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Abstract

Background: In order to investigate possible consequences of radiofrequency electromagnetic
radiations of Wi-Fi modem devices on the information processing speed of university students, six
hundred teenagers (14-17 years old) selected by cluster random sampling. They further classified into
two groups consisting one control group (without Wi-Fi modem at home; n=200) and experimental
group (with Wi-Fi modem at home; n=400).
Methods: By means of reaction time machine and KDT test, the speed of information processing was
examined.
Results: According to our analyses, a significant decrease in the reaction time could be detected in Wi-
Fi modem users. The results also revealed that a significant correlation between the uses of Wi-Fi
modems with the speed of information processing exists.
Conclusion: In conclusion, it has been demonstrated that the everyday radiofrequency electromagnetic
field emitted by Wi-Fi devices has the ability to affect the normal functioning of young people’s brain.
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Introduction
In recent years, concerns about exposure of individuals to
radiofrequency electromagnetic fields (RF-EMFs) generated by
wireless devices which cause possible health consequences has
been raised, meanwhile, the benefits of wireless networks
technologies cannot be overlooked in daily life [1,2].

Human brain and peripheral nervous system is the main target
for the frequency from electromagnetic fields (EMFs). Public
concerns, regarding both physical and mental complications
caused by being exposed to EMFs, have been increased. In
2011, the International Agency for Research on Cancer (IARC)
of World Health Organization (WHO), classified EMFs as a
group 2B, defines as a possible human carcinogens. Also, the

Council of Europe has proposed restrictions on the Internet
access and cell phone usage in all schools to protect the
teenagers from potentially harmful EMFs [3].

So far, few studies have explored the effect of EMFs on brain
functions [4-8]. In addition, many studies reported
neuropsychiatric effect of EMFs [9-12]. In a study by
Mortazavi et al. [13] a significant association between cordless
phone usage and headache, fatigue, difficulties in
concentration, nervousness, attention disorders, palpitation,
myalgia and tinnitus are reported. Another study indicated a
strong association of increased headache, depression and sleep
disorder with number and duration of the cell phone and
cordless phone calls in a group of the 15 to 19 years old
individuals in New Zealand [14]. Kwon et al. [15] investigated
the possible health effects of EMFs emitted by wideband code
division multiple access (WCDMA) mobile phones in humans.
In their work, two groups of self-reported electromagnetic
hypersensitivity (EHS) and non-EHS volunteers were
investigated for physiological symptoms (heart rate, heart rate
variability, and respiratory rate) and eight subjective symptoms.
However, from that study they did not conclude any significant
physiological changes or subjective symptoms in either group
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by EMFs generated by WCDMA [15]. In contrast, Volkow et
al. [16] used a Positron Emission Tomography (PET) to
measure the glucose metabolism in healthy individuals once
exposed to cell phone emissions and when not exposed, and
demonstrated significantly enhanced glucose metabolism in the
regions of brain in the proximity to cell phone antenna. This is
interesting because in diseases such as bipolar and depressive
disorders and schizophrenia, increasing evidence is showing a
relationship between glucose metabolism, mitochondrial
dysfunction and such mental diseases [17-19].

Non-thermal effects of EMFs as the main mechanism of EMFs
are stemmed from voltage-gated calcium channel activation
(VGCCs). These effects largely develop in the brain and
peripheral nervous system and cause neuropsychiatric effects.
Nitric oxide production, cGMP synthesis and Protein Kinase
activation are shown to subsequently result from VGCC. EMFs
play a role in the release of neurotransmitters from the brain
cells and release of hormones by neuroendocrine cells with
central role of calcium signalling [20]. Considering the rise in
EMFs exposure and its possible neuropsychiatric
consequences, this study was conducted regarding the effect of
electromagnetic waves emitted from Wi-Fi modems on the
speed of information processing of male teens. In this study,
we demonstrated a significant association between the usages
of Wi-Fi modems and the speed of information processing that
is describing in the following lines.

Materials and Methods

Participants
The investigation started in year 2016 with600 male high
school students (fourteen to seventeen years old range) in Jam
city; Bushehr province in Iran. The average age of participants
was 16.17 years (SD value was: 1.59). Individuals were elected
using clustering sampling method among about 1250
volunteers.

Speed of information processing
KDT (Coding Test) were used to examine participants’ speed
of information processing. In the KDT, participants have to
solve mental tasks within a short time limit (about 30 s). The
KDT was originally developed by Lindley et al. [21] using a
mixture of letters and digits. The method was further modified
by Sitzwohl [22], using figural stimuli as well as separate
forms for letters and digits. In the KDT participants should
start with No. 1 and then letter A; No. 2 and then B; and so on.
In the present study, validity has obtained equal to 89 using test
retest method.

Assessment of reaction time
To evaluate the speed of reaction time, a Japan Jagami reaction
time measuring device has been used which comprising the
following sections:

1. Main Unit: Includes a box that holds the device on and off.
This unit it has keys allowing the test person to select the type
of stimulator (visual and audio) as well as the choice of
presentation method.

2. Excitation display unit: This part contains a box with a
display screen and it also has an audio unit for visual and audio
stimulation.

3. Manual unit: It has three keys in red, yellow and blue colors,
which according to the type of stimulus the subject must select
one of the keys. The reliability coefficient of the reaction time
machine in this research was calculated to be 0.81 by
Cronbach's alpha. This study includes two simple reaction
times and a selective reaction time. In the simple reaction time
test, when visual stimuli were provided, subjects were asked to
respond whenever they saw red on the screen. Also, in the
same conditions (simple reaction time); subjects were asked to
press the corresponding button when they listened at the 500
Hz sound when they were listening. However, in the test of the
reaction time, three visual stimuli with red, blue and yellow
stimuli were presented and the subjects were asked to press
each buttonhole by viewing each of them. Also, during the
presentation of the audio stimulator, the 500 and 100 Hz tests
were presented and subjects He was asked to listen to the
selected 3-hour response time with a force of 1000 and press
the corresponding button sound. The audible and visual
response time is stored with the accuracy of one hundredth of a
second in the device. Participants in this study first with the
test site and how to perform a simple reaction time test or time,
the selected reaction was introduced and the test was
performed individually. Each participant sat on a chair for a
test and handed him on a chair. The front-facing audio and
visual acoustic screen and the response screen were placed on
the armchair. The participant, by viewing the color or the
sound of the sound, pressed the relevant button on the response
screen. In total, each participant responded to 60 visual stimuli
and 60 audios during a simple and selective response tests.

Wi-Fi measurements
Information regarding exposure to EMF sources at home was
collected using a detailed questionnaire administered to all
ostensible healthy males. The questionnaire is composed of
questions about the history of using Wi-Fi at home, the average
duration of daily use of Wi-Fi routers, and the location of these
Wi-Fi modems. Only subjects with fully filled questionnaire
were included for further analysis (n=600). In this study, all
teenagers, who had no Wi-Fi modem at home were considered
as non-users and those teenagers who had Wi-Fi modems at
home for more than one year were considered as Wi-Fi users.

Statistical analysis
SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used to perform
statistical analyses. Student’s t test was used for comparison of
obtained scores of two different test groups of Wi-Fi users and
non-Wi-Fi users. Fisher’s exact test was also used to compare
different groups based on duration of Wi-Fi usage, and the
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location of Wi-Fi modems (Table 1). The significance
threshold was set at 0.01 (p<0.01).

Table 1. Summary statistics of enrolled male students.

Variables Frequency Percentage (%)

Wi-Fi usage
Yes 400 66.7

No 200 33.3

Cell-phones Wi-Fi
Yes 496 82.7

No 104 17.3

Location of Wi-Fi modems

Bedroom 156 39.0

Living room 210 52.5

Home office 30 7.5

Kitchen 4 1.0

Duration of Wi-Fi

<1 year 28 7.0

1-2 years 190 47.5

2-3 years 162 40.5

4 years and more 20 5.0

Category of the Internet usage

Social networks 250 62.5

Computer games 106 26.5

Education 44 11

Results

Speed of information processing results
The collected data of information processing in high school
male teens exposed to EMFs emitted from Wi-Fi modems were
analyzed. A clear difference is detected in the speed of

information processing results. Based on the results, Wi-Fi
users show lower mean values in both reaction time and speed
of information processing results (Table 2). However, a high
level of significance, p-value=0.002, between both group of
Wi-Fi users and Wi-Fi non-users is determined in speed of
information processing results (Table 2).

Table 2. Independent t test of reaction time and the speed of information processing on Wi-Fi users in comparison to non-Wi-Fi users.

Index Wi-Fi users Non Wi-Fi users p-value

(Mean ± SD) (Mean ± SD)

Reaction time (ms) Simple Visual 0.81 ± 0.39 0.587 ± 0.171 0.015

Audio 0.271 ± 0.73 0.581 ± 0.149 0.062

Selective Visual 0.711 ± 0.253 0.543 ± 0.167 0.009

Audio 0.849 ± 0.253 0.719 ± 0.242 0.11

Speed of information processing 159.33 ± 20.04 130.66 ± 6.27 0.002*

*Statistically significant difference (p<0.01) between the speed of information processing in Wi-Fi users and non-Wi-Fi users

EMF exposure
The statistical analysis of the collected data is summarized in
Table 1. Data showing that 66.7% of teens were Wi-Fi users
and 82.7% of them are cell-phone users (Table 1). In 52.5% of
records Wi-Fi modem are located in living rooms and about
5% of teens have used home Wi-Fi devices for four years or
more (Table 1).

In addition, the results of Fisher’s exact test have shown no
significant differences in each group based on the predefined
criteria as durations defined of Wi-Fi usage, location of Wi-Fi
modem and cell-phone usage.
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Discussion
So far numerous studies reported neuropsychiatric effects of
EMFs [9-12]. Free radicals activity including oxidative stress
is a consequence of exposure to EMFs in biological systems
[23]. However, available reported data do not provide any
consistent evidence that EMFs affect biological systems via
free radicals mechanisms. For such reasons, EMFs effect on
biological systems continues to be a research focus [24]. On
the other hand, numerous studies have been focused on the
effect of EMFs emitted from Wi-Fi devices on fertility,
immune system development, brain development, stress and
fetal development [25-28]. Psychological health hazards of
exposure to EMFs is another important issue that is explored
by many scientists in the field [9-12,29-31]. As age appear to
be a probable criterion in determining EMFs effects [13,31,32],
we targeted male teenagers in a narrow range of age, i.e., 14-17
year old. We then studied psychologically relevant parameters
such as reaction time and speed of information processing.

Conclusion
Based on our observations, long-term exposure to Wi-Fi
radiofrequency radiation caused a significant decrease in
reaction time and also speed of information processing of the
studied male teenagers. Our study can assist public health
policy makers by increase their awareness to potential effects
of Wi-Fi usage. Since Wi-Fi usage is not avoidable, more
studies are required to investigate its health effect on different
age ranges, more importantly childhood and its probable
relationships to the people’s genders. Fundamental studies are
indeed necessary to unravel the potential effect of EMFs
exposure on pregnant women and new-borns and young-aged
children.
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