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Background. The technological innovation of smartphones and various software has made our lives more convenient. 
However, the negative effects of our excessive dependence on them cannot be overlooked. 
Objectives. The purpose of this scoping review was to understand the relationship between the use of smartphones and our cognitive 
functions, as well as to present important research directions for the future. 
Material and methods. All relevant literature, published as of 1 March 2020, was searched using the following databases: CINAHL, 
Embase, PubMed, PsycINFO. The framework proposed by Arksey and O’Malley, which has a review process of five stages, was used 
for the review. 
Results. Overuse of smartphones was found to be related to decrease concentration, working memory and cognitive suppression. 
In particular, the results of concentration and cognitive restraint function could be interpreted as a result of the impulsive behaviour 
pattern of an individual, and the results of working memory could be explained by the principle of overload due to the limitation of 
the user’s working memory capacity. The association between smartphone usage levels and cognitive functions was compared. The 
results of this scoping review highlight the need for future research to thoroughly assess the user’s impulse and associated cognitive 
functions for smartphone use. 
Conclusions. Furthermore, it will be necessary to consider ways to improve user convenience by developing therapeutic paradigms 
that can reduce the overuse of smartphones.
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Background
The use of smartphones is now a necessity, not a choice. The 

technological innovation of smartphones and various software 
has made our lives more convenient. However, the negative ef-
fects of our excessive dependence on them cannot be overlooked 
[1]. According to a  recent study, almost half of the American 
population showed hyper-reliance on smartphones, and more 
than 90% of young people aged 19–29 reported daily use of 
smartphones. According to a report in the UK, researchers have 
explained that this dependence leads to anxiety and fear of cell 
phone inactivity [2, 3]. Many recent studies have explained the 
relationship between smartphones and cognitive functions and 
have argued that the dependence on smartphones may increase 
user anxiety and negatively affect cognitive functions [4–6]. 

Research on the relationship between smartphone use 
and cognitive function has mainly focused on electromagnetic 
radiation (EMF) exposure. However, researchers have not con-
sistently explained the direct link between EMF exposure and 
cognition [7–10]. The Amsterdam-born Children’s Study (ABCD) 
and the Australian ExPOSURE cohort study also did not find 
a connection between cognitive function and smartphone use 
[11]. In previous studies of smartphones, response time, short-
term memory, attention, information processing speed and ex-
ecutive functions were not directly affected by RF exposure [12, 
13]. Some studies have demonstrated an association between 
exposure to EMF and improved spatial perception [14–16]. 
Another recent study described the characteristics of the us-
ers as the main influencing variables for smartphone addiction 

and explained that the urgency and impulsivity of the users can 
lead to negative consequences of smartphone addiction [17]. 
Smartphone use is receiving much attention, mainly in children 
and adolescents with developing nervous systems, and many 
studies have demonstrated possible effects on attention and 
working memory. However, the direction of effectiveness has 
been inconsistent, and only some studies have been relevant 
[7, 18]. Despite these studies, consistent results are still lacking. 
In particular, it will be necessary to confirm whether the use of 
smartphones itself is a problem, or whether the addictive be-
havioural characteristics of smartphone use are a problem. In 
addition, in order to solve these problems, it will be necessary 
to confirm which therapeutic direction is correct to plan. Stud-
ies on the effects of each age group are also insufficient. At pres-
ent, studies have been conducted on various age groups, such 
as children and adults, but it was difficult to find a study that 
clearly explained the difference in influence. Some researchers 
also describe this discrepancy as a matter of study design and 
study group characteristics (e.g. duration of exposure and locali-
sation of participants). Accordingly, in this review, we conducted 
a  scoping review of literature in order to analyse the studies 
conducted so far and to find directions for future research.

Methods
Search strategy

This review is intended to provide answers to specific ques-
tions instead of evaluating all literature. We examined the litera-
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ture, aggregated quantitative data about what has been done 
and summarised and interpreted literature from a specific re-
search area. Although a connection between smartphone use 
and cognitive function has been studied in various ways, a sys-
tematic review of the two variables has not yet been sufficiently 
conducted.

 
Stage 1: Identifying the research question
We searched each database for literature published in the 

last 10 years up to 1 March 1. The framework proposed by 
Arksey and O’Malley, which includes a  5-step review process, 
was used. In the first step, we reviewed the relevant studies 
and selected three research questions. The initial exploratory 
research questions were: 1) What topics have been mainly ex-
plained about the problems of using smart phones over the past 
10 years? 2) What differences can be identified for each study 
by age group? 3) What is the future research direction of the 
researcher, and what should be considered when proceeding?

Stage 2: Identifying relevant studies
In the second stage, the following criteria were included: a) 

journal article types, b) published from 2009 to present, c) writ-
ten in English, d) research aimed at determining the impact of 
smartphone use on cognitive function (studies that confirmed 
the impact of smartphone use during work were defined into 
double work studies and were excluded from this review). We 
combined the search terms (smartphone OR mobile phone OR 
cellular phone OR cell phone OR cellphone OR hand phone) AND 
(cognition OR cognitive function), with humans and English lan-
guage as limits. Four electronic databases were used: CINAHL, 
Embase, PubMed, PsycINFO. The article was exported and man-
aged using the Refworks referencing software program. 

Stage 3: Study selection
In the third step, the title and abstract were reviewed and 

selected. The rest of the study was read in full and evaluated 

according to the inclusion criteria. We set targets as specific as 
possible, so this review did not include studies that confirmed 
the impact of smartphone use during assignments. The reason 
was to clearly confirm the characteristics of smartphone use it-
self rather than the influence caused by the double task. Pub-
lications published in posters, books, magazines or other lan-
guages were excluded.

Stage 4. Charting the data
From the final 14 articles included, data was extracted from 

five categories that were used to analyse the full-text review, 
including study design, participants, age, cognitive function and 
main finding. Data extraction was independently conducted by 
a reviewer. The process of study selection is shown in the flow 
diagram. The findings were presented with a narrative descrip-
tion in tables (Figure 1). 

Stage 5. Collating, summarizing, and reporting results
In the fifth stage, data was systematically categorised and 

organised using a data charting form developed using Microsoft 
Excel (Table 1). In the past decade, major research trends and 
results have been presented, focusing on the association be-
tween smartphones and cognitive functions. 

As shown in Figure 1, the electronic database search ex-
cluded duplicate articles. A  total of 1,976 unique titles were 
selected, and only two additional articles were identified by 
searching the reference list. According to the inclusion criteria, 
a total of fourteen articles were included after a selection based 
on title, abstract and full text. A total of nine papers had been 
published in the past 5 years, and a total of five papers had been 
published in the last 3 years. The studies were conducted in Eu-
rope (n = 8), Oceania (n = 3), Asia (n = 2) and the Middle East (n 
= 1). Eight studies included a randomised controlled trial (RCT), 
and four were longitudinal cohort studies. The rest were various 
single group pre- and post-clinical trials, as shown in Table 2. 
Three of the eight RCTs had a smaller group size (less than 20), 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Flowchart illustrating inclusion process
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one had a crossover design, and the other two were pilot-level 
studies. A total of 4,863 participants from fourteen studies were 
included in the study and were recruited based on the inclu-
sion criteria shown in Table 2. Most participants were children, 
adolescents and young adults. In five studies, the children and 
adolescents were under the age of 18, and nine studies were 
carried out on adults over 20. Most participants in the studies 
did not have any special physical or mental disorder, and when 
grouped, they were classified as heavy smartphone users or the 
control group. Table 2 details the different characteristics of the 
participants for each study.

Results

Smartphone use time 

The duration of smartphone usage was between 5 minutes 
to 4.5 hours under experimental conditions, and this usage was 
reported on a weekly or daily basis. There were differences in 
cell phone use by age group: children and adolescents under 20 
years old reported 2 to 8 calls per week and SNS (Social Network 
Service). In adults over 20 years of age, the study was conducted 
by classifying them as heavy users. In the two studies, the user 
condition was described as an evaluation tool for grasping the 
level of smartphone use, and subjects with a MPPUS of 108.5 or 
higher or an SAS score of 32.8 or higher were defined as heavy 
users. Table 2 details the different exposure levels in each study.

Cognitive functions

Various cognitive functions were used in each study to as-
sess cognitive changes. Eight studies used memory as the main 
evaluation variable [13, 17, 19–24]. Cognitive processing can be 
divided into three processes. First, fundamental processes are 
mainly described as the ability to acquire and store information, 
and second, intermediate processes are described as the ability 
to process information. Finally, the higher order process is the 
ability to execute the processed information, which is described 
as high-level cognitive function. In a  study on adults, various 
types of memory, such as verbal and figural memory, spatial 
memory, prospective memory, implicit memory and working 
memory, were used as measurement variables. Three studies 
on children and adolescents used attention, work memory and 
learning abilities as common assessment variables [7, 11, 25]. 
Among them, one study on children and adolescents considered 
executive function and inhibition ability together with attention, 
working memory and learning abilities [11]. The evaluation of 
cognitive function items applied in each study is described in 
detail in Table 1.

Impacts of mobile phone overuse

In the fundamental processes, the increase in the use of 
smartphones was associated with a decrease in participants’ at-
tention. In two studies on children and adolescents, Abramson’s 
study reported an increase in the response time of the detec-
tion task [7], and Bhatt’s study also reported a decrease in ac-
curacy and an increase in response time [11]. In one study on 
adults, Hadar’s study reported a  reduction in accuracy in nu-
merical processing tasks [25].

There were partially consistent results regarding work-
ing memory in all the studies. In three studies on children and 
adolescents, Abramson’s study reported a decrease in the ac-
curacy of working memory caused by smartphone use [7], and 
Thomas’ study showed statistically significant deterioration in 
the working memory of heavy smartphone users. However, 
Schoeni’s study had no significant change in working memory 
was confirmed [9]. In six studies on adults, Canale’s study sug-
gested the possibility of decreased visual working memory [17], 
and Hadlington’s study showed statistically significant deteriora-Ta
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tion in the working memory of heavy smartphone users [21]. 
In He’s study, an intervention was applied that could lead to an 
improvement in working memory [22]. However, in three stud-
ies, a statistical significance, based on the changes in the level 
of smartphone use and working memory capability, was not 
reached [20, 25, 26]. 

Four studies identified a potential for changes in memory 
with different characteristics. Dumbrava’s study confirmed the 
ability to perform time-, event- and activity-related memory 
and suggested the possibility of changes in prospective memory 
functions [19]. A study by Kalafatakis suggested the possibility 
of functional changes in implicit memory over short exposure 
times [23]. The study by Schoeni and Wiholm study identified vi-
sual-centric memory, confirming the link between smartphone 
use and degraded figural memory [9, 13]. 

In the intermediate processes, learning was used as an eval-
uation item in three studies on children and adolescents, and 
two of the three studies did not find a  statistically significant 
association [7, 11, 24]. Problems with the inhibition process 
were identified in two studies on children and adolescents and 
two studies on adults [11, 25, 27]. In Bhatt’s study on children 
and adolescents, the use of smartphones led to an increase in 
response time, and in Hartanto’s study on adults, a decrease in 
accuracy and an increased response time were seen. 

In the higher order process, executive functions were identi-
fied in two studies on children and adolescents and in one study 
on adult [11, 24, 26]. In one study, the effects of smartphone 
overuse on executive function ware described [26]. Guxen’s and 
Hartanto’s research confirmed changes in cognitive flexibility 
according to smartphone use, although the study did not con-
firm a difference [26, 27]. In Guxen’s research on children and 
adolescents, the use of smartphones suggested the possibility 
of increased visuomotor coordination [27]. In Hadar’s study on 
adults, social cognitive function was also considered, and it was 
argued that smartphone overuse could increase social anxiety 
and impulsivity [25].

Discussion

The goal of this scoping review was to identify the relation-
ship between excessive smartphone use and changes in cog-
nitive function. A  total of fourteen articles met the inclusion 
criteria. The reason for conducting this review was to define 
cognitive problems associated with excessive smartphone use 
and to find ways to address these cognitive problems in chil-
dren, adolescents and adults. Specific questions were targeted 
as part of the review, and we provided a  discussion covering 
each question raised at the beginning of this review, as well as 
answers based on the selected articles reviewed. 

Of the fourteen studies included in the scoping review, 
twelve confirmed a  partially meaningful relationship between 
smartphone overuse and cognitive functions (excepted two 
papers of studies on adult). Areas for further work are pro-
posed, considering recommendations for future research on 
the reviewed papers and on the basis of the current state of 
knowledge revealed by the synthesis in the literature. One of 
striking difference is that most cognitive assessment tasks used 
task-oriented evaluation tools. The lack of research on brain 
based mechanisms is lacking. Our review compared the stud-
ies of different age groups, from children and adolescents to 
adults. However, the change of task-based cognitive ability had 
limited in comparing the results in age. In some studies, an EEG 
was used to confirm the participants’ brain activity, and these 
results strongly supported the change in cognitive functions of 
users [25]. Further application of these biological tools might 
help one understand the characteristics of the user’s cognitive 
tasks. In particular, it would be interesting to look at studies that 
measured objective physiological parameters, such as cognitive 
task performance level, brain blood flow change, heart rate and 
skin conductance [20]. Although one study could not confirm an 



I.G. Yoo, J.H. Do • Smartphone use and cognitive decline

Fa
m

ily
 M

ed
ic

in
e 

&
 P

rim
ar

y 
Ca

re
 R

ev
ie

w
 2

02
2;

 2
4(

1)

97

association with skin conductance, changes in brain electrical 
activity or changes in brain blood flow, the interpretation should 
be considered limited in terms of short-term exposure to the ex-
perimental condition. Recently, the use of biological equipment 
has been greatly diversified, and quality of life has improved. 
They are widely used in the business and healthcare community 
and have enabled communication, monitoring, consulting and 
other health care services across geographical, cost and time 
barriers [28]. In health care, mobile health (mHealth) compo-
nents include monitoring, alerting, data collection, detection 
and prevention systems. The development of various technolo-
gies for modifying the behaviour of smartphones and users will 
further help one understand the status of the users and improve 
their psychological and behavioural status [29].

Attention, work memory and cognitive inhibition processing 
could also be affected by smartphone overuse. Based on this 
literature review, smartphone overuse had a clear influence on 
attention, working memory and inhibition processes, which are 
fundamental in cognition. Regarding attention, changes in ac-
curacy and response time have been suggested; however, this 
might be related to an impulsive response style rather than the 
reaction of a specific cognitive function [30–32]. Impulsive re-
sponse style refers to the tendency to respond before cognitive 
thinking is completed. This is due to an impulsive nature that 
favours a quick but inaccurate solution [33]. 

However, it was found that the issue of concentration and 
impulsive literacy was not sufficiently discussed in literature. Of 
the fourteen studies in total, only two studies cited impulsivity. 
The authors often claimed low levels of concentration among 
children and adolescent users but did not primarily explain the 
link with impulsivity. In particular, in order to help children and 
adolescent users understand the potential impact of interven-
tion, future research will need to clarify the link between con-
centration and impulsivity and build preventive training for this. 
As recommended in Hadar’s study [25], the researcher should 
consider the problems of social cognitive ability that may be 
caused by increased impulsivity [30]. In addition, it is necessary 
to provide education to expand the knowledge of health care 
providers and behavioural scientists to solve these problems. 

As a result of this review, little attention has been paid to 
the wide range of cognitive problems arising from its long-term 
effects. In studies on children and adolescents, long-term obser-
vation was attempted due to the characteristics of cognitive de-
velopment, but long-term observational studies were not found 
in young adult users. Even considering cognitive development in 
adulthood, behavioural problems caused by long-term overuse 
should be clearly identified, and the scope of research should 
not be limited to interpretation based on short-term changes. 
The purpose of the study should be to continuously monitor 
users’ cognitive and behavioural characteristics and provide 
stable services for problems. In future studies, research should 
be conducted to observe the characteristics of long-term use 
and cognitive change, focusing on young adult users who are 
most likely to be exposed to mobile phones, and through this, 
technology development for various behavioural interventions 
should be conducted.

In addition, reduction of work memory and cognitive inhibi-
tion were identified as major problems. This can be explained by 
the change in the working memory process that can occur due 
to the habitual use of smartphones to compensate the working 
memory. This could be causing the resulting errors and confu-
sion in encoding task-related information [33, 34]. Decreased 
cognitive suppression ability also develops addictive behav-
iours and symptoms and can enhance certain behaviours. Con-
ditional learning, such as stabilisation and reinforcement, may 
strengthen behavioural mechanisms when this ability to inhibit 
is trained [35, 36]. The cognitive inhibition process is highly cor-
related with the attention results described. This finding could 
affect prevention and treatment programmes. Attention and 
impulsivity can be highly related to the frequency of smart-
phone use and symptoms of addictive behaviour. Considering 

the findings of this review, strengthening of executive functions 
through various behavioural enhancement techniques can be 
a therapeutic mechanism to prevent behavioral problems due 
to attention and impulsivity [35–38]. In the context of clinical 
treatment, the interaction between impulse, inhibitory control 
and executive function should also be considered. Neuropsy-
chological training can support the connection system and each 
cognitive resource in suppressing impulsive responses. Future 
research will also need to address stress reduction techniques 
and enhancements in executive function to improve people’s 
ability to control social network use.

There are several findings in this review. The opinion that 
smartphone overuse may affect concentration, working memo-
ry and cognitive restraint processing among cognitive functions 
needs further research to confirm an association with higher 
cognitive functions that focus on extensive evaluation and exec-
utive functions. Besides this, future research will need to stan-
dardise diagnostic methods to determine whether an individual 
has a  related disability caused by smartphone overuse. Many 
of the current studies relied on questionnaire-based assess-
ments to determine the addictive nature of smartphone use. 
Interviews with experts and a  more scientific diagnosis based 
on biologic parameters may be ideal for future research. In addi-
tion, standardisation of cognitive function evaluation items and 
their analyses and reporting of behavioural characteristics of 
task performance are important future areas of research. Lastly, 
in developing therapeutic attempts and methods to prevent the 
increased addictive behaviour of smartphone users, it is nec-
essary to help users maintain a healthier lifestyle by reducing 
the negative factors that users can experience with smartphone 
use. The strength of this review lies in the fact that it is the first 
review that maps evidence of an association between the level 
of smartphone use and cognitive functions. Comprehensive 
searches were performed across multiple databases. Articles 
were also screened based on inclusion and exclusion criteria. 
However, some limitations remain. In this review, we did not 
focus on the exposure to RF-EMF because, in the past, a review 
on the impact of RF-EMF failed to confirm consistency. Recently, 
many studies have also focused on the emotional and behav-
ioural characteristics of users. 

Lastly, it is necessary to critically discuss the level of user 
satisfaction and the level of usage cantered on various applica-
tions. Recently, in the field of medical health technology, a mon-
itoring intervention method has been proposed by applying var-
ious technologies for the purpose of preventing mental health 
problems. However, a decrease in user fidelity and satisfaction 
may lead to results different from the purpose of development. 
Rather than an individualistic approach, a small group form of 
management may be effective at the socio-cultural level. In ad-
dition, individual counseling services may be a more effective 
method for improving personal and social problems related to 
low self-esteem that increase mobile addiction than monitor-
ing methods. Future studies will require further consideration 
of the socio-cultural and psycho-social aspects. We should also 
pay attention to a variety of mental health-related studies that 
help cell phone users take advantage of healthier and improved 
mobile phone technology.

This scoping review had searched extensively through vari-
ous key keywords, but it is possible that other related publica-
tions were not included. We did not evaluate the quality of the 
existing literature as this is not expected in the scope of evalua-
tion. However, as the amount of future research increases, eval-
uation of the quality of research on evaluation tools and inter-
vention methods will become an important research method.

Conclusions

This article reviewed and defined the scope of a study com-
paring the association between smartphone usage levels and 
cognitive function. The results of this scoping review highlighted 
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in future behavioural intervention studies to address work mem-
ory and cognitive deterrence problems. This is clinically impor-
tant for psychosocial health factors in children, adolescents and 
young adults who are prone to various mental problems.

the need for future research to thoroughly assess the impulsiv-
ity of smartphone users. It also proposed various paradigms to 
judge the level of smartphone addiction associated with disabili-
ties and mediate cognitive function and user impulses discussed 
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