Number and duration of voice calls are important
determinants as they are most frequently used as
proxy for RF dose in the brain [Cardis et al., 2011b].
While an overestimation of call duration was consis-
tently observed in previous validation studies, both
over- and underestimations of number of calls have
been observed [Parslow et al., 2003; Samkange-Zeeb
et al., 2004; Vrijheid et al., 2006a, 2009; Inyang
et al., 2009; Aydin et al., 2011b]. Such estimates of
random and systematic recall errors can be used in
sensitivity analyses to examine the impact of recall
errors on the main risk estimates in epidemiological
studies on mobile phone use and brain tumors,
including the ongoing Mobi-Kids study [Vrijheid
et al., 2006b; Aydin et al., 2011a]. Other important

determinants used in RF exposure models from
mobile phones are laterality and hands-free usage.
Only one small previous study assessed the validity
of self-reported laterality among adolescents, and
found modest agreement with laterality as measured
by hardware-modified phones (k¼ 0.3) [Inyang
et al., 2010]. In this study, we presented a broader
picture with actual percentages of total call time the
phone was held at the right, left, and/or neither side
of the head. These pilot results provided important
suggestions to improve estimated RF dose in the
brain. First, the handset is not near the head for full
call duration, but rather about 90% of the time. This
seems to be primarily explained by answering and
ending a call rather than actively using a hands-free
kit or speaker mode. Furthermore, on average,

Fig. 3. Scatter plot of self-reported versus SMSP-measured number of calls/week (A), duration
ofcallsinminutes/week (B), anddatauseinminutes/weekversusMB/week (C); solidlinedenotes
lineofequality.
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participants used the handset more on the side of the
head they reported, but this percentage was not as
high as the 90% assigned to the predominant side
within the RF dose algorithm used in the INTER-
PHONE study [Cardis et al., 2011a]. Although
SMSP-recorded laterality could be false when sub-
jects are not in the upright position during calling,
we expect errors due to the unusual position to be
small, and to be working in both directions (left to
right and vice versa). Laterality measurements from a
larger sample are required to estimate a more realistic
exposure to both sides of the head. These could be
used in epidemiological studies on mobile phone use
and brain tumor risk [Frederiksen et al., 2012]. The
communication system used for phone calls is
important for estimating the RF energy absorbed in
the brain because the phone’s output power differs
by communication protocol [Cardis et al., 2011b].
When applied to a larger sample, the app can provide
a crude but useful estimate on how frequently each
communication system is used within a different
country and/or region. SMSP-recorded data transfer
could not be used to clarify accuracy of self-reported
data use, as SMSP recorded quantity of data trans-
ferred (in kB) whereas the participants reported time
spent using the Internet on the mobile phone.

As this pilot study is limited by a small
convenient sample and a very short interval between
SMSP use and self-reported mobile phone use, more
extensive analyses will be done with data collected in
the full Mobi-Expo validation study. Furthermore, as
the app can be used on any regular smartphone

running under the Android operating system, in the
full study we will include participants who install the
app on their own Android smartphone. This has the
advantage that mobile phone use behavior of these
participants will be less likely to change during data
collection. Besides direct application of the app
XMobiSense for mobile phone use validation studies,
this study shows how software applications in general
could be used in large population-based studies to
collect exposure data.
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