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ARTICLE INFO ABSTRACT

Keywords: Objective: To study recall of mobile phone usage, including laterality and hands-free use, in young people.
Laterality Methods: Actual mobile phone use was recorded among volunteers aged between 10 and 24 years from 12
Mobile application countries by the software application XMobiSense and was compared with self-reported mobile phone use at 6
Adolescent

and 18 months after using the application. The application recorded number and duration of voice calls, number
of text messages, amount of data transfer, laterality (% of call time the phone was near the right or left side of the
head, or neither), and hands-free usage. After data cleaning, 466 participants were available for the main
analyses (recorded vs. self-reported phone use after 6 months).

Results: Participants were on average 18.6 years old (IQR 15.2-21.8 years). The Spearman correlation coeffi-
cients between recorded and self-reported (after 6 months) number and duration of voice calls were 0.68 and
0.65, respectively. Number of calls was on average underestimated by the participants (adjusted geometric mean
ratio (GMR) self-report/recorded = 0.52, 95% CI = 0.47-0.58), while duration of calls was overestimated
(GMR =1.32, 95%, CI = 1.15-1.52). The ratios significantly differed by country, age, maternal educational
level, and level of reported phone use, but not by time of the interview (6 vs. 18 months). Individuals who
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reported low mobile phone use underestimated their use, while individuals who reported the highest level of
phone use were more likely to overestimate their use. Individuals who reported using the phone mainly on the
right side of the head used it more on the right (71.1%) than the left (28.9%) side. Self-reported left side users,
however, used the phone only slightly more on the left (53.3%) than the right (46.7%) side. Recorded percentage
hands-free use (headset, speaker mode, Bluetooth) increased with increasing self-reported frequency of hands-
free device usage. Frequent (=50% of call time) reported headset or speaker mode use corresponded with 17.1%
and 17.2% of total call time, respectively, that was recorded as hands-free use.

Discussion: These results indicate that young people can recall phone use moderately well, with recall depending
on the amount of phone use and participants’ characteristics. The obtained information can be used to calibrate
self-reported mobile use to improve estimation of radiofrequency exposure from mobile phones.

1. Introduction

The rapid worldwide increase in mobile phone use has led to increased
concern about potential health effects due to exposure to radiofrequency
(RF) fields. Additionally, mobile phone use has changed dramatically in
recent years with both the introduction of third and fourth generation
cellular networks as well as continuously evolving smartphone hardware
and software. Potential health effects (if they exist) related to RF fields
originating from mobile phones would likely be greater among young
people for various reasons. The neurological system of children is still
developing and may be more sensitive to effects of RF, the distribution of
RF absorption across the brain may be different compared to adults, and
the specific absorption rate (SAR) in the most exposed part of the brain
tend to be higher in children than it is in adults (Wiart et al., 2011). Lastly,
the lifetime exposure of children to RF from mobile phones will be larger
as they start using a mobile phone at a young age compared to current
adults. Several national and international bodies have recommended stu-
dies of exposure in childhood and adolescence as high priority RF research
areas due to this (Kheifets, 2005). As a result, two large multinational case-
control studies were set up, the CEFALO study in four (Northern) Eur-
opean countries (Aydin et al., 2011c), and the MOBI-Kids study in 14
countries, both within and outside Europe (Sadetzki et al., 2014). In ad-
dition several national studies were set up, including the HERMES study in
Switzerland (Schoeni et al., 2015), and the SCAMP cohort study in the
United Kingdom (Mireku et al., 2018), looking at cognitive and beha-
vioural outcomes.

Exposure assessment within epidemiological studies on health ef-
fects of mobile phone use generally relies on participants’ recall of their
mobile phone use. Previous validation studies among children and
adolescents have found that this recall comes with substantial random
and systematic errors (Aydin et al., 2011a; Goedhart et al., 2015b;
Inyang et al., 2010, 2009; Kiyohara et al., 2016; Redmayne et al.,
2012), which can lead to under- or overestimation of the explored
health risks (Aydin et al., 2011b; Vrijheid et al., 2006a, 2006b). As part
of MOBI-Kids, a case-control study exploring the potential effects of
childhood and adolescent exposure to electromagnetic fields from
mobile communications technologies on brain tumour risk (Sadetzki
et al., 2014), the Mobi-Expo validation study was performed to study
recall of mobile phone use among young people from 12 out of 14
countries. This is the largest multinational validation study to date. A
software application (app) was developed by Whist Lab (Paris, France)
to be installed on participants’ own smartphone or a study phone
(Goedhart et al., 2015b). In addition to duration and frequency of calls
and text messages, the app also recorded information regarding later-
ality, hands-free usage, and data transfer. We report here the results of
mobile phone usage and use behaviour recall at 6 and 18 months after
the use of the app by study individuals. In addition, we explore if the
observed differences in recall are related to demographic variables and/
or phone usage.

2. Methods

From October 2012 to August 2014, volunteers between 10 and 24

years old were recruited in 12 MOBI-Kids countries: Australia, Canada,
France, Germany, Greece, Israel, Italy, Japan, Korea, New Zealand,
Spain and the Netherlands. The study was approved by the Institutional
Review Boards in each country; all volunteers and/or their legal guar-
dians provided informed consent following the country-specific proto-
cols, including parental consent if indicated. More details about the
recruitment procedures in each country are described in the paper by
Langer et al. (2017).

2.1. Participants

Two types of participants were enrolled in the study. The first type
of participants were those who owned a smartphone using the Android
operating system (OS) (60% of total study population). The second type
(40%), who did not own a smartphone using the Android OS, received a
study phone (either a Samsung Galaxy Mini or a Galaxy S2) for four
weeks. These participants were instructed to insert their own SIM card
into the study phone and use it just as they would use their own phone.
All participants installed the XMobiSense application (app) on the
smartphone. After four weeks of data collection, data were either au-
tomatically transferred to a server or a data file was created by the
participant or study coordinator. Four countries only recruited parti-
cipants who owned their own smartphone using the Android OS:
Greece, Japan, Korea and New Zealand while the other eight countries
recruited a mix of the first and second type of participants.

2.2. Recorded mobile phone use (XMobiSense)

Whist Lab (Paris, France) developed a smartphone app called
“XMobiSense”, which can be installed on any smartphone using the
Android OS. This app records date, time, and duration (in seconds) of
voice calls, laterality (right/left side) of use (hands-free while using a
device (i.e.: wired headset, speaker mode, Bluetooth headset/car kit),
and other hands-free without using a device (e.g., answering/ending a
call)), number of text messages sent and received, amount of data
transfer (in bytes), and the communication system and technology used
for voice calls (2G/3G) and data transfer (WiFi, GPRS, EDGE, UMTS,
HSDPA, and other). No personal information or call/text content was
recorded by the app. After piloting the app and study protocol
(Goedhart et al., 2015b), some errors were observed in the recording of
laterality and ‘other hands-free use’ for some devices. As such, only the
following phone models were included in the current analyses on la-
terality and hands-free usage: Samsung Galaxy Ace, S (Plus), S2, S3, S3
(mini), S4, and S4 (mini).

2.3. Self-reported mobile phone use

Before participants started to use the app, a baseline questionnaire
(Q1, 0 months) was completed (either face to face (64%), by phone
(27%), or by (e)mail (9%)). The questionnaires included socio-
demographic questions (parental education), and questions regarding
current mobile phone use (frequency and duration of calls and number
of text messages, laterality, hands-free use, proportion of use in urban/
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