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Preface to “Internet and Smartphone Use-Related
Addiction Health Problems: Treatment, Education
and Research”

A Special Issue on health and educational effects due to problematic Internet and smartphone
use has been tackled in the International Journal of Environmental Research and Public Health
(JERPH) titled: “Internet and Mobile Phone Addiction: Health and Educational Effects”, developed
from 2019-2020. It is the second edition of the previous Special Issue “Internet and Mobile
Phone Addiction: Health and Educational Effects”, which was developed between 2017 and
2018. The recognition of these Internet use-related addiction problems is now formal, after one of
these problems became accredited by the public health organization, World Health Organization
(i.e., gaming disorder). However, the debates continue, and the research is quite prolific. For detailed
information on the Special Issue referred to, you can visit https:/ /www.mdpi.com/journal/ijerph/
special_issues/Internet_Smartphone_Addiction. ~ This Special Issue presents some of the main
emerging research on technological topics on health and education approaches to Internet use-related
problems, before and during the beginning of coronavirus disease 2019 (COVID-19). The objective
is to provide an overview to facilitate a comprehensive and practical approach to these new trends
to promote research, interventions, education, and prevention. It contains 40 papers, four reviews
and thirty-five empirical papers and an editorial introducing everything in a rapid review format.
Overall, the empirical ones are relational, associated with specific behavioral addictive problems with
individual factors, and a few with contextual factors, generally in adult populations. Many have
adapted scales to measure these problems, and a few cover experiments and mixed methods studies.
The reviews tend to be about the concepts and measures of these problems, intervention options,
and prevention. The Special Issue covers the following Internet use-related addiction problems:
Internet addiction or problematic Internet use, smartphone addiction or problematic mobile phone
use, and other specific problems, such as (video) gaming disorder, social media addiction or Facebook
addiction, cybersex addiction or problematic usage of pornography, online gambling or eGambling,
buying addiction or problematic Internet shopping, among other related behavioral and excessive
problems. In summary, it seems that these are a global culture trend impacting health and educational
domains. Internet use-related addiction problems have emerged in almost all societies, and strategies
to cope with them are under development to offer solutions to these contemporary challenges,
especially during the pandemic situation that has highlighted the global health problems that we
have and how to holistically tackle them.

Olatz Lopez-Fernandez
Editor

xi
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Abstract: This timely editorial paper outlines some of the main emerging research on technological
topics on health and education approaches to Internet use-related problems before and during the
beginning of coronavirus disease 2019 (COVID-19). Background: The aim is to provide a brief
overview to facilitate a rapid comprehensive and practical approach to these new trends to promote
research, interventions, education, and prevention. Methods: The rapid review includes an analysis of
both health and education technologies studies on Internet use-related addiction problems included
in the Special Issue “Internet and Smartphone Use-Related Addiction Health Problems: Treatment,
Education and Research” to extract recent findings and a few reflections about the development
of the field before and during the first wave of the COVID-19. Results: Main findings highlighted
studies which tended to be empirical, with a relational type associating specific addictive problems
with individual and a few contextual factors in adult populations. Psychometric studies about scales
are prevalent, but predictive and mixed methods ones are starting to emerge, together with reviews
about conceptualisation, measure, treatment, and prevention. Conclusions: From the arrival of
Internet, our societies have converged in a global culture which has impacted health and educational
domains. Internet use-related addiction problems have globally emerged and common knowledge,
advances, and strategies exist to overcome challenges which are starting to be tested, and prevention
interest has arisen in a pandemic situation with global health problems holistically tackled.

Keywords: Internet addiction; Internet problematic use; problematic mobile phone use; Internet
use-related addiction problems; technologies; education; health; treatment; prevention; COVID-19

1. Introduction

Over the last 25 years there has globally been an increasing use of Internet tech-
nologies and electronic devices in our daily lives, especially during the last two decades
according to the International Telecommunication Union (ITU [1]). The Internet, usually
defined as a set of Information and Communication Technologies (ICTs), is now a global
network which has inter-connected more than half of the world population [1], who are
informed, and constantly communicated (e.g., via social media, messaging applications
(apps)) through domestic and mobile devices (e.g., smartphone). However, negative as-
pects have commonly emerged producing health, educational, and social problems, such
as intercultural or intergenerational gaps (e.g., in African countries there is a dual digital
divide [2], and older generations still live the grey digital divide [3]).

Our societies have progressively changed, having become more digital in many ways
despite the online inequalities. It has especially impacted our human behaviours because
of the ubiquity of the Internet on our everyday life activities [4]. This increase of online
uses has had important benefits for health (e.g., eHealth), education (e.g., eLearning),
and social life (e.g., social media) sectors, but problems have arisen (e.g., Internet use-
related addiction problems, cyberbullying, or cybercrime). Furthermore, the coronavirus
disease 2019 (COVID-19) has unexpectedly impacted our societies, strengthening the

Int. ]. Environ. Res. Public Health 2021, 18, 321. https://doi.org/10.3390/ijerph18010321
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role of ICT in our new restrictive daily lives to support the rapid public health response
worldwide [5].

In the psychological field, the Internet has transformed some of our regular behaviours,
which have been enriched due to the new contexts we live in (i.e., online, off-line, and both),
and opportunities have emerged (e.g., to working remotely via the Internet from home or
any other place, to enjoy streaming TV shows online through laptops, smartphones, etc.).
Individuals now manage themselves in online and offline domains indistinctively using
many devices and apps. The psychology of the Internet (or Cyberpsychology), therefore,
is studying the relationship between ICT and the psychological mechanisms, covering both
positive and negative issues in a cyberspace which is digitally and humanistic mediated.
According to Wallace [6], for instance, the taxonomy of online environments includes
the web, the deep (or dark) web, email, forums, chats, blogs, social networks, texting,
and virtual reality, which are almost all usually managed by individuals connected through
the Internet, especially through smartphones.

The COVID-19 pandemic has made these environments part of our daily lives and
pushed us to use ICT in great parts of our daily routines, work or study duties, and enter-
tainment, and to become a part of our personal and social lives. These online settings are,
therefore, influencing our daily emotions, cognitions, and behaviours, such as the case of
some excessive online habits which put a small proportion of the population (e.g., youth)
at risk of developing addiction problems. Internet addiction (IA) or problematic Internet
use is understood as a set of potential addictive online problems [7] (reason why in this
paper it is used the term “Internet use-related addiction problems”); but the only formally
recognised problem is (video) gaming disorder (GD [8]). However, a broader spectrum
of Internet use-related addiction problems have largely been researched beyond GD [9];
mainly through descriptive and relational studies (i.e., studies which look for associations
among variables) about social media addiction (SMA; e.g., Facebook addiction), prob-
lem mobile phone use (PMPU; e.g., problem smartphone use (PSU)), cybersex addiction
(e.g., problematic usage of pornography (PUP)), online gambling (OG), buying addiction
(e.g., problem Internet shopping (PIS)), among other related problems (e.g., cyberchondria).

Reasons which drive the generation of this second Special Issue “Internet and Smart-
phone Use-Related Addiction Health Problems: Treatment, Education and Research”
after the successful previous Special Issue “Internet and Mobile Phone Addiction: Health
and Educational Effects” [10]. The present introductory article offers a rapid overview of
the new advances on Internet use-related addiction problems collected from health and
education approaches before and during COVID-19, and to offer a few editorial reflections
from environmental and cyberpsychology perspectives.

2. Materials and Methods

This study is a rapid review (i.e., rapid evidence assessment), an evidence-based
knowledge synthesis. The systematic review process components are simplified to produce
information as a summary of the evidence discovered promptly. The aim was to examine
articles included in the cited Special Issue (2019-2020), which were qualitatively reviewed
by the author (i.e., invited editor) through a content analysis to provide a rapid outline
of the state of the art on these addictive problems associated with using current technolo-
gies from a health, educational, or both settings simultaneously. The procedure was the
following: (i) to collect all published papers within the Special Issue, (ii) to design a set of
variables in a table to rapidly review them one by one (i.e., see Results section and Table 1),
(iii) to read article by article extracting all the information previously included in the table
(i.e., columns), and (iv) to write the information extracted in the table.

The methodological aim of this type of research study is to collect evidence-based
conclusion to rapidly make an informed decision usually by policymakers or to justify
the need for further research. In the present editorial paper, the pretension has been
to inform within the same year of closing the Special Issue, about how this productive
field of Internet-use related addiction problems has grown in pre-COVID times and how
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it seems the pandemic has also swift the productivity and priorities of this clinical and
scientific field.

3. Results

The main content of the articles is presented in Table 1. It includes the following set of

variables to analyse the characteristics of the Special Issue:

(a)
(b)

(d)

The authors’ names, country where these authors are affiliated, and continent(s);
The setting in which data were collected: if data were collected at an educational
institution (e.g., in a secondary school or a university) the setting is labelled as
“Education’, if they were collected through a non-educative website (e.g., through a
social network) the setting is labelled ‘Social’, while if data have been collected in a
health setting (e.g., a hospital or health centre with patients), the setting is labelled
‘Health’, and the sector in which the study can be situated (i.e., ‘Health” if the main
aim is to contribute to health sciences regarding these problems; or ‘Education” if the
primary aim is to impact educational facets of the problem);

The main method (i.e., empirical-quantitative, qualitative, or mixed method; or the-
oretical study-review, theoretical model, etc.), type of study (i.e., descriptive study,
if the paper only provides detailed definitions and observations of the characteristics
of the phenomenon under study; psychometric study—if the aim of the study is
testing the psychometric properties of a scale, questionnaire or test assessing Internet
use-related addiction problems, such as the reliability and validity to create or adapt
a psychometric tool for a specific language or cultural group; relational study, or cor-
relational study, which refers to the aim of associating a set of characteristics of the
phenomenon without predictive aims; and predictive study, which implies a statistical
or manipulative design to treat a set of variables as predictors or causes of another
set of variables, the outcomes or dependent variables), population groups (e.g., chil-
dren, adolescents, adults), and time of data collection (i.e., by years, if included in
the paper);

The main addictive online problem(s) researched: e.g., IA, GD, SMA, PMPU, PSU,
PUP, OG, and PIS.

The overall main findings of the study.



Int. ]. Environ. Res. Public Health 2021, 18, 321

‘SJUIPNIS ,[0OYdS Y31y

‘pa3odjap sem asuoyd d[rqow ayy Jo pasu ssauauord asaunyD ur (N JIAJ) sn AMMMMHM [#1] ng uayoury
reor8oroyoAsd oyoads e ‘snyy, “Surued suoyd ofiqowr  wopazoq pue ‘uondeysyessip  duoyd afiqowr onewaqord oo © Uoneon ﬁmu 5 v pue “Suer( uenySuoy
pue ssausuoid WOPaI0q dI9M 30q UddMID] SIOJRTPIA! pasu Awouojne pue UOIORJSIESSIP Padu \HIesy pue uoneonpy (vsn) oMoMH< “uayyz my ‘Suiq
‘NJINd Parpaid uondeysyessip paau Awouoiny “BurwreS a[1qoIN ‘NJNI Awouone usamyaq Apnys . Ew -wcw 1S IR ‘NI 9-ny “SUOL] IOM
reuonery pue reourrduy PRAU-eURD
‘wdpqoxd ay) dALY J0U PIP SJUIPNIS Q10T-4102
S20URIDS YI[LOH] WO SOUO S Se ‘SDIAP A LM Ul SJUapN}s AJISI9ATUN [£1] euanbay-orpadureg
Hsogﬂﬂmﬁwﬁmﬁmwwoﬂm WNMMMWMMW% MNH,M Qmmmmwwm (VSNJIA) S1U22S3[0pY 10§ uerquiojo)) pue ysmuedg Iaysg-euodog
\m«smﬁﬁﬁm o mWQ&oMcUﬂaMSﬁvwms oq \ﬁ:o::mu umm>m>>oI 9[LdG IS dIRWS[OI ] dUOY ] ur (NSJ) asn auoydyrewrs I[eay pue uorednpy (adomy) uredg pue “Za[eZu0D)-ZOunjy
o ’ , SMIOIN a3 ySnomnyy NSd oneusyqoxd ynoqe Apnys Pnuep uen(
SUOTIRATIOW [R1D0S “Saouanbasuod aanedou [PUOREPI-OMAWOAs 7R - UITE BOTIOTOA
“A)91XUE “UOT}ORULI0DSTP “9)nox adedss ‘aoueafo) :s1030ef e resrdu ‘ ‘ ’
XIS JO [PpOW & [IM pajepIfes sem VSN ddIN 2UL P [
[z1] eurdsQ-zarurey
orruy ugang
. . syuspMys ,
S[[D{S [RID0S puE 3N JO dWT} A[TeP YHM PIje[dLIod IV V] 2Inseauwt 0} ANSIDATUN UPIANID] UT (eoLOWY) pue ‘sar1o] -ojerez
-9yesuadwiod /ssanys pue [0uod /oW uerAnIdJ ysiuedg oy paydepe 1noqe Aprs u_.boEM uxM: y3[eay pue uoneonpg BIQUIO[0D) o1y 0SLpoy
1SI0)0BJ OM] UJTM PIJePI[RA U] SeY V] URIANIDJ dYL (LVI) 1S9 uondIppe JouIdju] q© AP . mu:_w QEL pue nid g ‘OpeIJ-B)SOdY 1es9))
pue [earduy orn[ “ezZopudA-Inyey
oxpuefory poury
‘Gurure$ onewayqoid pue eaY [EIusw pue ((VIAS)
asn [oyoo[e dnewa[qoId 0y paje[ar sem [013U0d Uy WORPIPPE EIpaL [e120S 10 —
motaeyq dpealqoId pajefaIuN-2dULISqNS (@o) uondIppe swred 0apra  ‘spedp juared-jusdsajope ur (adomy) [11] prowrwey] jjopny
0} paje[ar arom uonuayeur/ AanoeradAy P 43 Ji I[eay pue uorednpy X P
e U33355-[06 ‘SIS [FUOHOWS 91 :(V]) uondIppe Jouraju]  sasn wapqoid Suoure Apnys URULIOD) pue “3raq)rep) zn|
P T, 3'T) 9SN JOUIDUT dIJWD[qOI ] reuoney pue reourrduy
teteq ‘asN JOYOD[e d1}ewa[qOI ]
snewsqoad [[e 0} paje[aI sem INOTARYR] [CPOSHUY
SI[qeLIeA PO (U0RII[[0D ejR() dWIL (wry) ((s)yudUnUOD) P—
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] pue saweN wmwwﬁ:<
P3IPMIS (S)WA[qOI] Apmg jo 2dAL ‘poaN ejeq) Sumas sioyny ’

‘s3urpury pue ‘(s)ua[qoxd ‘poyjou “10309s pure 3urnias ‘SUOT}Ed0] ‘Saureu ,SIOIne 0} SUrpIodde anssy [eradg au ur papnour sapPNIY L d[qeL



Int. ]. Environ. Res. Public Health 2021, 18, 321

(waaysa-j[os

‘ssourddey paared1ad ‘SI9Y3OW Y)IM SUOTJRSIOAUOD
210w 89 41 syuaaaxd Jusunsn(pe [erosoydAsd
prqrowaid 10p39q “a°1) A19A0091 NG Ay ut sxeadde

SIUSDSI[OPE PUE UIPIIYD
UBaI0Y INOG UT 3SIN0D

[£1] uoamy
[15-8uox pue ‘Bun(

109JJ9 MIUNEIA ISPIOSIP SALPDIPPE Uk St vw%c_.mp nSd s103edIpUL NS 5 IM0ge (syuow IeaH pUe GIEeH (eisy) vo10y :_\.M»M Muwm Mo&j.EE
38IN0d Y3[edY [ejudW pue NS o) Apis jeurprySuor] ueg Suno£-00g ‘104D
NSd 2dudNyuI J0uU pIp duraseq A3d1xue 10 datssardop y e ‘eotidu 30ag-3un( ‘0] ooy
*dn-morjog PUe ety aey] ‘091 dnx-3unag
o Je swaqoxd yyreay reyusw pue AJLIAS NG
aurpaseq 1YST pake[dsIp S[eNPIAIPUT NG TULISISIDJ
‘uonengar uogows ur SaRMOYJIp Jo1paxd Jou pIp VI (sa18ayens uonemn3ar mu:mmmwmhwgowmm”m”ﬁww
*V1 JO UOTSSIWIDX UOTJOWd 0} SS9008 PAJTUI] ?EMWW SN0 o (eovoury [97] uag Sueg-Suayd
ayy pajorpaid spoadse zoypo ou g ‘spuedpnied  ‘ssousreme eUOHOWS JO OE| o uore[Sa1 UoROWd U Y3[EAL] PUT UOHEINPY pus 1Y) pue ‘mp ueg-engy
orewr ut 1eak e jo porrad dn-morpog ayy Surmp ‘SanNOYJTP (010D asnduur %::oi& Jo oo m_..r Eogm. I <mD.:§waH ‘oeIsE ) Avy ‘M|

V1 Jo aouapmut oy payorpaid uonengar uonows
UT SO [NOYJIP AU} UO SINILJIP [013u0d asndur oy,

~39) syoadse uonenar
UOROWd T SA[NIIP pue Y]

Apn3s [euone[RI-oATIPSI]
pue ‘reoriduryg

WISH-1oM ‘Tes], Suedj-in{

"OJNON 10 asn Tenjiqey ‘NS Ul PIAISSGO Sem 109353
ou Jng ‘(Aded1yye-J[as ‘UOTIUA)E [NJPUI ‘SSIUdTEME-J[S

3°T) PaseaIdur 10 (NS Pue ‘OJNO: ‘uore[n3ai-yjas

sawodino [edrdojoydAsd pue
“adueI31A SUI[UO ‘(NINS)
asn erpaw [eos wapqord

‘sajenperdopun

ur (sawodyno [eordojoypAsd
I9J0 pue UondRHSIP
sonpar 0y sofdourd
[eINOTARYA]-2ATTUS0D

wesp-uogeonpg  (odong) (1)

[S1] ssmy
‘[ erre( pue ‘Uospouudy

juadap ‘Ajarxue ‘ssaxs ‘Ajtatsinduur “a°1) paonpax “(ON©O4) 1o Surssiu uo paseq pue uoneonpy  wopSury pajrun NI “SYPLILID “( NI

QIIM PTYM SIW0dINO Ja3o0 snyd ‘uondensip pue asn  jo 1ed “(QNON) erqoydowou dde ue “a1) yuaunyean ‘e[EANOI], 'Y BUTRIN
auoydyrewrs SUONPaI UT 9A1}9JJO SeM JUSI}eaT} AL, ‘uoroensIp ‘osn suoydirewrg e ySnoayy sesn suoydirews
2onpaz 03 Apnys
QATPIPaI] pue [edurduy

SI[qRIIEA 1910 (wondaY[0D) BIR() UL, (wry) ((s)pudUTU0D)
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] oI
, pue saureN ,SIoyny
paIpNIS (S)wR[qoIg Apmig yo 2d41 ‘poyp N ejeQ) Sunas sioyny

Ju0D "L 9IqeL



Int. ]. Environ. Res. Public Health 2021, 18, 321

nsdjo

S[SLI paAradIad Uo 9SOy} 10] PAYSI[qe)Sa SeM JJOo-1nd YL,
VI

UM PJE[ALIOD UDIUM PAJepI[eA Uddq Sty JN-SVS YL

"(IN-SVS)

Kerey 03 paydepe a[eog
uonPIppy duoydirews ay L,
‘sajqerrea orydergouraponos

pue‘vI‘Nsd

*£T0T Ul SYUapnys [edrpawr
Kepejn ur NGJ moqe Apnys
[PUOT)R[RI-DLI}OWOYDAS
pue [eourrduy

UHERH pue uonesnpy

[12] qooeex Auemzy
ION pue ‘yany| Suay)
99X “UYLIY ION UBA
‘wisseH] [myaerqny Big

(e1sy) eAserejy

‘nsd o
YSLI paAradIad Uo 9SOy} 10§ PaysI[qe)sa sem JJo-1nd Y[,

Jurod

o2 e ym (ystueds-1vds)
ystuedg 0y paydepe Arojuaaug

“£10T UI sjuopnis
Ayszaatun ur ysiuedg

[0z] 1ereqeS-ZOUnIRIA
ooy

pue ‘onSuy-ese)
uaurre)) “e39310-sneg

*saouRIRYIIp d1YdeISowapoos uonRIppy suoydirews ay ﬁsowwmwnww:%mw \mummm UOREINPY PUE HHEOH (odomg) ureds SO[1E)) “BLIDIG-IOAOYD)
UIIM pajepI[ea uaaq sey ystuedg-Tyv s oy, ‘Sa[qeLIRA [euoneL :m aSM mEm BUD[ ‘ZURS-OWIg
onyder8owaporos pue NG pue [eorduE UIYOUOD) “ULIe] ~Te)saf[eq
esIT eLRy
‘srouwred
*PAUOTIUBUI JOU SI9M SIX0q 100 N ‘SUOTSSTUX Jnpe ur o juasard .
J10ys pue sjurod yeaiq I1esd {(Swree 10 s1owry J3s 5-3) pue Kerd Ayyreay sjowoxd ooTT DU TR0 S ?ﬂ%ﬂwﬂmﬁ%m EMQ
sassavoxd uonendai-jas 10 (dnoid e ur s1oyo yym as 03 sanbruypay ayy noqe 'BIEeH pUe [F1205 (eroWY) vsn \mmﬁ o 1o oU 5 Mtu W
Kerd ~8-9) Tenos jo sad £y oyoads are syoSiey ferusjo g Apnys spoypawu-paxrur D AOPIOD PIPWIN
aandusa(q pue ‘Jesrridug
syuapnys [ooyds Y3y
UT JOUID)U] S} PUe BIpaUL
‘erqoydowou paurejdxa Kyreuosiod 2 wosysa-jros [BI0S JO 3SN dALDIPPE :
1S9 WSISSIdIRU LINoTALRYaq 33 orpard wsproImau Apoq pue ‘(erqoydowou syusssajope orpaid siojoey . Mw%“&@%%w%“&a
PUe WSISSIDI'U 3N BIPaW [e1d0s pauredxa “INOTARYRq Xoa3 ‘osn erpaur onyderSowap pue ‘sjyrer;  UOKEONPYH PUe YI[edr] (adoing) uredg mWsW <o H\mpwhm wsmm
SSOURATIORIIE JIM IOPUDS ‘UOTIGIYUISIP PUe Iopudl 1eos ‘swoyduwiAs vy o) Ayrreuosiod “woaysa-yros wsmu \me mhwm c~o P
:s10301paxd se pue Y ,Sjus0saope Jo sadA) mog VI pue SurjIomiau [e0g Apoq moy noqe (17SHed ¥ IO
Aprys [euonePI-oANIPAI]
pue ‘qeotdug
SI[qRIIEA 12YI0 (Wo3[[0D Bye(T) SWIL (wry) ((9pudunu0D) SN,
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] e sowre wwww n
paIpmS (5)wa[q01d Apmg yo 2dAL ‘PO ejeq) Sumag s1oqiny P N sty

Ju0D "L 9IqeL



Int. ]. Environ. Res. Public Health 2021, 18, 321

ANNS uasaxd

“£10C Sunnp
SJUDDSI[OPE UI SI0)OR)
(DASO “seoudjadwiod
aAneMS3a1-j[os

03 saouajadwod dyads Suraorduur jo adueyrodur oy soqetrea dnyderowaporoos auruo) aanddjord (adomy) [9¢] pueig
. WM OISO J P i[esH pue uoneonpy SeIURIA pue ‘uuewSop
19p[0 uaym A[readsa ‘LN PU® (VINS) NS pue (g LN “Suofaq 03 pasu) Aueuran PSIH JIOPUSISO) BUIS

“DUSO MO[ pue g LN Y31 WM ANNS S9YSTH SYSH (ANNS) FopIostp ’ ’
ISN-SYI0MJIU-[RI0S
ueaMIdq
Apmys euoneroy ‘reotrrdury
-swoyduwks (Surpesunos dnoig . "gL0T Ul sjuspmnys (emowy [szlaH wsswao pue
JISIDATUN dSaUTYD) UT I, IO NI U mBu(
dURIS[0) pue [emeIpyIm-aAIsnduwod ur A[renadsa PASNO0J-UOTN[OS YooM-G © YI[edR] pue uoneonpyg pue eisy) K ,
‘dn mor[oj e SULIMP UAAd 9ATIORJJ SEM JUBUIIEdT} I 3T) Y] 10§ JUSUI)LSI) B 1S3} O, VI U0 Apnys [ejuowiriadxa -eur 11X 19MOTIYS "IUS
110J tmp 10935 UL I VI 10§ L aanorpar ‘eorndurg VSN-eund uenxoery ‘Suely ayury
SOJepoW ¢ SMOTIIP o Suq ey Apoq usossd Aysodrpe pue ‘smoraeyaq *£10C PUe GT07 UsamIaq . 4| uﬁu\@fmmu
B P \ Sunes sandepefewr  S)USISI[OPE UT SINOTARYS] N £3[ysy pue “Wwmox
19481y pue ‘uondIppe pooy ‘Sunjes paurensa ‘Sunes % 4 a UI[eSE] pue uonesnpyg (edoOWY) VSN o .
932 [NS21SAP ‘SINOLJIP IS} YHM POJRIDOSSE ST (1G] LASnAWL 'SORIMOLIP UHES PUE (15 Usamiaq eluog “pueaupng O
P S : g : uone[ngar uonows pue NG  Apnys [euonerdy ‘reorndury ewiwy ‘Jjowo(] g yereg
SyuDwISSIsse ‘synpe ur sadusLIdxd
Kpasdur pue ‘swapqord reor3ojoyedoydAs g QAIJRIDOSSIP pue el
Surqured \mm.wbm QI0W dARY UOT)RIOSSIP YIIM G[ ] pue ‘smoraeyaq Surddoys (S1a) Surddoys jourayuy EsH pue [21905 (e1sy) oo Sundy el pue qog]
jrars[ndwi pue UOHRIDOSSIP PIemO} QUIUO “O¥eJul dUIDFJed sryewaqord usamiaq ©210Y YINog ’
£ b ) £ 3 uom8ung ‘o TA-Sunox
DUSPUR) PISLIIDUL Uk 0} PIJL[L SeM G[J JO YSLI Y, SN [OYOD[e ‘SoSLId)ORILYD PI3S [EUOLR[DI-OATIPAL]
snyder8owapomnos pue g1 ‘Teorriduug
. -oysaytuey ueadoiny e
., (Paroojge soppumILIOd unpim (dnd) Aydesdourod
Teuorssajoid ‘sansst pasnooy-Ajrunuruod +3-a) 3 d d
sua[qoxd VT 1930 se JNd 9y Jo Aord oy paroaod and JO oEsh SRELISIqOL ey (edomy) N [ce] odreys
o ayy Jo uonTu30091 A1ejn pue pesajy [A1req
JOU PIP QT0Z UT }9UIdIU] U} JO 98es() dnewa[qoi ] 10 paou ug moqe Apms
OJUT IOM}U U0Teasa1 ueadoIny e 10§ 0)SATURIA YT, sandisaq [eonsI0o ]
SI[qeLIeA PO (U0RII[[0D ejR() dWIL (wry) ((s)yudUnUOD) P—
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] 39U
, pue saureN ,SIoyny
P3IPMIS (S)WA[qOI] Apmg jo 2dAL ‘poaN ejeq) Sumas sioyny

Ju0D "L 9IqeL



Int. ]. Environ. Res. Public Health 2021, 18, 321

Juads

‘SJuadSI[OpE

V1 1ay3ny pajorpard QuwIr} pue “UOTedIUNUIWOD URD{RAO[G UI JUSWUOIIAUD (adomy) (1€l
SNJe}S DIWOUOIIONO0S JIdIMO] pue uo1dd)ordiono B P o PeAcls ut : A BAOIRSNE] B[AIUR(] PUR
; : , : ‘Surrojruows [eyuared ‘onuod A[urey pue ‘y]usamiaq  [edl pue uonednpy enjeAols .,
reyuared 1aySy ayrym “y1 1omof pajorpard ) ) , BAONIQAIG BUUY “BYUT[g
Bunioyruowr ﬁﬁcm:‘mm VEm axed reyuared umﬂm:I rejuared ‘ares rejuared ‘smeys Kpms aanorpord-reuoneray orqndoy ypaz) seyn] “eAOqUAI[e BUU
R : orwouodd ‘adAy Afrurey pue yi ‘Teorniduwug AT BAOYUAIRA v
*610€ Ul sjnpe Sunok (odomng  L0E1UW1T Suix-Suny) pue

3uoy] Suop] Suoure ssaxsip

‘modsye " MUY TyD

‘Kyrenb daars 1axo0od yym 1oydny ing (ssams pue edLRwy ,
, X , \ reor8oroypAsd “Ayrrenb ; uemy| ZS[, ‘e UeA Tep
SSanSIp YILm pajerdosse Aprerrwis YA Kienb doars pue ‘Ajarxue ‘uorssardap) doa1s YIS (1) 39pIOSTP I[edL] pue uonesnpy BISY) UOPIMG Ateyy eoTuOp 1N SUny
100d 1M J1q © pUR ‘SSIIISIP YITM PIJRId0Sse ST (O] SSaIISIp pue VIAS ‘DI Surures jowiepug :ww\suw.n_ \MHH%:WMM I8l \mNsﬁo. JN uwﬁz O
Apmys euoneroy ‘reotrrduryg > SUOH X TOH “SUOp) UeX NI

(ssoms ‘swoydwhs ‘sympe ut (YIS 10)

*3sn yoogaoe dnewa[qord Kyorxue “votssardop  sasn gNG onewafqoid pue [62] 101qeYD TIUSH
pasorpaxd ssans Auo “(£jarxue pue aatssardap) ‘syreny Aypeuosiad)  ASooyjedoyphsd ueamiaq  yyresp pue uoneonpy  (edomny) souer] pue ‘ruode] arueydarg

syreny Ayijeuosad Aq pajorpaid a1om sasn GNG Wd[qOI ]

ASojoyredoyoLsd pue
‘(T9RIMT, pue N00gaded) VINS

Apmys aanorpard-reuoneroy
‘reorniduug

“DII9SIIA SIPOIT

*(seouanbasuod asiaape

‘(uoreapr [epHINS ‘poowr
aarssaxdap) A8o1oydAs g

£10Z Sutmp

SJUIDSI[OPE Ul 1G] pue
asn sj1 jo awury ‘Ayrsuadoxd
uonRIppe ‘So1SLIdjORIRYD

[8¢] wry sAH-unn

29 9SNIDA0) UOHPIPPE IAYSIY PIMOYS YDIYM ‘asn ‘(uowure} UL ‘owes Jeotdoroyphsd UI[esL] pue uonesnpy (e1sy) ea10y] pue “ury oy8uoag ‘uyy
SNIS YIM PIJRIDOSSE I0M SoNSLIDjoRIeYD [edIS0[0UdAS]  “(SNIS) SIS SunjIomiau [eros pue osn uro: dyrews y0og-3unof ‘0377 sayurf
‘Apnys) sasn auoydyrewss ‘NG J od} Jusiuos UaMIaq
Apnys Teuoneray ‘Teotnduryg
(sanbrupay
"S[OAI] uonedyTwes pue Jooyun 810T Ul Sjuapnys R
Sse[d pue “uonedNpa s, Pyjour Tepuad uo Surpuadap pUe SILI0dY) INOTARYD( JUIDSI[OPE UT (1GJ U0 |J[Ed}] pue uonesnpy (ersy) Lospany, , [£2] 1 e p
. i p PuR}I [9s49A UrUPY
wrexoxd ayy 19)je paseasp Apueoyrudis NS ] YL 1owmsuod ~o1) werdord  Apnys aandrpai ] ‘resnrduy
9ATIEONPA G ] © 159} O,
SI[qRIIEA 12YI0 (Wo3[[0D Bye(T) SWIL (wry) ((9pudunu0D) 2oUBISTS
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] 39U
, pue saureN ,SIoyny
PIIPMIS (S)WA[qoIg Apmis jo 2d£L ‘Poyrd N eje) Sunids sioygny

Ju0D "L 9IqeL



Int. ]. Environ. Res. Public Health 2021, 18, 321

£10T UI SHnpe assury)

[c] Buep Burg uepy

(Burog-[om [eyURW Buoy Suoyy ur Suraq-fem (eouowy  pue ‘we Sury rey ‘uey))
(Buraqom pue ssaurddey 1omof pue ‘uorssardop pue ‘ssourddey aanalqns rejuaw pue ‘uorssardap pue eisy) dayD-nig erydog ‘Dp1O
) . , . YI[edH] pue uonednpg ; ;
pue £jorxue 10ySIy Yim pajerdosse sem NG ‘Ajorxue ‘uorssardop) so[qeriea  ‘AJSIXue pue ‘G ] Udamidq epeue) uyo[ “usyg usyD) ‘091
reor8ojoypAsd 29 NG Apmis aandrpard-Teuoneay pue eury)  oef3un( ‘Off uIx reg SN
‘Teorridwug unsy nzJ ‘ono) uenA3uIN
Ssjuadsa[ope wf rexSue
NSd Toyruow jo oedwr ayy pue yyed asauryD) ur Surrojruowr (edLIOWY e o ?m— gm.sw Em
AU} PALISPOU SSIUAS S[TYM ‘JI PAJRIPIW UOHRALIOW NSd  Teuared pue ‘NGJ UsaMIdq  I[EdH] pue UonedINpH pue eisy) ME . :m: M n >\vs~._
adeosa s,uaIp[Iyo ‘NSJ Parorpard Surrojruow [eyudIe g Aprys aanorpard-reuoneoy VSN pue euny) ‘A A A - ]
) uenx8ur( ‘ng uayoury
Teotndug
[ec] seqra
“Areornyderdourap ueo[ pue ‘ZoIIdnNo)-ourJ
(Sunuzoyuod pue AJ[eorurp woyy 1°p oredury
pue d1snogs ‘druornsny) , swoyduwds prgrowod Bmor, aqusap 2 Ayeuosrod ‘BDINJN-ZoUWI[ euesng
11 2d4£) 29 (durIBpIoq “Gunueswsp-jras ‘reuonisoddo asi 11ay) 03 urprodoe UIeSH pue Yyiesry (sdomg) uredg ‘oueq e}IRIA ‘OTAIUOIA
‘[NJa0105 ‘A[NIUN “[MIS[OP “PIARIQIYUT “DAISIDIAOIUL) syuarjed jusdsajope RUI[H ‘ZopupuIa]
L swoydwAs prqrowod 1aydy,, | :sad4) g a1om a1y, Aol Ayissepd 03 Apnys [Prue(] ‘seIdAIjQ 1seudy
aandusa( pue reourdwy “eLrewejURg 950( uen|
‘0sang-za[ezuox) e3oA
‘610z ut syuapnys Sunok B §
) e e e e s
. . . (90) Buqued surpuo s o Jnbeof pue sajuod
100 SS9 sey DI Yim asoyJ, "HO pue D0 ‘NS G3aePpr - ¢ suonepar st pue ysiueds N A3l1eH ‘SpyyaD "q
NSd 03 pajerar Apanisod sem O "D pey siowed 0} pue ‘4§-65AO1 a3 ystuedg .mb HERLSH P R MWES I[edR] pue uonesnpy (adoing) uredg SIRJA ‘[[UOqIe)) IdTIARY
JO %61 “d[qer[a1 pue pIfea sem 45-65DI ysiueds ay, 03 dpeprfea pue jdepe of, ' (dS-6500D T ’ ‘$950-e39A uoLUNSY
110ys 0OI Inoqe Apnis o
A “BUSLIRQUITYDRIA
[EUOTRRI-DLI}OWOYDAS ] N wen[ Anuessg ejre
pue peorrduwyg W 4 BN
SI[qELIEA PO (UomPI[[0) ') WL (wry) ((S)pudunuo)) U1
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] 39U
£ dKy - g pue saureN ,SIoyny
paIpMIS (S)wd[qo1g pmyS yo 2dAL ‘PO ejeq) Sumps sioqny

Ju0D "L 9IqeL



Int. ]. Environ. Res. Public Health 2021, 18, 321

SI030€J PAJL[AI-[00YDS T0 A[rurey

UBL[} 90UDN[JUT 1932318 © PeY SI0308f [eJUSUIUOIIAUL
‘Bursnroape awed jouraiuy 0}

amsodxa pue s95ed D 03 A[1qIssadoe 1Yy UoISayod
Aqrurey 19mof ‘ssauaatssardge Ajraisinduwod ‘uorssardap
JO S[PAd] 1oyB1y pey “IarjIes Jaurau] ayj Sulsn 1y %9

*(Bursnraape awred jourajuy
01 amsodxa pue ‘sayed D 0}
AYIIqISS900® ‘SOTSTIANORIRYD
19UIDIU) SI030.]
[RIUSWUOIIAUS pUE (SIHIALOR
SIwapedR PIeMO) SOpNjIIe
“uorsayod Arurey ‘A8ooydAsd)

‘STog Ut

SJURDSI[OPE UELdIOY Suowe
SI0}OBJ [EJUSWUOIIAUD PUe
‘38N JoUIdIU] “[OOYDS / ATrurey
‘Teuosiad jnoqe

Apnys uoneray ‘Teorridug

YI[edH pue uonednpyg

(e1sy) eaI10Y

[o7]
997 YOO 9eH pue ‘997
SunoAae( ‘Buny) nyng

[eNPIATPUT 1M V]
[6€] eyswopermanN
-BurquieS-o Ul PIAJOAUL US}JO JIOUWL JISM SSI[ JUILd ‘SHNpe ystjod Suowe BUOM] pue "ZOZSeMYD
\ A . sopiapoe  Surqued jo spadse jnoge euueo( 93J9UddIp
oym ‘1o8unoX “ud ‘s1ajquued warqoid se passep g £ 4 peap pue uoneonpy  (adoing) pueog A
04897 (3umoq syiods ‘SoueHO[) SUNqUILS-> PIp o1 syt pue (90) Surquien-o prus 2anorpard-uoneray TRUDTIAL “nzojreg
1o8'9C : : : e ‘reorrrdwg Jd Feyey “els[ny-youoe|
ejopeurag
. (BurBewr souruosax '10C PUE 9L0T Uoamioq
(uorssa133e pue Ayrarspnduur) x93100 a SJUSDSI[OPE ULIOY] [8¢] uepy
BJUOIJOIIQIO 153 S} UM AJTATIOR UTelq JoySTy PHOUTEW [EUOROUTY o1 pue srowed-oxd undp Sno( pue ‘wiry
! . omise) o : ajes-Sunsar) fy1anoe UHESH pue YesH (e15Y7) vOTOY , .
Ppamoys sjusdsafope (JO] Ing ‘(uonuaiie) aqof [eyarred ureq pue {(Aemaue poot usam}aq AJTAToR UTeIq TN Ung “Suemp] ueyd
a3 ur Ay1anoe ureiq paseanur pakedsip sdnoid yjog QP o1 ﬁ ‘K3o1oyoAsd ‘(O] usamiaq unAp ‘yemy U0dAH 1Y
passaxdap) A8ojoypAsd ‘o1 £ ,
prys reuoneay ‘reoriduy
‘SINpe saUTYD)
“Kyoyoads ut (N 1) osn AydexSourod
arqeydedoe pue Ayranisuas 10)eard ‘AyIpIfeA UOLIILID Jourayu] dnewd[qord [2¢] Suer(
Surpnpu Apirea pue Aiqerr 198uons pey (S3dd) AdHedAd 4o gng sunuo oy ynoqe  HIPPH PUEHORENPE (PBV)PUD pyoery pue ‘uey> unfr]
areog uondwmsuo)) Aydeiouro,J drewa[qor ay L, Apnys spoyjawu paxtua
SrPWoYdASJ ‘Teorrrduy
/10 ‘SHnpe asauryD ut
uorssaidap pue (AdNIAN) [9¢] onD
‘uonPIppe uorssaxdap s@nap uonduosard ue] pue ‘n SuoAr) ‘oery
ST} JO SSLI Yy SuneAd[d ‘sS3nIp aanepas pue prordo pue “(aanepas ‘prordo JO SN [EDIPAW-UOU  Uj[ed}] pue uonesnpy (e1sy) eunyD enyng “Sueyy urumgy
Jo asn juenbaiy pue uorssardap Yim pajenosse y1 Jo asn) qJINIAN Pue VI pue ‘YT usomidq ‘arx og ‘Suep uer], “Suepy
Apms aandrpard-feuonyeay SGurxuep ‘ue Suejrag
‘reorriduug
SI[qeLIeA I330 (UomPI[[0) ') WL (wry) ((s)yudunu0)) U1
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] 39U
, pue saureN ,SIoyny
PIIPMIS (S)WA[qoIg Apmis jo 2d£L ‘Poyrd N eje) Sunids sioyny

Ju0D "L 9IqeL

10



Int. ]. Environ. Res. Public Health 2021, 18, 321

*$S91}S ST 10 DIUDIISAT MO[ }IM
DI Ym 9soy) 10§ papiaoxd aq p[noys SUOTULAIUT
Burdoo ssans pue uorssarda(] “aouaI[ISaI UL}

‘cloc ut
synpe uno4 asauemre] ur

[#¥] 03 SunpH-ynyd

D] YIM pajenosse a1ow sem uorssarda(] “uorssardap ‘s9[qerrea  (I9] pue d\owmmmaww ‘ssans UHESH Pue Yi[esE] (ersy) uemre], p puv i m:ﬁ\. oL

PUE (5] 19U © Y3Lm POJEI0SSE SeM SIUBI[IS MO'] reordojoypAsd pue o] paadrad ‘eousrfisal jnoqe NoYD) OJ-TOp “Ur']

e ~WH.HSL% [oTU0D By ey :.%wmoaoﬁ Apms daporpard-euoneioy 14D-Buenp ‘uax nA-nf
pue ‘ssa138 19YSIY ‘9OUSI[ISI JI9MO] B pey dnoi8 ast ‘eontdurg
‘SpuapNs 9890 dsauLMIB]
ur stoyedrput (v /1d)

VI ‘(uonpy pue aduedoddy)  sdueproae epudLIddXe pue LB [¢] uax Sueg-Susy>

UILM PIJRIDOSSE SeM SIOJedIpUl Vi /1] JO AJLI9AdS Y], VH/1d “(9mseajn Ayqrxapyur resrdojoyAsd eot] DUE UOHEON. AEN. o1 v pue ‘9977 enpy-uny

VI pue Vi /1d Jo A1110Aas a3 yjoq y3rm £nuapy pue 3deouo)-§9s) JO spoaype Sunerpaw ‘BIEPH P heonpd :M QE«:MV “Guex UISH-1X ‘OeISE]

P1eI0SSE SeM UOISNJUO0d AJUDPI-J[as JO AJLIOAIS A, Anuapr-ypes ‘v Ay} pue Y] pue uoIsnyuod vsnp L fey “yarsp] Surx-ueny
Aynuspr-ypes noqe
Apmys euoneroy ‘reotrduryg
‘sympe
Ayisorpueid onsissoIeU VS YHM sofsLIajoRIeyd

VINS pue ‘9sn adUR[[I2AINS eor8ojoyohsd (ersy)

11 DOIPID0SSE 219 SIUEI[IPAINS PUE UOISAIXD [1200 “UOISN[OXd [B1D0S “(19puad pue orydeiSowap 19y30 UI[EIL] pue [B0G mw.uox [z#] wir ynsSun&p
Rt : lt s et pue a8e) sonyder8owap pue uondIppe J00qaoe]
pue ‘(jjoogade]) VINS JO 309139 a3 Inoqe
Apnys euoneray ‘reorduryg
o ‘910C ut
s1a[quies Jnpe Youar Yim

‘s1ajquued Aaeay porrad uorsndxa-j[os ayy S— rﬂﬁ%ﬂwm

AU} UO 309J§d OU PIMOYS SUOISNIXS-J[OS UOTRINP-}I0YS JO PUd 3y} I93Je ‘S[OIFU0D I Sueudo 4 Mﬁﬁmwﬁm@

‘1094 © 19A0 90 payoyew 03 paredwod ey pue [ewog  (adomng) souerg e wws:m dEmm

juads awm pue ASUoW I0J PUNOJ IIM UOTSNIXI-J[S se Gurquued 1axod — o>m..~w%~ our d

UOTJRINP-}I0YS PUE UOISI[IXd-J[9S JO S109JJH QUITUO UT UOTSN[IX3-J[oS HUOH «v d ouHy

10 13y SUF 0 suatnbn surpueury
Apmys aandrpa1 ] ‘Testrrduryg

SI[qELIEA PO (UomPI[[0) ') WL (wry) ((S)pudunuo)) U1
sSurpury urepy pue 101 3y} SurpreSay pue ‘voneindog yim 10)29G pue (U0TII[[0D) uones’0] 39U
, pue saureN ,SIoyny
P3IPMIS (S)WA[qOI] Apmg jo 2dAL ‘poaN ejeq) Sumas sioyny

Ju0D "L 9IqeL

11



Int. ]. Environ. Res. Public Health 2021, 18, 321

‘suoTRIOSSE S} pue VS Jo skemyed
[esned 10 surdrio ordoona ay) ure[dxa 03 A10913 ON
*Saanyedy

SuoOnIIPpPeE [ed130T0UDd}

SIOTABUD( dATIOIPPE
JO WNNUTIUOD & UO J[ef
Kewr moy pue ‘suordIppe
I9Y}0 WOIj PPUBSTp T8

[8¥] uewissng

ST 10 901ASP duoydirewss [enjoe Ay} 0} UOHDIPpe U I9YIO0 0} Paje[dI V'S Pue NSJ Aoy J1 3290 03 NG pue WHEeH (erawy) vsn 9A9)G pue ‘N eRYS
SeM VG I9UISYM PIlLIR]D J0U SUOHDIPPE [edIS0[0uydS} (vS) uondrppe suoydirews
ISY30 WOy Y PaysSMSunsIp I9y3Iau SSIpN3S IS0 JO SOINSLIUT UO MITAI
SIRWR}SAS ‘[ed1aI0dY |
‘uonpnpord ur jsazajur 19eard sey ySN pue ‘suouIppy [27] Nm:miﬂ__.wﬂwmwtvww
[v401020Y2g fO [VUINO[ Y} PUC L0100YIg UVUNE] UL aseqejep A0USIS roowad-zodo Um%mo (
stagnduwio) ur Surystqnd Ayis1oanun juaip weySurioN VI JO QoM Ay} Ul Y] UO MIIADI e (adoing) uredg \EWE Mmmko quamw S
woxy ‘SyyyyL) yoi ] ‘AneryoLsd ur “ysrBuy ur sapnre 2INJRIdI[ ‘[ed1II0AY [ i W.Hmhwrw o_wwho o
“JUBISUOD SI Y] 93 JO APNJS 93 UL UOHN[OAS YL, wmomw..oEoEQ
-adomg ur yreay orqnd
a[eos
10§ pasodoid are sar3ayens aanuasaxd pue suondo weadomd e uo swordord (adoinyg
£o110 yusunjEan) urew oy sem Aderay remoraeyaq , , 4 1 pue eruead() [9%] ssny[ [ erre(y pue
2ATIUS0)) "SUOPIPPE 21943 Jsow oy Surjquied pue S0 'ddL'vl UOBIIPPE poje[aL-ash BIeeH SN ‘zepueurag-zedoT zie|o
i o . SUIDUJ UO MIIADI
SuruweS 3uraq ‘SIOPIOSIP PIGIOWOd YIIM ‘SJUdISI[Ope ¥ h : pue erensny
9INJRIA] ‘[Ed1}RI0AN[ L,
S[ewW Pajednpa are sasn dpewa[qord Yim asoy],
'G10T-¥10C
Ul HAV YHM Sjuadsajope
J0 syuared asauemre],
uondIppe suoydyrews w ( ) 19piost
INOYIM URIP[IY Jo syuared uey) (Surrojruow N:%W%MM £ _u_u %u
pue quswageuew 2andr0Id JUawRSeURW IAORIL cozw.&%m e Dc_w _m;w (edLIoWY [gF] noyD unif-uapp
3T) $3[edSqNS GINNS 991y} [[E UO SII0DS TOMO[ AHAY PY* 0Sd  gusuone m:ﬁca ( mEM .n: UI[edH] 3 Y[ed] pue eisy) pue ‘uax Sueg-Sudyd
papRI£ uondIppe duoydiIews Yrm USIPIIYD JO SjudLe ] fsuonelet P mm S VSN pue uemrey “yarsy Surd-1x
SSTIETE 9edg JuswaeueA
Y3y pue A1pifea sero3oey pood pey mEDmm wﬁh 2s() auoydiews
: - : [e3uaIe ] 93 Jnoqe
Apmys spoyjowr paxIu
orpPwoYdAs ] ‘Tesrduy
SI[qELIEA 1PYO (UomPI[[0) ') WL (wry) ((S)pudunuo)) U1
sSurpury urejy pue D] ay3 SurpreSoy pue ‘voendog yjim 10303G pue (U0II[[0D) uoned’0] e soure wwuvw n
paIpNIS (5)Wqo1d Apms yo 2dAL ‘Poyra N ejeq) Sumes sioyny P N sty

Ju0D "L 9IqeL

12



Int. ]. Environ. Res. Public Health 2021, 18, 321

“(V's) uonorppe

auoydirews (qHAV) IopIosip AjanoeradAy jpyap uonuaire (SINNS) 915 Juswadeure] asn) auoydirewg rejuare ] ‘(i) aoueproae renuatradxa ‘([ 1) LArrqixapyut reordojoypAsd ‘(0 1)
asn Aydexdourod joureiuy (QINIAN) s8nap uondinsard jo asn peorpaw-uou (700) 9311 Ayrenb (H0) Surqured surpuo (35-65AD]) 2[€ds W0 1I0ys (O] “(qD]) IopIostp Surured jourajuy
(SNIS) sa11s Sun{IoM}au [e100s (DYSO) souLduod aanemSaI-jas auruo “(g1,N) Suoaq 03 Paau “((IINS) IOPIOSIP ISN-SHIOMIDU-Te10s “(SIJ) Surddoys 1ouzayur onewsiqord (4N J)
Ayder3ourod jo a8esn onewsiqord (N-SVS) Aefey 03 paydepe aeog uondIppy duoydirews ‘(ysiueds-TvJs) ystueds oy paydepe Arojusau] uondIppy suoydirews ‘(NNSJ) 9sn erpaw
Teos warqoxd “(OJN0) o Sursstur jo 1ed) (OINON) erqoydowou (N JAJ) asn auoyd aqrqowr dnews[qoid (VSN JIN) SIUSISI[OPY 10§ 9[ed§ 3S() SNPWS[GOL] SUOYJ SIOIN “(NSJ) dsn
suoydyrews onewarqoid ‘([y]) 193 UOHDIPPE JUIAIU] /(YIAIS) UOTIDIPPE BIPAW [R10S “((19) Iop1osip Surwed (09p1a) “(Y]) UOHDIPPE JouIdiu] :SUIMO[[0f 9Y) I8 Pasn SWAUOIdE dy} DJON

uostredwod
renos Surrad3iy swistueydaw [edrdojoypAsd

sdde
auoydyrews a3esn-1oa0

[67] Somz

; 5 (soureS winrwear pue no aared 0y sdde (adomy) BULIRY)EY PUE “UDI[LIDF]
03 05T 11q ‘519013 YIUILS[Z PUre UIWMOPUD sdde erpaw [eroos) sdde NgJ auoydyrews jusurword HIEoH Aueuran JIRA “Uureumyde |
‘amsodxa-a1aur 89 “SaLI0d} dTWOU003 / [edrdooypAsd : : : y
: : j [eISAS U0 dzATeue purag ‘Sejuo uensLyD
o1sse[d 0} payul| a1e syuawaa-dde asayy, 0} MOTADI [EIPIORN L
S3[qRLIEA 12YI0 (WO3[[0D Bye(T) SWIL (wry) ((9pudunU0D) 2oUDISTS
sSurpury urepy pue 101 3y} SurpreSay pue ‘uoneindog yim 10)29G pue (UOTII[[0D) uone’0] e soure wwuvw o
paIpNIS (5)Wqo1d Apms yo 2dAL ‘Poyra N eieq) Sunig s1ogny P N.stomny

Ju0D "L 9IqeL

13



Int. ]. Environ. Res. Public Health 2021, 18, 321

4. Discussion

The present editorial paper offers a rapid overview of the pre-COVID-19 advances
on Internet use-related addiction problems research collected in this second special issue.
The main aim was to invite research on these health problems from the areas of treat-
ments, education, and other research advances in the field. After the first wave of the
pandemic, the editor would also like to share a few reflections from cyberpsychology and
environmental perspectives.

Regarding the first main finding, compared with the previous Special Issue on this
theme [10], using the same even stricter peer-review process, the second Special Issue has
collected double the number of papers (i.e., 40 versus 20 papers) in approximately a year,
which indicates the increasing interest and publication rate in this research field. Related
to the authors’ affiliations, this second Special Issue includes peer-reviewed papers from
international samples (ordered by frequency): Europe (i.e., Spain, Germany, UK, France,
Turkey, Sweden, Czech Republic, Slovakia, and Poland), Asia (i.e., China, Korea, Taiwan,
Hong Kong, Malaysia, and Iran), America (USA, Canada, Perti, and Colombia), and one
from Australia. However, no papers were included from Africa, which is consistent with
the existence of the dual digital divide and international data reported [1,2]. This fact
does not mean that there is no existence of these type of problems on this continent, but it
highlights that no work has been submitted for a review in this case as we were sensitive
to it.

On the other hand, the main aim was to cover health and education approaches
in the context of these problems, which has partially been achieved, as the majority of
papers (74%) included both approaches. However, half of the papers (54%) were studies
undertaken in educational settings (i.e., high schools [14,18], universities [12,13]) with
a health purpose, such as to adapt a diagnostic tool [12,13,20,21,32,37,45] or to study
psychological mechanisms or comorbid problems which affect or mediate these problems
to be used in prevention and treatment plans [17,22-25,46]. Only a few studies (20%)
were conducted in health settings (i.e., hospitals [44] or health centres [33]) or were health
reviews about these problems [46]). In the current literature, the method of extracting
health knowledge through educational environments is quite common, but at the same time
it shows its maturity is still compromise, as more research is needed in non-educational
and clinical sectors with qualitative, mixed methods and manipulative research designs
(e.g., quasi-experiments and experiments) to go in-depth on knowing better what the
mechanisms behind these problems are, what seems to be the cause and how it affects to
the prognostic. Thus, the need for extracting research on treatments was limited in this
issue, which is a challenge the field needs to overcome.

The problems studied are more specific IA problems rather than generalised 1A (23%
of the papers), which is a new trend on the field, and it is conversely opposite to the first
two decades of research, in which IA was more prevalent than specific Internet use-related
addiction problems. In order of frequency, in this second Special Issue, which was open
to research on all addictive Internet and mobile phone use, the most prevalent problems
ordered by frequency were: PMPU (38% [27]), IA (26% [16]), GD (23% [19]), SMA (18% [26]),
OG (8% [39]), PUP (5% [37]), and PIS (3% [23]). This means the tendency before COVID-19
in the field was to study addictive problems related to the use of mobile technologies
(e.g., PSU) and its risks, and this has increased during the pandemic [50]. Reasons for this
include those problems being the most researched topics due to the need of increasing and
controlling our safety behaviours while travelling or commuting during the pandemic,
in addition to other advantages and continuous innovations offered by mobile technologies
(e.g., apps, aids, and trackers). Furthermore, as predicted a few years ago [9], other types
of problematic addictive use apart from GD are studied and causing concern in population
groups (e.g., OG and PUP).

This is consistent with the methodology used in pre-COVID research on Internet
use-related addiction problems papers published in the Special Issue (i.e., which collected
data between 2013 and 2019). Almost all works were empirical (90%) with quantitative

14



Int. ]. Environ. Res. Public Health 2021, 18, 321

studies (only two mixed methods and no qualitative ones). Still there are a fifth of the
papers in the Special Issue which are psychometric studies, in which usually cultural
validations of diagnostic tools have been undertaken, such as the Spanish and Colombian
Mobile Phone Problematic Use Scale for Adolescents (MPPUSA [13]), or the Problematic
Pornography Consumption Scale (PPCS [37]), which shows the interest to scientifically
validate existing measures on problematic use of smartphones, gaming and pornography
across cultures [51,52]. This long tradition in psychometrics in the field is probably due to
the global phenomena related to the addictive uses of technologies world-wide, and the
cross-cultural interest in these common problems in young populations [53]. However,
it has also been criticized, as it is quite extensive in comparison with theoretical develop-
ments and conceptualisation of these problems and seems not to consolidate enough the
field for its recognition as health problems [54].

Regarding the method, over half (59%) of the papers published here were correlational
studies looking for associations between these problems and internal or external variables.
The novelty is these studies is the inclusion of more contextual or environmental factors
related to these technological use problems [31,34] and sometimes were treated as predictive
ones (i.e., Relational-predictive studies) using predictive aims through statistical techniques
to for example extract the factors which seems to cause an outcome (20% of the papers).
Only a few studies have real independent variables manipulated by the researchers to cause
an effect in other dependent ones, such as new health and educational interventions studied
(e.g., Solution-Focused Group Counselling Intervention [25], an app based on cognitive-
behavioural principles to avoid smartphone distractions [15]). This means applied research
in the field is starting to look for explanations outside the intra-individual sphere through
more controlled research designs, through new clinical and educational interventions to
promote preventive strategies to minimize harms. Indeed, it can support provisional
solutions and support controlling the incidence, and growth of these problems.

Thus, other external variables, such as inter-individual and environmental factors
seem to impact Internet use-related addiction problems as intra-individual factors (e.g., so-
ciodemographic, and psychological characteristics). The external indicators which emerged
in this Special Issue are related to the Matthew effect (i.e., good premorbid psychoso-
cial adjustment [17]), parent’s education or socio-economic status (i.e., mother’s educa-
tion [27]), parental care and monitoring (i.e., overprotection promotes these problems [31]),
environmental factors (e.g., Internet cafés, advertising [40]), or professional communities
(e.g., who manages those affected and their families [22]). Indeed, these contextual factors
should also be considered in treatment plans, preventive actions, and policy options [46].

In the first wave of the pandemic in 2020, the lockdowns, restrictions, and isolation
have affected individuals’ engagement in addictive behaviours [50,55]. Indeed, the prob-
lems which depend on the Internet (the medium frequently used in pandemic times) and
the need to be interconnected seems to have produced a growth in these problems [50],
which means environmental factors, such as a COVID-19, can have a negative effect on
these types of addictive problems in some population groups. However, the clinical, aca-
demic, and scientific communities have immediately reacted through prevention alerts and
strategies [46,56-59]. For instance, according to Montag and Elhai [59], who have discussed
technology overuse in young populations during the pandemic through Affective Neuro-
science Theory, the neglected indirect media effects should not be overseen (i.e., those brain
functions involving positive or negative emotions, such as play or sadness systems have
been impacted by COVID-19). During the first lockdowns, children have translated their
usual diverse leisure activities to screen time activities at home; it seems the problem has
been most parents needed to telework and children, apart from home-schooling online,
also spent more time online without a parent or adult guidance, which has caused in some
cases lack of care, the increment of sadness, and even anger (i.e., disbalance in primary
emotional systems). Thus, again, research on the causality of Internet use-related addiction
problems (or Internet use disorders [60]) is needed going beyond descriptive and relational
quantitative studies which have occupied almost all the scientific body of this field.
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Nevertheless, there are some limitations in the present study. It is based on a limited
selection of papers which have been accepted for this Second Special issue based on the
editor, the journal academic editorial, and reviewer team through a procedure which
usually involved at least two rounds and three reviewers per paper, and a few did not
pass the quality check to proceed with the peer-review process. The bias, therefore, in
the selection process of the Spanish nationality of the editor an Asiatic journal such as
IJERPH, which potentially attracted more proposals from these countries, although an
effort has been made to disseminate the invitation world-wide and prioritise locations,
topics, and methods not commonly used in this research field to receive a representative
pool of a diverse qualified papers. Furthermore, another bias of this editorial rapid review
paper is the inherent weakness of conducting a fast review by an author in the same year
in which we closed the Special Issue, even with the fact it was extended a few months
due to the first wave of COVID-19. However, the IJERPH editorial team and I agreed on
this decision and thought it was worth doing this rapid evidence assessment of the papers
reviewed, collected, and published in this Special Issue, as it was more successful than
initially planned, even with the pandemic factor.

Interestingly, the field is changing and moved to the need to understand the causes of
these specific online problems, and the need to intervene and prevent them from individual
and environmental perspectives. In the findings, a limited number of theoretical papers
have been included, which are those which study the problems in-depth and sustain
empirical research, which is a weakness of the field now highlighted during COVID-19
studies [58,59]. Finally, although the first wave of this pandemic and unprecedented
situation has also impacted on the delay of finalising the Special Issue, the number of
papers finally published are those which started the review process before March 2020,
which probably means health care and scientific production even first impacted by the
COVID-19 have also continued providing and producing quality outcomes such as this
Special Issue.

5. Conclusions

This second Special Issue on “Internet and Smartphone Use-Related Addiction Health
Problems: Treatment, Education and Research” has successfully included 40 papers (includ-
ing this one) from around the globe (except Africa). It includes mainly empirical studies
which are relational and a few other types about the adaptation of measures to diagnose
these problems, and a few new interventions or preventive strategies to tackle the spectrum
of these online usage problems in pre-COVID-19 times. Most of the related issues associ-
ated with technological usage problems still seem to be related to individual characteristics
of users, who tend to be adults. The problems are about specific online activities and
not only focused on gaming disorder. The components which impact their development
seem to also be contextual factors, such as the pandemic which seems to have incremented
the priorities on researching these health problems from a causal perspective, including
environmental factors and intervention and preventive strategies. Thus, although advances
have spread around the globe and in diverse Internet use-related addiction problems,
maturity of the field still is compromised because there is a need for more qualitative
and theoretical research, clinical trials, experimental studies, follow up studies, testing
intervention and recovery strategies, policy options, and preventive actions to minimise
harms and enhance users” wellbeing and quality of life, even during present pandemic
times of mobility restrictions and more online time consumption.
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Abstract: The psychometric properties of the Parental Smartphone Use Management Scale (PSUMS)
and its prospective relationships with symptoms of smartphone addiction and attention deficit
hyperactivity disorder (ADHD) were studies in a sample of parents of adolescents with ADHD. This is
a scale to measure parents’ perceived self-efficacy on managing their children’s smartphone use.
Construct validity (exploratory factor analysis and confirmatory factor analysis), criterion-related
validity (known-group validity and concurrent validity), and reliability (Cronbach’s alpha) were
performed for data analyses. The results showed that the PSUMS had good factorials validity and high
reliabilities, with Cronbach'’s alphas ranging between 0.93 and 0.95. The 17-item PSUMS accounted
for 78.58% of the total variance and contains three theoretically and statistically appropriate subscales:
reactive management, proactive management, and monitoring. Strong relationships were found
between parental smartphone use management and symptoms of smartphone addiction and ADHD
in expected directions. Moreover, parents of children with smartphone addiction yielded lower scores
on all three PSUMS subscales than parents of children without smartphone addiction. The PSUMS
is considered a valuable and reliable tool in the study of parental management on their adolescent
children’s smartphone use, while providing us with important targets for intervention.

Keywords: smartphone use; parental management; scale validation; attention deficit hyperactivity
disorder (ADHD); smartphone addiction

1. Introduction

Rapid and continuing growth in the ownership of smartphones means they have now become a
central gateway to online services and information. In Taiwan, approximately 73.4% of people own a
smartphone, compared with 71.8% in Singapore, 70.4% in South Korea, 63.9% in the United States,
and 43.8% in China [1]. In terms of age, smartphone ownership is highest among younger adults
aged 18-29 (85%) [1]. The ownership of smartphones among teenagers has also surged. For instance,
Adestra [2] found that approximately 87% of teenagers aged 14-18 years have smartphones, compared
with 92% of adults aged 19-34 years and 65% of adults aged 5667 years. In Taiwan, smartphone
ownership among adolescents (aged 12-17 years) ranges from 78.8% to 93.3% and is 48.7% among
children (aged 6-11 years) [3]. Although half (51.3%) of elementary school children do not own a
smartphone, 38.8% of these children often use a family member’s smartphone. Among adolescents,
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smartphones are the most widely used computing devices (87%), followed by laptops (83%), tablets
(51%), and desktop computers (43%) [2]. Adolescents often used a smartphone after school (82%),
during class recess (74%), while taking transportation (63%), while eating food (57%), and in class
(16%) [4].

Compared with adults, adolescents are more vulnerable to smartphone addiction because of the
developmental stage of their brains and because they tend to have lower levels of self-control over their
impulses to pursue pleasure [5,6]. A 2015 study by the Taiwan Ministry of Education reported that the
prevalence of smartphone addiction among adolescents in Taiwan ranges from 13.9% to 25.7% and is
even more prevalent than Internet addiction (12.6-19.5%). Smartphone addiction is associated with
health problems and negative social, psychological, and behavioral effects such as sleep disturbance,
depression, anxiety, low emotional intelligence, poor academic performance, risky behaviors (using a
smartphone while driving or walking), and problematic behaviors [7-10]. Adolescent smartphone
addiction is therefore considered a serious problem that warrants prevention and intervention.

Aside from smartphone addiction, online safety is also a major parental worry as an increasing
number of children and teenagers gain access to the Internet through smartphones and tablets [11,12].
Among the common concerns that parents have about their children’s Internet and smartphone use are
Internet and smartphone addiction, cyberbullying, online solicitation, sexting, cyberstalking, online
friendships, online reputation, and privacy issues [12,13]. Cyberbullying and sexting, for example,
are associated with psychological and behavioral health problems among adolescents [14,15] and have
even been linked to suicide ideation and attempts [16,17].

Erikson’s theory of stages of development suggests that adolescents and young adults (in the
fidelity and love stage) are eager to establish friendships and intimate relationships online and to
blend their identities with those of their friends; they are also concerned about how they appear to
others [18,19]. However, online environments may create a false sense of intimacy and intention.
Cyber-stalkers may simulate ideal personas that lead adolescents to misjudge the intentions behind
their messages; thereafter, cyber-stalkers may engage in obsessive relational intrusion which can be
defined as “the repeated and unwanted pursuit of intimacy through violation of physical and/or
symbolic privacy” [20]. An adolescent’s stage of cognitive development and their lack of life experience,
along with the anonymity of the online environment, leads to greater risk-taking behavior which puts
them at risk and compromises their online safety. Given the potential risks of cybercrime and problematic
Internet and smartphone use, it is essential for parents to manage, educate, and communicate with
their adolescent children and guide their use of digital technology.

Attention deficit hyperactivity disorder (ADHD) is the most common psychiatric disorder among
adolescents with an Internet addiction [21]. ADHD has been found to be associated with Internet
addiction in both cross-sectional [22] and longitudinal studies [23]. The symptoms and characteristics
of ADHD include a tendency to be bored, impaired inhibition, and low achievement, and it is
associated with a higher risk of Internet addiction [24] and higher levels of parent-child conflict [25].
Parents should be able to educate their adolescent children and communicate with them about online
behavior and safety, as well as executing plans to manage their adolescents’ Internet and smartphone
use. Therefore, a reliable metric is needed to assess self-perceived parents’ self-efficacy regarding
management of their ADHD adolescent children’s smartphone use. The Parental Smartphone Use
Management Scale (PSUMS) was therefore developed and validated in this study. In sum, this study
tends to understand parents’ self-efficacy and engagement in managing children’s smartphone use,
explore the useful parenting strategies to prevent children’s smartphone addiction and victimization,
and develops a reliable and valid scale.
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2. Materials and Methods

2.1. Participants and Procedure

Parents of adolescents aged between 11 and 18 years who had received a diagnosis of ADHD
according to the diagnostic criteria in the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) [26] were recruited for this study between August 2014 and July 2015 from
the child and adolescent psychiatric outpatient clinics of two medical centers in Kaohsiung, Taiwan.
Two child psychiatrists conducted diagnostic interviews with the parents and made ADHD diagnoses
based on the criteria in the DSM-5. Multiple data sources—including clinical observation of each
adolescent’s behavior and parental ratings of ADHD symptoms on the short version of the Swanson,
Nolan, and Pelham, Version IV, Scale—Chinese version (SNAP-1V) [27,28]—were used to support each
diagnosis. Adolescents who had an intellectual disability or autism spectrum disorder with difficulties
in communication were excluded. Parents who had an intellectual disability, schizophrenia, bipolar
disorder, or any cognitive deficits that resulted in significant communication difficulties were also
excluded. A total of 237 parents of adolescents with an ADHD diagnosis were invited to participate in
the study. Of these, six (2.5%) declined to participate and 20 (8.4%) reported that their children had
not used smartphones in the previous month. Thus, 211 (89.0%) of the invited parents participated in
the study and were interviewed by research assistants using the research questionnaire—the PSUMS,
the Problematic Cellular Phone Use Questionnaire (PCPU-Q), and the short version of the SNAP-IV
Chinese version. The Institutional Review Boards (IRBs) of Kaohsiung Medical University and Chang
Gung Memorial Hospital, Kaohsiung Medical Center, approved the study (KMUHIRB-20130131).
All participants were fully informed about the study and provided informed consent.

2.2. Measures

2.2.1. Parental Smartphone Use Management Scale (PSUMS)

Prior to developing the PSUMS, an item pool was established by conducting a literature review
and a focus group. The item pool contained 20 items. A 7-point Likert scale was used to rate the level
of agreement with items, ranging from 0 (no efficacy at all) to 6 (very strong efficacy). To ensure the
face validity of the scale, psychiatrists, psychologists, and parenting specialists were consulted about
the content. In response to their opinions and criticism, the scale was revised to use culture-sensitive
wording and remove irrelevant content. Parents were then asked to rate their self-perceived efficacy in
managing their children’s smartphone use over the previous month. High PSUMS scores indicate high
levels of self-efficacy.

2.2.2. Problematic Cellular Phone Use Questionnaire (PCPU-Q)

The PCPU-Q was used to assess the criterion-related validity of the PSUMS. This scale measures
adolescents’ problematic smartphone use [29] and comprises 12 items, each of which is rated on a
4-point Likert scale. It was developed according to the taxonomies of substance dependence classified in
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-4) (Text Revision) [30]
and modified according to the taxonomies of substance use disorder classified in the DSM-5 [26].
The PCPU-Q comprises two subscales—symptoms of problematic cellular phone use (CPU) and
functional impairment caused by CPU. The first eight items address symptoms of problematic CPU
among adolescents in the preceding month, including tolerance, withdrawal, CPU for longer periods
of time or at higher frequencies than intended, persistent desire or unsuccessful attempts to reduce
CPU, excessive time spent on CPU, giving up or reducing the number of important social, academic,
or recreational activities because of CPU, continued heavy CPU despite knowledge of the physical
or psychological problems caused, and an urge to use the cellular phone. The five remaining items
gauge the functional impairment exhibited by an adolescent in the preceding month as a result of CPU.
Higher overall scores indicate more severe levels of problematic CPU symptoms and CPU-related

23



Int. J. Environ. Res. Public Health 2019, 16, 1423

functional impairments. The internal reliability (Cronbach’s &) of the PCPU-Q subscales was 0.92
and 0.92, respectively. According to the scale developers, when participants report four out of eight
problematic CPU symptoms and at least one functional impairment, they were categorized into the
cellarer-phone-addiction group for screening and analysis purposes.

2.2.3. ADHD Symptoms

The short version of the SNAP-IV (Chinese version) was used to assess the severity of ADHD
symptoms exhibited in the preceding month. This version comprises 26-items encompassing the core
DSM-4-derived ADHD subscales of inattention, hyperactivity and impulsivity, and the oppositional
symptoms of oppositional defiant disorder [27,28]. Each item is rated on a 4-point Likert scale ranging
from 0 (not at all) to 3 (very much). The Cronbach’s « for inattention, hyperactivity and impulsivity, and
oppositional behavior were 0.91, 0.90, and 0.93, respectively, indicating very high internal consistency.

2.3. Analysis

The PSUMS was administered to the 211 study participants to determine its psychometric
characteristics. Construct validity was determined by using factor analysis. Specifically, 211 participants
were randomly divided into two subsamples using the RANDBETWEEN function in EXCEL. The first
subsample (1 = 103) was then used for exploratory factor analysis (EFA) and the second sample (1 = 108)
was used for confirmatory factor analysis (CFA). The EFA was conducted using SPSS 24 statistical
software (SPSS Inc., Chicago, IL, USA). Based on the assumption that the factors are correlated,
principal axis analysis was carried out with Promax rotation, after which the Kaiser-Mayer-Olkin
(KMO) measure of sampling adequacy and Bartlett testing were applied. A KMO value of >0.60
and significant statistics from Bartlett testing suggested the data was suitable for factor analysis [31].
The amount of variance accounted for indicates how well a relevant notion or construct can be
measured [32].

Since the multivariate skewness (4929.18) and multivariate kurtosis (40.25) indicate the non-normal
distribution for the CFA subsample, maximum likelihood with Satorra-Bentler correction was performed
to determine whether the model data fit with the item-factor structures obtained from the EFA. The CFA
was conducted using LAVAAN package in the R software [33]. In general, the results indicate a good
fit when the standardized root mean squared residual (SRMR) below 0.08 [34,35], root mean square
error of approximation (RMSEA) below 0.08 [36,37], comparative fit index (CFI) and non-normed fit
index (NNFI) above 0.9 [38,39], and a normed chi-square (i.e., chi-square/df) less than 2 [31] or less
than 5 [40].

Two approaches for testing criterion-related validity were applied: known-group validity and
concurrent validity. Known-group validity was determined by performing independent sample ¢ test
between the smartphone-addiction group and non-smartphone-addiction group. The concurrent
validity of the PSUMS was determined by examining the correlation between the PSUMS and the
PCPU-Q. Internal consistency was tested to assess the reliability of the scale.

3. Results

The preliminary analysis indicated that none of the study variables were skewed or kurtotic.
The sociodemographic characteristics of parents and adolescents, adolescents” ADHD symptoms,
and smartphone-addiction symptoms are presented in Table 1. Descriptive statistics along with both
the EFA and CFA factor loadings of the PSUMS items are presented in Table 2.
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Table 1. Sociodemographic characteristics of parents and adolescents and the ADHD symptoms.

Variables 1 (%) Mean (SD) Range

Sex of parents

Female 175 (82.9%)

Male 36 (17.1%)
Sex of adolescents

Female 28 (13.3%)

Male 183 (86.7%)
Age of parents (years) 43.5 (5.9) 32-64
Age of adolescents (years) 13.7 (1.8) 11-18
Marriage status of parents

Intact 170 (80.6%)

Not intact 41 (19.4%)
Education duration of parents (years) 13.6 (2.8) 6-28
SNAP-IV symptoms of adolescents
Inattention 12.8 (6.1) 0-27
Hyperactivity/impulsivity 8.9 (6.0) 0-27
Oppositional defiant 9.9 (5.7) 0-24
PCPU-Q
Smartphone addiction 40 (19%)
No smartphone addiction 171 (81%)

Note: SNAP-IV: Short version of the Swanson, Nolan, and Pelham Version IV Scale—Chinese version. PCPU-Q:
Problematic Cellular Phone Use Questionnaire. SD = standard deviation.

Table 2. Means, standard deviations, Cronbach’s «, and factor loadings for the items in the PSUMS.

Mean (SD) EFA CFA

ftems (n=211) n =103 n =108

Reactive Management (a = 0.93)
I'manage my child’s smartphone use to prevent it from negatively affecting his/her

o 4.35 (1.43) 0.73 0.89
daily life
I'manage how and to what extent my child spends money on his/her smartphone 4.64 (1.44) 0.66 0.81
I'don’t allow my child to use a smartphone while doing homework 4.42 (1.48) 0.59 0.86
I'manage my child’s smartphone use outside of the house 3.74 (1.76) 0.59 0.80
I effectively manage when my child can and cannot use a smartphone 4.18 (1.61) 0.57 0.88
I'manage my child’s activities to prevent him/her from breaking laws 4.30 (1.49) 0.53 0.83
When my child is spe1.1ding too much time on a smartphone, I manage his/her 438 (1.40) 052 0.90
smartphone use effectively
Proactive Management (« = 0.95)
I don’t distress my child when communicating with him/her about smartphone use ~ 3.72 (1.58) 0.93 091
Idon t create family tension as a result of enforcing smartphone use guidelines for 3.81 (1.55) 0.82 093
my child
I discuss and reason with my child 4.11(1.37) 0.80 0.93
Idon’t get angry when I manage my child’s smartphone use 3.53 (1.61) 0.72 0.83
I communicate with my child effectively and explain why I manage his/her 422(1.33) 0.70 093
smartphone use
T actively learn new information and skills to manage my child’s smartphone use 4.14 (1.44) 0.55 0.82
Monitoring (a = 0.93)
T'know who my child talks with and what they talk about when using a smartphone ~ 3.81 (1.69) 091 0.96
I know what my child does on the smartphone 3.86 (1.64) 0.84 0.95
I'monitor which apps my child uses 3.79 (1.69) 0.72 0.88
I restrict the type of websites my child is allowed to visit on the smartphone 3.91(1.69) 0.63 0.85

Note: EFA = exploratory factor analysis; CFA = confirmatory factor analysis; SD = standard deviation.

3.1. Construct Validity

3.1.1. Exploratory Factor Analysis (EFA)

An EFA was conducted on a sample of 211 parents of children with ADHD. The KMO coefficient
of sampling adequacy was 0.90 which lies within the excellent range. Bartlett’s Test of Sphericity, which
assesses whether a matrix differs from the identity matrix, yielded significant results, indicating that the
matrix did not resemble the identity matrix; this also supported the presence of factors within the data.
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Principal axis factor analysis was conducted and the Promax rotation method, which assumes factors
are correlated and rotates the factor structure, was used to determine the factor solutions. The initial
result confirmed the proposed three-factor solution for all 20 items. After eliminating three items with
cross-loadings, a factor analysis was run once more on the remaining 17 items. The results supported a
three-factor solution that explained 78.58% of the total variance. The items and factor loadings for
the subscales are presented in Table 2. The three-factor solution fits with the theoretical factors used
to devise the measurement tool. The first factor, “reactive management” (o = 0.93) includes seven
items with factor loadings of 0.52-0.73; the items reflect parents’ reactive management of children’s
smartphone use through rule-setting practices, responding to and controlling this use to avoid negative
impacts on children’s daily-life functioning. The second subscale, “proactive management” (a = 0.95)
includes 6 items with factor loadings of 0.55-0.93; the items reflect parents’ perceived efficacy of
their proactive management and active mediation of children’s smartphone use through positive
communication and reasoning. The third factor, “monitoring” (a = 0.93) includes 4 items with factor
loadings of 0.63-0.91; the items reflect parents’ behavior in monitoring what their children do on their
smartphones, whom they talk with, what applications they use, and the websites they visit. The score
for each subscale was calculated by its mean. Pearson’s correlations among the dimensions of the
PSUMS are presented in Table 3.

Table 3. Correlation among the dimensions of the PSUMS.

PSUMS Dimensions Reactive Management Proactive Management Monitoring
Reactive management -
Proactive management 0.79 ** -
Monitoring 0.77 ** 0.68 ** -

Note: **p < 0.01.

3.1.2. Confirmatory Factor Analysis

The CFA fit indices were acceptable: CFI = 0.934, NNFI = 0.923, RMSEA = 0.077, and SRMR = 0.053,
normed chi-square = 1.64; except for the significant chi-square test (chi-square = 189.68, df = 116;
p < 0.001). Moreover, the factor loadings were strong in each factor: loadings = 0.80 to 0.90 in Reactive
Management; 0.82 to 0.93 in Proactive Management; and 0.85 to 0.96 in Monitoring. Overall, the current
model showed an acceptable fit to the data.

3.2. Criterion Validity

The PCPU-Q was used to determine the criterion-related validity of the PSUMS. After checking the
equality of the variance, independent sample t test results provided strong evidence for known-groups
validity, a subtype of criterion-related validity. We compared the PSUMS results between the parents
of children with and without smartphone addiction. The results showed that parents of children with
smartphone addiction yielded lower scores on all three PSUMS subscales than parents of children
without smartphone addiction (Table 4). The correlation coefficients between three subscales of the
PSUMS and two subscales of the PCPU-Q were also calculated. The results of the Pearson’s correlation
provided strong evidence for concurrent validity (Table 5). The PSUMS was found to be significantly
correlated with the PCPU-Q (all p < 0.001).
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Table 4. Parental smartphone use management among children with and without smartphone addiction.

Have Smartphone Addiction ~ No Smartphone Addiction

PSUMS Dimensions (n = 40) Mean (SD) (n =171) Mean (SD) t r
Reactive management 3.30 (1.46) 4.52 (1.14) 493  <0.001
Proactive management 2.90 (1.39) 4.11(1.27) 534  <0.001

Monitoring 2.94 (1.56) 4.05 (1.47) 425  <0.001

Note: SD: Standard Deviation.

Table 5. Correlation between Parental Smartphone Use Management Scale (PSUMS) and PCPU-Q.

Parental Smartphone Use Management (PSUMS)

PCPU-Q Dimensions Reactive Management Proactive Management Monitoring
r r r
Smartphone addiction symptoms —-0.35** —0.40 ** —0.33 **
Functional impairments —-0.37 ** —-0.33 ** —0.26 **

Note: ** p < 0.01. PCPU-Q: Problematic Cellular Phone Use Questionnaire.
3.3. Reliability

The internal consistency coefficient (Cronbach’s ) of the PSUMS was 0.96. As shown in Table 2,
the internal consistency coefficients in the sub-dimensions of the PSUMS were 0.93 for Reactive
management, 0.95 for Proactive management, and 0.93 for Monitoring.

4. Discussion

In this study we developed and validated the PSUMS to measure parents’ perceived efficacy in
managing the smartphone use of adolescents with ADHD. The final version of the 17-item PSUMS
accounted for 78.58% of the total variance and contains three theoretically and statistically appropriate
subscales: reactive management, proactive management, and monitoring. The three-factor hypothesis
was supported by the scale’s psychometric properties, including its construct validity (confirmed
using EFA and CFA), criterion-related validity (known-group validity and concurrent validity),
and reliability (internal consistency measured using Cronbach’s alpha). The PSUMS adhered to
psychometric standards and was shown to be a concise and promising measure of whether parents of
adolescents with ADHD have the knowledge and skills required to successfully manage their children’s
smartphone use.

The PSUMS consists of three scales. With a rating scale from 0 to 6, an increase in scores
corresponds to an increase in parents’ efficacy in managing their children’s smartphone use. The three
smartphone-management items parents feel most confident about were in the sub-dimension “reactive
management”. These were: “I manage how and to what extent my child spends money on his/her
smartphone”, “I don’t allow my child to use a smartphone while doing homework”, and “when my
child is spending too much time on a smartphone, I stop his/her smartphone use effectively”. The two
smartphone-management items they felt least confident about were in the sub-dimension “proactive
management”, which involved positive communication and reasoning. These were: “I don’t get angry
when I manage my child’s smartphone use”, and “I don’t distress my child when communicating with
him/her about smartphone use”. Moreover, parents also produced low scores in regard to managing
children’s smartphone use outside of the house.

In terms of criterion-related validity, the subscales of the PSUMS were significantly correlated in
the expected direction with the PCPU-Q. The first subscale, reactive management, concerns parental
intervention in adolescents’ smartphone overuse, money spending, cybercrime involvement, poor
timing of use, and other smartphone behaviors that may negatively affect their daily lives. Adolescents
whose parents use moderate behavioral control reported fewer problem behaviors [41,42]. Similarly,
parents who set rules on media time reported that their children (aged 0-6 years) watched less
television on average than other children in their age group [43]. As expected, reactive management
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was negatively correlated with smartphone addiction and functional impairments. Parents who scored
lower on reactive management were more likely to have children with a smartphone addiction and
functional impairments. The second subscale, proactive management, addresses parents’ positive
communication, affection toward, and reasoning with adolescents about their smartphone use. Research
has shown that adolescents who exhibit the symptoms and characteristics of ADHD are more likely
than other children to experience relatively high levels of parent—child conflict [25]. In our study,
effective communication, high levels of affection, and reasoning around smartphone use behaviors with
adolescents with ADHD was found to be a key element in the successful prevention of problematic
smartphone use. Proactive management enables adolescents to discuss their feelings, negotiate rules,
and communicate in a safe and caring environment. This type of parenting practice has been linked to
prosocial behavior, less externalizing behavior, good mental health, and higher achievement [44-47].
As expected, proactive management was negatively correlated with smartphone addiction and
functional impairments. Finally, the third subscale, parental monitoring, was defined as “a set of
correlated parenting behaviors involving attention to and tracking of the child’s whereabouts, activities,
and adaptations” on their smartphone [48]. Parental monitoring has been associated with lower levels
of alcohol and substance use [49,50]. Similarly, lower levels of parental monitoring have been found
to correlate with a higher percentage of time spent on nonacademic computer use [51]. In this study,
parental monitoring was negatively associated with smartphone addiction and functional impairment.
The PSUMS was significantly correlated in the expected direction with the PCPU-Q, which confirmed
its concurrent validity.

The PSUMS conceptualized and measured parents’ self-efficacy regarding their management of
the smartphone use of adolescents with ADHD. However, this research had some limitations that need
to be addressed. The sample sizes used for EFA and CFA were relatively small (i.e., 103 for EFA and
108 for CFA, total of 211). However, we believed that our contribution adds on the current literature
because it is hard to collect more than a hundred adolescents with diagnosed ADHD. Furthermore,
studies have shown that our sample sizes were acceptable for both EFA and CFA. For EFA, a rule of
thumb to calculate the sample size is using an item-participant ratio of 5 [52]. Given that the original
item number of the PSUMS is 20, 100 was a sufficient number for conducting EFA. Regarding CFA,
although the consensus is that 200 is a preferable sample size, Iacobucci argue that sample size at 50 is
sufficient [53]. Anderson and Gerbing [54] and Kline [55] agree that using a sample size of 100 could be
the minimum criterion for doing CFA. Therefore, we tentatively concluded that our sample sizes were
acceptable in both EFA and CFA [56]. Nevertheless, future studies are warranted to collect a larger
sample size to corroborate our findings. Although construct validity, known-groups validity and
concurrent validity were supported by the results, another limitation is that all subscales of PSUMS
are significantly correlated with all subscales of PCPU-Q (the criterion scale), which indicated that
subscales of PSUMS may not be distinguished. However, when performing the calculation for the
test of the differences between two dependent correlations with one variable in common [57], we
found a significant difference between two correlations of PSUMS subscales (reactive management
and monitoring) with one subscale of PCPU-Q (functional impairment) in common as criterion
(z=2.49,p <0.01). This limitation maybe because of the nature of smartphone addiction (PCPU-Q) is
related to parental smartphone use management (PSUMS), thus subscales of PSUMS cannot be fully
distinguished. Future studies may use monitoring scales as criterion in testing discriminant validity in
PSUMS. Despite these limitations, the overall results showed that the PSUMS has good reliability and
adequate validity. The reliability and validity of the scale mean it can be used to test different samples.
Furthermore, the PSUMS could also be used as a tool for developing smartphone-addiction prevention
programs for adolescents.

5. Conclusions

The PSUMS is considered a valuable and reliable tool in the study of parental management on
their adolescent children’s smartphone use, while providing us with important targets for intervention.
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This study provides a foundation for future research in education, family science, and technology
science by examining the multidimensional factors associated with parents’ efficacy in managing
adolescents’ smartphone use in the digital age. Because Internet and smartphone are widely used
and become an important part of our daily life, it is essential to enhance the traditional parenting and
educational programs with consideration of the management on children/adolescents” smartphone use,
strength parents’ efficacy in doing so, and prepare parents with right tools to face this new challenge
in parenting.
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Abstract: Currently about 2.71 billion humans use a smartphone worldwide. Although smartphone
technology has brought many advances, a growing number of scientists discuss potential detrimental
effects due to excessive smartphone use. Of importance, the likely culprit to understand over-usage is
not the smartphone itself, but the excessive use of applications installed on smartphones. As the current
business model of many app-developers foresees an exchange of personal data for allowance to use an
app, it is not surprising that many design elements can be found in social media apps and Freemium
games prolonging app usage. Itis the aim of the present work to analyze several prominent smartphone
apps to carve out such elements. As a result of the analysis, a total of six different mechanisms are
highlighted to illustrate the prevailing business model in smartphone app development. First, these
app-elements are described and second linked to classic psychological/economic theories such as the
mere-exposure effect, endowment effect, and Zeigarnik effect, but also to psychological mechanisms
triggering social comparison. It is concluded that many of the here presented app-elements on
smartphones are able to prolong usage time, but it is very hard to understand such an effect on the
level of a single element. A systematic analysis would require insights into app data usually only
being available for the app-designers, but not for independent scientists. Nevertheless, the present
work supports the notion that it is time to critically reflect on the prevailing business model of “user
data in exchange for app-use allowance’. Instead of using a service in exchange for data, it ultimately
might be better to ban or regulate certain design elements in apps to come up with less addictive
products. Instead, users could pay a reasonable fee for an app service.

Keywords: social media/messenger apps; Facebook; WhatsApp; Internet addiction; smartphone
addiction; Internet use disorder; smartphone use disorder

1. Introduction

According to current estimates, about 2.71 billion humans use a smartphone worldwide [1].
Without doubt, one of the major driving forces towards a totally connected world with the Internet
available in everyone’s pocket was the inception of the iPhone in 2007 [2]. The wide distribution of
smartphones led to unprecedented opportunities enabling humans to find their way in unknown
territory via services such as Google Maps, to reach out to friends and business partners via a myriad
of communication channels, and abundant easy access to knowledge earlier only available via visiting
a library and the study of lexicons.
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1.1. Perils of Smartphone Use

Despite the many advantages of the smartphone, it is heavily discussed among scientists around
the globe if problematic usage of the smartphone could have detrimental effects on our mental
health [3,4]. Furthermore, associations between anxiety disorder, depression, and problematic use of
the smartphone have been observed (underlining the sincerity of this topic), but the causal relationship
of effects between the constructs is still unclear [5]. In any case, new research suggests that the many
interruptions due to high frequency use and the many daily incoming messages fragmenting everyday
life could reduce productivity at work [6-8] and lower a person’s well-being [9,10]. Another research
group stresses that the availability of smartphones even might lead to “brain drain”, when the device
is present on the desk while working on a fluid intelligence task or working memory task [11]. In this
context, a recent review summarized the literature on cognitive functions [12]. Therefore, this is area of
research is not further presented in detail, here.

Beyond the mentioned issues, (excessive use of) smartphones is known to impact on social
communication in terms of reducing smiles when interacting with strangers [13], enjoyment of
face-to-face interaction [14] or drawing parent’s attention away from their children [15]. This might
result in a loss of empathy, although so far only correlations between excessive Internet use and lower
empathy/social skills could be established [16,17], with only weak associations between excessive
smartphone usage and empathy [18]. Again, note that the latter associations base on correlations and
so far it is not clear what is cause and what is effect. Moreover, important insights of a study are
mentioned which on the one hand observed reduced social skills in excessive Internet users, but on the
other hand observed enhanced empathy when the Internet is used in a healthy way [19].

Beyond these observations, a growing number of scientists are focusing on the question of whether
excessive smartphone usage could resemble a full-blown addiction [20-22]. Of importance, ‘smartphone
addiction’ is currently not recognized in the official diagnostic manuals such as the International
Classification of Diseases-11th Revision (ICD-11) issued by the World Health Organization (WHO) or
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) issued by the American Psychiatric
Association (APA). Both ICD-11 and DSM-5 offer practitioners and researchers alike valuable guidance
in psycho-diagnostics. With respect to the general debate on the addictive nature of excessive usage of
online content, it is noteworthy that Gaming Disorder, as a specific form of ‘Internet addiction’, has
been included in ICD-11 [23]. This means that a first form of ‘Internet addiction” is recognized as an
official health condition, now.

Given the nomenclature of ‘Gaming Disorder” in ICD-11, but also ‘Internet Gaming Disorder” in
DSM-5 (see Section 3 in the DSM-5’s appendix), many researchers currently prefer the term of ‘Internet
Use Disorder’ (IUD) over the classic term ‘Internet addiction’ [24-26]. With this wording, scientists also
stress that a certain kind of online usage and not the Internet per se poses a problem. Therefore, and in
line with a prominent model to characterize and understand IUD by Brand et al. [26], the term IUD is
also used in the following. Explicitly, it is mentioned that researchers should not over-pathologize
everyday life activities [27] and aim at a unification of terms used in the literature in line with the
officially suggested nomenclature.

In this context, one currently might prefer the term Smartphone Use Disorder (SUD) over
‘smartphone addiction” and understand SUD best as a mobile form of IUD. Of note, many
researchers currently use the term problematic smartphone use (PSU), which from our perspective
is also “problematic’, because it is not clear if PSU represents a transit zone from healthy towards
psychopathological behavior or the end of the spectrum. Correctly, it has been pointed out, that the
smartphone does not represent the culprit to understand excessive use of this device [28,29]. Instead
one must focus on the manifold installed applications on the smartphones to understand why people
are getting ‘hooked’ to their devices [30]. In this context, it will be of relevance to also distinguish
between social and non-social forms of smartphone use to ultimately understand its addictive potential.
Interestingly, it has been shown in recent works that higher extraversion (going along with more
assertiveness, but also sociality) is not linked to SUD [31,32]. Hence, core social use of social media apps
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on smartphones (e.g., to stay in touch with friends) might represent the healthy form of smartphone
use, reflecting also homo sapiens’ urge for social bonding as also outlined in Pankseppian Affective
Neuroscience Theory [33]. This all being said, it is understandable that the most prominent categories
currently being researched—potentially causing addiction-like symptoms when being overused/or
used in the wrong way—are social media/messenger platforms and Freemium games.

As prominent representatives of social media applications, Facebook, Snapchat, Instagram, and
Twitter can be named and as a prominent messenger application WhatsApp or Signal. Without
doubt, this is the Western view on this topic, whereas in Asia (particularly in China) the application
WeChat dominates the market as a hybrid between social media and messenger application plus pay
service [34].

The aforementioned term, Freemium, is a hybrid of the English words ‘free” and ‘premium’. In
the realm of Freemium games, this means that the basic version of a game can be downloaded at no
monetary cost. However, the person playing a game pays either with his/her data produced while
playing, by paying attention to ads, e.g., in exchange for further game-energy, or by paying money
to access ‘premium’ content. Freemium games are very relevant for the present work investigating
elements of apps built to prolong usage time, because such games most often run with the business
model of ‘gaming service in exchange for your data’.

In a work by Montag et al. [35] it has been demonstrated that about 30% of daily smartphone
use is accounted for by WhatsApp and Facebook usage in a German sample mainly ranging between
ca. 15 and 35 years. Moreover, a recent work by Sha et al. [28] showed that the concepts of SUD and
WhatsApp Use Disorder overlap in large parts (correlation of rtho = 0.68). A new work underlines
the overlap between SUD and excessive social media use, but also links between SUD and (Internet)
Gaming Disorder [29]. Once more, this suggests that for the understanding of excessive smartphone
use, researchers must also look at the high frequent use of specific applications on the smartphone
and not only on the mere use of the total/frequent usage of the smartphone. The focus on social
media/messenger applications alone would be a too narrow approach, because according to current
numbers also Freemium games play a crucial role when one wants to understand what people are
doing on their smartphones. To illustrate this: According to statista.com, “In early 2016 ... U.S. gamers
played an average of 3.6 mobile games per month, and 1.3 games on a daily basis” [36].

1.2. Main Research Questions in the Available Literature Investigated so Far

Looking at the growing literature dealing with Internet and Smartphone Use Disorder, it becomes
apparent that most studies apply a confirmatory approach to understand IUD/SUD. Since the beginning
of this research field with the case study of Kimberly Young [37] scientists tried to test if already existing
symptoms in the realm of pathological gambling and/or substance related addictions can be transferred
or applied to this potentially new form of a (online) behavioral addiction. It is not surprising that many
existing self-report inventories in the field still test if symptoms such as preoccupation with the drug
(here the Internet or a certain application), withdrawal symptoms, development of tolerance, loss of
control, to name a few, can be associated with excessive Internet usage. Beyond such a confirmatory
approach, many studies until this day deal with the important question if and what psychiatric
co-morbidities can be observed when dealing with IUD and SUD. Of note, earlier works demonstrated
co-morbidities with ADHD and depression [38—40], but also burnout [41] when investigating IUD.
Earlier, links between SUD and depression/anxiety disorders have been already mentioned [5]. Of high
importance, in the last years the research field has moved forward beyond these questions. Now,
researchers also look at the processes explaining how addictive behaviors develop out of habits in the
context of [IUD and SUD. Up to now, presumably the most promising model to understand this process
is the aforementioned I-PACE model by Brand et al. [26]. It argues that a complex interaction between
person-affect-cognition and execution variables underlie the development of IUDs. IUDs are explicitly
mentioned in plural here because from the introduction it should be clear that distinct forms exist
such as Gaming Disorder or Internet Communication Disorder (ICD; or ‘social media addiction/use
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disorder’). This perhaps warrants a more focused research approach—instead of relying too broadly
on IUD and SUD (see [31,32] and Montag et al. [42] for overlaps between generalized and specific
forms of IUD). Of note, neuroscientific approaches have also been abundantly applied to understand
the psycho-biological mechanisms underlying the different forms of IUD/SUD. Due to space restriction,
it is referred to a new review study here [43].

Although, the different strains of research presented so far in Section 1 led to valuable insights
into the nature of IUDs, only few studies until now aim to understand why specific online applications
and their in-built elements are potentially addictive [44,45]. This should be achieved with Section 3 of
this work. Of note, in the present work, the term ‘application(s)” describes services such as Facebook
or Instagram on platform level, whereas the term ‘elements/features’ refers to certain parts of the
applications investigated further in Section 3. Furthermore, it is stated that the terms ‘elements’ and
‘features’ are used in an exchangeable way.

2. Methods

In the current work, several features of social media/messenger platforms and Freemium games are
presented, which have been developed to grasp a maximum of the online user’s attention. The ‘classic
app-business model of Silicon Valley asks the user not to pay with money to be able to use a certain
application but with his/her personal data. Consequently, app developers have a keen interest in
designing their online platforms with the goal to keep users occupied as long as possible [30]. This in
turn means that more data per person can be harvested. With an increasing amount of data, revenues
tend to rise, due to more effective microtargeting (i.e., sending a person customized ads). This is also
shown by Matz et al. [46] demonstrating how clicks and buys can be boosted by the use of personalized
ads. In the following, several app mechanisms are presented in alphabetic order. Some of these thoughts
have been already covered in a chapter published by the authors in German language [47]. With the
present paper, the main points of this earlier work should be made accessible for an international
audience. Of importance, the present work is not a systemic review, but rather presents first insights
into elements built-in social media and Freemium game apps. These insights have been derived by
analysis of prominent and often used apps such as Facebook, WhatsApp, or Candy Crush. What
follows is an overview of features built into social media/messenger and Freemium game applications
likely prolonging app usage.

’

3. Results

In this section, we will cover six prominent psychological/economic mechanisms built-in social
media apps and/or Freemium games. For an overview, see also Table 1.

3.1. Endless Scrolling/Streaming and the Concept of Flow

App and platform technologies are designed to be immersive, hence producing flow while using a
certain app. Flow itself is a positive state of mind, which can promote high productivity. An important
prerequisite for flow is that the difficulty of a task matches the ability of a person. If there is no fit, the
person is either feeling anxious (the task is too difficult) or bored (the task is too easy). Other flow
prerequisites are a clear goal set and a sense of personal control over the task. For a detailed introduction
into the concept of flow and additional prerequisites, see the seminal work by Csikszentmihalyi [48].

Flow is needed and warranted in different kinds of work processes, however, it can actually be
‘fatal” in the case of applications on the smartphone or other “ubiquitous’ devices, when attention
should be focused somewhere else: It is well known that flow goes along with a feeling of time
distortion and this is exactly what many developers of social media apps and Freemium games aim to
achieve—a person being so immersed that he or she is forgetting about time and space while using a
platform or app (cf., [30,49,50]). The distracting aspects of many applications on the smartphone are
also a well-known danger for every day traffic [51] and in many countries led to the prohibition of
smartphone use while driving a car or riding a bike.
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One technique used to prolong usage time in this context is the endless scrolling/streaming
feature. For example, on the video platform YouTube one can scroll down endlessly with apparently
no end. By endlessly scrolling down, the user is getting more and more immersed (perhaps also on a
motor level as perceiving the scrolling as a playful activity) while not coming to a natural stop, where
he/she might easily reconsider to quit or change the platform. The behavior of endless scrolling is
enhanced, because the user finds from time to time something rewarding (e.g., a funny or interesting
video), hence intermittent conditioning principles are observed here (see also research on intermittent
conditioning principles in the context of slot machine mechanisms by Harrigan & Dixon [52]). The same
phenomenon is at work when ‘auto play’ is the default: e.g., when watching a video on YouTube or the
favorite series on Netflix or Amazon Prime. As soon as one video is at the end, the next video begins
with either a similar content (on YouTube) or the second episode of a TV show at Netflix and so forth.
By this process, viewers get more and more absorbed, which makes it hard to stop watching.

3.2. Endowment Effect/Mere Exposure Effect

The endowment and the mere exposure effect play important roles in the areas of social media
and games. One very prominent game including a simple variant of both effects is called “Hayday”
which was released in 2012. This game is still very popular today but already belonged to the most
successful Freemium games in 2013 [53]. In this game, the user aims at building a large farmland,
where he/she is entitled to feed cattle, harvest crops and follows other agricultural related activities.
As with other games, progress without investing money is very slow, which means that after some fast
progress at the beginning of the game (to attract people to the game), rewards in terms of the urgently
needed relevant game currency are scarce.

Where do the endowment effect and the mere exposure effect come in? The endowment effect
describes that buying or owning a product leads to a higher (emotionally felt) value of the product,
often way beyond its actual value [54,55]. In real life, this would explain why after buying a cheap
souvenir for 2.99€, this thing starts to rise in the subjectively perceived value: reasons for this could be,
that carrying the souvenir home feels like an investment and that fond memories of the holiday are
also attached to it. This leads to the effect that the value attached to it, if, e.g., asked to sell the souvenir
to someone else, often exceeds the original price. Both ownership and loss aversion are discussed as
reasons for the endowment effect.

In the context of smartphone games, this plays out as follows: every time players visit the app
platform and invest more time in the construction of the virtual world, it will get harder for them to
detach from the game or even delete the app. This is in particular the case, if the progress has been slow
and it took the users a very long time to construct the online world. It is their own little world now
(resulting in the endowment effect). Also, of importance is the mere exposure effect [56]. The mere
exposure effect describes that the more often you are exposed to a certain (neutral) thing or application
(here a game), the more you like it. This has even been shown for the initials of your name (for an
introduction in the initial preference task, e.g., see Sariyska et al. [57]) and seems to be applicable also
for many of the gaming or social media apps.

3.3. Social Pressure

A successful way to increase data flow in an application is built into the popular messenger app
WhatsApp. WhatsApp represents one of the most successful messenger services used worldwide to
exchange text messages and pictures. At the time of writing, WhatsApp has about 1.5 billion users
worldwide [58].

Users on WhatsApp are nudged (to encourage someone to do something in a way that is gentle
rather than forceful or direct [59]) to communicate fast and often on WhatsApp due to the “double tick
function’. If a user sends a message to a friend, the sender is presented with two gray ticks, which
means that the message has successfully arrived at the recipient’s phone. If the recipient reads the
message, the grey ticks turn blue. As both sides know about these rules, social pressure emerges.
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Both parties likely expect a fast answer, above all, if the message apparently has been read. This way,
the users of the popular WhatsApp messenger are nudged towards faster communication via social
pressure. This process is also known to undermine well-being [60] and might in parts be responsible
for rising social concerns when people start to use smartphones [61]. Clearly also a link between
features such as the double ticks and the concept of Fear of Missing Out (FoMO) can be established,
with FoMO describing the anxiety/fear to miss something in one’s own social network [28,62].

Of note, the economic principle of ‘nudging’ can also be illustrated by the default settings of a
fresh WhatsApp installation. The default mode of WhatsApp comes with the ‘double tick function’
being activated. Most users do not know that they are able to deactivate this app-feature. In general,
the ‘power of defaults’ is a well-known principle applicable to decision making in many different areas
and especially in software applications [63,64]. The percentage of users that actually take the time to
check or even change the default settings may depend on the specific target group, the importance of
the application, and the application design. For instance, there is an anecdotal report by Microsoft that
only 5% of Word users change the defaults settings [65].

In sum, system design of apps nudges a person to behave in a certain direction. For person
characteristics influencing the perception of these mechanisms, please see Mai et al. [66]. Social pressure
plays not only a role on social media platforms to enhance user engagement, but also in computer
games. Prominent games such as the massively multiplayer online-role play game (MMORPG) called
World of Warcraft (WoW) enable participants to meet in so called ‘guilds’, hence groups of persons
who meet at a certain time online to go on a mission together (in the aforementioned WoW game this
could be a ‘raid”). As such a guild in particular performs well when being complete, the pressure on
the individual of such an online group rises to be at a certain time in the online world to support one’s
own guild. This goes along with a stronger focus in life on online activities instead on perhaps more
pressing issues in the offline world.

3.4. Show Users of an App What They Like

A strong feature for prolonging usage time on social media platforms is the prominent ‘Newsfeed’
as built-in in the Facebook application. Over the years, Facebook developed machine learning
algorithms studying the behavior of their users in detail on the platform. In order to get to know their
users better, they do not only record what people ‘like’ (i.e., give a ‘thumbs up’) but also how long
they hover over a certain post. This could be interpreted as showing a special interest in a certain area.
‘Textmining’ enables Facebook & Co. to do sentiment analysis and to understand not only what is
interesting for their users but also in what mood they are [67-69]. Although, the role of mood for
buying decisions/advertising is complex [70,71], such a variable might be of (high) interest to many
of the companies behind manifold smartphone/Internet applications. The analysis of the different
elements presented in this paragraph technically can all be used to plant the most interesting news in
one’s own personalized ‘Newsfeed'.

The ‘Newsfeed’ on Facebook is the entry for every user when logging in. Facebook has a great
interest in studying the behavior of each person at perfection and in much detail, so that at best only
such information is presented in the ‘Newsfeed” which is most interesting for the user. Otherwise,
people could get bored and close the browser window. For a work dealing with user beliefs considering
how the algorithm applied behind the ‘Newsfeed” works, please see Rader & Gray [72].

3.5. Social Comparison and Social Reward

Perhaps one of the most prominent features of social reward mechanisms in social media is the
iconic ‘thumbs up’ (giving or getting a ‘Like’; (co-)developed by Justin Rosenstein, former worker
at Facebook; see also independent.co.uk [73]). Likes demonstrate either positive social feedback on
one’s own posts or to give another person such a feedback. The power of such feedback has also been
proven neuroscientifically, when Instagram users are confronted with their own posted pictures from
their account which were manipulated by being presented either with many or few ‘Likes’ (in this case
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hearts [74]). Pictures being presented with many Likes elicit stronger activity in the ventral striatum,
an area involved of the processing of a rewards [74,75]. It has even been demonstrated that lower gray
matter volumes of the nucleus accumbens are associated with longer and higher frequent usage of the
Facebook app on smartphones underlining its addictive power [76]. Additionally, several other studies
observed that lower gray matter volumes were associated with higher addictive tendencies [77,78].

So far, in this paragraph only social reward via the ‘Like’ function has been discussed. Beyond
that, processes of social comparison also play an important role for revisiting social media platforms
because a person gets information on how he/she is perceived by their social network. Without doubt,
the social comparison process is not unproblematic, because it might lead to lower self-esteem [79]
and the size of one’s own real social network to be successfully handled seems to be limited by the so
called Dunbar’s number (a theoretical limit to the number of people with whom any individual is
able to sustain a stable or meaningful social relationship, usually considered to be roughly 150 [80]),
likely also valid on social media channels such as Twitter [81]. Social comparison also plays a role in
Freemium games, when one thinks of the highscore-boards where you can compare your scores in a
game with those from others.

3.6. Zeigarnik/Ovsiankina Effect

Classic studies by Zeigarnik [82] and Rickers-Ovsiankina [83] made interesting observations
concerning memory functions and actions taken after being interrupted while performing a task. In the
classic work by Zeigarnik, participants of her study got interrupted while solving a puzzle and, in the
aftermath, best remembered those tasks where they were interrupted compared to those tasks which
they successfully could end. From the same work group, Rickers-Ovsiankina [83] then observed that
persons not only seem to be better at remembering the tasks where they got interrupted, but several of
the experiment’s participants even came back to the unfinished tasks after the experiment ended to
ultimately finish the task (and they were not asked to do so).

In sum, these classic works from the field of psychology suggest that individuals involved in the
execution of high investment tasks, react with (emotional) strain if interrupted. The final completion
of the task will remove this strain. These insights mirror in the design of Freemium games such as
Candy Crush Saga. This game has been downloaded an incredible 2.7 billion times in five years [84].
In this game, participants must solve levels in which they follow different missions while playing a
Tetris like game (although there are obviously several differences between the games, these cannot
be presented in detail here). Of note, when the game has not been played for a while, the gamer is
endowed with five lives. Some levels are very hard to solve and in case of Candy Crush Saga it is
even mentioned that a “super hard level” is coming up. As some of these levels are “super hard” to
solve (rumor has it that it is even impossible at first try), players easily loose several of those free lives
ending up with no energy to finish this “super hard level”. Being now really attracted by the game,
this results in emotional strain which consequently provokes people to spend extra money to buy
additional lives/gaming energy, because the next level is only a couple of minutes away.
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Table 1. Elements used to prolong usage time of social media apps and/or Freemium games.

Psychological Mechanisms Built-in Social

Media/Messenger Apps and/or Freemium Games Example/lilustration

As soon as one video is at the end on a website such as YouTube,

the next video begins with either a similar content or the second

episode of a TV show and so forth. By this, viewers get more and
more absorbed, which makes it hard to stop watching.

Endless scrolling/streaming

Every time players visit the app platform and invest more time
in the construction of the virtual world, it will get harder for
them to detach from the game or even delete the app. The
endowment effect might be both explained by ownership and
loss aversion. Also, of importance is the mere exposure effect
describing that the more often you are exposed to a certain
(neutral) thing or application (here a game), the more you like it.

Endowment effect/
mere-exposure effect

Mlustration from a WhatsApp feature: If a user sends a message
to a friend, the sender is presented with two gray ticks, which
means that the message has successfully arrived at the recipient’s
Social pressure phone. If the recipient reads the message, the grey ticks turn
blue. As both sides know about these rules, social pressure
emerges. Both parties likely expect a fast answer, above all, if the
message apparently has been read.

Facebook has a great interest in studying the behavior of each
person at perfection and in much detail, so that at best only such
Show users of an app what they like information is presented in the ‘Newsfeed” which is most
interesting for the user. Otherwise, people could get bored and
close the browser window.

Perhaps one of the most prominent features of social reward
mechanisms in social media is the iconic ‘thumbs up’. A ‘thumbs
up’ (‘Like’) demonstrates either positive social feedback on one’s

own post or gives another person such a feedback.

Social comparison and social reward

The Zeigarnik effect refers to better remembering of tasks, where
a person has been interrupted. Rickers-Ovsiankina then showed
that such interrupted tasks are more likely to be finished later on
(even if one is not forced to do this).
Tlustration: Some levels in Freemium games are very hard to
solve and in case of Candy Crush Saga it is even mentioned that
Zeigarnik effect/ a “super hard level” is coming up. As some of these levels are
Ovsiankina effect “super hard” to solve (rumor has it that it is even impossible at
first try), players easily loose several of those free lives ending up
with no energy to finish this “super hard level”. Being now really
attracted by the game, this results in emotional strain which
consequently provokes people to spend extra money to buy
additional lives/gaming energy, because the next level is only a
couple of minutes away.

4. Discussion

The present article provided its readers with an overview on often observed elements/features of
smartphone/Internet applications in-built to prolong the time spent using a certain app. The depicted
elements/features embedded in psychological and economic theory underline the notion that these
elements indeed have been designed to prolong app usage. Implementing such elements in a
smartphone-app will also contribute to a more addictive nature of apps. From our perspective, it is
of tremendous importance to further study such in-built elements, because SUD has been associated
with loneliness [85]. Although it is not clear what is hen and what is egg in this work (hence the
direction of causality), a growing number of studies indeed support such associations with further
demonstrating robust links between SUD and negative emotionality [5]. According to the I-PACE
model [26] (and its recent update [86]), a history of psychopathology might indeed be a vulnerability
factor to develop IUD (and its mobile form of SUD). Nevertheless, it is also imaginable that withdrawal
from society and escapism to the online world ultimately might cause loneliness and reduce social
connectedness, too [87]. Additional relevant areas discussed in the literature—probably being a result
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of too much online consumption—are links between IUD and BMI [88] and between IUD and body
image avoidance [89]. The latter effect is likely driven by social comparison processes, in particular
when a person is confronted with thin models or other (thin) attractive persons [90]. These effects might
be in particular strong on platforms such as Instagram and for those users with low self-esteem [91]
and being female [92,93]. In this context also the role of selfies [3,94] and the smartphone camera needs
to be mentioned [95].

Of importance, apps on smartphones are not in general bad and not always cause negative
emotionality or dissatisfaction with one’s own body image. In contrast, some applications might even
foster physical activity and help persons to improve their diet [96]. However, as mentioned, we focused
in the present research on the investigation of social media/messenger and Freemium game applications.
Such a focus is warranted because several studies already demonstrated that these applications are
important drivers of (excessive) smartphone usage (literature on social media/messenger applications
and smartphone usage [28,97,98]; literature on gaming and smartphone usage [29,99,100].

Although it needs to be tested further, the here investigated elements of the apps described against
psychological and economic theories all likely prolong usage times. Although literature on each of
the elements in the study of SUD is scarce, it has been demonstrated that persons have problems
in assessing their smartphone consumption, and this is probably due to time distortions [49,101].
Such time distortions are a well-known companion of flow processes as described in 3.1. Beyond
the element of flow, a recent study [102] also found empirical support for the endowment effect
indeed playing also a role with online products. The authors of this work observed via an online
experiment that “consumers become instantaneously attached to and are reluctant to give up digital
services once they have obtained them” ([102], p. 311). This all said, the study of elements in-built in
smartphone applications present a rather new research endeavor and many questions are still in need
to be answered. One of these questions is highlighted in the next section.

The overview so far presented the features separately. In real-world applications, usually several
of the explained elements can be found in one application. To our knowledge, studies are largely lacking
aiming at an understanding of how strong each of the aforementioned features of the platforms/games
impact upon usage time. Clearly, it will be of high interest to know how the different features interact
on usage time. For example, when the design of the ‘Newsfeed” according to the idea ‘show people
what they like” would prolong a person’s stay on Facebook by 10 min, and implementation of the
‘Like’-function by 5 min, will users stay 15 min longer on Facebook or will these effects interact with
each other, resulting in 25 min of online app usage? Indeed, this is hard to study for independent
scientists because they usually do not get access to data from platforms such as Facebook or Candy
Crush Saga. Therefore, one solution will be ultimately to design independent games/social media
apps for research purposes where different features are rolled out in different constellations and in
different versions of the same game or services. Of note, tech-companies use this approach often and
the literature refers here to “A/B-testing’. By implementing ‘A/B-testing’, it can easily be tested if version
A compared to version B of an online service prolongs usage time. Ethically, it is of great interest, that
most of these tests are unsolicited. This also speaks for that ultimately government regulation might
be necessary to force the industry to both open up for scientists from different disciplines to be able to
study the impact of the aforementioned elements and to build healthier business models.

5. Limitations and Changes of the Current Business Model in Apps?

The present work is of theoretical nature and carved out relevant mechanisms likely being
designed to prolong usage time of app-services dominating everyday life. Clearly, our assumption that
these mechanisms have been purely designed to prolong usage time of an app is speculative, but please
see also a larger serious scientific area dealing with persuasive design/technologies in the computer
sciences [103,104]. It cannot be said for sure what the app developers had in mind when constructing a
certain feature, but some developers, such as Justin Rosenstein, confess about the addictive nature
of some of the presented elements [73]. Aside from this, it is very likely that the main intention of
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implementing features as introduced above in an application, represents the prolongation of app usage,
because companies such as Facebook and Google earn their money with data.

Nevertheless, it is mentioned that in the last months a movement has been seen in the Silicon
Valley aiming to foster “Time Well Spent” on digital platforms [105]. Applications such as “Screentime”
on Apple’s iPhone or “Time Well Spent” on Facebook should help to reduce online time. How good
this actually works has not been investigated and please note that some of the authors (together with
computer scientists) presented a similar service for Android users already several years ago, hence years
before the app industry launched such a laudable initiative (CM and BL as part of a larger development
team with their Menthal application [106,107]). However, it seems that even the tech-industry has
learned that detrimental effects for mental health can arise due to their developed addictive app
mechanisms. Probably implementation of these new control features also reflects a reaction to pressure
from regulating bodies. Results from studies investigating the effect of smartphones and/or social
media use on well-being came up with diverse results [28,108-110]. Hence, it also needs to be better
understood what kind of use-reduction goes along with the healthiest effects.

Although no one can really predict if this is going to happen soon, the future will see if other
healthier business models will be built into applications without the addictive potential currently seen
in many of the prominent and often used applications. Apart from these new developments, the recent
work by Alutaybi et al. [45] needs to be mentioned, because it came up with ideas on how to reduce
FoMO and thereby likely also to reduce addictive tendencies towards social media applications. Before
going a bit more in detail concerning some of these ideas, it is noteworthy that the authors presented
FoMO eliciting features such as ‘temporal events’ in their article going beyond what is presented in
our work, perhaps also resulting in more addictive tendencies. Of note, a ‘temporal event’ could be
defined by an information being available only for a short time period (this was also one of the most
prominent Snapchat functions): Either a person is then fast in consuming the content or simply has not
seen what was going on. The authors end their interesting article with thoughts on “FoMO-Aware
SNSs Design” [45] (p. 4), in which they basically think about designing social media platforms giving
users the ability to make a short note on when they are available. This could help in reducing the urge
to constantly check social media, because others are aware of a person being absent (and therefore not
being able to reply), but also to set up bilateral or even collective protocols providing persons with
rules on when they want to respond to each other. The effects of such an intervention clearly still need
to be empirically tested. When comparing the work by Alutaybi et al. [45] and the present one, both of
them have merits, as the former has more of a computer science design approach to its analysis (also
in carving out ‘addictive” or FOMO elements), whereas in the present work it is stronger focused on
psychological/economic theories as described above.

Finally, the prominent honeycomb model by Kietzmann et al. [111] is mentioned, because it
represents one of the first models to systematically analyze the diverse building blocks of social media.
Of importance, this early very influential work addressed business persons in order to help them to
recognize the most congruent social media platform for their companies in terms of a social media
platform’s building blocks called identity, conversation, sharing, presence, relationships, reputation,
and groups. When focusing solely on addictive tendencies of social media sites, this framework might
be fruitful to be brought together with the present psychological theories in order to empirically tackle
the question in which area or areas of the honeycomb model, which of our presented features might
have what kind of impact on usage time.
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Abstract: Background and Aims: Using gaming to escape emotional difficulty has been suggested to
be a candidate mechanism contributing to Internet gaming disorder (IGD). This study evaluated
the associations among resilience, perceived stress, depression, and IGD. Methods: A total of
87 participants in an IGD group and 87 participants in a control group were recruited into this study.
IGD was diagnosed using the Diagnostic and Statistical Manual of Mental Disorders. Stress levels,
resilience, and depression were measured by a self-reported questionnaire. Results: The IGD group
had a lower resilience, higher perceived stress, and depression than the control group. Hierarchical
regression analysis demonstrated that resilience was associated with IGD when perceived stress was
controlled. After depression was controlled, resilience and perceived stress were not associated with
IGD. Among the IGD group, those with low resilience had higher depression. Furthermore, discipline
was the resilience characteristic associated with IGD. Conclusions: Low resilience was associated with
a higher risk of IGD. IGD individuals with low resilience had higher depression. Depression was
more associated with IGD than resilience. Depression assessments and stress coping interventions
should be provided for individuals with IGD who exhibit low resilience or high stress.

Keywords: internet gaming disorder; stress; resilience; escape; depression

1. Introduction

Internet gaming disorder (IGD) has been identified as a potential psychiatric disorder because of
its negative effects on multiple domains of functioning [1-3]. The international prevalence ranges from
0.3% to 12%, and it is an increasing public health concern, especially in Asian countries. As well as
cognitive and behavioral symptoms similar to those of substance-use disorder, IGD also reportedly has
associations with psychiatric symptoms, including attention-deficit hyperactivity disorder, depression,
anxiety, and psychosomatic symptoms [4-7]. High comorbidity of emotional symptoms suggests that
individuals with IGD might use gaming to escape emotional difficulties [8,9].

Addictive behaviors are often initiated as a maladaptive mechanism for coping with stress [10].
Stress may enhance abstinent individuals” memories of addictive behaviors as stress relievers then
increase the risk of relapse to addictive behaviors after abstinence [11]. Tao et al. [12] were first to
use the escape from stress through gaming as a criterion for Internet addiction. It was subsequently
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listed as a diagnostic criterion for IGD in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) [13]. “Negative escapism” describes gaming being negatively reinforced as a means of
avoiding stress and was reported among 77.8% of internalizing patients [14]. Kim et al. [6] found
escape from negative emotions to be associated with depression in IGD [9]. Furthermore, high levels
of escapism were also reported to be associated with more IGD symptoms [15]. Moreover, the motives
for escapism mediate the association between psychiatric distress and problematic online gaming [16].
Thus, negative escapism is associated with the symptoms of Internet addiction, psychological distress,
and poor life satisfaction among massively multiplayer online role-playing gamers [17], and escapism
under stress could play a major role in excessive gaming behavior.

Convincing evidence indicates that stress is a risk factor for addiction and triggers relapses [18].
The negative reinforcement model of addiction is defined as drug-taking or addictive behavior that
alleviates a negative emotional state. According to some hypotheses, the negative emotional state that
drives such behaviors as negative reinforcement is derived from dysregulation of brain stress systems
involved in addiction processes [19]. Thus, investigating the perceived stress among adults with IGD
could contribute to understanding its role in developing addictive online gaming behavior.

Not all individuals who face stress develop addictions. Therefore, resilience factors may protect
these mentally healthy individuals [20]. For example, psychosocial resilience, such as positive
emotions, optimism, humor, cognitive flexibility, and reappraisal could attenuate stress-induced
psychopathology [21]. Thus, resilience was reported to be a buffering factor against Internet
addiction [22]. Furthermore, resilience was reportedly lower among adolescents with IGD according to
questionnaire assessments [15]. Its moderating role in the association between stress and IGD severity
was demonstrated by an online questionnaire survey [23]. However, the difference in resilience was
not evaluated among adults with IGD based on diagnostic interviewing. Further, resilience included
a variety of personal characteristics, such as acceptance, problem-solving skills, capacity to recover,
self-regulation, personal competence, and self-efficacy [23,24]. Which characteristics of resilience
plays an important role involving development of IGD and should be intervened firstly has not
been well-evaluated.

Depression is one of the most reported correlates of IGD [25]. Although the causal relationship
had not been confirmed between depression and IGD, a longitudinal study suggested that depression
could be an outcome of pathological gaming [26]. Prolong stressful events contribute to depression and
resilience plays an important role in stress-related disorder and depression [27]. Resilience has been
also reported to decrease the likelihood of stress-induced depression [21]. Both stress and depression
were reported to be associated with IGD [23,25]. However, the associations among stress, depression,
and resilience have not been well examined through interview studies among adults with IGD. Further,
we might hypothesize that resilience could be associated with IGD and contribute to perceived stress
and depression.

According to the aforementioned studies, resilience enables people to adapt successfully to stress
or emotional difficulty and to avoid stress-related disorders [28]. Thus, we hypothesized that an
individual with lower resilience could have higher perceived stress and depression. As IGD could be a
maladjustment behavior to depression or stress, we hypothesized that individuals with low resilience
were more likely to have IGD. Further, the higher perceived stress and depression could involve the
association between low resilience and IGD. Moreover, among individuals of IGD, we hypothesized
that those with lower resilience had higher perceived stress and depression. Thus, the aim of the
study was to evaluate: (1) the difference in resilience, perceived stress, and depression between IGD
and healthy controls; (2) the difference in depression and perceived stress between individuals with
lower resilience and those with adequate resilience; (3) the confounding effect of perceived stress and
depression in association between resilience and IGD; (4) the difference in depression and perceived
stress between individuals with lower resilience and those with adequate resilience among the IGD
group; and (5) the most associated resilience characteristics of IGD.
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2. Methods

2.1. Participants

Our participants comprised individuals who had IGD at the time of the study (the IGD group)
and individuals who had never had IGD (the control group) based on a design of case-control study.
All participants were recruited by advertisement from September 2012 to October 2013. The criteria for
the IGD group specified that participants be: (1) young adults aged 20 to 30 years and with more than
9 years of education; (2) individuals spending either >40 h per week or >4 h per day on weekdays and
>8 h per day on weekends engaged in Internet gaming; and (3) individuals who maintained a pattern
of Internet gaming for more than 2 years. Participants who met all of three criteria underwent an
additional interview with a psychiatrist using the criteria of the DSM-5 [13] for IGD diagnosis. Those
who had IGD at the time were classified into the IGD group.

For each participant in the IGD group, we matched a participant to be included in the control
group by gender, education level, and age (within a range of 1 year). The recruitment criterion of
participants in the control group was that their daily nonessential Internet use was less than 4 h. These
participants were classified into the control group after a diagnostic interview with a psychiatrist.

All participants underwent the interview, which comprised two steps: (1) a diagnostic interview
based on the Mini-International Neuropsychiatric Interview (MINI) to assess psychotic disorders,
bipolar I disorder, and substance-use disorders; and (2) a history-taking interview to evaluate
psychotropic medication use, mental retardation, severe physical disorder, and brain injury. Those
who had psychotic disorders, bipolar I disorder, substance-use disorders, mental retardation, severe
physical disorder, or brain injury or used psychotropic medication were excluded.

2.2. Measures

The diagnostic criteria of IGD were those of the DSM-5 [13]. The nine criteria comprised
preoccupation, withdrawal, tolerance, unsuccessful attempts to control others, loss of interests other
than gaming, continued excessive use despite psychosocial problems, deceit regarding online gaming,
escape, and functional impairment [13]. We developed a semi-structured interview schedule to assess
the DSM-5 criteria for IGD among our participants. Those who met five or more criteria for IGD were
classified into the IGD group.

2.2.1. Chinese Version of the MINI

We conducted a diagnostic interview based on the psychotic disorder, bipolar I disorder, and
substance-use disorder modules in the Chinese version of the MINI [29] to detect those excluding
psychiatric disorders.

2.2.2. 14-Item Resilience Scale (R14)

The R14, which provides reliable internal consistency and external validity, was developed to
evaluate the levels of resilience in the general population. Participants’ resilience was assessed using
this scale [24], in which scores are calculated through summation of the response values for each item,
enabling scores to range from 14 to 98. The internal consistency reliability (Cronbach’s alpha) of the
total scale is 0.93 in the current study. Scores less than 65 indicate low resilience, scores between 65
and 81 indicate moderate resilience, and scores of more than 81 indicate high levels of resilience [24].
In this study, participants scoring more than 64 were classified into an adequate resilience group, and
those scoring 64 or less were classified into a low resilience group.

2.2.3. Perceived Stress Scale

The Perceived Stress Scale (PSS) was designed to measure the extent to which situations in
one’s life are perceived as stressful. The PSS score was correlated with life-event scores, depression,
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and physical symptomatology [30]. It is suggested that the scale possesses adequate reliability for as
outcome measure for experienced stress level. In this study, the 10-item PSS-10 was used to evaluate
the level of stress experienced by participants and its internal consistency reliability (Cronbach’s alpha)
was 0.86.

2.2.4. Center for Epidemiological Studies” Depression Scale

The 20-item Mandarin Chinese version [31] of the Center for Epidemiological Studies” Depression
Scale (CES-D) [32] is a self-administered evaluation of the frequency of depressive symptoms during
the past week. This was used to evaluate depression. Its internal consistency reliability (Cronbach’s
alpha) was 0.92 in the current study.

2.2.5. Clinical Global Impression Scale for IGD

The Clinical Global Impression (CGI) scale [33] asks “Considering your total clinical experience
with this particular population, how mentally ill is the patient at this time?” Possible responses were
1 for normal, not at all ill; 2 for borderline mentally ill; 3 for mildly ill; 4 for moderately ill; 5 for
markedly ill; 6 for severely ill; and 7 for among the most ill patients. We modified the scale for IGD
to 1 for normal, not at all ill; 2 for excessive online gaming without fulfilling the IGD criteria; 3 for
fulfilling the IGD criteria with mild functional impairment; 4 for moderate functional impairment in
health or one field such as academics, socializing, or profession; 5 for moderate functional impairment
in multiple dimensions; 6 for severe impairment in one field; and 7 for severe impairment in multiple
dimensions of daily life.

2.3. Statistical Analysis

We evaluated the associations of resilience, perceived stress, and depression with IGD using an
independent t-test. The associations between gender, lower resilience, and IGD were evaluated through
Chi-squared analysis. A hierarchical logistic regression model was used to evaluate associations
of resilience, perceived stress, and depression with IGD. Finally, we evaluated the associations of
resilience, perceived stress, and depression with CGI score among participants with IGD. A logistic
regression evaluated the association between items of R14 and IGD with gender, age, and educational
level controlled. A value of p < 0.05 was considered significant for all analyses, which were performed
using the SPSS package (SPSS Inc., Chicago, IL, USA).

A total of 87 participants in the IGD group and 87 in the control group were enrolled in the study
after informed consent was obtained. This study was approved by the Institutional Review Board of
Kaohsiung Medical University Hospital (KMUH-IRB-990380).

3. Results

A total of 87 participants from the IGD group and 87 participants from the control group were
enrolled in this study. No significant differences were exhibited in gender, age, or education level
between the IGD and control groups, as revealed in Table 1. The IGD group scored lower on
resilience, scored higher on perceived stress, and received a higher CGI score than the control group.
When participants were further classified into the adequate and low resilience groups, participants
with low resilience were more likely to be diagnosed with IGD. Furthermore, participants with low
resilience exhibited higher perceived stress and depression, as shown in Table 2.
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Table 1. Associations of age, educational level, gender, perceived stress, depression, Clinical Global
Impression score, and resilience with Internet gaming disorder (IGD).

IGD Diagnosis

: 2
Variables Yes (N = 87) No (N = 87) x* Test
N(%) N(%)
Gender
Female (N = 34) 17(50.0) 17(50.0) 0.000
Male (N = 140) 70(50.0) 70(50.0)
Resilience
Lower (N =53) 37(69.8) 16(30.2) 11.97 **
Adequate (N =121) 50(41.3) 71(58.7)
Mean + SD Mean + SD t-Test
Age 23.29 +2.34 23.38 +2.40 0.26
Educational level 1593 £ 1.15 16.14 +£1.22 1.15
Perceived stress 21.71 £ 5.54 17.76 £ 5.62 —4.67 ***
Resilience 66.57 +12.72 73.06 + 12.66 3.37**
Depression 20.44 + 10.00 12.01 £ 7.90 —6.16 ***
CGI score 4.56 +0.94 1.09 + 0.29 —33.02 ***

**: <0.01; ***: <0.001. Resilience: score on 14-Item Resilience Scale; participants scoring 64 or less were classified
into a low resilience group. Perceived stress: score on Perceived Stress Scale-10. Depression: score on Center for
Epidemiological Studies” Depression Scale. CGI: Clinical Global Impressions scale.

Table 2. The difference in perceived stress and depression between individuals with low resilience and
those with adequate resilience.

Resilience
Variables Low Adequate t-Test
Mean + SD Mean + SD
Among all subjects (N =53) (N =121)
Perceived stress 22.38 £ 5.87 18.58 + 5.56 3.99 ***
Depression 21.77 £9.19 13.79 £9.28 5.24 **
Among IGD group (N =37) (N =50)
Perceived stress 2297 +5.85 20.78 £ 5.16 1.852
Depression 23.16 +9.30 18.42 +10.12 223*%

*: <0.05; ***: <0.001. Resilience: score on 14-Item Resilience Scale; participants scoring 64 or less were classified
into a low resilience group. Perceived stress: score on Perceived Stress Scale-10. Depression: score on Center for
Epidemiological Studies” Depression Scale. ®: p = 0.07.

3.1. Associations Among Resilience, Perceived Stress, Depression, and IGD

The hierarchical regression analysis in Table 3 demonstrates that low resilience was positively
associated with IGD in Model 1 with gender, age, and educational level controlled. Participants with
low resilience had a higher odds ratio (OR, 3.46; 95% confidence interval (CI) = 1.72-6.97) for IGD.

Perceived stress was significantly positively associated with IGD in Model 2. As the Wald x?
of perceived stress was higher than that of resilience, perceived stress was more associated with
IGD than resilience was (Model 2 in Table 3). This result suggests perceived stress was another
important factor to IGD. Further, the resilience was significantly associated with IGD with perceived
stress controlled for. It suggested that low resilience had an independent association with IGD from
perceived stress.

Depression was significantly positively associated with IGD in Model 3 (OR = 1.1, 95% CI
= 1.04-1.17). Resilience and perceived stress exhibited no significant associations with IGD when
depression was controlled for. This result demonstrated the mediating effect of depression in the
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associations of resilience and perceived stress with IGD. It also demonstrated that among resilience,
stress, and depression, depression was the factor most associated with IGD.

Table 3. Hierarchical logistic regression model of Internet gaming disorder for resilience, perceived
stress, and depression controlling for gender, age, and education level.

Variables Wald Exp(B) 95% CI
Model 1
Age (year) 0.39 1.05 0.91-1.21
Education level (year) 2.09 0.81 0.60-1.08
Gender 0.00 0.98 0.45-2.14
Resilience (Low) 12.08 ** 3.46 1.72-6.97
Model 2
Age (year) 0.40 1.05 0.90-1.22
Education level (year) 1.02 0.85 0.63-1.16
Gender 0.05 0.92 0.40-2.08
Resilience (Low) 6.08 * 2.53 1.21-5.30
Perceived stress 11.92 ** 1.12 1.05-1.19
Model 3
Age (year) 0.52 1.05 0.91-1.23
Education level (year) 1.51 0.82 0.60-1.13
Gender 0.00 1.01 0.43-2.35
Resilience 2.70 1.92 0.88—4.16
Perceived stress 0.03 1.00 0.91-1.09
Depression 9.83 ** 1.10 1.04-1.17

*: <0.05; **: <0.01. Resilience: score on 14-Item Resilience Scale; participants scoring 64 or less were classified
into a low resilience group. Perceived stress: score on Perceived Stress Scale-10. Depression: score on Center for
Epidemiological Studies” Depression Scale.

3.2. The Difference in Perceived Stress and Depression between Individuals with Low Resilience and Adequate
Resilience Among IGD Group

The t-test in Table 2 demonstrates that individuals with low resilience had higher depression
among the IGD group (t = 0.023; p = 0.03). They also had a trend to have higher percieved stress
(t = 1.85; p = 0.07); however, this did not reach significance.

3.3. Association of Resilience Characteristics with IGD

We firstly evaluated the difference in each item of R14 between IGD and the control group.
It demonstrated that the IGD group had a lower score in ability to copy (t = 2.15; p = 0.03), acceptance
(t=2.63;p =0.01), drive (t = 2.81; p = 0.01), discipline (f = 6.94; p < 0.001), interest/engagement (f = 2.88;
p = 0.00), self-efficacy (t = 2.29; p = 0.02), dependable (t = 2.59; p = 0.01), meaning (t = 3.57; p < 0.001),
and resourcefulness (t = 2.55; p = 0.01). Then, we regressed IGD on these significant items in R14 with
gender, age, and educational level controlled. The logistic regression in Table 4 demonstrates that
“I am self-disciplined” was the only resilience characteristic associated with IGD.
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Table 4. Logistic regression model of Internet gaming disorder for items of 14-Item Resilience Scale
with controlling for gender, age, and education level.

Variables Wald Exp(B) 95% CI
Model 1

Age (year) 0.00 0.97 0.90-1.25
Education level (year) 0.45 1.06 0.56-1.11
Gender 1.85 0.79 0.40-2.33
Ability to cope 0.05 1.05 0.69-1.59
Acceptance 0.13 0.93 0.63-1.39
Drive 0.36 1.12 0.79-1.60
Discipline 24.44 *** 0.41 0.29-0.58
Interest/engagement 0.30 1.13 0.74-1.72
Self-efficacy 0.86 1.22 0.80-1.84
Dependable 0.02 1.03 0.67-1.58
Meaning 2.46 0.73 0.49-1.08
Resourcefulness 0.00 1.00 0.60-1.65

*#*: <0.001. Ttems of 14-Item Resilience Scale: the items were significantly associated with IGD in t-test evaluation.

4. Discussion

4.1. Perceived Stress of Individuals with IGD

This study demonstrated that participants with IGD experienced higher perceived stress.
This result corresponds with those of other studies [14,23]. Stress is conceptualized as a risk factor
contributing to progressive long-term changes in the brain and a subsequent drug-prone state
characterized by craving and increased risk of relapse [34]. Accordingly, our results might support the
possible role of perceived stress in developing IGD addiction. IGD may also have negative consequences.
Ko etal. [35] reported that 46.5%, 25.4%,19.7%, and 4.2% of participants with IGD experienced impaired
social interaction, professional failures, impaired family relationships, and failures on examinations
related to career opportunities, respectively. Such negative consequences may stress adults with IGD
and explain the increased perceived stress levels in our study. Further prospective studies to investigate
the addiction process may illuminate the causal relationship between stress and IGD.

4.2. Associations among Resilience, Perceived Stress, Depression, and IGD

As in the studies of Wu et al. [36] and Canale et al. [23], the interview in the present study
demonstrated an association between resilience and IGD. Furthermore, we demonstrated that those
with low resilience have a 3.46 times odds ratio of being diagnosed with IGD. This suggests that low
resilience plays a risk role in online gaming addiction. In the R14, resilience is represented as a stable
personal resource and a positive personality trait, such as discipline, that can contribute to personal
competence, self-acceptance, and life satisfaction [37]. These characteristics may facilitate stress coping
and attenuate stress-induced depression [21]. The lower perceived stress and depression among
the adequate resilience group demonstrated in our results might support such a claim. Therefore,
the characteristics of resilience can be promoted to prevent IGD and to attenuate perceived stress and
depression among the general population.

Two studies have evaluated the buffering effect of resilience on the association between stress
and IGD. Wu et al. [36] did not observe significant protective effects of resilience against the effects of
stress on IGD. However, Canale et al. [23] identified a moderating role of resilience and demonstrated
that higher perceived stress and lower resilience were associated with increased gaming time.
The difference in stress measurement methods might have contributed to the inconsistent results.
However, the assessment of IGD was performed using questionnaires in the two aforementioned
studies. Our study, which used similar measurements to Canale’s [23], demonstrated that individuals
with IGD had lower resilience and higher perceived stress. Our regression analysis also demonstrated
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that perceived stress had a higher association with IGD than resilience. Although resilience plays a
role in the development of IGD, perceived stress may be another influential factor and should be a
target of intervention to prevent IGD.

Individuals with IGD could experience the psychosocial distress results from excessive gaming [35].
However, individuals with IGD usually cope with stress through gaming [15], exhibiting escapist
gaming. This might aggravate, not resolve, their psychosocial problems. In the current study,
the within-group analysis demonstrated IGD individuals with low reliance had higher, but not
significantly, perceived stress than those with adequate resilience. This suggests a limited buffering
effect of resilience on stress among individual with IGD relative to that in the general population.
This might suggest further intervention aside of promoting resilience should be provided to copy
the stress associated with IGD. Therefore, alternative stress coping strategies, such as problem-focus
coping, exercise, or mindfulness [38] should be provided to replace escapist gaming for IGD individuals
under stress.

Depression is one of the most reported factors associated with IGD [39,40]. With depression
controlled, perceived stress and resilience were not significantly associated with IGD. This suggests
that depression is the most proximal factor contributing to IGD. According to Baron and Kenny [41],
depression may play a mediating role in the association between resilience, perceived stress and
IGD. Depression could be the outcome of IGD [26], as IGD leads to psychosocial stress. Without
adequate resilience to buffer dysphoric mood and psychosocial stress, individuals of IGD can use
gaming as an escape from depression. However, excessive gaming without limitation might lead to
further psychosocial problems and result in a vicious cycle. Further, these results also suggest that
depression as a mood status has a stronger association with IGD than perceived stress and resilience.
This study demonstrated that individuals with IGD had lower resilience and higher depression. Thus,
depression could also be the outcome of low resilience under high stress which then contributes
to IGD. The causal relationship or bi-direction interaction among resilience, stress, depression, and IGD
cannot be confirmed in this cross-sectional study. Nevertheless, comorbid depression should be well
assessed and effective intervention—such as antidepressants, cognitive behavior therapy [42], exercise,
or promoting resilience—for depression should be provided for individuals with IGD, particularly
those with lower resilience or higher perceived stress. Although the depression could be the outcome
of IGD [26], gaming could be used to temporarily escape from dysphoric moods for those with
limited alternative coping strategies. Thus, depression should be well intervened before aggressive
intervention for gaming behavior of individuals with IGD.

4.3. Resilience Characteristic Most Associated with IGD

Discipline was the only resilience characteristic associated with IGD when other items were
controlled. Individuals with IGD had lower discipline than controls did. Self-regulation was reported
to mediate the association between impulsivity and pathological video gaming among youth [43].
Individuals with lower discipline might have had difficulty in controlling their excessive gaming,
leading to a risk of IGD. Conversely, a loss of control in gaming with negative consequences might
represent a lifestyle with lower discipline. The causal relationship between discipline and IGD cannot
be confirmed with a cross-sectional study. However, our study suggests it is important to promote
discipline to prevent risk of IGD among the general population and to prevent the deterioration of
daily life functioning among individuals with IGD. Future prospective studies regarding the predictive
ability of discipline for IGD or the treatment effect of promoting discipline in IGD may clarify this
causal relationship.

5. Limitations

This study had limitations that should be considered when interpreting the findings. First, IGD was
evaluated only through a diagnostic interview with participants. Additional information from family
members or partners could have increased the validity of the diagnosis. Second, the cross-sectional

56



Int. J. Environ. Res. Public Health 2019, 16, 3181

research design could not confirm causal relationships between resilience, perceived stress or escapist
online gaming behaviors and IGD. Lastly, we excluded those take psychotropic medication from this
study to prevent its effect on depression and perceived stress. However, it could limit the generation of
this study’s results to populations with psychotropic medication.

6. Conclusions

Individuals with IGD had lower resilience, higher perceived stress, and higher depression.
Participants with low resilience exhibited 3.46 times odds ratio for IGD compared with those with
adequate resilience. Further, depression was a more proximal factor to IGD than resilience and
mediated the association between resilience and IGD. Interventions to promote coping strategies and
treat depression should therefore be provided for individuals with IGD and concurrent high stress or
depression. Finally, discipline is the resilience characteristic most associated with IGD. Its implications
for IGD interventions deserve further study.
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Abstract: Internet addiction (IA) has become a major public health problem among college students.
The aim of this study was to examine the relationship between self-identity confusion and IA and
the mediating effects of psychological inflexibility and experiential avoidance (PI/EA) indicators in
college students. A total of 500 college students (262 women and 238 men) were recruited. Their levels
of self-identity were evaluated using the Self-Concept and Identity Measure. Their levels of PI/EA
were examined using the Acceptance and Action Questionnaire-II. The severity of IA was assessed
using the Chen Internet Addiction Scale. The relationships among self- identity, PI/EA, and IA
were examined using structural equation modeling. The severity of self-identity confusion was
positively associated with both the severity of PI/EA and the severity of IA. In addition, the severity
of PI/EA indicators was positively associated with the severity of IA. These results demonstrated that
the severity of self-identity confusion was related to the severity of IA, either directly or indirectly.
The indirect relationship was mediated by the severity of PI/EA. Self-identity confusion and PI/EA
should be taken into consideration by the community of professionals working on IA. Early detection
and intervention of self-identity confusion and PI/EA should be the objectives for programs aiming to
lower the risk of IA.

Keywords: internet addiction; PI; EA; self-identity

1. Introduction

1.1. Internet Addiction in College Students

Internet addiction (IA) has become a major global public health problem. Several studies
have proposed diagnostic criteria for IA based on various concepts originally adopted from formal
psychiatric disorders such as substance dependence [1] and pathological gambling [2] on the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V) and impulse control disorder in the
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DSM-IV Text Revision [3]. Although IA has not been recognized as a disorder by the DSM-5 or the
World Health Organization, the related diagnosis of internet gaming disorder and gaming disorder
have been included in the Conditions for Further Study section of the DSM-5 [4] and the International
Classification of Diseases, respectively. The common concepts of IA in previous studies include poorly
controlled preoccupations, urges, withdrawal, tolerance, or behaviors associated with Internet use
which lead to psychosocial distress and significant impairment at home, school, and work, as well as
in health or interpersonal relationships [5-7]. The measures developed based on these concepts of IA
can be used to evaluate the individuals’ severity of IA on the evidence base.

IA is predominant among young people, especially college students. College students normally
have free and unlimited access to the Internet, flexible schedules, and are free from their parents’
interference. They use the Internet for studying, gaming, social networking, gambling, chatting,
shopping, and watching pornographic videos [8,9]. Previous epidemiological studies revealed that the
prevalence of IA in college students varied by country. Specifically, IA prevalence ranged from 3.7%
in Japan [10] to 13.6% in China [11] and 15.3% in Taiwan [12]. Such deviation has been attributed to
differences in study design, sampling, assessment tools, diagnostic criteria, and cultural backgrounds.
IA has been associated with sleep disturbance [13], poor physical health [14], low self-esteem [15],
poor academic performance [16], and mental health problems [17]. Therefore, IA is a crucial problem
among college students and requires investigation.

Investigating the factors related to IA is the first step toward preventing its incidence and providing
early treatment to improve mental health. IA is the result of interaction between individuals and
their environment [18,19]. Several individual factors have been discovered as being related to IA.
Research has demonstrated that depression and anxiety [20,21], a decreased sense of meaning in
life [22], personality traits such as psychosis and bizarre mentation [23], low self-esteem [24,25],
cognitive distortion [26], high impulsivity [27], and poor emotional regulation [28] are all associated
with IA.

1.2. Self-Identify Confusion and IA

Self-concept formation, also termed personal identity formation, as a main developmental
task in adolescence, includes the acceptance of physical changes and the development of social
and emotional competencies and self-efficacy [29]. Previous studies have indicated significant
deficits in self-concept formation among individuals with IA compared with those without [30,31].
Deficits in self-concept are characterized by low self-esteem; indecisiveness; inability to concentrate on
required or suggested tasks; uncertainty regarding future objectives; an unclear description of self;
problems in engaging in intimate relationships; and difficulties in social roles, values, and selections [29].
The Internet provides individuals with deficits in self-concept with a tempting environment to socially
interact with others anonymously and to obtain success through Internet gaming or other such
activities. These characteristics of the Internet increase the risk of IA in individuals with deficits in
self-concept [32,33]. However, a lack of performance-related positive experiences on the Internet might
also further deteriorate a self-concept deficit [31]. Therefore, investigating the relationship between
self-identify confusion and IA is crucial to understand the mechanism of developing IA.

1.3. Psychological Inflexibility and Experiential Avoidance and IA

Psychological inflexibility and experiential avoidance (PI/EA) are defined as rigid strategies guided
by psychological reactions and an unwillingness to experience unpleasant events or privations [34].
PI/EA contributes to the development, maintenance, and exacerbation of problematic behaviors [35],
problematic substance use [36,37], and addictive behaviors [38]. PI/EA was reported as being positively
associated with IA in one cross-sectional study [39].
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1.4. Self-Identify Confusion and PI/EA

Research has determined three common types of self-identity confusion: Disturbed identity
(a strong tendency to acquire the thoughts, feelings, beliefs, and problems of others in adulthood) [40],
unconsolidated identity (failure to take on self-defining roles and demonstrate stable beliefs, attitudes,
and values) [41], and lack of identity (sudden and dramatic shifts in self-image with respect to goals,
values, vocational aspirations, sexual identity, and types of friends) [4]. People with self-identity confusion
may experience difficulties accepting themselves and defusing cognitive stockades, and therefore, tend to
develop PI/EA [42]. Some studies have revealed the therapeutic importance of cultivating psychological
flexibility in the face of a self-identity crisis resulting from physical illness [43,44]. Throughout the process
of accepting one’s current self, psychological flexibility is essential for reconstructing one’s self-concept,
such that behaviors can be changed or redirected according to personal long-term values [44]. Although it
is also possible that PI/EA may predate the maturity of self-concept, the present study focused on
the influence of self-identity confusion on PI/EA and examined the mediating effects of PI/EA on the
relationship between self-identity confusion and IA [45].

1.5. Aims of This Study

No study has examined the relationship between self-identify confusion, PI/EA, and IA. This study
investigated the mediating effects of PI/EA on the relationship between self-identity confusion and IA
among college students. We hypothesized that self-identity confusion is positively associated with IA
and that PI/EA mediate the relationship between self-identity confusion and IA.

2. Materials and Methods

2.1. Participants

Participants were recruited using an advertisement posted for college students aged between
20 and 30 years. Five hundred and three college students responded to the advertisement. Of them,
three were excluded due to difficulties in understanding the meaning of research questionnaires.
In total, 238 male and 262 female college students coming from 70 colleges located across Taiwan
participated in this study. Their mean age was 22.1 years, with a standard deviation of 1.8 years.
Written informed consent was obtained from all the participants prior to the assessment. The study
was approved by the Institutional Review Board of Kaohsiung Medical University Hospital.

2.2. Measures

Self-Concept and Identity Measure. We used the Self-Concept and Identity Measure (SCIM) to assess
the level of self-identity confusion [46]. The 27-item SCIM contains three subscales: Disturbed identity,
unconsolidated identity, and lack of identity. Exploratory factor analysis revealed a three-factor
structure of the SCIM in the college students. Confirmatory factor analysis validated the three-factor
structure in the community sample. The correlations between the three subscales ranged from 0.32 to
0.53 [46]. Each item was rated using a seven-point Likert scale ranging from 1 (strongly disagree) to
7 (strongly agree). High total scores on the three subscales indicated tendencies for disturbed identity,
unconsolidated identity, and lack of identity. The Cronbach’s o of the subscales in the present study
ranged from 0.74 to 0.82.

Chen Internet Addiction Scale. We used the self-administered Chen Internet Addiction Scale
(CIAS) to evaluate the participants’ severity of IA in the month preceding the study. The CIAS
contains 26 items that are rated using a four-point Likert-type scale, with the total score ranging
from 26 to 104 [47]. A higher total score indicated a more severe level of IA. The CIAS contains
five subscales, including symptoms of compulsive use, withdrawal, tolerance, and problems in
interpersonal relationships and health/time management. The Cronbach’s « of the five subscales of the
CIAS in the present study ranged from 0.78 to 0.90. The 67/68 cutoff point of the CIAS is the optimal
diagnostic cutoff point for Internet addiction in college students [48].
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The Acceptance and Action Questionnaire-II. The Acceptance and Action Questionnaire-II
(AAQ-II) [49] was revised from the original AAQ [50]. The AAQ-II consists of seven statements that
represent various aspects of PI (e.g., “My painful experiences and memories make it difficult for me to
live a life that I would value”) and EA (e.g., “I am afraid of my feelings”). The participants were asked
to rate each of these statements on a scale of 1 (never true) to 7 (always true) based on their current
experiences. A higher total score indicated a higher level of PI/EA. A study reported that the AAQ-II
has adequate internal consistency and convergent and divergent validity [49]. The Cronbach’s « of the
AAQ-IIin the present study was 0.88.

2.3. Procedure and Statistical Analysis

Research assistants explained the procedures and methods for completing the research
questionnaires to the participants individually. The participants were allowed to ask questions
if they encountered problems while completing the questionnaires, and the research assistants helped
them to resolve their problems.

The hypothesized model for the relationships among self-identity confusion, PI/EA, and 1A is
presented in Figure 1. Structural equation modeling (SEM) was used to estimate the parameters,
test the model adequacy, and evaluate the extent of agreement between the observed data and the
covariance matrix estimated from the model [51]. Amos version 18.0 software (IBM SPSS) was used to
examine the goodness-of-fit index (GFI). The maximum likelihood method was used to analyze the
data. In addition, the GFI, non-normed fit index (NFI), incremental fit index (IFI), comparative fit index
(CFI), root mean square error of approximation (RMSEA), and standardized root mean square residual
(SRMR) were used to evaluate the goodness of fit of the model [52]. On the basis of the goodness-of-fit
requirement, the NFI, GFI, IFI, and CFI should be higher than 0.9; values of the RMSEA and SRMR
lower than 0.05 are good; and values ranging between 0.05 and 0.09 are acceptable [52]. The Sobel
test was applied to examine the mediating effect of PI/EA on the relationship between self-identity
confusion and IA. A two-tailed p value of <0.05 was considered statistically significant.

Figure 1. Hypothesized model of the associations among self-identity confusion, Internet addiction,

and psychological inflexibility and experiential avoidance (PI/EA).
2.4. Ethics

The study procedures were carried out in accordance with the Declaration of Helsinki.
The Institutional Review Boards of Kaohsiung Medical University Hospital approved the study
(ethical approval code number: KMUH-IRB-20120249; date of ethical approval: 30 August 2012).
All participants were informed about the study and provided written informed consent.
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3. Results

In total, 85 (17%) participants were identified as having Internet addiction. The means, standard
deviations, and correlation matrices of the measured variables are shown in Table 1. The results
revealed significant correlations among the measured variables.

Table 1. The correlation matric of measured variables.

Mean

(SD) 2 3 4 5 6 7 8 9 10
1. Tolerance 8.9 (2.5 1 066* 067* 057* 070* 026%* 028* 026* 024* 030*
2. Withdrawal 114 (3.3) 1 077* 052* 058* 030* 031* 028* 024* 031*
3. Compulsion 10.6 (3.1) 1 0.58 * 0.69 * 0.28* 0.32* 030* 027* 037*
4. Time manage 10.5(3.4) 1 0.68 * 0.20 * 0.27 * 023* 021* 029*
5. Interpersonal 14.2 (4.2) 1 025* 036* 028* 027* 037*%
6. Psychological inflexibility 7.4 (3.3) 1 063* 029* 036* 047*
7. Experiential avoidance 9.8 (3.8) 1 035* 039* 052*
8. Disturbed identity 33.7 (8.6) 1 0.24* 0.56 *
9. Unconsolidated identity 184 (8.7) 1 0.52*
10. Lack of identity 24.8 (8.4) 1

*p <0.001.

The goodness-of-fit indices of SEM for the hypothesized model on the relationships among
self-identity confusion, PI/EA, and IA are listed in Table 2. The estimated coefficients of paths in the
hypothesized model are presented in Figure 2. The results found that all NFI, GFI, IFI, and CFI values
were higher than 0.9 and the SRMR value was lower than 0.05, which indicated the goodness of fit of
the model was good. According to Hu and Bentler [52], the value of the RMSEA (0.085) was at the
acceptable level. The result of the Sobel test confirmed the mediating effect of PI/EA on the relationship
between self-identity confusion and IA (Z = 5.135, p < 0.05).

Moreover, all paths in the hypothesized model were significant. The severity of self-identity
confusion was positively associated with the severity of IA and PI/EA. In addition, the severity of
PI/EA was positively associated with the severity of IA. The severity of self-identity confusion was
directly related to the severity of IA and indirectly related to the severity of IA through the increasing
severity of PI/EA.

Table 2. The goodness-of-fit index of structural equation modeling for the hypothesized model.

Type Goodness of Fit Index The Full Model
2
e X 4.620

Absolute fit indices af 3
RMSEA 0.085 (p < 0.09)
GFI 0.940 (p > 0.09)
NFI 0.941 (p > 0.09)
e IFI 0.953 (p > 0.09)
Relative fit indices CFI 0.953 (p > 0.09)
SRMR 0.036 (p < 0.05)

XZ: chi-square; RMSEA: Root Mean Square Error of Approximation; GFI: Goodness-of-Fit Index; NFI: Non-normed-Fit
Index; IFI: Incremental Fit Index; CFI: Comparative Fit Index; SRMR: Standardized Root Mean Square Residual.
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Figure 2. The estimated coefficients of the paths in the hypothesized model for the relationships among
self-identity confusion, Internet addiction, and PI/EA. (* p < 0.05; ** p < 0.01).

4. Discussion

This was the first study to examine the association between self-identity confusion, PI/EA, and IA.
The results of this study revealed that self-identity confusion was directly related to IA and indirectly
related to IA by the mediation of PI/EA. The results of previous studies on the relationship between
self-identity styles and IA have been mixed. Some studies have demonstrated that normative styles
of self-identity are protective factors of IA, whereas diffuse-avoidant styles are the risk factors of
IA [53,54]. Several possible etiologies may account for the positive association between self-identity
confusion and IA. First, the Internet provides college students who have self-identity confusion with
an environment to explore their personal values, beliefs, and goals, and college students may use the
Internet to escape the daily problems that they encounter which result from self-identity confusion.
Second, according to the self-concept fragmentation hypothesis, college students with self-identity
confusion may use their own different personalities to interact with others in online environments
and feel more at ease within these various online environments than in the real world [55-58]. Third,
young adults with self-identity confusion may seek peer advice from others online on issues related
to developing self-identity during adolescence [59]. Although college students may use the Internet
as a tool to develop their self-identity, IA may limit real-world interaction and therefore slow the
development of self-identity [56]. In addition, exposure to different identities in online activities may
exacerbate their self-identity confusion [60]. Therefore, college students require help with self-identity
confusion to develop adaptive ways to interact with others and develop interpersonal relationships
in order to improve their self-identity and consequently reduce their dependence on the Internet.
Positive self-identity development could be promoted using Borba’s Esteem Builders Curriculum,
which is one of the most comprehensive and widely used skills-based curricula [61]. Based on Marcia’s
identity status theory [62], providing clarity of identity through fostering exploration creates the
platform for identity commitment [63] and helps individuals become mature and competent during
life transitions [64].

The present study discovered that PI/EA were significantly associated with IA in college students.
The relationship between PI and IA has also been supported by the results of an imaging study that
suggested that people with IA had difficulties in executive control and attention when switching
tasks [65]. People with PI may experience psychosocial maladjustment, and stressful events [66] may
cause them to use the Internet to avoid real-world stressors.

In this study, we found that PI/EA mediated the relationship between self-identify confusion
and IA. A few possible mechanisms may account for the result. First, an unsuccessful formation of
self-concept may lead individuals to experience self-identity diffusion, thereby increasing the risk of
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mental disorders, such as personality, depressive, and addictive disorders. These disorders usually
persist into adulthood if they are not treated appropriately [29,63] and can compromise an individual’s
self-concept. Persistent self-identity confusion may result in PI/EA [43,44] and result in psychological
maladjustment [66]. The Internet may provide individuals with an opportunity to compensate for
their self-directed negative feelings by providing opportunities for anonymous social interaction.

Second, people may experience various social-cognitive processes to construct and maintain their
self-identity. Beronsky (1992) proposed three processing orientations that contribute to form and
maintain a sense of self-identity: A procrastinating, diffuse-avoidant style; an open, informational style;
and a conforming, normative style [67]. The individuals with a diffuse-avoidant identity style may
tend to use the defense mechanism of avoidance, denial, suppression, and immaturity for masking
painful inner conflicts [68,69]. Moreover, the individuals with the normative style may tend to use the
defense mechanism of distorting, repressing, or denying reality that may limit self-awareness [70,71].
Therefore, the individuals with diffuse-avoidant or normative identity styles may develop PI/EA and
are more likely to use the Internet than those with an informational identity style.

On the basis of our study results, we suggest that school counselors and mental health professionals
routinely evaluate whether college students with IA have self-identity confusion and high PI/EA.
For self-identity confusion, interventions that provide relational safety and support self-validity and
self-exploration may be helpful in reducing the risk of IA [72].

The development of IA should be considered on the basis of ecological systems concepts [73].
Self-identity confusion is an individual factor related to IA. However, self-identity confusion
may be influenced by sociocultural factors. Taiwanese culture based on Confucianism is more
collectivistic-orientated than Western culture [74], and the difference in value orientation may make
college students in Taiwan place greater importance on social relationships than those in Western
societies. Whether the collectivistic-orientated culture may influence the development of self-identity
and its relationship with IA warrants further study. It is also necessary to replicate the results of the
present study in the individualistic-orientated societies.

Our study had a number of limitations. First, the cross-sectional research design limited our
ability to draw conclusions regarding the causal relationship among self-identity confusion, PI/EA,
and IA. Second, the study data were exclusively self-reported and may have therefore suffered from
shared-method variance. Third, the participants in this study were college students who responded
to the recruitment advertisement. Therefore, the results of this study might not be generalized to
college students who did not participate in this study. Fourth, the present study used the AAQ-II to
measure PI/EA. Although research determined that AAQ-II has adequate internal consistency and
convergent and divergent validity [49], the items from the AAQ-II were found to be highly correlate
with depression, anxiety, and stress, and therefore decreased its discriminant validity [75]. It is
suggested that other measures, for example, the CompACT [76], might be needed in combination with
the AAQ-II in assessing PI/EA.

Despite these limitations, this study contributes to the literature, as it is the first study to examine
the relationship between self-identity confusion and IA and the mediating effects of PI/EA. Further
research replicating this SEM model across different samples is suggested.

5. Conclusions

On the basis of our study, we found that self-identity confusion was directly related to IA and
indirectly related to IA by the mediation of PI/EA. Therefore, self-identity confusion and PI/EA should
be taken into consideration by the professionals working on prevention of IA. Moreover, we proposed
that early detection and intervention for self-identity confusion may help college students to develop
and consolidate self-identity, reduce PI/EA, and lower the risk of IA.
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Abstract: One hundred and eighty-eight participants completed the online questionnaire with
items on demographics (age and gender), social exclusion, surveillance use, Facebook addiction,
and narcissistic grandiosity. The findings showed that social exclusion was positively associated with
Facebook addiction (B = 0.237, p < 0.001) and surveillance use was significantly positively associated
with Facebook addiction (B = 0.211, p < 0.01). The surveillance use of Facebook was found to be
a significant mediator between the risk of social exclusion on Facebook and Facebook addiction
(B =0.054, CI[0.20, 0.113]). Narcissistic grandiosity significantly moderated the associations between
social exclusion and Facebook addiction (B = 0.079, p = 0.012). These findings suggest that the risk of
social exclusion could serve as facilitator of Facebook addiction depending on narcissistic grandiosity.

Keywords: social exclusion; surveillance; Facebook addiction

1. Introduction

Although the use of Facebook has helped increase social capital and build relationships [1],
“unfriending” on Facebook leads to negative emotions [2], promotes social media ostracism, and inhibits
well-being [3]. A root cause of these negative effects is that Facebook is not always used to maintain or
develop relationships. For example, voyeurism, a positive driver of Facebook use, is a form of social
surveillance that fulfills the need to belong but attempts to avoid negative feelings and experiences;
those who engage in it do not aim to maintain relationships with those they observe [1]. Moreover,
Facebook is a platform that makes it easy to self-promote, allowing others to easily surveil the extensive
content produced.

On the other hand, cyber-ostracism, which causes social exclusion on the Internet, has been found
to be a threat to fundamental human needs, such as the needs of belonging and high self-esteem [4].
The negative effects of feeling excluded are not significantly different whether they arise in the context
of a remote communication method or through in-person situations [5]. To cope with their online
social exclusion, Facebook users may search for social information to restore their affiliation with other
users [6], which facilitates their addiction to Facebook. On the other hand, people with narcissistic
tendencies may be more likely to cope with social exclusion in order to maintain their ego-centric
aspect [7], although the affiliation need is low [8].

Previous studies have shown that Facebook overuse to fill the need to belong can lead to Facebook
addiction [9]. However, there is a lack of research identifying the mediation variables in the process
of social exclusion and Facebook addiction and investigating social network attachment in social
exclusion situations that do not meet the need to belong [10]. In addition, the self-presentation
need [11] and the need for admiration [9] have been cited as the main reasons for using Facebook.
Narcissism, in particular, has drawn attention as a major personality characteristic associated with
problematic Facebook use [12]. The present research, therefore, investigated the following hypothetical
relationships: (1) whether social exclusion on Facebook is positively related to addiction to Facebook;
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(2) whether those with a narcissistic personality trait have a greater tendency to become addicted to
Facebook as a way to avoid social exclusion; and (3) whether the use of Facebook for surveillance in
response to social exclusion leads to Facebook addiction.

2. Hypotheses Development

2.1. Social Exclusion and Facebook Addiction

One of the main reasons that people use the Internet is to reveal themselves and to gain a sense
of belonging [13]. A human being is innately motivated to belonging as a fundamental impetus to
form and maintain relationships with others [14]. Social exclusion, which undermines the social
affiliation that occurs on Facebook, happens when people are restricted from producing content or are
unable to receive responses from others [15]. Addiction to social network services (SNS) is classified
as Internet-related relationship addiction [16]. While whether SNS addiction should actually be
classified as addiction is still debated, it does display relevant symptoms similar to other substance and
behavioral addictions, such as mood-repair experience and salience (e.g., full attention to usage) [17].
Facebook is the leading SNS and has been shown to have strong correlations with symptoms classified
as Internet addiction [18]. Addiction to Facebook interferes with vital activities in life, and virtual
relationships dominate actual relationships [19].

Social exclusion may lead to Facebook addiction for the following reasons. First, social exclusion
causes social anxiety. Socially anxious people are prone to becoming immersed in the Internet.
According to the social skill model, high levels of social anxiety lead to the increased use of the Internet
in order to elevate the sense of self-worth [13]. The fear of social exclusion increases the user’s social
risk, which leads to the pathological use of the Internet [13].

Second, users who feel socially excluded are motivated to restore their social affiliation, which may
lead to Facebook addiction. They want to feel that they belong to a group, which includes affiliation
and companionship [20]. Considering that the aim to identify one’s social identity within the group
to which one belongs and fulfill the need to belong is a significant predictor of the increase in SNS
usage [12], social exclusion may make users more obsessed with SNSs. Hence, the lack of relatedness
is connected to Facebook addiction [21].

Third, a primary driver of social media use is the fear of being excluded and forgotten, which
increases the frequency of Facebook use [10,22]. For example, those snubbed by others on the phone
attach to social networks to regain the feeling of social inclusion [10]. Both positive and negative
feedback from other users affect Facebook users’ well-being, and so does failure to receive feedback
because FOMO (Fear of Missing Out) increases the Facebook-related stress stemming from not being
popular or involved with peers on Facebook [23].

Hypothesis 1 (H1). The higher the degree of social exclusion on Facebook is, the greater the Facebook addiction is.

2.2. Social Exclusion and Surveillance Use

Interpersonal electronic surveillance refers to the use of communication technologies to observe
another people’s behavior both online and offline. The subjects of surveillance can be close friends,
romantic partners, business associates, and family members [24]. Surveillance also allows users to
maintain a healthy interpersonal relationship by constantly engaging with others [25]. However, it also
compromises privacy settings [24]. Because SNSs, including Facebook, are repositories of messages,
pictures, and videos, they provide an environment that facilitates surveillance. In the present study,
surveillance concerns the use of surveillance in horizontal relationships between ordinary people [24].

Social exclusion may promote surveillance for the following reasons. Social exclusion promotes the
heightened attention to social information and the processing of social information [26]. Social exclusion
motivates both the need for belonging and the use of surveillance to cope with the sense of isolation [27]
for successful social survival. Social exclusion induces the feeling of not belonging to a group,
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which generates negative effects, such as anxiety, loneliness, and antisocial behaviors [14]. Users who
fear social exclusion continuously monitor their social status to maintain their feeling of social
inclusion [28]. This behavior reduces the sense of loneliness caused by social exclusion [29],
thus resolving social anxiety. This social monitoring system extends to the social environment
and social opportunities [27]. This goal-directed behavior is motivated by the need for social affiliation.
The sense of belonging is the innate, evolutionarily adaptive human motive [14]. People seek social
information to classify the relationship with another party, to distinguish information that should be
strategically stored for the relationship, and to verify the extent to which the social relationship is
related to the event, when forming attribution [6]. In addition, the level of information processing at
this time can be influenced by the degree of concern about the relationship [6]. Similarly, the social
exclusion that users identify on Facebook forces them to face their uncertain social status [30] and
to pursue goal-relevant behavior to restore their sense of social affiliation. Users who feel socially
excluded are sensitive to social information and actively process it [6]. Based on the above discussion,
the following hypothesis is stated:

Hypothesis 2 (H2). The higher the degree of social exclusion is on Facebook is, the higher the use of Facebook
for surveillance is.

2.3. Surveillance Use and Facebook Addiction

Surveillance use may lead to Facebook addiction for the following reasons. First, remote
technologies such as the Internet increase the effect of disinhibition effect on users [31]. Therefore, the
effects of social exclusion online to users can be just as powerful as those of social exclusion offline [32].
Because social exclusion online motivates the need to belong [33], Facebook is frequently used for
surveillance [34]. People who feel lonely because of social exclusion exhibit higher levels of social
monitoring and scanning the environment for social cues [27].

Second, the function of mutual surveillance on Facebook enhances addiction. Facebook’s
surveillance function keeps people informed about their connections and personal information [35].
Therefore, when social exclusion occurs, people can access social information on Facebook, which
increases the number of alternative actions that can compensate for the lack of social relationships.
Users pursue surveillance gratification by viewing photographs or newsfeeds on Facebook, which may
be associated with the fear of “missing out” [36]. Individuals who have experienced social exclusion
may become addicted to Facebook by using Facebook’s informative functions to overcome the sense of
isolation. Based on the above discussion, the following hypothesis is stated.

Hypothesis 3 (H3). The higher the use of Facebook for surveillance is, the greater Facebook addiction is.

2.4. The Mediating Role of Surveillance Use

This study supports recent findings that anxiety about social exclusion (e.g., FOMO) causes
surveillance use [37]. As discussed, the FOMO and the need to belong motivate people to overcome
uncertainty about their social positions by seeking social information, which encourages surveillance
use of Facebook. A lack of a sense of social belonging thus can result from being addicted to Facebook
through passive, continuous monitoring of relationships rather than being stimulated to actively form
relationships. The Facebook environment also promotes disinhibition in individuals, and the mutual
surveillance function of Facebook leads to addiction among those using it for surveillance. Based on
this theoretical review, the following hypothesis is proposed:

Hypothesis 4 (H4). Surveillance use mediates the relationship between social exclusion and Facebook addiction.
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2.5. Moderating Effects of Grandiosity on Social Exclusion and Facebook Addiction

There may be individual differences in the responses to social exclusion [38]. Narcissistic
grandiosity is characterized by arrogant, conceited, and domineering attitudes and behaviors
based on maladaptive self-enhancement. Unlike others, narcissists have heightened needs for
recognition and admiration [39]. In addition, individuals who exhibit the characteristics of narcissistic
grandiosity are highly concerned about impression management [40], which frequently occurs on
Facebook [41]. If social exclusion occurs on Facebook, the grandiose narcissist will try to find ways to
maintain self-enhancement.

Therefore, narcissistic grandiosity may become a variable that has a moderating effect on personal
differences in the relation between social exclusion and Facebook addiction. The reasons are as follows.
First, the primary reason that narcissists use Facebook is self-exhibition. Therefore, they continuously
pursue their intention to use Facebook even in the context of social exclusion. Narcissists have low
affiliation needs [8]. Their reason for social networking is not to build social relationships but to present
themselves as superior to others [1]. Despite their social exclusion, they can still be addicted to social
networking without the surveillance intention and the need to acquire social information about others.
Furthermore, they tend to have a high propensity for addiction to SNSs per se [12]. Exhibitionism is
a powerful motivator for narcissists to use SNSs [42]. They seek a wide audience rather than social
interaction [43]. Their behavior to attract attention becomes stronger when they are socially excluded,
which leads to SNS addiction.

Second, a high degree of narcissistic grandiosity promotes unstable self-esteem [44]. Those with
unstable self-esteem respond more sensitively to social exclusion than others do [45]. They think that
they can stabilize their self-esteem by immersing themselves in online activity [46]. Persons with a
high narcissistic tendency and high inconsistency between explicit and implicit self-esteem continually
monitor their position because they are insecure and prone to self-doubt [47]. In this case, perceived
social anxiety is a major factor in the problematic use of the Internet [13]. In addition, social anxiety is
related to low self-esteem [17].

Third, narcissists tend to respond more strongly to social exclusion than others do [48]. They want
to avoid the negative result of social exclusion. Narcissists perceive exclusion, such as social rejection,
as a serious threat to their ego [48]. Furthermore, users with narcissistic grandiosity are impulsive,
which exacerbates their addiction to SNS [49]. Based on the foregoing theoretical review, the following
hypothesis is stated.

Hypothesis 5 (H5). The direct effect of social exclusion on Facebook addiction is contingent on narcissistic
grandiosity such that the effect is stronger in those who are high in narcissistic grandiosity.

2.6. The Research Model

The current study aims to examine the association between social exclusion and Facebook
addiction. The research model derived from the findings of the literature review is based on the
following assumptions: (1) a positive association exists between social exclusion as predictor variable
(X) and Facebook addiction as the dependent variable (Y); (2) this association is mediated by positive
surveillance use as mediator variable (M); and (3) grandiosity as moderator variable (W) moderates the
direct associations hypothesized, and associations are stronger in individuals with higher grandiosity.

3. Materials and Methods

3.1. Participants and Procedure

Upon their agreement to participate in the study, the participants were informed that they
would be asked to discuss their personal experiences regarding Facebook. No conflicts of interest
were reported in the current study. The participants recruited from CrowdFlower (Figure eight, San
Francisco, USA), a crowdsourcing data collection platform, completed the survey (Mean age = 32.64,
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Standard Deviation (SD) = 23.16; females = 60.6%; n = 188). The area of data collection was limited to
inside the United States. The average survey completion time was 3.51 min (SD = 3.07). The online
introduction explained the policy on privacy protection to all participants before the survey began. The
survey introduction described the monetary reward, and after completing the survey, the participants
were paid through virtual accounts. All procedures followed were in accordance with the ethical
standards of the responsible institutional committee on human experimentation.

3.2. Measures

A 26-item, English-language survey was designed using Qualtrics.com (https://www.qualtrics.
com). Before they answered the questions, the survey asked the participants to recall a real interaction
with a Facebook friend, such as a romantic partner, co-worker, colleague, virtual friend, etc., whom we
named ‘X’. While the participants were recalling the relationship with ‘X’, they indicated the extent of
their social exclusion from X, the extent of their use of Facebook for surveillance and the extent of their
Facebook addiction. They then checked whether they had the propensity for narcissistic grandiosity
(see the Appendix A). Finally, the participants marked gender and age according to their demographic.

Unless otherwise indicated, the measures are based on a 7-point Likert-type scale
(1 = strongly disagree, 7 = strongly agree). Social exclusion was measured using four of the six items
on the Perceived Risk of Exclusion Scale [50]. Because the two excluded items were assumed to
concern social exclusions offline, they were not suitable for the study of social exclusion on Facebook.
An example is “I wonder if X might try to avoid me”. The participants responded on scales regarding
the extent to which the Facebook user perceived the possible risk of exclusion and avoidance by
the Facebook friend. The items were summed (Cronbach’s o = 0.921). Facebook surveillance was
measured using four items [51]. These items were selected to assess the extent to which the participants
agreed with the behaviors of paying attention to and monitoring the Facebook friend. An example of
an item is “I view this person’s profile to monitor his/her interactions and watch out for his/her best
interests”. The participant’s responses were averaged (Cronbach’s « = 0.725). Facebook addiction
was measured with six items [19]. These items assess addiction in SNS use. An example is “Since I
have been on Facebook my grades/success on work have deteriorated/my performance at work is
worse”. The participants’ responses were averaged (Cronbach’s « = 0.867). Narcissistic grandiosity
was assessed by ten items. These items were used to measure the degree of the propensity for grandiose
exhibition according to the Narcissistic Personality Inventory [52], the standard measure of subclinical
narcissistic traits. An example is “I really like to be center of attention”. The participants responded on
a scale ranging from 1 = “Not at all like me” to 7 = “Very much like me”. Higher scores indicated
higher narcissistic grandiosity. The summed items showed good reliability (o = 0.921). Additionally,
factor analysis was performed by applying varimax rotation to confirm the validity of the measure.
In the results, the set of four factors accounted for 65.348% of the variance. The factor loading of the
items ranged from 0.505 to 0.811, and all the items used had acceptable validity.

3.3. Statistical Analyses

The hypotheses were tested using model 5 in PROCESS macro [53], which allows statistical direct,
indirect, and conditional direct effects to be assessed simultaneously. In testing the indirect effect of X
on 'Y through M, the conditional direct effect of W was accounted for; furthermore, the conditional
direct effect of W on the relationship between X and Y was tested while controlling for M. To test the
indirect effects, 5000 bootstrapped resamples were used which generated a bias correction of 95% and
adjusted confidence intervals (CI). The ClIs that excluded zero demonstrated a statistically significant
indirect effect. The two indirect effects were tested simultaneously using the same model that was used
to test the conditional direct effect. To test the conditional direct effects, the predictor and moderator
variables were mean-centered, and the significant conditional direct effects were decomposed by
plotting the slopes at +1 standard deviation [54].

77



Int. J. Environ. Res. Public Health 2019, 16, 3813

4. Results

4.1. Preliminary Analyses

First, all the main study variables were tested for non-normality. = All measures of
skewness (—0.242 to 1.213) and kurtosis (—1.827 to 0.942) were below the cutoff of satisfaction.
Second, Mahalanobis distance was used to check for multivariate outliers in the main study variables.
Because no participant was found to be a multivariate outlier, the final study sample was 188 participants.
Lastly, to decide what, if any, demographic control variables to include in the model testing, the bivariate
correlations between the study variables and the demographic characteristics (for age and gender)
were examined. The correlations were based on the demographic variable and the study variables.
Therefore, age and gender were included as a control variable in all subsequent analyses. The means,
standard deviations, and bivariate correlations of the study variables used in the analysis are shown in
Table 1. All study variables were intercorrelated in the predicted directions.

Table 1. Means, standard deviations, correlations, and alpha reliabilities ? for variables.

Variables M SD 1 2 3 4

Social Exclusion 3545 1.612 (0.921)
Surveillance Use 4.026 1.273 0.328 ** (0.752)
Facebook Addiction  2.756 1434  0.515** 0.455 ** (0.867)
Grandiosity 3131 1333  0.405* 0421*  0.610*  (0.921)

Note: * on diagonal in parentheses, ** p < 0.01.

4.2. Testing the Research Model

The results showing the unstandardized regression coefficients are presented in Figure 1.
This study first hypothesized that social exclusion is positively associated with Facebook addiction
(H1). Figure 1 shows that social exclusion and Facebook addiction were indeed significantly and
positively related, indicating that as social exclusion increased, so did Facebook addiction (B = 0.237,
t=4.508, p < 0.001, CI[0.133, 0.341]. Thus, H1 was supported. Next, social exclusion was positively
associated with surveillance use (B = 0.259, t = 4.524, p < 0.01, 95% CI = [0.146, 0.371]). Thus, H2 was
supported. In addition, surveillance use was positively associated with Facebook addiction (B = 0.211,
t =3.160, p < 0.01, 95% CI = [0.079, 0.342]). Thus, H3 was supported. This study predicted that
the mediation model of social exclusion would be related to Facebook addictive tendencies through
Facebook surveillance use (H4). The results showed that the indirect effect of social exclusion on
Facebook addiction through Facebook surveillance use was significant (B = 0.054, CI [0.020, 0.113]).
That is, when Facebook users reported higher levels of social exclusion, they also reported higher levels
of Facebook surveillance use. Similarly, as Facebook surveillance use increased, Facebook addiction
also increased. Thus, H4 was supported.

Lastly, this study hypothesized the conditional direct effect of narcissistic grandiosity on the
relationship between social exclusion and Facebook addiction (H5). The results revealed that narcissistic
grandiosity significantly moderated the relationship between social exclusion and Facebook addiction
(B =10.079, t = 2.526, p = 0.012, CI [0.017, 0.140]). Figure 2 illustrates this interaction, showing that
there were differences between Facebook addiction at high levels of narcissistic grandiosity, at medium
levels of narcissistic grandiosity, and at low levels of narcissistic grandiosity, Facebook users reported
the highest levels of Facebook addiction when they also reported high levels of social exclusion.
Thus, H5 was supported (see Table 2).
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Figure 1. The indirect effect of surveillance use modeling and the conditional direct effect of narcissistic
grandiosity on the relationship between social exclusion and Facebook addiction.
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Figure 2. The conditional direct effect of narcissistic grandiosity on social exclusion and Facebook addiction.

Table 2. Conditional direct association of social exclusion on Facebook addiction (N = 188).

Narcissistic Grandiosity ~ Effect (Slope for Social Exclusion) SE t P LLCI ULCI
Low (1.8) 0.131 0.064 2073 0.040 0.006 0.257
Medium (3.13) 0.237 0.053 4508 <0.001 0.133 0.341
High (4.46) 0.342 0.070  4.865 <0.001 0.203 0.481

Note: SE (Standard Error), LLCI & ULCI (Low and Upper Levels for Confidence Interval).

5. Discussion

The theoretical contributions of this research are as follows. This study elaborated an earlier study
of Filipkowski and Smyth [5] that confirmed that the effects of online social exclusion on anxiety and
emotions were as harmful as social exclusion in personal communication. This result of the present
study indicated that the recent phenomenon of social exclusion on SNSs, which is highly common,
can lead to surveillance behaviors and result in addiction.

79



Int. J. Environ. Res. Public Health 2019, 16, 3813

The mediational role of surveillance use can be explained by the social connection theory and the
environmental characteristics provided by Facebook. According to the social connection theory [55],
social exclusion means that the need of social connection is not met. The loss of an SNS relationship
increases the stress regarding social exclusion and further immerses the user in SNS use [56]. From an
evolutionary perspective, humans have a basic need to attend to resources that provide social
connections and satisfy the affiliation motivation [14,57]. On Facebook, user-generated content is
stored through various forms, such as location data, status and mood messages, comments to profiles,
videos, and pictures [58]. These resources facilitate surveillance and may also be linked to Facebook
addiction behaviors.

The present research refers to a negative aspect of SNS use, but other studies assert that the use of
social resources through SNSs can improve user well-being [59,60]. Authentic behavior showing true
self-presentation on an SNS can act as a predictor of well-being to enhance the longitudinal health of the
user. However, it may not offer appropriate social capital, such as social support, to a person in a low
state of well-being due to positivity bias in SNS communication [61]. The narcissistic tendencies this
study examines as individual differences are characteristics found in SNS personalities [62], and also
narcissistic tendencies are those of a disagreeable extrovert [63]. Therefore, narcissists who do not
communicate through their true selves may attempt to pursue relational interests because they do not
receive sufficient social support in SNSs where positive bias occurs. In this situation, the previous
research on cyber-ostracism related to narcissism focused on aggression as a maladaptive behavior
caused by social exclusion [4]. These results of the present study demonstrated that the higher the
level of narcissistic grandiosity is, the more severe the Facebook addiction is as another form of
maladaptive behavior.

The present study has several limitations that may serve as directions for future research.
First, this research did not distinguish among the types of social exclusion and relationships
(e.g., romantic partners, co-workers, colleagues, and virtual friends) on Facebook. The typical
Facebook friends recalled in the survey comprised heterogeneous groups that differed in the strength
of their ties, intimacy, and emotional bonding [64]. Distinguishing these friend groups can produce
different results. For example, information processing differs according to whether the social exclusion
is caused by collective rejection or dyadic rejection [6]. This distinction could also influence Facebook
addiction, so it would be meaningful to distinguish the types of rejection that cause social exclusion.
In addition, the intensity of the relationships between romantic partners, coworkers and virtual friends
differed. For example, according to the relationship type, social exclusion may result in different
anti-social behaviors. Offensive behavior due to social exclusion is more frequent in easily replaced
relationships than close relationships [65]. For example, in the case of strong ties (e.g., romantic partners)
facing increased relational uncertainty, surveillance can be pursued as negative maintenance of romantic
partnerships [66]. Meanwhile, the weak ties among some acquaintances (e.g., work colleagues) may
benefit more from direct interactions. Thus, under weak ties, Facebook surveillance in social exclusion
can be intensified [64]. Therefore, in the present study, the intensity of the relationship could have
affected the causal relationship between the research variables. However, this study did not consider
social exclusion and the correlations arising from different type of relationships because it evaluated
various relationship types simultaneously in the survey condition. Therefore, in future research,
the differences in the indirect effects of surveillance use should be distinguished in the relation with
social exclusion and Facebook addiction depending on the type of relationship.

Second, demographic variables including individual differences were not used to confirm the
correlations in the model, but future research should introduce them as crucial variables. Individuals
have different reactions to social exclusion. For example, individuals with feelings of loneliness
or a high need for social belonging are likely to monitor social information [27]. Those in closed
romantic relationships might seek information about ex-partners through Facebook surveillance to
reduce relational uncertainty, which causes emotional distress [67]. Thus, to deeply understand the
specific personal relationship situations (e.g., romantic break-ups) that affect Facebook surveillance
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use and addiction, the current research model should reflect the characteristics of the users” networks.
For example, do other users in Facebook users’ networks actively use SNS in terms of the generation?
Are there gender differences in responses to relational problems? The results suggested that
females respond more negatively than males to interpersonal stressors such as social exclusion [68].
How important are the formation and dissolution of relationships in the life cycle as marital status
varies by individual choice? After all, users’ personal characteristics can affect their Facebook networks.
To increase the validity of this research model, therefore, it is necessary to follow changes in the
relationships between the variables by including individual difference variables.

Third, attention should be paid to the interpretation of the narcissistic personal trait, which serves
as amoderating variable in this study. This study used narcissistic grandiosity to measure the subclinical
narcissistic trait rather than the index to evaluate narcissistic personality disorder. These items used
by Gentile et al. [69] reflect the tendency of college students to show more narcissistic personal traits
than morbidity than did those of previous decade and also limit the ability of the results to track
Facebook usage patterns. Even considering narcissistic tendencies as a minor trait, the amount of time
a user takes editing on Facebook before intentionally showing themselves [69] could affect the use
of Facebook. In the DSM-5 [70], histrionic personality and narcissistic personality overlap in their
pursuit of attention and focus on impression management. In this study, the narcissistic tendencies are
framed by emphasis on self-enhancement based on grandiose gestures. On the other hand, research on
histrionic disorder tendencies on SNSs explores behavior such as exaggeration of the attractiveness of
the selfie [71]. However, there is also a study that defines a focus on selfies as narcissistic behavior [72].
Therefore, it is necessary for future SNS-user research to more clearly discuss differences between the
behaviors exhibited by the users with these disorders.

Fourth, to generalize the research results, it is necessary to attempt to reduce future sampling
errors. First of all, the number of samples should be increased. Fewer samples were used compared
with the items used. Attention, therefore, should be paid to the interpretation of the results. As
the sample size decreases, the standard deviation may increase, resulting in less accurate results
and a non-response bias as some subjects might not be able to complete the survey. Additionally,
if, in a small sample, only those interested in a topic participate in a survey, voluntary response bias
occurs, increasing the chances of skewness in the responses [73]. Future studies, therefore, should have
more survey participants to be able to generalize the measurement model. Also, this study validated
the model limited to Facebook. To generalize the research results, it is necessary to confirm them by
collecting variables from various SNS platforms.

Fifth, the constructs of the study were dependent on self-reported data, which are prone to
bias [74]. Hence, future researchers are encouraged to employ objective measures to collect data from
various sources to strengthen the reliability of the findings.

6. Conclusions

The purpose of this study was to identify the mediation role of surveillance use and the moderating
effect of narcissistic grandiosity in the relationship between social exclusion and Facebook addiction. The
study yielded several important findings, which have the following implications. First, social exclusion
in Facebook is positively associated with Facebook addiction. Second, when social exclusion occurs on
Facebook, the higher the degree of narcissistic grandiosity is, the stronger the Facebook addiction is.
Third, when social exclusion is a factor that promotes Facebook addiction, surveillance use plays a
mediating role to monitor social information between social exclusion and addiction.
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Appendix A
Social exclusion

I sometimes feel as though X might ignore me.

I'wonder if X might try to avoid me.

I suspect I might be shut out of conversation by X.

I think it is possible that X might treat me as if I am not there.

Surveillance use of Facebook

I view X’s Facebook profile to monitor his/her interactions and watch out for his/her best interests.

I feel like monitoring X’s Facebook page is sufficient to maintain this relationship.

I pay attention to X’s Facebook updates as a way to know what he/she is doing w/o actually paying
attention to him/her.

I pay attention to X’s Facebook updates when I am scrolling through the newsfeed so I feel up-to-date
on his/her life.

Facebook addiction

Since I have been on Facebook my grades/success on work have deteriorated/my performance at work
is worse.

It happens to me that I sleep much less than usually because I stay longer with Facebook.

Sometimes I have an impression that I live two lives: one private and another virtual.

I would rather spend an afternoon and/or evening on Facebook than devote that time to any
other activities.

I'have better time with people that I have met over Facebook than with those that I know in person.
I fear that I might meet some of my virtual Facebook friends in real life.

Narcissistic grandiosity

I know that I am good because everybody keeps telling me so.

I'like to be the center of attention.

I like to display my body.

I like to look at my body.

I am apt to show off if I get the chance.

I like to be complimented.

I like to start new fads and fashions.

I like to look at myself in the mirror.

I really like to be the center of attention.

I get upset when people don’t notice how Ilook when I go out in public.
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Abstract: Background: No comparative data is available to report on the effect of online self-exclusion.
The aim of this study was to assess the effect of self-exclusion in online poker gambling as compared
to matched controls, after the end of the self-exclusion period. Methods: We included all gamblers who
were first-time self-excluders over a 7-year period (1 = 4887) on a poker website, and gamblers matched
for gender, age and account duration (n = 4451). We report the effects over time of self-exclusion after it
ended, on money (net losses) and time spent (session duration) using an analysis of variance procedure
between mixed models with and without the interaction of time and self-exclusion. Analyzes were
performed on the whole sample, on the sub-groups that were the most heavily involved in terms
of time or money (higher quartiles) and among short-duration self-excluders (<3 months). Results:
Significant effects of self-exclusion and short-duration self-exclusion were found for money and time
spent over 12 months. Among the gamblers that were the most heavily involved financially, no
significant effect on the amount spent was found. Among the gamblers who were the most heavily
involved in terms of time, a significant effect was found on time spent. Short-duration self-exclusions
showed no significant effect on the most heavily involved gamblers. Conclusions: Self-exclusion seems
efficient in the long term. However, the effect on money spent of self-exclusions and of short-duration
self-exclusions should be further explored among the most heavily involved gamblers.

Keywords: online gambling; self-exclusion; responsible gambling; comparative study; poker

1. Introduction

Harmful gambling behaviors are widespread and treatment-seeking is still very low among
problem gamblers. Self-exclusion processes could be seen as an accessible tool for problem gamblers
who are not ready to seek treatment. In France, gamblers can apply for online self-exclusion per
website, for the length of their choice from one week to three years. During this period, they cannot
access their gambling account on the website and receive no commercial offer from the gambling
service provider. At the end of the period, they can gamble back on the website with no additional
procedure. No help is provided nor any counselling during the self-exclusion period.

Int. ]. Environ. Res. Public Health 2019, 16, 4399; doi:10.3390/ijef{fh16224399 www.mdpi.com/journal/ijerph
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It has been consistently demonstrated that most self-excluders were indeed heavy gamblers and
probably problem gamblers [1,2]. A recent meta-analysis describing gamblers who self-excluded
highlighted that this tool, perceived as one of the main "responsible gambling" tools, is still considerably
under-used [3]. Main barriers for self-exclusion has been described: complicated enrollment processes,
lack of complete exclusion from all venues, little support from venue staff, and lack of adequate
information on self-exclusion programs. The proportion of self-excluders could be particularly low
among problem internet gamblers [4]. Regulators have reached the conclusion that this tool should be
promoted to increase its use. Promoting the use of a potentially therapeutic tool needs to rely on robust
efficacy data and not only on empirical data or mere common sense. A recent systematic review of
the literature demonstrated that the impact of responsible gambling tools is still poorly supported by
scientific evidence [5]. In particular, efficacy data for the effect of self-exclusion on gambling behaviors
remains scarce [5]: several studies have shown reduced gambling after a self-exclusion period on
both online and offline environments, with variable durations of follow-up, sometimes including the
self-exclusion period itself [1,6,7]. Follow-up after online self-exclusion has been reported in only
two studies [7,8]. The first one included a limited sample of 20 gamblers, with no control group, and
assessed psychosocial outcomes [8]. The other one reported that the majority of online self-excluders
returned to gambling after the self-exclusion period expired (1 = 1996) [7], and that most of them
self-excluded a second time, after another period of more intensive gambling than the first [1]. Only
one study has reported follow-up data from matched controls with a comparative research design
(n = 86) [5]. One study reported that gambling outcomes did not differ between self-exclusion alone
vs self-exclusion combined with counseling or counseling only [9]. No study has reported efficacy
data on spontaneous voluntary self-exclusion as compared to no intervention (i.e., no self-exclusion).
One experimental study randomized volunteering problem gamblers (but not pathological gamblers,
who were excluded) to either a very short 7-day period of self-exclusion or no self-exclusion [10].
The authors reported no significant between-group differences in terms of changes regarding money
and time spent gambling at two months.

Skills are important in poker gambling and poker gamblers have been demonstrated to have
particular thoughts about their own gambling behavior and to be particularly sensitive to feedbacks
on their own practice [11]. Illusion of control could be high in poker gamblers [12] and perception of
their own skills could be amplified [13]. The prevalence of problem gambling among online poker
gamblers is particularly high, consistently reported between 15% and 20% of active gamblers [14,15].
Several factors predicting excessive gambling in poker gamblers were identified: stress, internal
attribution, dissociation, boredom, negative emotions, irrational beliefs, anxiety, and impulsivity [16],
lower performance in the emotional intelligence competences (Emotional Quotient inventory Short)
and, in particular, those grouped in the Intrapersonal scale (emotional self-awareness, assertiveness,
self-regard, independence and self-actualization). Classical financial moderators’ relevance have been
consistently discussed in poker gambling as financial involvement of problem gamblers can be very
low and time involved is critical to take into account [14]. No time moderator is mandatory for online
gamblers in France [17]. Self-exclusion could then be one of the most relevant tools currently available
for poker online gamblers in France. Poker gamblers are then a particularly interesting population to
study to assess the efficacy of self-exclusion.

The aim of the present study was to document the long-term effects of self-exclusion from a
poker website as compared to no self-exclusion, using matched controls. Our hypothesis was that
self-exclusion would have an effect on time and money spent after the exclusion ended compared to
no self-exclusion.
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2. Methods

2.1. Population

We included all gamblers who self-excluded for the first time over a 7-year period from June 2010
up to October 2016 (1 = 4887) on a poker website, Winamax ®, and1:1 matched gamblers who had
never self-excluded up to the time of data collection, matched for gender, age and account duration
automatically extracted from the account database following a structured query language (SQL) request.
For technical reasons we could not match gamblers for the level of gambling involvement in terms of
money/time, which were constructed variables not available from the SQL database. From the matched
control group, we removed doubloons where one and the same gambler was matched to several
self-excluders (n= 436). In France, self-exclusion is a voluntary process; its duration is fixed by the
player from 1 day up to a maximum of 3 years. At the end of the self-exclusion period, the gamblers
are notified by email by the provider, and they are then allowed to gamble again on the platform
without any additional procedure. At no point during the self-exclusion process is guidance or any
kind of help offered. Self-exclusion prevents the gambler from any kind of gambling activity on the
website during the chosen period of time.

2.2. Measures

We collected data retrospectively from different prospective databases systematically recorded by
the gambling service provider: (a) Gambler data: self-excluders’ basic demographics (gender, age, date
of opening of the account), characteristics of self-exclusions (date, duration) and detailed gambling
variables in the month prior to self-exclusion: cash game winnings, prize amounts for tournaments,
buy-in-plus-rake for tournaments, session characteristics (starting date, end date, duration). Sessions
were defined as gambling with no period under 10 min without action. This measure was based on our
clinical experience and on the information provided by the provider of no systematic disconnection
when leaving from the website or the application on wireless devices especially. This measure was
built on the experience of difficulty in extracting and interpretation of sessions duration when taking
into account connection time only in a previous study [14]. We chose to explore 4-week periods
because most employed people in France receive their income once a month. It is therefore important
to capture at least 4 weeks per period to avoid any artificially enhanced gambling activity resulting
from a possible effect following receipt of income.

Money and time spent in the preceding 4 weeks were the 2 outcomes of interest and were defined
as follows: (a): time spent was obtained by summing all session durations in the last 4 weeks. Session
duration was obtained by subtracting session end date from session starting date. Money spent in the
last 4 weeks was defined as the net losses in the previous 4 weeks, obtained from all cash game and
tournament gambling data at table level for players using real money. Table net loss was obtained
from the reverse of winnings. Winnings were computed from table data (cash game winnings + prize
amount for tournaments-buy-in-plus-rake for tournaments). Account-duration was defined as the time
between opening the account on the website and the self-exclusion date, or the self-exclusion date of the
matched self-excluders for matched gamblers. Money and time spent in the last 4 weeks on poker on the
website were calculated at the self-exclusion date (or self-exclusion date of the matched self-excluders
for matched gamblers), and at 3, 4, 6 and 12 months after the end of the self-exclusion period (or after
self-exclusion date of the matched self-excluders for matched gamblers). We intentionally took the
12 months period after the end of the self-exclusion period into account to explore any possible changes
in patterns over time when gambling was again accessible on the website, the self-exclusion period
itself being of no interest for the variables studied, since gamblers were prevented from gambling.
There was no missing data.
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2.3. Sub-Groups

As we could not match our sample for gambling involvement, we chose to additionally analyze
subgroups with similar levels of involvement in terms of money and time. Sub-groups of the gamblers
who were the most heavily involved were defined as follows: gamblers from the highest quartile for
amounts of money/time spent in the last 4 weeks, respectively >170 €/23 hours. In this sub-group
analysis, the matching ratio of 1:1 could not be maintained, and gamblers could no longer be matched
on age, sex and account duration. However, the mean age and the proportion of males remained very
close across groups: 32.13 years (sd = 9.68) and 86% male among the self-excluders who were the most
heavily involved in terms of money (1 = 2265) vs 33.08 years (sd = 10.15) and 86% male among the
gamblers who were the most heavily involved in money in the matched group (n = 79) and 32.05 years
(sd=9.74) and 87% male among the self-excluders who were the most heavily involved in terms of
time (n = 2150) vs 32.73 years (sd = 9.72) and 86% male among the gamblers in the matched group who
were the most heavily involved in terms of time (1 = 185).

Short-duration self-exclusion was defined as <90 days (1 = 1460). In this group, money and time
spent in the last 4 weeks were collected at 4, 6 and 12 months after the start of self-exclusion.

2.4. Statistical Analysis

The money and time spent over 12 months after the end of the self-exclusion period were analyzed
using a mixed model with the subjects as a random effect. The fixed effects were self-exclusion, time as
a categorical variable, and their interaction. This interaction of self-exclusion and time provides a test
for the null hypothesis that “the reduction in money/time spent over the 12 months after the end of
the self-exclusion would not be different between the two groups”: we report here only the p-value
of the ANalysis Of Variance (ANOVA) between the mixed models with and without the interaction
(i.e., the “null” model), which is in accordance with our hypothesis, testing for an effect of self-exclusion
on time/ money spent at any time point over the 12 months. A significant interaction effect means
that there are significant differences between groups and over time. In other words, the change in
scores over time is different depending on group membership. Analyzes were performed on the
whole sample, on the sub-groups with the greatest time or money involvement and on short-duration
self-excluders. As sample sizes were smaller in the subgroups of gamblers who were the most heavily
involved and led to a lack of power, we completed our analysis with the calculation of effect sizes for
self-exclusion at 12 months in these subgroups. We use the Morris d, which is a standardized measure
of effect size suitable for groups with unequal sample sizes within a pre-post-control design [18].
Additionally, we calculated the effect size for short self-exclusions (< 90 days) at month 12 after
self-exclusion among the gamblers who were the most heavily involved (respectively in terms of
money / time, self-excluders and matched: n = 683 and 18/n = 665 and 35).The strength of the effect
sizes was determined using descriptors of magnitudes of d = 0.01 to 2.0, as initially suggested by Cohen
and expanded by Sawilowsky [19].

All tests were 2-sided and performed with R software V3.5.1. (R core Team, free collaborative
software).

2.5. Ethics

Gamblers were informed of, and consented to, personal and gambling data collection and analysis
in the general conditions of use when opening an account on the website. Data collection and analysis
by Winamax were authorized by the “Comité National Informatique et Libertés” (CNIL) and registered
with CNIL declaration n® 1430126, which allows the analysis of the routinely recorded data for public
health purposes.

The study respected the STrengthening the Reporting of OBservational studies in Epidemiology
(STROBE) statement checklist items [20].
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3. Results

3.1. Matched Gamblers

The matched gamblers were aged 31.5 (sd = 9.5) on average and predominantly male (87%).
Money/time spent by the matched gamblers in the preceding 4 weeks amounted to 12.9€ (sd = 145.5)/
3.5h (sd = 12.9) on average before the self-exclusion day of their matched self-excluders, and 4.2€
(sd = 72.5)/ 1.3h (sd = 7.2) at12 months after the end of the self-exclusion period of their matched
self-excluders. Account age was 322.33 days on average (sd = 445.83).

3.2. Self-Excluders

The characteristics of the first-time self-excluders and short-duration first-time self-excluders
are presented in Table 1. The self-excluders were aged 31 on average and predominantly male.
The short-duration first-time self-excluders amounted to 30% of all first-time self-excluders over the
7 years. Money/time spent by self-excluders in the last 4 weeks was 398.5€ (sd = 1221.4)/ 32.8h (sd
= 40.1) before self-exclusion, and 32.3€ (sd= 386.6)/6.3h (sd = 20.0) at12 months after the end of the
self-exclusion period. The mean length of self-exclusion was 614 days (sd = 499). Short-duration
first-time self-excluders were younger and had a greater financial and time involvement in gambling;
their account was one month older on average than in the overall sample.

Table 1. Characteristics of first-time self-excluders, and short-duration first-time self-excluders subgroup.

L. All 1%t Self-Exclusions ~ Short Self-Exclusions
Characteristics

n = 4887 n = 1460
Account age (days), mean (sd) 272.4 (407.1) 307.59 (415.63)
Age (years), mean (sd) 31.4 (9.6) 30.48 (9.21)
Gender(male), n(%) 4252 (87.0) 1270 (87.99)
Money spent in the last 4 weeks before
self-exclusion (€), mean (sd) 398.5 (1221.4) 445.96 (1350.21)
Time spent in thg last 4 weeks before 1969.8 (2406.0) 27913 (2706.4)
self-exclusion (minutes), mean (sd)
Self-exclusion period duration, days, mean (sd) 614.0(499.0) 32.0 (23.0)

3.3. Effects of Self-Exclusion over 12 Months after the End of the Self-Exclusion Period

A significant effect of self-exclusion was found for money and time spent over the 12 months after
the end of the self-exclusion period (p-value for both models < 2.2e-16) using mixed models with a
subject random effect (Figure 1).

3.4. Effect of Self-Exclusion over 12 Months after the End of the Self-Exclusion Period among the Most Heavily
Involved Gamblers

The average amount of money spent in the four weeks before and after the self-exclusion period
among the gamblers who were the most heavily involved in terms of money, among self-excluders (n =
2255) and in the matched group (n = 79) are shown in Figure 2. No significant effect of self-exclusions
was found on the amounts of money spent (p = 0.072) and the effect size was very small (d = 0.18).

The average amount of time spent in the 4 weeks before and after the self-exclusion period among
the gamblers who were the most heavily involved in terms of time among self-excluders (n = 2150)
and in the matched group (n = 185) are shown in Figure 3. A significant effect of self-exclusion was
found for time spent (p < 2.2e—16) and the effect size was small (d = 0.34).
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Figure 1. Evolution of money/time spent in the last 4 weeks (€/hours) at baseline and after the end of
self-exclusion period (n = 4887 and n = 4451). (* = p-value < 0.05—ANOVA between the mixed model
with and the null model without the interaction of self-exclusion X time).
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Figure 2. Evolution of money spent (net loss) in the last 4 weeks before and after the self-exclusion
period among the gamblers who were the most heavily involved in terms of money (1 = 2255 and 79
respectively for the self-excluders and the control group of matched gamblers) and time (1 = 2150 and
185 respectively for the self-excluders and the control group of matched gamblers) (* = p-value < 0.05
—ANOVA between the mixed model with and the null model without the interaction of self-exclusion
X time). (* = p-value < 0.05 - ANOVA between the mixed model with and the null model without the
interaction of self-exclusion X time).

3.5. Short Self-Exclusions

Significant effect of short self-exclusion was found for money and time spent over the 12 months
after a short self-exclusion (p-value in both models <2.2e-16) using mixed models with a subject
random effect (Figure 3).

No significant effect of short self-exclusions was found on money/ time spent gambling among
the gamblers who were the most heavily involved in terms of money/time (respective p-values = 0.873
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and 0.491) (Figure 4) but the sizes of the control groups were very small (respectively n = 683 vs 18,
and 1 = 665 vs 35). The effect size was very small for money spent (d = 0.17), and negative and below
the very small level for time spent (d = —0.09).
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Figure 3. Evolution of money / time spent in the last 4 weeks (€/hours) before and after a short
self-exclusion (n = 1460 and 1333). (* = p-value < 0.05—ANOVA between the mixed model with and
the null model without the interaction of self-exclusion X time).
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Figure 4. Evolution of money spent (net loss) in the last 4 weeks before and after a short self-exclusion
among the gamblers who were the most heavily involved in terms of money (1 = 683 and 18 respectively
for the self-excluders and the control group of matched gamblers) and in terms of time (n = 665
and 35 respectively for the self-excluders and the control group of matched gamblers). (* = p-value
< 0.05—ANOVA between the mixed model with and the null model without the interaction of
self-exclusion X time).
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4. Discussion

This is the first real life study, reporting comparative follow-up data on voluntary self-exclusion
on the initiative of gamblers and including non-self-selected gamblers. This retrospective study
analyzed prospectively registered account -based gambling data. The aim was to assess the efficacy of
self-exclusion in the long term in term of time and money involvement.

The analysis of account-based gambling data for all first-time self-excluders on a website over
7 years confirmed the efficacy of self-exclusion on gambling outcomes in the long term. The
exhaustiveness of this data is a strength that ensures representativeness and power for the statistical
analyzes. However, the effect of self-exclusion among the most heavily involved gamblers was found
only for the time spent, and not for the money spent, despite a very high level of expenditure before
self-exclusion in this subgroup [14]. One important piece of information here is the spontaneous
decrease in gambling involvement among gamblers who were the most heavily involved and who
did not self-exclude. This result is congruent with a high rate of spontaneous remissions observed in
gambling disorder [21]. This result shows the need to provide comparative data, more informative
than a tool that is de facto considered to be efficient and promoted by the regulatory authorities [17].
Another interpretation of this decrease among heavy gamblers who did not self-exclude is that the
gamblers were not randomized here, and could have chosen to self-exclude if they lacked confidence
in their ability to bring about a change in their gambling without an external constraint such as
self-exclusion, the reverse being true for non-self-excluders. The efficacy of short self-exclusions
among the most heavily involved gamblers was not supported by our data. This is in line with recent
experimental data among problem gamblers suggesting no efficacy of very short self-exclusions on
gambling outcomes [10]. Another qualitative study reported a preferred duration to ensure efficacy of
12 months from the perspective of problem gamblers who self-excluded [22].

This study presents some important limitations. First, we included only poker gamblers. As
discussed in the introduction, poker gamblers present particular cognitive profiles. Moreover, online
poker gamblers are younger than other gamblers [4,12], and their history of gambling and associated
damages could differ, as well as their motivation to change. The presented results could reflect some of
these particularities and not be true in other gambling activities. No data was available on gambling
on other online or offline gambling service providers. Gamblers could have just switched from one
website to another during the exclusion period. However, all follow-up data reported here concerns
gambling after the end of the exclusion period. Gamblers can gamble back on the website after this
period and are commercially encouraged and sometimes offered incentives to do so. Moreover, we
have already documented in another study that most gamblers return to the initial website to gamble
after a self-exclusion [1]. On the other hand, as gambling is regulated in France, gamblers have
to provide their Identity Card when opening an account; this measure theoretically prevents from
gambling from an account opened under a false identity. The gambling profiles observed are still
informative as such, even if not representative of all gambling activities. The use of account-based
gambling data is a strength of the study because it enables objective data to be reported. However,
it would be interesting to document the effect of self-exclusion on non-gambling outcomes, such as
quality of life. No formal diagnosis of gambling disorder and no information on mental disorders or
comorbidities were available. We could not, for technical reasons, match the gamblers for the level of
gambling involvement in terms of time and money. Our statistical analysis allows for comparisons
between the groups by adjusting the mixed model on the subject, which takes into account all subject
characteristics including gambling involvement; however, it does not replace a control group with
similar involvement in gambling in term of time and money spent. In addition, self-excluders could be
different from non-self-excluders in term of the degree of motivation to change, as self-exclusion is
a voluntary process in France. Finally, the naturalistic and ecological design of this study of course
prevented any randomization process. We therefore report here results on the effect of self-exclusion
rather than on efficacy. Further studies could inform on possible response factors to self-exclusion. No
information was available on the health care resources used by the gamblers included.
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5. Conclusions

Self-exclusion seems efficient in the long term (i.e., 12 months after the end of the self-exclusion
period). However, the effects on money spent as a result of self-exclusion or short self-exclusion
should be further explored among the online poker gamblers who are the most heavily involved.
A spontaneous, clinically-relevant decrease in gambling activities was demonstrated among most
involved gamblers who did not self-exclude. Further study with a randomized design and
non-gambling outcomes should be conducted to conclude robustly on the efficacy of short and
long self-exclusions in problem gambling, and on response factors.
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Abstract: Individual characteristics, family- and school-related variables, and environmental variables
have equal importance in understanding Internet addiction. Most previous studies on Internet
addiction have focused on individual factors; those that considered environmental influence typically
only examined the proximal environment. Effective prevention and intervention of Internet addiction
require a framework that integrates individual- and environmental-level factors. This study examined
the relationships between personal factors, family/school factors, perceived Internet characteristics,
and environmental variables as they contribute to Internet addiction among adolescents based on the
public health model. A representative sample of 1628 junior high school students from 56 regions
in Seoul and Gyeonggi-do participated in the study via questionnaires with the cooperation of the
Ministry of Health and Welfare and the district office of education. The study analyzed psychological
factors, family cohesion, attitudes toward academic activities, Internet characteristics, accessibility to
PC cafés, and exposure to Internet game advertising. About 6% of the adolescents were categorized
as being in the severely addicted group. Between-group comparisons showed that the addicted
group had started using the Internet earlier; had higher levels of depression, compulsivity, and
aggressiveness as well as lower family cohesion; and reported higher accessibility to PC cafés and
exposure to Internet game advertising. Multiple logistic regression indicated that for adolescents,
environmental factors had a greater influence than family or school-related factors. Policy implications
for prevention and intervention are discussed.

Keywords: Internet addiction; public health model; Internet game advertising; accessibility;
environmental factors

1. Introduction

As Internet usage has rapidly increased, it has become a part of our lives and is both a medium
for providing a wealth of information and an important tool for connecting with others around
the globe [1]. The advent of smartphones and easy access to the Internet have brought about many
advantages. However, many people have developed concerns about such ease of access and social
networking, particularly for adolescents; one concern is Internet addiction. Although not a formal
diagnosis, Internet addiction is becoming widely accepted as a problem that may require professional
treatment [2]. There is a lack of consensus regarding the definition of Internet addiction, and the term
has been used in different studies with different connotations. In general, Internet addiction is defined
as excessive use of the Internet accompanied by withdrawal, tolerance, and negative repercussions [3].
For consistency reasons, we utilize the term Internet addiction throughout this paper to represent
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a pathological state that occurs due to Internet overuse. A school-based survey for 9th and 10th grade
students in seven European countries (Greece, Spain, Poland, Germany, Romania, the Netherlands,
and Iceland) revealed that 0.8% to 1.7% of the students were suspected to have Internet addiction
using Young’s Internet addiction test [4]. A meta-analysis that reviewed studies from 31 nations
reported that the global occurrence of Internet addiction was estimated at 6% [5]. However, higher
estimates of the problem have been reported in Korea. Reportedly, almost 100% of South Korean
adolescents are Internet users [6], and Internet addiction is a serious public health issue among Korean
adolescents [7,8]. According to a national survey, adolescents had the highest proportion of high-risk
Internet dependence (13.1%), followed by adults (5.8%), and then children (5.0%) [9]. Survey results
from different countries also reported that adolescents as a group are the most vulnerable to Internet
addiction [10]. Children and adolescents, having grown up in the digital technology era, have been
familiar with digital devices and the Internet from an early age. A typical 15-year-old in 2015 would
have been using the Internet since age 10 and the hours spent on the Internet is noticeably increasing
among Organization for Economic Co-operation and Development countries [11]. Research studies in
addiction have indicated that exposure to substance use at an earlier age increases the risk for addiction
and risky behaviors later in life [12,13]. This can also be said for Internet use at an early age, and
there is a concern that early access to electronic devices could lead to escalated risks for addiction [14].
Also of importance is the contents of the Internet. Different contents of the Internet affect young people
to engage in overuse of the Internet. For instance, Greenfield [15] suggests that the most addictive
aspects of the Internet are sexual content and computer gaming. Although these content areas are
not limited to the Internet, when these are accessed using the Internet, the addictive potential of the
contents are known to be amplified. A recent study also reported that people who frequently engage
in web surfing experience the same psychological effects as those who are hooked on gambling [16].

Mental health experts believe that Internet addiction may manifest the same troubling effects
as substance abuse or gambling disorders [17]. Internet addiction has been associated with various
physical and psychological problems, and Internet addiction mostly manifests in adolescents as social
withdrawal, loneliness, low motivation, and low educational performance [18].

Many studies have been conducted to identify the factors associated with Internet addiction.
Of these, a number of studies have documented personal risk factors, typically psychological
factors. These include depression [18-21], anxiety [20,21], aggression [22], impulsivity [23], and low
self-esteem [21,24]. Among many personal risk factors of Internet addiction, depression, aggression,
and impulsivity are of particular interest due to their association with other clinical subtypes. Depression
is related to emotional vulnerability or internalizing problems, and aggression and impulsivity are
related to externalizing problems such as attention deficit hyperactivity disorder, which are both
known to increase the risk for Internet addiction [25]. There is strong evidence that individuals
with higher levels of depression are more vulnerable to developing Internet addiction [19,26-29].
A recent longitudinal study also confirmed that depression is a positive predictor of adolescent
Internet addiction [30]. Some studies have identified aggression as a predictor of Internet addiction.
In a cross-sectional study of Lebanese adolescents, higher levels of aggression were associated with
a higher level of Internet addiction [27]. A similar pattern was witnessed for young people in Taiwan
and Korea [22,31]. Impulsivity is another psychological trait that is positively associated with Internet
addiction. Several studies have discussed the correlation between high impulsivity and Internet
addiction among adolescents [32,33], and a similar finding was reported among young people with
internet gaming disorder [34].

Some studies addressed the extent to which interpersonal variables contribute to Internet addiction.
They sought to explain Internet addiction in terms of interpersonal difficulties, and confirmed the role
of family- and school-related variables in relation to Internet addiction among adolescents. For instance,
conflict with parents, family functioning, and family resilience have been identified to influence Internet
addiction [35-37]. School-related variables such as teacher’s support and attitude toward school life are
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also associated with young people’s Internet addiction. This is especially true for Korean adolescents,
where there is enormous pressure for high academic achievement [38].

Another set of factors that has received relatively less attention is related to the characteristics
of the Internet and its influence on addictive behavior. Few studies explicate Internet addiction by
understanding what factors of the Internet enhance or reduce a user’s excessive form of use. Several
researchers have discussed the seductive and gratifying properties specific to the Internet that attract
users [39—-41]. They claim that certain properties of the Internet are associated with an elevated risk for
Internet addiction. For instance, Turkle [42] isolated two dimensions of the Internet that are seductive
to the Net generation: the pleasure of control and the perceived fluidity of identity [41]. Several other
seductive factors were identified such as self-presentation, diversion, relationship building, and virtual
community to name a few [40,41].

Most existing literature on Internet addiction has focused on individual and psychological factors
and the proximal environment such as family and peer groups. Extensive meta-analysis or systematic
review studies on risk factors of Internet addiction focused mainly on intrapersonal or interpersonal
variables [10,31,43], and social environmental factors have received relatively less attention. The studies
that have explored environmental factors mostly focused on the proximal environment such as
family- and school-related variables [36,38,44]. Only a few studies examined social factors or larger
environmental variables (such as exposure to advertisements and accessibility) as they contribute
to Internet addiction among young people [45-47]. For instance, in alcohol-related research, factors
such as availability of alcohol and exposure to alcohol are known environmental factors that influence
young people’s drinking behavior [48,49]. It is not difficult to assume that availability and accessibility
to the Internet may also affect Internet addiction. However, such factors were infrequently explored in
Internet addiction research [46]. Internet addiction is a broader concept that encompasses Internet game
addiction. Although this study focuses on Internet addiction in general, we believe that examining the
influence of Internet game advertisements as an environmental factor is legitimate given that a large
part of Korean adolescents’ Internet use is allocated to playing online games [9].

As discussed above, personal variables, family- and school-related variables, characteristics of
the Internet, and environmental variables all contribute to the risk of Internet addiction. Effective
prevention and intervention of Internet addiction requires a framework that integrates individual- and
environmental-level factors. This is well reflected in the public health model or the epidemiologic
triangle based on the public health perspective. Originally designed as a model for infectious disease,
the public health model considers three areas of causes in understanding and intervening with any
health problems [50,51]. One is the external agent that may contain certain destructive potential.
Second is the host, who has individual susceptibility. The last factor is the environment that promotes
or discourages certain health-related behavior. Applying the model to Internet addiction, the model
focuses on the importance of the host (individual characteristics), agent (characteristics of the Internet),
and the environment (i.e., social influence and accessibility) in the manifestation of Internet addiction.
The public health model posits that any health problem is a result of the interactions among the three
factors. Therefore, the development of effective public health measures for prevention and intervention
usually requires assessment of all three components and their interactions [51]. To date, few studies
have examined Internet addiction from a public health perspective. An awareness of the influence of
these three factors may have a significant impact on intervention, prevention, and policy efforts.

The aim of the current study is to fill the gap in addiction literature by examining Internet
addiction among adolescents based on a public health framework. Specifically, the study will explore
the relationship among individual variables, family/school variables, the Internet characteristics, and
environmental factors as they contribute to Internet addiction. The goal is to identify factors that are
more influential when all areas are considered within the framework. To achieve this goal, the study
utilizes the Internet addiction test (IAT) developed by Young [52,53]. The IAT has been used extensively
in many studies to assess Internet addiction in both the clinical and research fields [54]. It has also
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been used to identify risk factors [31,43]. However, it should be noted that the IAT is not a diagnostic
tool and that categorizing addiction based on the IAT does not define a clinical diagnosis.

The following research questions will be addressed using a representative community sample:
(1) Are there any differences between the addict and the non-addict group in regard to psychological
factors, family- and school-related factors, perceived Internet characteristics, and environmental
factors? (2) Which factors that reflect the agent, host, and environment in a public health model are
more important than others in predicting Internet addiction?

2. Materials and Methods

2.1. Participants

This study utilized a community-based cross-sectional survey. The survey subjects were
junior-high-school students who reported the highest risk of Internet addiction in Korea [9].
A representative sample of 1871 middle (junior-high) school students participated in the study.
We randomly selected one school from each of the 56 regions in Seoul and Gyeonggi-do that represented
both urban and rural districts. Coeducational schools were selected to ensure equal allocation of
genders. All students in one randomly selected classroom from each school were asked to participate
in the survey between 1 December and 27 December 2015. Questionnaires were mailed to schools with
cooperation from the Ministry of Health and Welfare and the district office of education. The study
received approval from the Institutional Review Board. Only students who signed the informed
consent participated in the survey. Of the 1871 students who responded to the questionnaire, 1628 were
included in the analysis after excluding 243 that had at least one missing value in demographic and
Internet use behavior variables. Of the 1628 participants, 52.0% (1 = 847) were male and 47.0% (n = 781)
were female, and the mean age was 14.9 (SD = 0.34).

2.2. Measures

2.2.1. Internet Addiction

Young's 20-item Internet addiction test was used to measure Internet addiction [52]. Each item was
measured on a five-point Likert scale. Responses for each item were added to obtain a final score. Many
years after the initial development of the IAT, Young proposed a new cut-off point [53]. People who
score more than 50 on the IAT are thought to be experiencing frequent problems because of Internet
use. For those who score above 80, Internet use is thought to be causing significant problems with
their lives. Because the purpose of this study is to examine risk factors associated with the higher risk
of Internet addiction, we used the addiction category based on the IAT rather than the overall score.
Young proposed four groups of Internet addiction: normal range: 0-30; mild: 31-49; moderate: 50-79;
and severe: 80-100. In order to focus on more severe cases, the normal range and mild addiction (low
risk) group were combined into one group. Therefore, respondents were categorized into three groups:
normal use: 0-49; moderate addiction: 50-79; and severe addiction: 80-100. The IAT in this study held
a good internal consistency with a Cronbach’s alpha (c) of 0.94.

2.2.2. Psychological Variables

The tool used in the study was developed and validated by the National Information Society
Agency to identify Internet addiction and coexisting disorders in a national survey on Internet
addiction [55]. Each scale consisted of eight questions measured on a four-point Likert scale ranging
from one (not at all) to four (very often). Scores were summed for each of the three features with
a higher score reflecting a greater degree of impulsivity (e.g., “act on spur of the moment”), depression
(e.g., “feeling hopeless”), and aggressiveness (e.g., “have trouble controlling temper”). All three
measures possessed good internal consistency (the Cronbach’s alpha was 0.86 for impulsivity, 0.91 for
depression, and 0.91 for aggressiveness).

100



Int. J. Environ. Res. Public Health 2019, 16, 4635

2.2.3. Family and School Factors

The Family Cohesion and Adaptability Evaluation Scales (FACES III) was used to measure family
relationship. This scale was originally developed by Olson and colleagues [56], and a Korean version
of the scale [57] was utilized in the current study. The family cohesion scale in the FACES III consists
of ten questions on a five-point Likert scale that measure emotional ties, family support, time spent
together, and interest in leisure time with family. Higher scores reflect higher family cohesion, and the
Cronbach'’s alpha () was 0.96.

A school adaptation scale developed for Korean students [58] was employed to examine
school-related factors. The scale evaluates the degree of adaptation to the school environment,
which includes questions about the relationship with teachers, the relationship with schoolmates,
attitude toward academic activities, and school participation. The tool consists of four subscales and
14 questions on a five-point Likert scale. Higher total scores indicate a positive assessment of school
life. The Cronbach'’s alpha () for the subscales were acceptable: 0.94 for relationship with teachers,
0.90 for relationship with schoolmates, 0.62 for attitude toward academic activities, and 0.61 for
school participation.

2.2.4. Perceived Internet Characteristics

The agent characteristics in the public health model refer to the traits of the medium in relation to
a given problem. In this study, Internet characteristics are defined as the properties of the Internet
perceived by individuals in relation to Internet use. Perceived Internet characteristics were measured
by the Internet characteristics scale developed by Chung et al. [59] that was designed to identify
the characteristics of the Internet perceived by adolescents. It consists of eight factors with 27 items
including entertainment, interpersonal relationship, accessibility, profitability, anonymity, immersion,
competition, and escape. Based on a previous study that identified three factors to predict young
people’s Internet addiction [59], our study included three factors as perceived Internet characteristics:
namely, interpersonal relationship (four items; e.g., “the Internet provides opportunities to meet
with diverse people”), anonymity (four items; e.g., “People can attract attention without revealing
themselves”), and entertainment/pleasure (five items; e.g., “the Internet provides entertainment”).
Each item was measured using a five-point Likert scale, from strongly disagree to strongly agree.
The interpersonal relationship characteristic of the Internet refers to the perception of the Internet as
grounds for building relationships; anonymity refers to the perception of the Internet as a site where
people can act freely without identifying themselves; entertainment refers to the perception that the
Internet provides fun and excitement. The measures for interpersonal relationships, anonymity, and
entertainment showed good internal consistency (e = 0.85, 0.86, and 0.87, respectively).

2.2.5. Environmental Factors

Social environmental factors consisted of accessibility to PC cafés and exposure to Internet
game advertisements. Previous studies have identified access to PC cafés as a risk factor for Internet
addiction among Korean adolescents [47]. PC cafés, a unique feature in Korea, are well-equipped
with advanced computers and are optimized for playing Internet games, which attracts many young
people. We measured the accessibility to PC cafés using the scale reconstructed by Nam and Lee [60]
that consists of a three-item (i.e., There is a nearby PC café for Internet use; I have easy access to PC
cafés; there are many PC cafés near my home or school) five-point Likert scale. A higher total score
indicated higher accessibility to PC cafés. The Cronbach’s alpha (<) was 0.85.

We also included exposure to Internet game advertisements as a major environmental factor.
Exposure to Internet game advertisements consists of exposure and acceptability. To our understanding,
there is no known instrument with which to measure exposure to Internet game advertisements.
We used the tool that examined exposure to alcohol advertisements [61,62], except we restructured it
to fit Internet game advertisement exposure. Two questions about respondent’s exposure to Internet
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game advertisements (i.e., How often do you see Internet game advertisements? In the past month,
how often did you see Internet game advertisements in the medium that you frequently use?) and the
frequency of exposure were measured on a four-point Likert scale. The Cronbach’s alpha () was 0.88.

The advertisement acceptability questions used to determine alcohol use among youths were
adopted for the current study [62,63]. However, for the purposes of our study, the questions were
modified to assess the acceptability of Internet game advertisements. Two questions were asked:
the number of game ads they had seen in various media over the past month and the number of
memorable ads that they remember.

2.3. Statistical Analysis

To verify the differences between sociodemographic characteristics according to Internet use,
a chi-square test (y?) was performed. Between-group comparisons of the variables based on the
public health model according to the presence of Internet addiction were analyzed using analysis of
variance. A logistic regression analysis was utilized to identify the factors associated with Internet
addiction. All statistical analyses were performed using SPSS version 20.0 (IBM Corp. Released,
Armonk, NY, USA).

3. Results

3.1. Sociodemographic Characteristics

Adolescents” demographic profiles were assessed using four survey items, namely gender, residing
region, living with parents, and parents’ working status (Table 1). Based on the Internet addiction
test cut-off scores, 455 (27.9%) were identified as normal Internet users, 1067 (65.5%) belonged to the
moderate-addiction or addiction-risk group, and 106 (6.5%) belonged to the severe addiction group.
The group differences according to sociodemographic characteristics showed that 6.6% male and 6.4%
female students were in the addiction group, and 66.7% male and 64.3% female students were deemed
at risk for addiction (moderate addiction). There were no significant differences between three groups
in regard to sociodemographic characteristics.

Table 1. Sociodemographic characteristics (N = 1628).

Internet Addiction

n (%)/mean Moderate Severe X2
NormalUse ) 44iction  Addiction

(1 = 455) (1=1067)  (n=106)
Gender 1.406
Male 847 (52.0) 226 (26.7) 565 (66.7) 56 (6.6) (df=2)
Female 781 (48.0) 229 (29.3) 502 (64.3) 50 (6.4) p =0.495
Region 1.552
Seoul 698 (42.9) 187 (26.8) 469 (67.2) 42 (6.0) (df=2)
Gyeonggi 930 (57.1) 268 (28.8) 598 (64.3) 64 (6.9) p =0.460
Living with parents
Both 1496 (91.9) 415 (27.7) 987 (66.0) 94 (6.3) 7.019
Father 41 (2.5) 17 (41.5) 21 (51.2) 3(7.3) (df=6)
Mother 82 (5.0) 22 (26.8) 52 (63.4) 8(9.8) p=0.319
Other 9 (0.6) 1(11.1) 7 (77.8) 1(11.1)
Both parents working 0.796
Yes 1075 (66.0) 304 (28.3) 705 (65.6) 66 (6.1) (df=2)
No 553 (34.0) 151 (27.3) 362 (65.5) 40 (7.2) p=0.672

3.2. Internet Use Behaviors

Table 2 summarizes Internet use behaviors between normal use, moderate addiction, and severe
addiction groups. About 74% of students had started using the Internet in grade school, and 19.7%
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had started using it while of preschool age. Of those who started using the Internet as early as before
preschool, 9.4% were identified as addicted, compared to 10.0% and 5.4% who started using the
Internet at preschool age and grade-school age, respectively. These group differences were statistically
significant. More adolescents in the normal-use group reported a later age of first Internet use.
Of the normal-use group, 81.3% (n = 370) started using the Internet in grade school (vs. 71.8% and
61.3% for the moderate addiction and addiction groups, respectively) (% not shown in Table 2).
When students were asked to choose what Internet content they used regularly, the most frequently
reported answers were webtoons, movies, or television (91.8%) and Social Networking Service or
messenger (91.5%), followed by games (82.1%). Significant group differences were found for games
and web surfing, with a higher percentage in the moderate addiction and severe addiction groups
compared to the normal-use group.

Table 2. Internet use behavior (N = 1628).

Internet Addiction (n, %)

Totaln (%) Normal Use Mnc!er.ate Se\./elie XZ w
(1 = 455) Addiction Addiction
"= (n =1067) (1 = 106)
Age of first Internet use
Before preschool 53(3.2) 12 (22.7) 36 (67.9) 5(9.4) 36.060 *+*
Preschool age 320 (19.7) 52 (16.2) 236 (73.8) 32 (10.0) af = 6) 0.15
Grade-school age 1201 (73.8) 370 (30.8) 766 (63.8) 65 (5.4) -
Other 54 (3.3) 21 (38.9) 29 (53.7) 4(7.4)
Internet contents
26.877 ***
Game 1337 (82.1) 339 (74.5) 913 (85.6) 85 (80.2) @t 2) 013
Web toor/movie/TV 1495 (91.8) 409 (89.9) 990 (92.8) 96 (90.6) &'8912)
Adult materials 168 (10.3) 39 (8.6) 116 (10.9) 13 (12.3) ( 5&22)
SN, messenger 1480 (915)  409(89.9) 985 (92.3) 95 (89.6) ( jf_%z)
) 14,125 *
Web surfing 860 (52.8) 214 (47.0) 576 (54.0) 70 (66.0) (@< 2) 0.09

Note: Multiple answers were allowed for Internet contents. ** p < 0.01; *** p < 0.001. Effect size (w) = 0.10 (small),
0.30 (medium), 0.50 (large) [64].

3.3. Relationship between Psychological, Family/School, the Internet, and Environmental Characteristics and
Internet Addiction

Table 3 summarizes the group differences in domains based on the public health model, namely
psychological features, family/school factors, environmental factors, and Internet characteristics.
For each domain, we focused on the variables that previous research had indicated were predictors of
Internet addiction. One-way analysis of variance between groups was applied to examine differences
between the normal use, moderate addiction, and severe addiction groups, followed by Tukey’s
post-hoc test. Normality and homogeneity of variance assumptions were assessed. We first tested the
normality through Shapiro-Wilk test and examined skewness and kurtosis. Shapiro-Wilk test rejected
the null hypothesis and the absolute value for skewness and kurtosis did not exceed 2, which assumes a
normal distribution of the variables. Levene’s test was performed to assess the homogeneity of variance
and the results of the Games-Howell analysis were presented as a post hoc test for variables that do
not assume equal variance. In order to confirm the differences among these groups, effect size was
suggested. When adolescents in three groups were compared, the severe addiction group consistently
had the highest level in all psychological features followed by the moderate addiction group and the
normal use group. The differences were significant at the p < 0.001 level, although the effect size ranged
from 0.01 to 0.24.
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Table 3. Relationship between psychological, family/school, Internet, and environmental characteristics,
and Internet addiction (N = 1628).

Internet Addiction Mean (SD)

Min Max  Mean SD Moderate Severe F ,72
N "(")““1 Addiction  Addiction
B ) ©
Psychological factors
259.7 #**
Impulsivity ) 32 15.6 4.6 (142'22) (14666) (24012) a<b<c 0.24
' ' ' @ =2
134.4 **+*
Depression 8 32 13.0 4.6 (130'75) (143; (156(')6; a<b<c 0.14
' ‘ : @ =2)
171.4 #+*
Aggressiveness 8 32 13.8 5.1 (140'18) (144'77) (158'24) a<b<c 0.18
' ' ‘ =2
Family/school factors
38.8 36.7 36.2 1.5
Family cohesion 10 50 37.3 8.2 © 8) @ 4) @ 0) a>b,c 0.01
' ' ‘ @ =2)
. L 20.1 #**
Relationship with 11.5 10.6 10.6
teachers 5 1926 3.0) @4) @5) ?d;f';) 002
15.3 *#**
Peer relationships 3 15 11.6 2.6 (122;) (12153) (12155) a>b 0.02
' ' ‘ @ =2
0.2 #**
Academic activities 5 25 16.8 3.1 (137'76) (126'85) (127'91) a>b 0.02
‘ ' ‘ df =2)
25.8 ***
School 3 15 105 21 110 102 108 a>bb> 003
participation (2.4) (2.0) (2.2) (f = 2)
Perceived Internet
characteristics
125.8 **+*
Relationship 4 20 10.1 4.1 (i‘g) (130‘78) (143'02) a<b<c 0.14
‘ ‘ ‘ @ =2)
189.8 ***
Anonymity 4 20 9.2 4.0 (g‘g) (1303 (142'15) a<b<c 0.19
’ ’ ’ df =2)
122.0 *+*
Entertainment 5 25 13.2 5.5 (150;) (1f 93) (166'02) a<b<c 0.13
‘ ‘ ‘ @ =2)
Environmental factors
T 21.8 #**
Accessgflgsy of PC 5 15 102 33 (g‘g) (130‘24) (131']4) a<b<c 003
: : : df =2
Exposure to 5.6 6.0 6.5 (26f5 **l
Internet game ads 2 8 5.9 14 (1.6) (1.3) (1.3) a(dj(liz)c 0.03
8.0 ***
Acceptability of 52 5.7 6.4
Internet game ads 1 10 56 30 (3.0) (3.0) (3.1) a(d;k;;)c 0.01

Note: **p < 0.001. Effect size (7%) = 0.01 (small), 0.06 (medium), 0.14 (large) [64].

A comparison of family and school factors between the three groups showed a similar pattern.
Students in the normal use group showed a significantly higher level of family cohesion, relationship
with teachers, relationship with peers, attitude toward academic activities, and school participation.
All differences were statistically significant.

The characteristics of the Internet content to which adolescents are drawn were compared.
Mean scores in interpersonal relationship, anonymity, and entertainment characteristics were highest
in the severe addiction group, followed by the moderate addiction group and then the normal use
group, with the differences being statistically significant (p < 0.001).

104



Int. J. Environ. Res. Public Health 2019, 16, 4635

Lastly, three environmental factors were compared between normal use, moderate addiction,
and severe addiction groups, namely accessibility to PC cafés, exposure to Internet advertisements,
and acceptability of Internet game advertisements. The mean score between the three groups was
statistically significant (p < 0.001). Adolescents with addiction reported higher levels of accessibility
to PC cafés, exposure to Internet ads, and acceptability of Internet game ads compared to the two
other groups.

3.4. Factors Influencing Internet Addiction

Logistic regression was performed to determine the effect of variables in psychological,
parent/school, environmental, and agent domains on the likelihood of having Internet addiction
(Table 4). The severe addiction group was tested against the rest of the sample (moderate addiction and
normal use groups) in order to determine the risk factors for the higher degree of Internet addiction.
The logistic regression model was statistically significant (x? (26) = 231.29, p < 0.001), explaining
38.0% of the variance in Internet addiction among adolescents. Controlling for demographic and
Internet use characteristics (gender, region, living with parents, age at first exposure to the Internet,
etc.), six variables were found to increase the likelihood of Internet addiction. Among psychological
factors, impulsiveness (Wald = 36.14, p < 0.001, Exp (B) = 1.277) and aggression (Wald = 4.42, p < 0.05,
Exp (B) = 1.077) were identified as increasing the risk of Internet addiction. Among perceived Internet
characteristics, a high perception of the Internet’s potential to build relationships (Wald = 12.17,
p < 0.001, Exp (B) = 1.186) and anonymity (Wald = 8.80, p < 0.01, Exp (B) = 1.150) increased the risk
of Internet addiction. Family and school factors were not significant predictors of Internet addiction.
Two environmental factors, namely accessibility to PC cafés (Wald = 5.58, p < 0.05, Exp (B) = 1.116)
and exposure to Internet game ads (Wald = 3.91, p < 0.05, Exp (B) = 1.26) were significant predictors
of Internet addiction. Adolescents with higher accessibility to PC cafés and increased exposure to
Internet game ads were respectively 1.12 and 1.26 times more likely to become addicted to the Internet.

Table 4. Logistic regression analysis of factors influencing Internet addiction.

Exp (B)
B S.E. Wald OR 95% CI
Lower  Upper
Psychological factors
Impulsivity 0.244 0.041 36.140 1.277 *** 1.179 1.382
Depression 0.024 0.036 0.464 1.025 0.956 1.098
Aggressiveness 0.075 0.035 4.417 1.077 * 1.005 1.155
Family/school factors
Family cohesion 0.026 0.020 1.622 1.026 0.986 1.067
Relationship with teachers —0.058 0.067 0.746 0.943 0.827 1.077
Peer relationship 0.001 0.060 0.001 1.001 0.891 1.125
Academic activities 0.070 0.060 1.336 1.072 0.953 1.207
School participation -0.031 0.079 0.155 0.970 0.831 1.131
Internet characteristics
Relationship 0.170 0.049 12.174 1.186 *** 1.078 1.305
Anonymity 0.140 0.047 8.796 1.150 ** 1.049 1.261
Entertainment -0.014 032 0.186 0.986 0.926 1.050
Environmental factors
Accessibility to PC café 0.110 0.047 5.581 1116 % 1.019 1.223
Exposure to Internet game ads 0.230 0.116 3.914 1.259 * 1.002 1.581
Acceptability of Internet game ads ~ —0.017 0.045 0.135 0.984 0.900 1.075
Gender (Male = 1) —-0.418 0.309 1.837 0.658 0.360 1.205
Region (Seoul = 1) -0.507  0.266 3.616 0.603 0.358 1.016
Live with parents —0.472 0.393 1.445 0.624 0.289 1.347
Both parents working -0.237 0.267 0.784 0.789 0.468 1.332
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Table 4. Cont.

Exp (B)
B S.E. Wald OR 95% CI
Lower  Upper
Age of first Internet use 1 0.259 0.875 0.088 1.296 0.233 7.208
Age of first Internet use 2 —-0.285 0.696 0.168 0.752 0.192 2.942
Age of first Internet use 3 —-0.651 0.669 0.946 0.522 0.140 1.936
Game -1.097 0.385 8.105 0.334 ** 0.157 0.710
Web toon/movie/TV —-0.388 0.485 0.642 0.678 0.262 1.753
Adult materials -0.171 0.422 0.165 0.843 0.368 1.927
SNS/messenger —-0.606 0.440 1.899 0.546 0.230 1.292
Web surfing 0.538 0.282 3.653 1.713 0.986 2.976
X2 231.287 (df = 26) ***
—2LL 472.806
Nagelkerke R? 0.380

Note: Age of Internet use was dummy coded as the following: Age of first Internet use 1 = before preschool; Age of
first Internet use 2 = preschool age; Age of first Internet use 3 = grade school; B = coefficient; SE = standard error of
the coefficient; OR = odds ratio; CI = confidence interval; * p < 0.05; ** p < 0.01; *** p < 0.001.

4. Discussion

The present study investigated the predictors of Internet addiction based on the public health
model using a representative sample of middle-school students in two major regions in Korea.
More than half (72%) of Korean Adolescents in the study were categorized as moderate and severe
addiction group, indicating that Internet addiction is a public health concern. Applying the public
health model, several factors were found to be related to Internet addiction.

In regard to psychological factors, depressive symptoms, impulsivity, and aggressiveness were
consistently higher among the addiction and moderate addiction groups compared to the normal
use group. This finding is consistent with previous research that discussed the correlation between
depression [18,28], impulsivity [23,31,65-68], aggression [22,27], and Internet addiction among young
people. However, when other domains of the public health model were introduced, impulsivity and
aggressiveness were found to predict Internet addiction. These associations are not surprising and are
in line with extensive research on addictive behaviors, as cited in the introduction. Impulsivity is related
to craving and dysfunctional coping with affective mood state, thereby increasing the risk of addictive
behavior [67,68]. Impulsivity is one of the key symptoms of ADHD. The high comorbidity between
ADHD and Internet addiction may be mediated by impulsivity [69]. With respect to aggressiveness,
results are also consistent with past research showing that individuals with a high level of aggression
also had a higher tendency toward Internet addiction [22,27]. However, since the study design is
cross-sectional, it is difficult to determine whether the two traits were significant predictors for Internet
addiction or the result of addiction. That is, impulsivity and aggressiveness may result from excessive
Internet use and related problems. Future investigations are required to conclude whether impulsivity
or aggressiveness result from, or are significant risk factors for, Internet addiction. Interestingly, the
influence of depression became non-significant. One possible explanation could be that within the
public health framework, depression does not affect one’s likelihood for Internet addiction as much as
characteristics of the Internet or environmental factors.

This is similar to what we found regarding family and school-related variables. Findings from the
bivariate analysis showed that adolescents who used the Internet without problems had a higher level
of family cohesion and a more positive attitude toward academic activities compared to the addicted
group. Previous studies also indicated that family factors were predictors of Internet addiction. For
instance, for Italian adolescents, family members’ affective involvement has found to be associated
with lower levels of Internet addiction [70]. Another study confirmed that inter-parental conflict
predicted the incidence of Internet addiction among Taiwanese adolescents [35]. However, when other
domains of the public health model were controlled for, the influence of family and school related

106



Int. J. Environ. Res. Public Health 2019, 16, 4635

variables became non-significant. Again, a possible explanation for this discrepancy may be related
to the importance of environmental variables. Although the family and school environment is an
important part of their life, larger environmental context related to the Internet may be more crucial
in the development of Internet addiction among young people. Adolescents who experience lower
family cohesion or find school life stressful may find refuge in nearby PC cafés where they can indulge
themselves in games and Internet activities without distraction. This may be especially true for Korean
youths, who are constantly under pressure for academic performance both in the family and at school.

Examination of the Internet’s characteristics in relation to addiction showed that the addicted
group reported a higher level of entertainment (pleasure), anonymity, and interpersonal relationship
factors. When other factors of the public health model were controlled, interpersonal relationships
and anonymity were found to be associated with Internet addiction. Adolescents who perceived the
Internet as a platform for socialization or building relationships were more likely to indulge in Internet
use. This may indicate that the Internet is particularly compelling for those who otherwise find it hard
to socialize. This result is in line with Chen and Kim’s [40] study that found the relationship building
property to be positively related to problematic use of social network sites. Those who believe that
acting freely without revealing their identity is an attractive aspect of the Internet were at increased risk
for addiction. This may be similar to the discussion of having a fluid identity in online life as one of the
seductive properties of the Internet [41]. These findings indicate that the characteristics of the Internet
can affect adolescents’ Internet use behavior. To date, studies examining the influence of the Internet
characteristics on Internet addiction within a public health framework are quite limited. More studies
are needed to better understand the influence of traits of the Internet on Internet addiction.

Finally, our study results indicated that environmental factors are good predictors of Internet
addiction in adolescents. The addicted adolescents reported higher accessibility to PC cafés and
greater exposure to Internet game advertising. This held true after controlling for all other domains,
namely individual, family and school, and Internet factors. PC café accessibility refers to the physical
spaces in which the Internet can be used. Our findings support previous studies that have verified the
effect of easy access to PC cafés on Internet addiction among Korean adolescents [47,60]. Availability
and accessibility are well documented in substance abuse literature as risk factors for addictive
behavior [48,49,71], and the current study’s results are consistent with the existing literature [72].
In addition, the influence of exposure to advertising is consistent with previous studies [73,74].
Our study revealed that adolescents who have more exposure to Internet game advertising and those
who are more accepting of advertisements are more likely to become addicted. As a major public health
policy, the World Health Organization emphasized regulating the availability and marketing of alcohol
to prevent drinking-related problems [75]. We believe that the same can be applied to Internet addiction.
For example, regulating the density of PC cafés and mandatory staff training to recognize and cope
with excessive users can be suggested. Over the past ten years, there has been a tremendous increase
in online game marketing in Korea. Despite this rapid growth, there are no regulations regarding the
content of advertisements (e.g., violence, adult materials, etc.) or advertising models [76]. Adolescents
are frequently exposed to Internet game ads with inappropriate and violent content. In addition, online
game advertisements that feature popular actors are increasing significantly, which will likely attract
young people. The current study results speak to the need for public policy that considers the effects of
these environmental factors.

Most studies on Internet addiction have focused on individual factors, and even those that
considered environmental influences were likely to examine the proximal environment such as familial
and peer influence. One strength of this study is that it examined the broader environment such
as accessibility to PC cafés and the exposure to advertisements that adolescents experienced in
their community, which are common in Korea and some Asian countries. The findings confirmed the
importance of the environmental influence on adolescents’ Internet addiction. At the same time, because
PC cafés are unique to only some countries, the findings are applicable to the Korean context and few
other cultures. When applying the model, researchers need to explore unique environmental features
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of the culture. Another limitation of the study is related to the definition of Internet characteristics.
We included seductive properties of the Internet as the agent factor in the public health model. However,
these properties may reflect the individual’s perception rather than the Internet itself. More research
and further corroboration is needed to determine the characteristics of the Internet as the agent in
relation to addiction. Since this study design was cross-sectional and could not illustrate a causal
relationship, its results should be interpreted cautiously. There exists a possibility that some variables
found to be influential such as impulsivity, aggressiveness, and the acceptability of online game ads
may have been the result of Internet addiction. Further studies should examine whether these are
risk factors for Internet addiction, the result of Internet addiction, or both. Despite its limitations, this
study fills the gap in addiction literature by attempting to explain adolescents’ Internet addiction from
a public health perspective.

5. Conclusions

Our study revealed several risk factors in the individual, Internet, and environmental domains.
Although misuse of the Internet may be an individual’s choice, the current study speaks to the role of
other factors such as the characteristics of the Internet and the environment in which individuals make
their choice. Since these environmental factors are related to the profit-seeking of related industries,
prevention efforts require a social policy approach. That is, strategies should target both changing
individuals’ behaviors and setting the public health goal of reducing harmful Internet use at the
country level. These may include regulations on PC café opening hours for adolescents and restrictions
on the promotion and sponsorship of online games in youth activities. In 2019, the World Health
Organization announced the inclusion of internet gaming disorder in the International Classification
of Diaseses-11, and identified it as a health problem that requires a public health initiative. Further
research is needed on intervention policies that specifically target individual and environmental risks
based on the public health model. Findings of the current study may help in the planning of suitable
strategies geared toward adolescent health.
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Abstract: This study estimated the levels of involvement in e-gambling and problem e-gambling in
Poland and identified selected sociodemographic variables associated with e-gambling activities. The
study was conducted using a representative sample of the adult inhabitants of Poland (1 = 2000). The
survey contained questions measuring three aspects of gambling (involvement in e-gambling, types
of e-gambling activity, and problematic e-gambling). Results suggested that 4.1% of respondents
were involved in e-gambling and 26.8% of them could be classified as problem gamblers. The most
popular e-gambling games were lotteries and sports betting. Gender, age, size of city of residence,
level of education, and income were identified as significant predictors of involvement in e-gambling.
The results indicated that men, younger people, and people who earnt less were more often involved
in e-gambling. Having children, playing online scratch cards, and online sport betting—but not
online lotteries—turned out to be typical for problem online gamblers. The prevalence of problem
gambling among Polish e-gamblers suggests that extended research in this area is needed.

Keywords: e-gambling; e-gambling prevalence; forms of e-gambling; problem e-gambling

1. Introduction

The involvement of societies in gambling is a subject that has interested researchers for many
years [1,2]. Gambling, as an entertainment form permitted for adults, involves a game in which there is
a valuable stake, the result of which partially depends on chance, and it interests the representatives of
social sciences mostly due to the potential damages that the activity can cause if specific circumstances
arise. In 2013, in the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5), pathological gambling was included in the group of non-substance related disorders (in
section: Substance-Related and Addictive Disorders), which made the scientific world admit that
pathological gambling and substance addiction have common development mechanisms and analogous
symptoms [3]. The World Health Organisation included gambling disorder in the section “Disorders”
due to substance use or addictive behaviours in the 11th edition of the International Classification
of Diseases (ICD) classification. It is noteworthy that WHO distinguishes two categories of this
disorder, including: 6C50.0 gambling disorder, predominantly offline, and 6C50.1 gambling disorder,
predominantly online [4]. The development of addiction is most often described in four stages, common
for substance and behavioural addictions. Taking the example of exercise addiction, they are as follows:
recreational exercise, at-risk exercise, problematic exercise, and exercise addiction [5]. The traditional
description of the gambling disorder has included four phases: the reaction to winning, losing,
desperation, and hopelessness [6]. The next distinguished phases are accompanied by an increasing
intensity of problems resulting from involvement in a given activity, progressive concentration and
loss of control. According to researchers, the social consequences of gambling abuse include decreased
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productivity, social welfare costs resulting from absence from work [7], loss of jobs, early retirement,
and even an increase in mortality resulting from suicidal tendencies occurring at advanced stages of
gambling addiction [8,9]. Social detriments are also considered in the context of elevated distress and
social isolation resulting from gambling [10].

Despite the long tradition of research on the involvement in gambling and problem gambling, a
new phenomenon that has very quickly caused concern among the specialists emerged in the recent
decades—online gambling [11]. Studies on online gambling have led many researchers to conclude
that it has higher addictive potential than any other type of gambling [12-16]. Although results that
do not confirm the higher addictive potential of online gambling do exist, most studies confirm this
phenomenon [17,18]. Its high addictive potential is further confirmed by the higher rate of gambling
addiction among online gamblers than among those who gamble in the traditional form [16,19,20];
this increase may even be three to five times higher [21]. The studies conducted by Effertz et al. on a
representative group of 15,023 Germans showed that replacing 10% of offline gambling with online
gambling increased the risk of becoming a problem gambler by 8.8-12.6% [22].

As for the increase in problem gambling among online players, the results of international studies
conducted by McCormack among 1119 gamblers showed that 14% met the Problem Gambling Severity
Index (PGSI) criteria for problem gambling, 29% met the criteria for moderate risk gambling, 32.7%
met the criteria for problem gambling at a low level, and 24.3% did not show symptoms indicating
problems resulting from gambling [23].

Why online gambling is more addictive remains uncertain; does it result from its higher accessibility,
or, perhaps, from the nature of the Internet as a medium via which players gamble? [17,18]. Some
studies have reported a lower percentage of addicted gamblers among “pure” online gamblers in
comparison with “pure” offline gamblers [18]. Studies have, however, determined certain factors
increasing the addictive potential of online gaming, including the games’ structure, which consists of,
among other things, directness, accessibility, and ease of betting, all of which are particularly dangerous
for young gamblers [24]. These factors are said by other gamblers, to have addictive potential. For
example, Griffiths et al. also indicated factors related to the games’ structure—the directness of
reinforcement, the speed of their course, and the frequency of game appearance—but also situational
factors, such as accessibility and availability—which other researchers have also confirmed [25-29].

Online gambling seems to be more attractive for various reasons. It offers gamblers additional
profits from gambling compared to offline gambling. First and foremost, gamblers can play whenever
and wherever they choose (at home or work), which is associated with a high level of comfort and low
access costs: players do not need to travel to certain locations, dedicate their time, and so forth [12].
Gamblers also save time because they can play several games simultaneously, which accelerates the
course of online games [30,31]. The basic benefit of online gambling is anonymity, which seems to be
particularly desirable for certain types of users [32,33].

Recent studies on involvement in online gambling have mainly focused on identifying the risk
factors of problem gambling. The studies conducted by Effertz et al. on a representative group of
Germans indicated that the risk of problem gambling decreases with higher levels of education and
increases in the case of men; people who are unemployed, single, and divorced (respectively); and
among migrants [22]. Effertz et al. also noticed that the risk of problem online gambling is the highest
among heavy Internet users. Scientists have also drawn attention to the correlation between the type of
game and problem gambling. For example, McCormack et al. observed that the risk of problem online
gambling was significantly higher among people who gamble regularly and play online betting games,
online slot machines, and online roulette, compared to gamblers who do not play regularly. In addition,
persons who regularly played two or more types of online games were also at considerably greater risk
of developing problem gambling than those who played one game only [23]. Other studies [34] have
also highlighted the correlation between the number of the gambling accounts a gamer has, increased
involvement in gambling, and increased intensity of problem gaming [35]. In the McCormack studies,
people who regularly played only online poker were at lower risk of problem gambling than people
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who did not play poker regularly, but played other games as well, which is in line with the results of
other studies [36]. Although the results suggest that there is a correlation between multi-gambling and
problem gambling, researchers have emphasised the shortage of studies in the area [23].

There are few studies on gender differences in online gambling involvement. For example, studies
conducted in Ireland have shown that women prefer online games that are more acceptable socially,
such as lotteries or scratch cards [37]. Scratch cards are also the game type that women tend to become
addicted to, which has also been highlighted by other researchers [32]. Women, on average, play for a
shorter period of time (an average of two years for women and seven years for men), and spend less
time gambling online than men (1 h per session, compared to 3 h for men).

Legal regulations are another aspect that has also been regarded as significant in recent studies
on online gambling, particularly concerning the involvement of citizens in gambling. In his 2016
study, which included 1277 pathological gamblers undergoing addiction treatment, Choliz discovered
significant changes that occurred between 2012 (when online gambling was legalised in Spain) and the
turn of 2014/2015. First and foremost, the number of people entering treatment due to pathological
gambling in the studied facilities quadrupled. Also, most importantly, patients indicated online
gambling as the source of their problems ten times more often than in 2012 (from 2.53% in 2012 to
24.21% in 2014/2015). For a comparison, the number of people indicating slot machines as the main
source of their problems decreased (from 80.26% to 65.71%). These results seem particularly important
in the context of the tendency to legalise online gambling and liberalise access to it, which has been
observed by the specialists [38,39]. Moreover, researchers have also noted that using legal websites
for online gambling causes less gambling-related damage [40], and a higher percentage of problem
gambling occurs in populations in which legal regulations for online gambling are less restrictive [41].

The gambling market in Poland is regulated by the Act of 19 November 2009 on online gambling,
which has so far been amended several times. In light of the Act of 15 December 2016 amending
the Act on gambling, online gambling—with the exclusion of pari-mutuel betting and promotional
lotteries—is subject to state monopoly [42]. Online games subject to state monopoly are organised by
Totalizator Sportowy—a company owned by the State Treasury (Warsaw, Poland). The first online
gambling games were introduced by Totalizator Sportowy in December 2018 and included a number
of lotteries and games offered by the only legal online casino in Poland—slot machines, roulette, and
card games for money. Legal online betting games are currently offered by nine private operators.
Until 2017, when Poland tightened its restrictions on the betting market, introducing the possibility of
blocking illegal domains, 90% of the industry belonged to the grey market [43].

Due to the relatively recent regulation of online gambling in Poland, there have thus far been no
studies on the matter. It is worth noting that the longer tradition of research in Poland on addiction to
slot machines resulted in the regulation of the market for these games [44]. The first study to estimate
the involvement of Polish people in online gambling, and problem involvement in the activity and its
determinants, was therefore, undertaken.

2. Materials and Methods

2.1. Participants

This study was conducted on a nationwide sample of 2000 adult Poles. The sample was
representative and randomly selected on the basis of PESEL (Personal Identification Number). The
distribution of gender, age, education, the size of place of residence, the region, and the number of
people in the household were controlled. The Polish population was layered according to 9 geographical
macro-regions, and then, in each of them, the localities were layered into 7 layers, according to size;
the municipalities with probabilities proportional to the number of residents older than 18 years
of age were randomly selected. Within the framework of each selected municipality, 6 interviews
with randomly selected respondents were carried out. The respondents in municipalities were at
first selected by means of drawing households proportionally to the number of household members
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according to the PESEL census records. Upon visiting a selected household, the interviewers selected
the respondents using the Kish grid and then conducted computer-assisted personal interviews with
them. If conducting the interview with the person from the list was not possible, the interviewer would
look for a person of the same age and gender in the same town. The study was carried out by the GfK
Polonia, the Polish branch of a well-known international public opinion research institute (GfK SE,
Nuremberg, Germany), which also ensured the anonymity and uniformity of testing.

2.2. Measures

2.2.1. E-Gambling

The questionnaire consisted of questions regarding use of online gambling games, frequency,
frequency of online gambling, time duration of a single session, and money spent on online gambling.
In the first question, the respondent was asked to select the online games on which they have bet
money at least once within the last 12 months. The list included 11 categories: online lottery (i.e.,
receipt lottery), online scratch cards, slot machines and other gambling machines on the Internet, online
card games for money, other online casino games (i.e., roulette, dice), Totalizator Sportowy number
games via the Internet, other online number games (i.e., bingo), online arcade games for money, online
sports betting (including “fantasy sports”), online betting on e-sport or online virtual sports, and
online betting on financial markets (i.e., stock exchange, FOREX, binary options). A memory-activating
filtering statement was posed: “I am certain that I have not made online cash bets within the last
12 months.” The question regarding e-gambling frequency was: How often, within the last 12 months,
have you gambled online? (1 = everyday; 2 = several times a week, but not every day; 3 = once a week;
4 = several times a month but more rarely than once a week; 5 = once a month; 6 = several times a year,
but more rarely than once a month). The question regarding the time duration of a single session was:
How much time did one session of the game usually take? (1 = less than 15 min; 2 = from 15 to 30 min;
3 = from 31 min to an hour; 4 = from over an hour to 2 h; 5 = from over 2 h to 3 h; 6 = more than 3 h).
The question regarding spending was open: “How much money exactly have you spent on online
gambling within the last 4 months?”

2.2.2. Problem E-Gambling

The Brief Biosocial Gambling Screen (BBGS), adapted to Polish by Niewiadomska et al., was
adjusted to the assessment of problem e-gambling [45,46]. It contains three questions about gambling
and has been shown to have good screening properties for the criteria of problem gambling compliant
with DSM-5 [47]. Each of the questions could be answered with either “Yes” or “No.” The risk of problem
gambling cut-off at endorsing one symptom is the best indicator of gambling disorder, taking into
account that sensitivity and negative predictive value are most important for identifying individuals
who potentially need treatment [45,47]. The psychometric properties of the Polish adaptation of BBGS
were tested on a representative sample of high school students of the Lublin province. The criterion
was fulfilment of at least 5 DSM-1V criteria of pathological hazard, measured by self-report. Sensitivity
was 0.82, and specificity was 0.96 [46]. Because not distinguishing by a measure of problem gambling
between forms of gambling (online versus offline) is a potentially confounding issue [48], we adjusted
the BBGS for the purposes of the current study by rewording the questions in the BBGS to refer to
online gambling. The final versions of the questions used in this study were as follows: Within the last
12 months, have you felt powerless, irritated, or anxious when you were trying to quit or limit online
gambling? Within the last 12 months, have you tried to keep the fact that you are gambling online
from your family and friends? Have you had financial trouble resulting from online gaming, because
of which you had to ask your family, friends, or social services for financial support within the last
12 months?
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2.2.3. Sociodemographic Variables

Information on the sociodemographic profiles of the respondents was obtained from data collected
by the interviewer and from the questionnaire. The sociodemographic questions were answered by
2000 people. Their average age was 45.61 years (SD = 18.456, minimum = 18, maximum = 94). Table 1
presents the sociodemographic descriptive statistics.

Table 1. Descriptive statistics for the sociodemographic variables for the test group (1 = 2000).

Variable Category n %
Gend Male 964 48.2
ender Female 1036 51.8
countryside 815 40.8

town of up to 20,000 residents 263 13.1
town of 20,000-50,000 residents 213 10.7

Place of residence town of 50,000-100,000 residents 163 8.2
town of 100,000-00,000 residents 151 7.6

city of 200,000-500,000 residents 182 9.1
city of more than 500,000 residents 212 10.6
primary 481 24.0
Educati basic vocational 469 23.4
ucation secondary 683 34.1
higher 368 18.4
nearly every day 1209 60.5
Frequency of Internet use  at least once in a month 276 13.8
less frequently or does not use at all. 514 25.7

up to PLN 2000 156 7.8
Monthly household PLN 2000-2999 231 11.5
income PLN 3000-4499 487 244
PLN 4500 and above 1125 56.3
Children living in the Yes 268 63.4
same household No 732 36.6

Note: PLN—Polish zloty; 1€ ~ 4.3 PLN.

2.3. Data Analysis

All statistical analyses were performed using IBM SPSS version 24 software [49]. We used methods
and statistics appropriate to the types of measurement scale and the specific parameters applied.
Categorical data are presented as frequencies and percentages, and group comparisons were made
using the x2-test. We used logistic regression (enter method and simple contras, with the reference
category first) to identify the variables that best predict involvement in e-gambling.

3. Results

3.1. Popularity of Gambling and Types of Games

The results obtained indicate that 83 (4.1%; 95% CI (3.3%, 5.1%)) of the 2000 respondents surveyed
in the last 12 months have made monetary bets using online gambling services. Most respondents
played Totalizator Sportowy lotteries, online sports betting, sports betting concerning e-sport or virtual
sport, and online card games for money. Online slot and gambling machines and online betting on the
financial markets were used least frequently. None of the respondents indicated using online arcade
games for money (Table 2).
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Table 2. Prevalence of forms of online gambling (N = 2000).

Game Type n % 95% CILL 95% CIUL
Totalizator Sportowy lotteries 41 2.0 15 2.7
Online sports betting (including “fantasy sports”) 19 1.0 0.6 1.4
Online betting on e-sports or online virtual sports 11 0.6 0.3 0.9
Online card games for money 10 0.5 0.3 0.9
Online scratch cards 6 0.3 0.1 0.6
Other online casino games (e.g., roulette, dice) 5 0.2 0.1 0.5
Internet lottery (e.g., receipt lottery) 4 0.2 0.1 0.5
Other online lotteries (e.g., bingo) 4 0.2 0.1 0.5
Slot machines or other online gambling machines 1 0.1 0.0 0.2
Online betting on financial markets 1 0.1 0.0 0.2
Online arcade games for money 0 0.0 0.0 0.0

Note: 95% CILL: 95% confidence interval lower limit; 95% CIUL: 95% confidence interval upper limit.

3.2. Sociodemographic Variables Associated with Online Gambling

Logistic regression was used to assess the factors associated with involvement in online gambling
(cf. Table 3). The dependent variable had two categories (1—gambling versus 0—not using online
gambling services in the last twelve months). Age, gender, population of the place of residence,
education, income level, having children, and frequency of Internet use were considered as independent
variables. The factors that significantly explained involvement in online gambling were: gender, age,
population of the place of residence, education, and monthly family income. Men were more likely to
be involved in gambling activities than women. In terms of age, the youngest group (up to age 29) was
significantly more likely to be involved in online gambling than older people (over 50). Analysing the
size of the place of residence, people living in the countryside were significantly different from those
living in towns with 20,000-100,000 residents and those coming from cities of 200,000-500,000 residents.
Online gambling activity was much less frequent among people living in towns or cities compared to
people living in the countryside. Higher online gambling activity could also be seen among people
with primary education compared to those with vocational education. Monthly income was also an
important factor explaining involvement in online gambling. People with low monthly incomes were
much more likely to devote their time to online gambling than those earning more than PLN 3000.
Frequency of Internet use was also an element co-existing with online gambling activity. Individuals
using the Internet more frequently were also inclined to become more involved in online gambling.
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Table 3. An explanatory model of e-gambling (7 = 2000).

o
Variables B SE Wald df 14 Exp(B) w
Lower Upper
Gender: (ref.: male) -1.129 0282 16.055 1 <0.001  0.323 0.186 0.562
Age: (ref.: 15-29 years of age) 21.002 5 0.001
30-39 -0.527 0367  2.067 1 0.150 0.590 0.288 1.211
40-49 0414 0319 1.685 1 0.194 1513 0.810 2.829
50-59 —2904 1.004 8.366 1 0.004  0.055 0.008 0.392
60-69 -1.392 0.681 4.178 1 0.041 0.249 0.065 0.944
70 and above -2135 1.166 3.353 1 0.067  0.118 0.012 1.162
Population of Fhe place of residence: 15507 6 0.017
(ref.: countryside)
town of up to 20,000 residents 0.072  0.377  0.036 1 0.849 1.074 0.513 2.248
town of 20,000-50,000 residents -1.266 0559  5.125 1 0.024  0.282 0.094 0.844
town of 50,000-100,000 residents -1.103 0.580 3.615 1 0.057  0.332 0.106 1.035
town of 100,000-200,000 residents -0.649 0509 1.625 1 0.202 0.523 0.193 1.417
city of 200,000-500,000 residents —4.465 2268 3.876 1 0.049 0.012 0.000 0.980
city of more than 500,000 residents 0307 0379  0.659 1 0.417 1.360 0.647 2.855
Education: (ref.: primary) 14.184 3 0.003
basic vocational -1.851 0.547 11.450 1 0.001 0.157 0.054 0.459
secondary -0.189 0.327  0.335 1 0.563 0.828 0.436 1.570
higher 0.244 0378 0415 1 0.519 1.276 0.608 2.675

Children living in the same household:
[ref.: no children]
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Household net income: (ref.: up to

PLN 2000) 24.876 3 0.000
PLN 2000-2999 -1.105 0.580  3.630 1 0.057  0.331 0.106 1.032
PLN 3000-4499 -1.732 0532 10.593 1 0.001 0.177 0.062 0.502
PLN 4500 and above —-2.405 0517 21.649 1 0.000 0.090 0.033 0.249
Internet use: (ref.: nearly every day) 5.077 2 0.079
at least once in a month -0.128 0.481 0.071 1 0.789 0.880 0.343 2.256
less frequently or does not use atall  —1.758 0.782  5.054 1 0.025 0.172 0.037 0.798
constantly —4.682 0450 108157 1 0.000 0.009

Note: Overall model evaluation: Likelihood ratio test: x2(21) = 167.916; p < 0.001; Cox and Snell R? = 0.081;
Nagelkerke’s R? = 0.276.

3.3. Prevalence of Problem Gambling among Players and Related Factors

Out of the 83 people who participated in online gambling, 22 (26.8%; 95% CI (17.9%, 36.7%)) were
at risk of becoming problem gamblers. This group consisted of respondents who provided at least
one affirmative answer on the BBGS scale. In order to determine the characteristics of problem online
gamblers, we compared them to non-problematic gamblers in respect of sociodemographic variables
using the chi-square test (cf. Table 4).

A comparison between gamblers at risk of becoming problem gamblers and those who were not
at such risk indicated several differentiating variables (cf. Table 4). These included having children
and choice of online e-gambling services. Individuals who manifested symptoms of problem use of
e-gambling more frequently had children than those with no symptoms of problem gambling. PeGs
were also less active in playing Totalizator Sportowy lotteries and more often used online sports betting
(including fantasy sports) and online scratch cards.
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Table 4. Comparison of sociodemographic variables between non-problem online gamblers (NPeG,
n = 61) and problem online gamblers (PeG, n = 22).

Variables NPeG PeG X2 r
n % n %
Gender: 0.381 0.537
Male 45 75 15 682
Female 15 25 7 31.8
Age: 8.998 0.109
15-29 34 557 6 28.6
30-39 10 16.4 3 14.3
40-49 14 230 10 476
50-59 1 1.6 0 0
60-69 1 1.6 2 9.5
70 and above 1 1.6 0 0
Population of the place of residence: 5.320 0.503
countryside 25 417 14 609
town of up to 20,000 residents 9 15.0 2 8.7
town of 20,000-50,000 residents 3 5.0 1 4.3
town of 50,000-100,000 residents 4 6.7 0 0
town of 100,000-200,000 residents 5 8.3 0 0
city of 200,000-500,000 residents 0 0 0 0
city of more than 500,000 residents 14 233 6 26.1
Education: 4.871 0.181
primary 16 262 11 500
basic vocational 4 6.6 1 4.5
secondary 22 361 7 318
higher 19 31.1 3 13.6
Children living in the same household: 24 400 15 682 5.126 0.022
Household net income: 3.540 0.316
up to PLN 2000 7 11.7 4 19.0
PLN 2000-2999 8 13.3 1 4.8
PLN 3000-4499 20 33.3 4 19.0
PLN 4500 and above 25 417 12 571
Internet use: 1.151 0.562
nearly every day 52 8.2 20 909
at least once in a month 6 9.8 2 9.1
less frequently or does not use at all. 3 49 0 0

Types of online gambling services:

Internet lottery 2 3.3 2 9.1 1.150 0.284
Online scratch cards 2 3.3 3 13.6 2984 0.084
Slot machines or other online gambling machines 1 1.7 0 0 0.371 0.542
Online card games for money 8 13.1 2 9.1 0.247 0.619
Other online casino games (e.g., roulette, dice) 5 8.2 0 0 1.919 0.166
Totalizator Sportowy lotteries 36 590 5 21.7 9289 0.002
Other online lotteries (e.g., bingo) 3 5.0 1 45 0.007 0.933
Online arcade games for money 0 0 0 0.0 - -

Online sports betting (including “fantasy sports”) 11 183 8 364 2940 0.086
Online betting on e-sports or online virtual sports 10 167 1 45 2.036 0.154

(=)

0 0.365 0.546

Note: PeG—problem online gamblers; NPeG—non-problem online gamblers.

Online betting on financial markets 1 1.6

4. Discussion

The results of our study allowed us to determine the extent of the involvement of adult Poles in
online gambling. First, it is worth mentioning that the first legitimate online gambling games in Poland
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were sports betting services, first organised in 2012. The provision of other online gambling services
was regulated only by the 2016 Act, under which the provision of other online games is subject to a state
monopoly [42]. It should be noted that, in practice, these games were made available on the market
only in December 2018, which highlights the specificity of the e-gambling market in Poland and sheds
light on the results of this study, which was conducted in December 2018. The lotteries organised by
Totalizator Sportowy proved to be the most popular online and offline gambling games, having been
the most common type of such games for Poles [50]. It is worth noting here that these games, covered
by the state monopoly, may be advertised in public media, which significantly increases their potential
accessibility compared to other types of gambling games, the advertising of which is prohibited by law.
The second most popular games included sports betting and betting related to e-sports and virtual
sports, the popularity of which may be explained by the relatively long history of this type of online
gambling in Poland. The popularity of gambling reflects, to a large extent, the cultural specificity
or legal regulations of a given country concerning the availability of games. For example, the most
popular online gambling game in France is, among others, horse race betting, which illustrates the
long-standing tradition of what is considered to be a national sport in France [51]. In Poland, football
plays a similar role. The relatively high interest of Poles in e-sports or online virtual sports betting is
a new trend. This phenomenon has not yet been assessed, so it is difficult to estimate the extent to
which there is an upward trend or whether the behaviour has been long-standing. Taking into account
the novelty of the phenomenon of e-sports betting, not only in Poland but also worldwide (e.g., this
phenomenon was included in the national survey “e-Games France 2017” for the first time only in
2017), an upward trend may be expected [51]. The interest of Poles in such betting even exceeds the
popularity of online card games, which is fourth in terms of popularity. The interest in online gambling
as a whole seems to be low in Poland. During the 12-month period prior to the survey, 4.1% of adult
Poles made an online bet, which is a very small percentage compared to the 37.1% of Poles engaged in
offline gambling during the same period [48]. It is worth mentioning that, in the latest epidemiological
study on behavioural addictions in Poland, only 1.2% of Poles declared that they had gambled online
in the past year. However, it is also significant that, in this study, the category of online gambling was
only one among nine categories of offline gambling.

Due to the fact that this was the first study on e-gambling in Poland, we were interested in
determining which individuals choose this form of entertainment most often. The results showed that
e-gambling was more popular with men than women, and that interest decreases with age. These
data are confirmed by studies conducted in other countries [26,37]. Additionally, online gambling
was more popular among those with incomes lower than the national average salary than those with
incomes equal to or higher than the national average wage. Involvement in online gambling also
decreased with the decline in daily Internet use. This phenomenon was all the more alarming because,
in light of the Effertz study, the risk of problem online gambling is largest among highly engaged
Internet users [22], which was confirmed by the research of Rémond and Romo [52]. The results
obtained are in line with other studies, which show that the popularity of online gambling in the West
is attributable, among other things, to low access costs—the gambler does not need to travel to the
place where the game is played or devote time to such travel [12]. This makes online gambling more
accessible from an economic point of view, and therefore more likely to be selected by people with
lower socioeconomic status. Other researchers have also emphasised that accessibility and availability
are the factors contributing to increased involvement in online gambling [25-29].

Finally, we were interested in the extent to which problem gambling was exacerbated among
online gamblers. The study results showed that 26.8% of gamblers had symptoms indicating a probable
gambling addiction on the basis of the BBGS scale. These results reveal that the risk of gambling
addiction is higher among Polish online gamblers than among gamblers in general (both online and
offline). In light of the latest results of a national survey conducted by the Centre for Public Opinion
Research (CBOS: Centrum Badania Opinii Spotecznej) on behavioural addictions, 7.7% of all gamblers
show a low addiction risk, 0.9% of them a moderate risk level and 0.9% of gamblers are problem

121



Int. J. Environ. Res. Public Health 2020, 17, 404

gamblers, making a total of 9.5% of gamblers at risk of addiction [53]. It should be mentioned, however,
that the CBOS survey was conducted using the Canadian Problem Gambling Index (CPGI) scale.

Relating the results obtained in our study to other studies, a convergence may be observed.
International online gambling studies have showed, for instance, that 14% of gamblers met the
criteria for problem gambling in accordance with the Problem Gambling Severity Index, 29% met
the criteria for risky gambling and 32.7% of gamblers met the criteria for problem gambling at a low
level. Other studies also confirm greater exacerbation of problem gambling among online than offline
gamblers [16,19,20], which is, according to some, even three to five times greater [21]. In Austrian
studies, 31% of online gamblers showed symptoms of problem gambling, while 18% of offline gamblers
displayed such symptoms in accordance with Lie-Bet questionnaire results [54].

The last aspect we analysed included sociodemographic variables coexisting with
gambling addiction.

The firstimportant factors differentiating gamblers at risk of a gambling disorder from non-problem
gamblers were male gender and age from 40 to 49 years old. These results are surprising because
Poles addicted to offline gambling are mainly younger people (18-24 years old) [53]. Nevertheless, the
results obtained by us are consistent with the Austrian research of Yazdi and Katzian, in the light of
which addicted online gamblers most often belong to the age range 30-49 years [54]. It seems that due
to the relatively short period of online gambling being available in Poland, these games are mainly
used by mature men who have longer experience with offline gambling, and are, therefore, consciously
looking for a new offer of already known entertainment.

The level of education also differentiated problem and non-problem gamblers. Problem e-gamblers
more often have primary education, which is also the case with offline gamblers in Poland.

The next important factor differentiating gamblers at risk of a gambling disorder from non-problem
gamblers was the presence of children in the household. Gamblers at risk constituted a group that more
often had children than representatives of the non-addicted group. This may be due to the higher age of
problem e-gamblers. At this stage of study, we are still considering how to understand this relationship.
It may be argued that people who are interested in gambling—and have children—have been more
inclined to opt for online games which are more accessible due to time constraints. As studies confirm
the stronger addictive potential of online gambling, this activity is, thus, more likely to turn into
addiction. It can also be assumed that gamblers who do not have children gamble offline as well, but
also opt for alternative, non-addictive offline entertainment, which is less accessible to those with
children. Online gambling is more absorbing, allowing the gambler to play several games at once, as
emphasised by both Cotte et al. and Gainsbury et al. [30,31]. The structural characteristics of online
games—such as directness, accessibility, ease of betting, and the fact that they pose a particular risk of
addiction—are also highlighted by Choliz [24].

Accessibility factors are also revealed when linking residence to problem gambling. In light of
the results, problem e-gamblers come, more often, from the countryside. Despite the fact that rural
residents do not gamble online more often than urban residents, they develop problem e-gambling more
often. It can be assumed that these people, with limited possibilities of enjoying other entertainment
(including offline gambling), engage in e-gambling more intensively, which translates into an increased
risk of developing addiction to these games.

Another factor significantly co-existing with the risk of gambling addiction was the type of game
being played. In light of the results, gamblers at risk of addiction are more often involved in sports
betting (including “fantasy sports”). These results correlate with McCormack’s study, which showed
that the risk of problem online gambling is significantly higher for, among others, online sports betting
gamblers [23]. Given that sports betting is one of the most popular online gambling services in Poland,
this is an important discovery. Problem e-gamblers are also more often involved in online scratch
cards, which are one the most popular offline gambling game types in Poland [53].

Summarising the results of the study;, it is worth once again referring to the Polish legal regulations
on gambling. When the study was conducted, legitimate gambling, apart from sports betting, was in
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its early stages. It would be significant to monitor the development of Poles” involvement in online
gambling as it becomes more widespread. Taking into account the relatively low involvement of Poles
in online gambling, it may be assumed that the results obtained stem from the fact that these games
were not yet very popular at the time the study was conducted. For instance, Choliz [24] analysed the
changes that occurred between 2012 (when online gambling was legalised in Spain) and the turn of
2014/2015, during which period the number of people who started treatment for pathological gambling
quadrupled. Additionally, patients indicated online gambling as the main source of their problems
nearly ten times more often in 2014/2015 than in 2012. With this in mind, it is extremely important
to continue epidemiological studies on participation in online gambling and problem gambling to
develop recommendations for legislators based on changes in the behaviour of gamblers resulting
from the implementation of legal amendments. Legalisation of online gambling is a very important
issue. Researchers note that the use of legitimate gambling sites causes less gambling-related harm
than the use of illegal sites [40]. However, the legalisation of online gambling alone cannot be the only
preventive factor. Its effects should be monitored and the next steps need to be adapted accordingly.
It would be worthwhile to conduct future studies on the relationship between multi-gambling and
gambling problems, especially as researchers have pointed out a research deficit in this area [23].
It would also be important to highlight the differences between “pure” online gamblers, “pure” offline
gamblers, and “mixed-mode” gamblers. It is also significant to recognise the differences between the
genders in terms of online gambling activities. As the online gambling market in Poland is constantly
evolving, it is important to use the experience of Western countries when implementing responsible
gambling policy. Internet gamblers should be informed by operators about the risks of gambling. In
addition, it would be important for operators to monitor online gambler behaviour and identify at risk
gamblers and direct messages to them about threats and the possibilities of seeking help. Gamblers
should be able to exclude themselves from the site for a certain period of time, and this should also be
offered to at risk gamblers. Some activities in this area are already being implemented; however, it
is important to conduct research on the effectiveness of preventive measures taken, because cultural
factors can modify it.

Limitations

Despite the pioneering character of this study in Poland, this study also has its limitations. The
first one is the BBGS, the research tool used, which, despite its psychometric properties, only has a
screening character and is used relatively rarely in epidemiological studies. Earlier studies on offline
gambling in Poland employed a different scale (CPGI), so it is difficult to compare those results with
the results of the present study. The BBGS was used due to the preliminary nature of this study,
the continuation of which is being planned. Besides, the adjustment of BBGS to online gambling by
rewording the questions, being our attempt to remedy to the lack of distinction between online and
offline forms of gambling, is a very unusual technique, and it is uncertain how that step affected the
results obtained. The next limitation was the restricted number of questions in the survey and the
resulting failure to include more variables, including psychological ones. A more elaborate study is,
however, currently underway. There were also no questions about offline gambling in the survey,
which makes it impossible to determine whether the outspoken gamblers are “pure” online gamblers.
In light of the study by Gainsbury, there are differences between pure online and offline gamblers and
“mixed-mode” gamblers [18]. Another limitation of research is the fact that it was conducted in the
same month in which the online gambling market was expanded. The result of this may have been that
the study only captured gamblers very advanced in using new technologies who were the first to reach
games in a new form. This confirms the connection between the use of online gambling games and
the intensity of Internet involvement. Another hypothesis may be that the research revealed players
looking for new types of gambling. This hypothesis, however, is partly undermined by the results
of studies in the light of which most Poles practiced Lottery of Sports Totalizator and online sports
betting. Lotteries are the most popular offline games in Poland; they are widely recognized and their
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publicity is allowed, which translates into their high availability, and therefore—greater involvement
of Poles in them. On the other hand, online sports betting has been available in Poland since 2012,
which is why it is not a “new” type of game. Research should certainly be continued to learn more
about the specifics of Poles” involvement in online gambling.

5. Conclusions

This study provided a characterisation of Poles” involvement in online gambling. This is all the
more relevant because in December 2018 new types of online gambling services were introduced. We
thus managed to capture the ‘initial” state—that is, the very beginning of the new reality of online
gambling in Poland. As a result, it is possible to observe changes arising from the introduction of new
legal regulations. Studies have shown that 4.1% of Poles made an online bet in the 12-monthnperiod
prior to the survey. Lotteries, sports and e-sports betting proved to be the most popular online gambling
games. Online gambling was more popular among younger men, with incomes lower than the national
average salary, who were highly engaged Internet users. Among all gamblers, 26.8% were reported to
be at risk of gambling addiction based on the results of the BBGS screening questionnaire. Addicted
online gamblers more often had children and preferred sports betting.
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Abstract: Due to the high accessibility and mobility of smartphones, widespread and pervasive
smartphone use has become the social norm, exposing users to various health and other risk factors.
There is, however, a debate on whether addiction to smartphone use is a valid behavioral addiction
that is distinct from similar conditions, such as Internet and gaming addiction. The goal of this
review is to gather and integrate up-to-date research on measures of smartphone addiction (SA) and
problematic smartphone use (PSU) to better understand (a) if they are distinct from other addictions
that merely use the smartphone as a medium, and (b) how the disorder(s) may fall on a continuum
of addictive behaviors that at some point could be considered an addiction. A systematic literature
search adapted from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) method was conducted to find all relevant articles on SA and PSU published between
2017 and 2019. A total of 108 articles were included in the current review. Most studies neither
distinguished SA from other technological addictions nor clarified whether SA was an addiction
to the actual smartphone device or to the features that the device offers. Most studies also did not
directly base their research on a theory to explain the etiologic origins or causal pathways of SA and its
associations. Suggestions are made regarding how to address SA as an emerging behavioral addiction.

Keywords: smartphone addiction; problematic smartphone use

1. Introduction

After the iPhone entered global markets in 2007, significant technological advancements for
smartphones have been made [1]. Smartphones offer a myriad of information sources at the touch
of one’s fingertips and enhance productivity (e.g., synced calendars, email, alerts and alarms, global
positioning system (GPS) maps), as well as provide instant access to entertainment and social
networking sites and social media channels (e.g., Facebook, Twitter, Instagram) [1,2]. Due to the high
accessibility and mobility of smartphones, widespread and pervasive smartphone use has become the
social norm [2], which has resulted in an increase in potential distractions that expose users to various
health and other risk factors (e.g., distracted driving or walking, resulting in traffic accidents; physical
health detriments, such as neck and shoulder issues, blurred vision, and wrist pain; sleep disturbances;
highly sedentary habits; poor academic performance; mental health concerns; financial burdens) [1-5].

One other consequence of excessive smartphone use is the possibility of developing an addiction.
The concept of addiction historically has focused on recreational drug use, exhibiting classic
characteristics related to repetitive use (i.e., tolerance, withdrawal symptoms [4,5], dependence,
social problems [5], and loss of control [4]). Addiction now includes behaviors in addition to
substances [1-5], such as gambling disorder and Internet gambling disorder [4], as discussed in
the latest fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [4-6]
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and in the proposed International Classification of Diseases (ICD)-11 for Mortality and Morbidity
Statistics [7]. The recognition of these conditions, however, did not occur immediately, as evidence of
neurobiological and psychological mechanisms indicating the addictive nature of these behavioral
disorders, and accurate assessment of them, took time [8].

The acknowledgement of PSU [3] has led to a debate on whether the concept of SA is a true
addiction and, if it is, if it is distinct from other technological addictions engaged in on the smartphone,
such as Internet and gaming addiction. Due to the recency of this phenomenon, there has been a
paucity of research on its assessment [4,5]. Assessment of SA should involve reliable instruments
(e.g., good internal consistency), and demonstrate adequate content validity as a measure of addiction
(attempts at appetitive need fulfillment, preoccupation, loss of control, undesired consequences [9]).
In addition, such a measure should capture unique consequences of SA (e.g., use while in social
situations that interfere with a flow of conversation or upsets a speaker, use while driving). Limitations
of knowledge in this new arena of SA/PSU studies include self-report bias from participants, lack of
standardized criteria to measure SA/PSU, and different contexts that need to be considered, which may
impose variation in external demands for smartphone use (e.g., sociocultural, professional, social,
and academic conflicts) [10].

While there are a variety of limitations, the growing empirical research generally seems to support
the concept of SA as a genuine addictive disorder, despite the available data being insufficient in
establishing a valid and definitive conceptualization of SA [4]. We propose that SA may fall along a
continuum of dysregulated behavior, which is problematic and even incapacitating at some point [8,11].
It is important to explore how authors to date have characterized excessive smartphone misuse and
understand how various factors gleaned from current research coalesce to discern a clearer picture of
this emerging behavioral addiction.

Research Aims

The goal of this review was to examine the most recent studies of SA/PSU to see the extent to
which there appears to be unique features of SA/PSU and how studies assess this behavior, to arrive at
an understanding regarding at which point there is likely to be consensus on the condition being an
addiction along a spectrum of problematic behaviors.

We also explored proneness to SA/PSU as a function of gender, as some researchers have suggested
that SA may be more prevalent among females [12-23]. Other research has suggested that subsets of
SA (e.g., social media addiction versus gaming addiction) may differentiate males from females in
their smartphone use [12,14,15,24-36].

Additionally, we examined variation as a function of age. Some researchers have suggested that
SA may be more prevalent among youth and young adults as compared to older adults and elderly
who use smartphones less often than youth [12,13,19,26,30,32,34,35,37-55].

2. Materials and Methods

We conducted a systematic review of the literature on and related to SA/PSU utilizing the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [56] as a general
guide. Electronic databases utilized included: MEDLINE/PubMed, ProQuest, GALE, Web of Science,
Directory of Open Access Journals, Elsevier’s collection, Taylor & Francis Online, Wiley Online Library,
SpringerLink, and Sage Journal’s collection.

2.1. Inclusion Criteria

We utilized the following search terms: “(smartphone OR “mobile phone”) AND (addiction OR
“problematic use”)”, published in peer-reviewed journals between 2017 and 2019. Examining Google
Scholar, we noticed a steep influx of SA/PSU articles published beginning 2017 (from 22 appearing in
2007; 41 in 2011; 164 in 2013; and 1020 in 2017). Therefore, we began the search from 2017 since this
would best capture the current state of research in the area of SA/PSU research. Of the 170 articles
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returned from the search, 100 were retained for the current review after screening their titles and
abstracts. The references of these articles were also searched, of which eight articles were deemed
relevant and were included, allowing us to review 108 articles in total.

2.2. Exclusion Criteria

Articles published in a language other than English, duplicate articles (primary articles
were retained), studies that did not substantively extend a parent study (i.e., only adapted established
SA/PSU scales to a new language with some validation testing), and irrelevant articles (determined
after looking through the abstracts or text; examples of irrelevant studies included those assessing
the efficacy of an app serving as an intervention, focusing on the risk factors of SA/PSU rather than
SA/PSU itself, and measuring invariance among SA-related scales) were excluded from the review
pool (see Figure 1).

Articles identified through database
search based on keywords in titles
(n=693)

Articles excluded:

N Not peer reviewed (n =393)

Not from 2017 - 2019 (n = 119)
Not in English (n=11)

A 4

Articles screened
(n=170)

Articles excluded:
Abstracts only (n=10)
Commentary (n=1)
Deemed not relevant (n = 16)
Duplicates/repeats (n = 24)
Editorials (n=2)
Review article (n=1)
Validation studies (n = 16)
(Total n =70)

Articles included:

<

v From relevant references (n = 8)

Articles included in qualitative
synthesis
(n=108)

Figure 1. Process of final article selection for the current review.
2.3. Information Synthesis

Since most of the literature on smartphone use were based upon SA and PSU scales, we created a
table to compile scales used to measure SA/PSU of smartphones, examining the following (based on
Bianchi and Phillips, 2008 [3]): (1) Scale/measurement items, (2) Cronbach’s alpha coefficients,
and (3) variables and/or factors measured to assess smartphone use. A total of 14 relevant assessments
emerged from a review of previous SA/PSU studies (see Table 1).
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Table 1. Smartphone addiction/problematic smartphone use assessments in the literature.

. PSR Year Items
Title (Abbreviation): Authors Cat! CA2 Measures/Factors
1. Tolerance
Mobile Phone Problem Use Scale (MPPUS): 2005 27 2 Dscapefromother problems
Bianchi and Phillips PSU 0.93 3. Withdrawal
. 4. Craving
5. Negative life consequences
1. Inability to control craving
Mobile Phone Addiction Index (MPAI): 2008 17 2. Feeling anxious and lost
Leung SA 0.87 3. Withdrawal or escape
4. Productivity loss
Problematic Mobile Phone Use Questionnaire 2008 30 1. Dangerous/prohibited use
(PMPUQ): PSU 077 2. Dependence
Billieux, Van der Linden, and Rochat § 3. Financial problems
Smart Mobile Phone Addiction Scale (MPAS): 2012 11 IS Academlc problems and effects
Hong, Chiu, and Huang SA 0.90 2. Time management and problems
d 4 . 3. Substitute satisfaction
1. Tolerance
2. Withdrawal
3. Longer time than intended
4. Great deal of time spent
Problematic Use of Mobile Phones (PUMP) Scale: 2013 20 5. Craving
Merlo, Stone, and Bibbey PSU 0.94 6. Activities given up or reduced
7. Use despite physical/psychological problems
8. Failure to fulfill role obligations
9. Use in physically hazardous situations
10. Use despite social/interpersonal problems
1. Daily-life disturbance
2. Positi ticipati
Smartphone Addiction Scale (SAS): 2013 48 3 ‘A(I);le\;;if;llﬂPa o
Kwon, Lee, Won, Park, Mm, Hahn, Gu, Choi, SA 0.97 4. Cyberspace-oriented relationship
and Kim
5. Overuse
6. Tolerance
1. Daily-life disturbance
Short Version for Adolescents 201 1 2. Withdrawal
(SAS-SV): 013 0 3. Cyberspace-oriented relationship
Kwon, Kim, Cho, Yang SA 091 4. Overuse
5. Tolerance
1. Withdrawal behavior
Smartphone Addiction Scale for College Students 2 Sah.e nce behavior
(SAS-C): 2014 22 3. Social comfort
Su, Pan, Liu, Chen, Wang, and Li SA 093 4. Negative ef_fect.s
5. Use of application (app)
6. Renewal of app
- 1. Daily-life disturbance
Smartphone Addligzr;/ll\é[)a.magement System 2014 14 2. Virtual world orientation
Lee, Ahn, Choi, and Choi SA N/A 8. Withdrawal
4. Tolerance
1. Compulsive behavior
Smartphone Addiction Inventory (SPAI): 2014 26 2. Functional impairment
Lin, Chang, Lee, Tseng, Kuo, and Chen SA 0.94 3. Withdrawal
4. Tolerance
Korean Smartphone Addiction Proneness Scale L Di§ turbance of adaptive functions
(SAPS): 2014 29 2. Withdrawal
. : SA 0.88 3. Tolerance
Kim, Lee, Lee, Nam, and Chung 4. Virtual life orientation
1. Disregard of harmful consequences
Smartphone Addiction Scale (SPAS): 2014 19 2 Preo.cc>upahon .
Bian and Leung SA 0.83 3. Inability to control craving
: 4. Productivity loss
5. Feeling anxious and lost
1. Craving
Mobile Phone Problem Use Scale: derivation of a 2015 10 2. Withdrawal
short scale (MPPUS-10): PSU 085 3. Dependence
Foerster, Roser, Schoeni, and Rodsli : 4. Loss of control
5. Negative life consequences
Short form of Smartphone Addiction Inventory 2 COmPulSlV? beh_awor
2016 10 2. Functional impairment
(SPAI-SF): .
; ; SA 0.84 3. Withdrawal
Lin, Pan, Lin, and Chen
4. Tolerance

Notes. ! Category: Smartphone addiction (SA) or problematic smartphone use (PSU); 2 Cronbach’s alpha value;
3 First developed by Korea’s National Information Society Agency (2011) “Report on the Development of Korean
Smartphone Addiction Proneness Scale for Youth and Adults” (also known as S-Scale) [Korean].
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We compared the items across these assessments to see which were common among the scales
(see Table 2). Based on Griffiths” (2005) six-component model of addiction, we categorized the
measured items based on the components argued to be needed “to be present for a behavior to be
operationally defined as addictive”: Salience (activity becomes most important, dominating aspect),
mood modification (subjective experience of feeling better, whether calming down and/or feeling less
destressed), tolerance (more activity needed to feel activity’s previous effect), withdrawal (abrupt
termination of activity results in unpleasant feeling, psychologically and/or physiologically), conflict
(activity causes conflict between addict and others or ones’ self-image), and relapse (addictive activity
patterns recur) [57].

Table 2. Comparison of major validated scale variables based on Griffiths’ component model.

MPPUS MPAI  MPAS SAS SAS-SV SPAI  SPAI-SF SAPS SPAS Total

N
Withdrawal +/ vV v vV v vV vV vV vV 9
Tolerance  +/ vV v vV v vV v vV vV 9
N N
Mood Y Y v v VooV
Relapse vV Vv vV 3

We also extracted the following information from the studies (see Table 3): (1) First author;
(2) year published; (3) whether the study classified smartphone use as an addiction (SA) or problematic
smartphone use (PSU); (4) sample size (n); (5) the scale used to assess SA/PSU; (6) if SA/PSU was clearly
defined; (7) if studies mentioned the negative attributes and/or risk factors of SA/PSU; (8) if studies
distinguished SA/PSU from other technological addictions (e.g., Internet and gaming addiction); (9) if
studies differentiated if the addiction is to the actual phone device or to what the phone device offers,
such as functions, services, and/or content (e.g., social networking services, apps, etc.); and (10) if
studies were structured around a theory or model to explain SA/PSU and how it affects the smartphone
user. Under the scale column “adapted”, scales refer to scales adapted from SA/PSU assessment scales
used in previous studies (e.g., authors compiled x items from scale A and y items from scale B to create
their own scale, S) and/or input from field experts.

Table 3. Characteristics of relevant smartphone studies, 2017-2019.

First Author Year Cat?! Scale Define?  Distinct 3 Dv. F* Theory
Abed 2018 SA Adapted No No No n/a
Akodu 2018 SA SAS-SV No No Yes n/a
Akturk 2018 SA SAS-SV Yes No No n/a
AlAbdulwahab 2017 SA SAS No No No n/a
Alavi 2018 SA MPPUS No No No Yes 5
Albursan 2019 SA Adapted No Yes Yes n/a
Alhassan 2018 SA SAS-SV Yes No No n/a
Alhazmi 2018 SA SAS-SV Yes No No n/a
Arefin 2017 SA Adapted Yes Yes Yes n/a
Arnavut 2018 SA SAS-SV Yes No No n/a
Barnes 2019 SA Adapted Yes Yes Yes Yes ©
Basu 2018 SA Adapted Yes No No n/a
Beison 2017 PSU MPPUS No No No Yes 7
Cerit 2018 SA SAS Yes No No n/a
Cha 2018 SA SAPS Yes No No n/a
Chang 2019 SA SPAI Yes No No n/a
Chen 2018 SA Adapted No Yes Yes Yes 8
Chen 2017 SA Adapted Yes No No Yes ©
Chen 2017 SA SAS-SV Yes No No n/a
Chiang 2019 SA SPAI-SF No No No n/a
Cho 2017 SA SAPS Yes No No Yes 10
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Table 3. Cont.

First Author Year Cat! Scale Define?  Distinct 3 Dv. F* Theory
Cho 2017 SA AMT 1 No No No n/a
Choi 2017 SA SAS Yes No No n/a

Chou 2019 SA SPAI-SF No No No Yes 12
Chung 2018 SA SAPS No No No n/a
Cocorada 2018 SA SAS-SV Yes No No Yes 13
Contractor 2017 PSU SAS-SV Yes No No Yes 14
De-Sola 2017 SA MPPUS Yes Yes No n/a

Ding 2019 PSU SOCs No No Yes n/a
Duke 2017 SA SAS-SV No Yes Yes n/a
Elhai 2017 PSU SAS No No No Yes 1°
Elserty 2018 SA SAS-SV Yes No No n/a
Gao 2018 SA MPAI Yes No No Yes 10
Gao 2017 SA MPAS No No No n/a
Gezgin 2018 SA SAS-SV Yes No No n/a
Gligor 2019 SA MPDQ 7 No No No n/a
Gokgearslan 2018 SA SAS-SV Yes No No n/a
Habibi 2018 SA Adapted Yes No No n/a
Han 2017 SA MPAI Yes Yes No Yes 18
Hao 2019 SA MPAI Yes No No n/a
Hawi 2017 SA SAS-SV No No No n/a
Heo 2018 SA SAPS No No No n/a
Herrero 2019 SA SPAS No No No Yes 10
Herrero 2019 SA SPAS Yes No No n/a
Herrero 2019 SA SPAS Yes No No n/a
Thm 2018 SA Adapted No No No n/a
Jeong 2019 SA SAPS Yes Yes No n/a
Jin 2017 SA SAS-SV Yes No No Yes 1819
Jo 2018 SA SAPS No No No n/a
Khoury 2019 SA SPAI No Yes No n/a
Kim 2018 PSU Adapted Yes No No Yes 20
Kim 2017 PSU Adapted Yes No No n/a
Kim 2019 SA SAPS No No No n/a
Kim 2018 SA SAPS Yes No No n/a
Kim 2017 SA SAPS No No No Yes 18
Kim 2017 SA SAPS Yes No No Yes 14
Kim 2017 SA SAS No No No n/a
Kim 2018 SA SAPS Yes No No Yes 18
Kita 2018 SA SAS-SV Yes No No n/a
Konan 2019 SA SAS-SV Yes No No n/a
Konan 2018 SA SAS-SV No No No n/a
Kuang-Tsan 2017 SA MPAS No No No n/a
Kumcagz 2019 SA SAS-SV No No No n/a
Kumcagiz 2017 SA SAS-SV No No No n/a
Kuss 2018 PSU PMPUQ Yes No No Yes 2!
Kwak 2018 SA Adapted No No No Yes 22
Kwan 2017 SA SAS Yes No Yes Yes 2324
Lan 2018 SA MPIAS 2 No No No n/a
Lee 2018 PSU SAPS Yes No No Yes 26
Lee 2017 SA SAPS Yes Yes No n/a
Lee 2017 SA SAPS No No No n/a
Lee 2017 SA Adapted No No No n/a
Lee 2018 SA Adapted No No No n/a
Lee 2018 SA Adapted No No No n/a
Lee 2018 SA SAS-SV No Yes No n/a
Lee 2018 SA SAS-SV Yes Yes No Yes %7
Li 2018 SA SPAS No No No Yes 28
Lian 2018 SA MPAI Yes No No Yes 2029
Lian 2017 SA MPAI Yes No No Yes 26
Lin 2017 SA App Yes Yes Yes n/a
Liu 2018 SA MPAI Yes No No Yes 22
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Table 3. Cont.

First Author Year Cat! Scale Define?  Distinct 3 Dv. F* Theory
Liu 2018 PSU SAS-SV Yes No Yes Yes 30
Liu 2017 SA MPAI No No No Yes 31
Lu 2018 SA MPAS No No No n/a
Mahapatra 2018 SA Adapted Yes No Yes Yes 32
Matar B. 2017 SA SPAI No Yes No n/a
Megna 2018 SA SAS-SV Yes No No n/a
Mei 2018 SA MPAI Yes No Yes Yes 33
Nayak 2018 SA Adapted Yes Yes No n/a
Noé 2019 SA SAS Yes Yes Yes n/a
Parasuraman 2017 SA Adapted No No Yes n/a
Salvi 2018 SA Adapted Yes No No n/a
Sekhon 2018 SA MPPUS Yes No No n/a
Serin 2019 SA SAS-SV Yes No No n/a
Sok 2019 SA Adapted No No No n/a
Song 2018 SA SAS (Lee) No No No n/a
Sun 2019 SA SAS (Ku) Yes No No Yes 34
Tunc-Aksan 2019 SA SAS No No Yes Yes 3
Wang 2018 SA SAS-SV No No No Yes 3637
Wang 2017 SA SAS-SV No No No Yes 3
Wolniewicz 2018 PSU SAS-SV Yes Yes Yes Yes 1516
Xu 2019 PSU MPAS Yes No No Yes 2239
Yang 2019 SA MPAI Yes No No Yes 40
Yang 2019 PSU Adapted Yes No No n/a
Yildiz Durak 2017 SA SAS Yes Yes No Yes 41
Yildiz 2017 SA SAS-SV No No No n/a
You 2019 SA MPAS No No No Yes 42
Youn 2018 SA SAS No No No n/a

Notes. ! Category based on study title: Smartphone addiction (SA) or problematic smartphone use (PSU); 2 Define:
If SA or PSU was defined; 3 Distinct: If studies distinguished SA from other technological addictions (e.g., Internet,
gaming addiction); 4 Dv. F: If studies differentiated if the addiction is to the actual phone device or to what the phone
device offers, such as functions, services, and/or content (e.g., social networking services, apps, etc.); 5 Psychosocial
Theory of Development (Erikson, 1963) and Adolescent Identity Paradigm (Marcia, 1991); ® Cognitive absorption
(Agarwal & Karahanna, 2000); 7 Reward Deficiency Syndrome hypothesis (Blum et al., 1996); ® Social influence
theory (Rashotte, 2007); * Four categories of drinking motives (Stewart & Devine, 2000); ' Big Five personality traits
(Norman, 1963); 11 Addiction Measurement Tools of Measuring Smartphone Addiction of Children-Adolescents
(Korea Network Information Center); 12 6-T Internet attitude model (Chou, Wu, & Chen, 2013); 13 Theory of Reasoned
Action (Fishbein & Ajzen, 1975); 14 Impulsive pathway perspective (Billieux, 2012); 15 Uses and Gratifications Theory
(UGT) (Blumler & Katz, 1974); 1 Compensatory Internet Use Theory (CIUT) (Kardefelt-Winther, 2014); 17 MPDQ:
Mobile ghone dependence questionnaire; 18 Attachment theory (Bowlby, 1969); 1 Psychoanalytic theory (Kassel etal.,
2007); 20 Social enhancement model (Kraut et al., 2002); 2 Biopsychosocial model of addiction (Griffiths, 2005);
22 General strain theorg/ (Agnew, 1992); B Theory of parenting style (Baumrind, 1971); 24 First theory of self-regulation
(Asgari et al., 2011); 2 MPIAS: Mobile Phone Internet Addiction Scale; 2° Problem behavior theory (PBT) (Jessor,
1977); ¥ Power distance belief (Hofstede, 1980); 2® Media system dependency (MSD) theory (Ball-Rokeach &
DeFleur, 1976); % Social skills deficit theory (Valkenburg & Peter, 2007); 3° Social compensation theory (Zell &
Moeller, 2018); 3 Response style theory (Nolen-Hoeksema, 1991); 32 Incentive-Sensitization (Robinson & Berridge,
2003) & Learning Theory (Wallace, 1999); 3 Hierarchy of needs theory (Maslow, 1968); 3 Risky families model
(Repetti, 2002); 3% Intrinsic motivation theory (Przybylski, Weinstein, Ryan, & Rigby, 2009); 36 Gensation seeking
theory (Zuckerman, 1994); ¥ Social support buffering hypothesis (Cohen & Wills, 1985); 38 Cognitive-behavioral
model (Davis, 2001); 3 Resilience theory (Fergus & Zimmerman, 2005); “’ Diathesis-stress theories (Monroe &
Simons, 1991) and stress-buffering hypothesis (Cohen & Edwards, 1989); 41 Social Cognitive Theory (Bandura, 1986);
42 Sociometer theory of self-esteem (Leary et al., 1995).

To supplement Table 3, we conducted an in-depth analysis on the study samples (see Table 4),
specifically (1) the group population, either child/youth (in primary, elementary, middle, or high
school), university student (students in college, graduate, and vocational/technical/institute schools
were all categorized as university students), or adult; (2) sample size, n; (3) percentage of males in the
sample; (4) mean age and age range of participants; (5) participant nationality; (6) sociodemographic
characteristics (SDCs) (biometrics, such as body mass index (BMI), height, and weight; number
of children; education; income; marital status; region or residence, such as rural or urban; and
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work/employment status); and (7) reported study biases. SDC data were reported for university
students and adults, usually the parents of children.

The point of Table 4 was to determine the generalizability of the studies’ results: Can the research
findings and conclusions of a particular group of interest be extended to the population at large? If a
particular population sample is studied across age and nationality, does that imply that that group is
at-risk for SA?

Table 4. Demographic profile of smartphone study samples and reported study biases.

4
First Author Pop ! n? Males (%) Age (m (r) ) Nationality (BCSE?ISIRW) Reported Biases
Abed Univ 229 35 n/a Iraqi MRW None
Akodu Univ 77 57 22 Nigerian B Sampling
Akturk Univ 1156 49 n/a Turkish CEIL Sampling
AlAbdulwahab Univ 78 50 21 Saudi B None
Alavi Univ 500 21 28 (18-31+) Iranian EM Sampling
Albursan Univ 2008 45 22 (17-28) Arab Sampling
Alhassan Adult 935 34 32 (18-55+) Saudi EI R Multiple
Alhazmi Univ 181 48 24 Saudi B M Sampling
Arefin Univ 247 54 (18-27) Bangladeshi Sampling
Arnavut Adult 714 58 (18-30+) Turkish Sampling
Barnes Univ 140 31 (18-35+) American E Multiple
Basu Univ 388 60 20 Indian R Sampling
Beison Univ 100 25 20 (18-23) American ° EI None
Cerit Univ 214 20 20 (18-26) Turkish Recall
Cha MS 1824 51 16 Korean I w Multiple
Chang ES/Adult 5089 52/31 n/a/43 Taiwanese EIM Multiple
Chen Univ 2000 49 21 (17-23) Taiwanese Multiple
Chen Univ 384 54 n/a Chinese Multiple
Chen Univ 1441 48 20 (17-26) Chinese R Multiple
Chiang ES/MS 2155 52 n/a Taiwanese EIM Multiple
Cho Adult 400 52 (20-40+) Korean E W Multiple
Cho PS/Adult 303 7/51 (20-40+)/(0-6) Korean ElI W Sampling
Choi HS 1020 52 n/a Korean R Sampling
Chou HS/Adult 1444 43/n/a n/a/n/a Taiwanese EI Recall
Chung MS/HS 1796 46 15 (13-18) Korean Sampling
Cocorada HS/Univ 717 35 20 Romanian Multiple
Contractor Adult 346 42 34 American ® ™M W Multiple
De-Sola Adult 1126 48 33 (16-65) Spanish E R Multiple
Ding Univ 849 56 n/a Chinese Multiple
Duke Adult 262 36 32 German Recall
Elhai Adult 308 54 33 American ® EIM W Multiple
Elserty Univ 420 32 20 Egyptian B None
Gao Univ 1105 29 21 (16-25) Chinese 1 Multiple
Gao Univ 722 48 20 (15-24) Chinese CI R Multiple
Gezgin HS 161 58 16 Turkish Multiple
Gligor Univ 150 44 27 Romanian R Multiple
Gokgearslan Univ 885 41 n/a Turkish I None
Habibi HS 271 n/a 17 Indonesian None
Han Univ 543 41 20 (17-22) Chinese Sampling
Hao Univ 847 51 20 (18-24) Chinese C R Sampling
Hawi Univ 381 59 21 (17-27) Lebanese Multiple
Heo HS 790 23 n/a Korean None
Herrero All 526 52 (15-55+) Spanish E R None
Herrero All 241 55 (15-55+) Spanish E R Sampling
Herrero All 416 52 (15-55+) Spanish E R Selection
Thm Youth 2000 50 12 Korean Recall
Jeong HS 768 58 n/a Korean M Multiple
Jin Univ 297 55 20 (17-24) Chinese I Sampling
Jo All 7003 45 (14-39) Korean R Recall
Khoury Univ 100 48 (18-25) Brazilian ® ™M Response
Kim Adult 615 51 30 (19-40) American ° Recall
Kim All 930 52 26 (13-40) American > M Recall
Kim MS/HS 4512 45 15 Korean ™M Multiple
Kim Youth 3380 51 (10-19) Korean EIMRW Information
Kim Univ 200 37 22 (19-28) Korean Sampling
Kim Univ 608 30 23 Korean 1 Multiple
Kim HS 1479 48 n/a Korean B Sampling
Kim Univ 313 42 22 (17-29) Korean Sampling
Kita YA 221 65 19 (17-22) Israeli Sampling
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Table 4. Cont.

4
First Author Pop ! n? Males (%) Age (m (r) %) Nationality ® CSE]?ISIRW) Reported Biases
Konan Univ 496 25 n/a Turkish None
Konan Univ 330 36 (20-24) Turkish None
Kuang-Tsan Univ 332 65 (18-22) Taiwanese Sampling
Kumcagiz HS 352 44 16 (14-19) Turkish E W Multiple
Kumcagiz Adult 428 37 40 (21-65) Turkish CEIM W Sampling
Kuss All 273 26 28 (16-65) Various None
Kwak MS 1170 42 n/a Korean I Sampling
Kwan Univ 211 35 22 Hong Kong None
Lan Univ 1044 48 21 Chinese Information
Lee Youth 231 40 16 (13-18) Korean Sampling
Lee MS 370 49 13 Korean Multiple
Lee MS/HS 3000 53 n/a Korean Sampling
Lee MS/HS 1125 51 n/a Korean EI R Multiple
Lee Univ 125 49 n/a Korean None
Lee Univ 324 9 n/a Korean Multiple
Lee MS 490 100 14 Korean E Multiple
Lee Adult 778 63/58 © 35/25°© Various EI Information
Li Adult 527 46 27 (18-35) Chinese EIM W Sampling
Lian Univ 716 54 20 (18-24) Chinese R Sampling
Lian Univ 682 58 19 (18-24) Chinese Recall
Lin Univ 79 72 22 Taiwanese Sampling
Liu HS 899 46 17 (14-19) Chinese Sampling
Liu Univ 465 31 19 (16-24) Chinese Sampling
Liu HS 1196 53 17 (14-20) Chinese Multiple
Lu MS 1311 54 15 Various Sampling
Mahapatra HS/Univ 330 58 (15-20) Indian Multiple
Matar B. Univ 688 53 21 Lebanese w Recall
Megna Adult 52 46 27 (18-35) Ttalian None
Mei Univ 1034 47 20 Chinese CI R Multiple
Nayak Univ 429 35 20 (16-29) Indian None
Noé Adult 64 53 25 (19-46) British E w Sampling
Parasuraman Adult 409 42 23 (18-55) Malaysian E W Sampling
Salvi Univ 100 59 21 (18-25) Indian None
Sekhon Univ 80 50 (20-24) Indian Sampling
Serin Univ 287 14 n/a Turkish CEIM Multiple
Sok Univ 139 16 n/a Korean Sampling
Song PS/Adult 328 n/a/0 (3-5)/n/a Korean E w Multiple
Sun HS 1041 56 12 (11-15) Chinese Multiple
Tunc-Aksan HS 296 54 n/a Turkish E None
Wang MS 655 55 17 (15-19) Chinese Multiple
Wang MS 768 44 17 (15-19) Chinese E w Multiple
Wolniewicz Univ 296 43 20 American 3 E w Multiple
Xu MS 316 47 14 (12-16) Chinese Sampling
Yang HS 1258 53 17 (14-20) Chinese Sampling
Yang Univ 218 58 18 (16-19+) Taiwanese Multiple
Yildiz Durak MS/HS 612 52 13 (10-18) Turkish CEI R Multiple
Yildiz HS 262 50 17 (14-19) Turkish Sampling
You Univ 653 50 20 (17-25) Chinese EIL Sampling
Youn Youth 158 53 15 (12-19) Korean EI Multiple

Notes. ! Pop: Population general group (PS: Primary school; ES: Elementary school; MS: Middle school;
HS: High school; Univ: University, college, or institute of technology students; YA: Young adult); 2 Sample
size n; 3 m (r): mean age (range, if available); 4SDC: Common sociodemographic characteristics besides gender,
age, and ethnicity (B = biometrics: height, weight, BMI; C = number of children; E = education; I = income;
M = marital status; R = regional/residence: urban or rural; W: work/employment status); 5 Reports racial status
(e.g., African-American/Black, American Indian, Asian, Native Hawaiian/other Pacific Islander, White) and ethnicity
(e.g., Hispanic/Latino, Not Hispanic/Latino); ¢ Of 778 total, 431 US and 347 Chinese participants: male % and mean
age of US and Chinese, respectively.

To supplement Table 4 on the characteristics of the studies’ samples (refer to Table 5), we examined
the quality of the data collection process by noting if samples were selected as a convenience sample or
randomly selected and if a sample size calculation was calculated before participant recruitment. We also
categorized the data collected as consequences pertaining to: Academics (grades, academic performance),
physiological (headache, eye/neck/hand pain), psychological (experiencing depression, loneliness, cravings),
social (peer relationships), or usage; and whether it was objective or subjective (such as an objective clinical
diagnosis of depression or a subjective self-report of experiencing depression).
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Additionally, we assessed the operationalization of theory by noting if the SA/PSU scale used
in the study met Griffiths’ criteria for behavioral addictions: Conflict, mood modification, relapse,
salience, tolerance, and withdrawal. The 2004 Surgeon General’s report, The Health Consequences
of Smoking, developed a framework for interpreting evidence, specifying a four-level hierarchy for
interpreting evidence: (a) Evidence is sufficient to infer a causal relationship (multiple scientifically
supported evidence), (b) evidence is suggestive but not sufficient to infer a causal relationship
(scientifically supported evidence), (c) evidence is inadequate to infer the presence or absence of a
causal relationship (evidence that is not scientifically supported and/or is sparse, of poor quality,
or conflicting), or (d) evidence is suggestive of no causal relationship (no evidence) [58]. We also noted
if the assumption of addiction, referencing back to the title assumption of whether the authors viewed
excessive smartphone use as SA or PSU, influenced the study results.

Table 5. The quality of samples, level of evidence, and theoretical framework of the studies.

First Author Sel! SSS?  Evidence®  Obj* Int®  Griffiths © Inf”?
Abed R No PhPs S 1 n/a Yes
Akodu C No Ph (©] Sg C STW Yes
Akturk C Yes S S Sg C STW Yes

AlAbdulwahab C Yes Ph S I CM STW Yes
Alavi C Yes Ps O I CM STW Yes
Albursan R No Ps S I n/a Yes
Alhassan R No Ps S I C STW Yes
Alhazmi R Yes Ph S 1 C STW Yes
Arefin C No A o Sg CM STW Yes
Arnavut R No U S I C STW Yes
Barnes C No Ps S I C STW Yes
Basu R Yes 18) S I CM STW Yes
Beison n/a No S S Sg CM STW Yes
Cerit R Yes Ph S I CM STW Yes
Cha R No PhPsU S I CMRSTW Yes
Chang R No SU S I CMRSTW Yes
Chen C No PsS S I n/a PSU &
Chen C No Ps S I CMRSTW Yes
Chen R No PhPs S 1 C STW Yes
Chiang R No Ps S I C ™ Yes
Cho R No Ps S I CMRSTW Yes
Cho R No Ps S I n/a Yes
Choi n/a No U S I C ™ Yes
Chou R No 18] S I C ™ Yes
Chung R No Ph S I CMRSTW Yes
Cocorada C No PsU S I C STW Yes

Contractor C No Ps S I C STW Yes
De-Sola C No Ps S I CM STW Yes
Ding R No PsU S I CMRST Yes
Duke C No 18] S I C STW Yes
Elhai C No PsU S I CM STW Yes
Elserty C No PhU S I C STW Yes
Gao C No Ps S I CM STW Yes
Gao C No Ps S I C RSTW Yes
Gezgin C No PsU S I C STW Yes
Gligor n/a No Ps S I CM STW Yes

Gokgearslan C No PsS S 1 C STW Yes
Habibi n/a No Ps S I C STW Yes
Han R No Ps S 1 CM STW Yes
Hao R No PsU S I CM STW Yes
Hawi R No Ps S I C STW Yes
Heo C Yes Ps S I CMRSTW Yes
Herrero R No PsSU S I CM STW Yes
Herrero R No Ps S I CM STW Yes
Herrero R No Ps S I CM STW Yes
Thm R No S S I CMRSTW Yes
Jeong n/a No PsS S 1 CMRSTW Yes

Jin C No Ps PsS I Cc STW Yes
Jo n/a No Ps S 1 CMRSTW Yes
Khoury R No Ph (@] Sg CMRSTW Yes
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Table 5. Cont.

First Author Sel! SSS?  Evidence®  Obj? Int®  Griffiths ® Inf”
Kim R No Ps S 1 C STW Yes
Kim R No Ps S I C STW Yes
Kim R No Ps S I CMRSTW Yes
Kim R No S S I CMRSTW Yes
Kim n/a Yes Ps S I CMRSTW Yes
Kim C No Ph S Sg CMRSTW Yes
Kim n/a No Ph S 1 CM STW Yes
Kim C No Ps S I CMRSTW Yes
Kita C No S o Sg C STW Yes
Konan R No PsS S I C STW Yes
Konan C No Ps S I C STW Yes

Kuang-Tsan C No S S Sg C RSTW Yes

Kumcagiz C No S S I CM STW Yes

Kumcagiz C No S S I C STW Yes
Kuss C No Ps S I C RSTW Yes
Kwak C No PsS S Sg CMRSTW Yes
Kwan C No PsS S I CM STW Yes
Lan R No Ps S Sg n/a Yes
Lee C Yes PsS S Sg CMRSTW Yes
Lee C No Ps o Sg CMRSTW PSU 8
Lee n/a No S S Sg CMRSTW Yes
Lee R No Ph S I C STW Yes
Lee R No S (@] Sg CMRSTW Yes
Lee C No S S I CM STW Yes
Lee n/a No Ps S I C STW Yes
Lee n/a No Ps S I C STW Yes

Li C No S S I CM STW Yes
Lian C No S S I CM STW Yes
Lian C No S S I CM STW Yes
Lin n/a No U (e] Sg n/a Yes
Liu R No Ps S I CM STW Yes
Liu C No PsS S I C STW Yes
Liu C No PhPs S I CM STW Yes
Lu C No S S I C RSTW Yes

Mahapatra C No APsS S I C STW Yes

Matar B. R No PsU S I CMRSTW Yes
Megna C No Ph (¢] Sg C STW Yes
Mei C Yes Ps S I CM STW Yes
Nayak R No AU S I C STW Yes
Noé C No 18] (¢] Sg CM STW Yes

Parasuraman C No U S 1 n/a Yes

Salvi n/a No Ph O Sg n/a Yes

Sekhon n/a No Ps S 1 CM STW Yes
Serin C No Ps S I C STW Yes
Sok C Yes PsSU S 1 n/a Yes
Song C No S S I CMRSTW Yes
Sun n/a No PsS S 1 n/a Yes

Tunc-Aksan R No APsS S I CM STW Yes
Wang n/a No PsS S I C STW Yes
Wang n/a No PsS S I C STW Yes

Wolniewicz C No PsU S I C STW Yes
Xu n/a No APs S 1 C RSTW Yes
Yang R No Ps S I CM STW Yes
Yang C No PhPsU S I C SWwW Yes

Yildiz Durak C No Ps S I CM STW Yes
Yildiz C No Ps S I CSTW Yes
You C No Ps S I C RSTW Yes
Youn C No PsS S I CM STW Yes

Notes. ! Sel: Selection of sample: C = convenience sample, R = randomly selected; 2 SSS: Sufficiency of sample size:
Yes or No; ® Evidence: Type of data presented: A = academic, Ph = physiological, Ps = psychological, S = social,
U = usage; * Obj: Objectivity: O = objective, S = subjective; ® IE: Interpretation of the level of evidence: Sf = sufficient,
Sg = suggestive but not sufficient, I = inadequate, NR = suggestive of no causal relationship; ° Griffiths: C = conflict,
M = mood modification, R = relapse, S = salience, T = tolerance, W = withdrawal; 7 Inf: Assumption of addiction
influencing study results: Yes or No; 8 Was titled an SA study but conclusions use PSU terminology.
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3. Results

3.1. The Scales Used to Assess SA/PSU and Their Internal Consistency

The majority of the studies in the current review (96 out of 108) fell under the SA category
(89%). Excluding one study that did not use a scale, there were nine major scales used among the
studies, in order of frequency: Smartphone Addiction Scale Short Version (SAS-SV) (26%), Smartphone
Addiction Proneness Scale (SAPS) (13%), Smartphone Addiction Scale (SAS) (9%), Mobile Phone
Addiction Index (MPAI) (8%), Mobile Phone Addiction Scale (MPAS) (5%), Mobile Phone Problem
Use Scale (MPPUS) (4%), Smartphone Addiction Scale (SPAS) (4%), Smartphone Addiction Inventory
(SPAI) (3%), and SPAI Short Form (SPAI-SF) (2%). Overall, most studies either used SAS or SAS-SV
(35%) or some adapted form of an SA/PSU-assessment scale based on scales from previous studies
and/or input from field experts (26%). Excluding the adapted scale studies, 8 of the 12 PSU studies
(67%) used SA scales to assess problematic use instead of a PSU scale, and 3 of the 95 SA studies (3%)
used PSU scales to assess SA instead of SA scales (refer to Table 3).

In terms of meeting Griffiths’ criteria for behavioral addictions, all of the major scales met conflict,
withdrawal, tolerance, and salience. Six of the nine met mood modification and only three met relapse
(refer to Table 2). Excluding nine studies in which specific adapted scale items were unavailable, one
study that did not use a scale, and 79 that used one of the nine major scales, the remaining 19 studies
used an adapted SA/PSU scale that met at least half of Griffiths’ criteria for behavioral addictions
(mean of 4.79, SD of 0.92): One study (5% of 19) met three criteria, seven (37%) met four, six (32%) met
five, and five (26%) met all six.

All scales demonstrated validity: All scales provided a Cronbach’s alpha (CA) value as a measure
of internal consistency, and performed factor structure analyses, ensuring that factor fit properly
explains correlations among outcomes [59,60]. Other evaluations of validity also included testing the
concurrent validity of the scale with other established scales. The CA of the nine major scales ranged
from 0.83 to 0.97, with a mean of 0.90 and standard deviation (SD) of 0.05 (refer to Table 1).

3.2. How Studies Defined SA/PSU

In total, 87 of the 108 studies (81%) attempted a working definition of SA/PSU, of which 56
explicitly stated the definition in the paper (64%), while the rest simply characterized SA/PSU by
its negative risk factors or listed associated traits. Nearly all of the studies (96%) mentioned the
negative risk factors associated with SA/PSU, including physical (insomnia, pain in neck and wrists, eye
soreness, etc.) and physiological concerns (depression, anxiety, loneliness, etc.). SA has been defined
as a maladaptive dependency on and/or obsessive-compulsive use of the smartphone device [18],
a state of being immersed in uncontrollable smartphone usage [41], and the inability to properly
regulate smartphone usage to the point of experiencing adverse consequences in one’s daily life
(Billieux, 2012) [21]. Interestingly, PSU has been similarly defined as “an excessive or uncontrolled use
of smartphone” (also Billieux, 2012) [61]. It is interesting to note that the same reference has been used
to define both SA and PSU, highlighting the interchangeability of the two terms.

Overall, 64 out of 108 studies (59%) mentioned other technological addictions, such as Internet
and gaming addiction, in their paper. Of the 64 studies, only 13 (20%) explicitly argued that SA is
separate and distinct from Internet addiction (2 out of 4 PSU studies; 11 out of 47 SA studies). In total,
20 studies out of 108 (19%) (4 out of 13 PSU studies; 16 out of 95 SA studies) mentioned whether SA is
an addiction to the actual smartphone device or to the functions/services/content that the smartphone
offers users, such as social networking services and various apps that are usually not found on other
devices (refer to Table 3).

3.3. Theories Adopted Across These Studies

More than half of the studies (63%) did not explicitly base their study upon a specific established
theory (refer to Table 3). Nine of 12 (75%) PSU studies used a theory (five of nine, 42%) or a concept,
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model, or hypothesis (four of nine, 33%) to guide their research; while 31 of 96 SA studies (29%) used a
theory (23 of 96, 24%) or a concept or model (eight of 96, 8%) to guide their study (refer to Table 3).

The following four theories in the current review stood out as guiding points on understanding SA
and how its pathways may work. First, social influence theory (Kelman,1974) helps to illustrate how
socially influential factors predict a user’s intended and actual behavior in virtual settings, which is
affected by three social processes: “Compliance (normative influence from others” expectations),
internalization (congruence of one’s goals with others” goals), and identification (conception of one’s
self in terms of the group’s defining features)” [39]. This theory could help to explain SA among
impressionable youths, who are more prone to peer pressure to what their peers may deem cool,
which could include engaging in addictive behaviors on the smartphone (e.g., games, social media,
streaming videos on Twitch), as well as among adults whose lifestyles are affected by today’s heavily
connected environment, which makes smartphone use a social norm.

The second theory, the theory of reasoned action (Fishbein & Ajzen, 1975), explains that a person’s
actual behavior is determined by their intention to behave in a certain way, being influenced both by
their own attitudes and the social context. The attitudes towards the smartphone (positive, negative, fear
of missing out, and task switching) were considered key predictors of addiction [62]. This perspective
focuses on the intrapersonal reasons a person may fall into SA, with positive attitudes potentially
bringing about positive reinforcement to keep engaging in the cycle of excessive smartphone use.
Other theories helping to illustrate user adoption and acceptance of information technologies include
diffusion of innovations (Rogers, 1962), the theory of planned behavior (Ajzen, 1985), and the technology
acceptance model (TAM) (Davis, 1989) [25].

However, the previous theories are limited in explaining how attitudes, perceptions, and beliefs
are shaped around information technologies. To address this conceptual shortfall, cognitive absorption
(CA) (Agarwal & Karahanna, 2000) was proposed as a motivating factor of usage behavior through
“cognitive complexity beliefs”. CA was defined as “a state of deep involvement with software ...
where highly engaging and engrossing experiences result in users’ ‘deep attention” and complete
immersion and engagement with an activity” [25]. The multidimensional construct of CA has five
dimensions: Temporal dissociation, focused immersion, heightened enjoyment, control, and curiosity,
which follow closely with Griffiths’ biopsychosocial model of addiction.

Another relevant theory, the uses and gratifications theory (UGT), “helps understand background
characteristics and individual differences motivating people to choose using particular types of mass
media. UGT can explain how people with certain types of psychological and/or demographic
characteristics may be drawn to increasingly use specific types of smartphone features” to achieve
gratification [63]. Why are some people more prone to using Instagram and obsessing over how many
“likes” they have accrued on their posts? What is it about some people having to constantly check their
Twitter to see if their “tweets” are trending or how many “retweets” they have received? This theory
could play a role in defining and characterizing social media addiction as a subset of SA.

3.4. Group-Specific Variation in SA

Of the total 108 studies, 84 (78%) focused on adolescents or emerging adults (ranging from
elementary, middle, and high school students (32 of 84 studies, 38%) to college/university students
(50 of 84, 59%) (the remaining two studies looked at both high school and university students))
and mentioned that smartphone use was highly prevalent among this youth/young adult group as
compared to a more elderly group. Fourteen studies (13% of 108) focused on adults, and 10 studies
included both child and adult participants, usually family members (10% of 108) (refer to Table 4).

Nineteen studies (18%) reported that gender was a significant predictor of SA, specifically that
being female was significantly associated with higher tendencies toward SA or smartphone dependency
or that SA/dependency/risk for SA was more prevalent in females than in males. Sixteen studies (15%)
suggested that females may be more likely to be addicted to social media while males may be more
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likely to be addicted to gaming. However, no consistent findings regarding the subtypes of SA by
gender were uncovered.

3.5. Generalizability of Study Results and Biases

Across all studies (refer to Table 4), the average percent of male participants was 46% (SD = 13).
Twenty-four countries were represented in this review, with 90 studies (83%) categorized as a South,
Southeast, or East Asian country (in order of frequency: South Korea, China, Turkey, Taiwan, India,
Saudi Arabia, Lebanon, Bangladesh, Hong Kong, Indonesia, Iran, Iraq, and Malaysia).

All studies reported gender and age, and seven reported ethnicity (six studies with American
adult participants and one with Brazilian adult participants). We also considered other common
sociodemographic characteristics (SDCs) measures, including biometrics (e.g., height, weight, and BMI);
number of children; education, income, marital, and work/employment status; and region (northern,
southern, western, or eastern) or residence (urban or rural). Fifty of the 108 studies (46%) did not
measure any SDCs, 27 (25%) looked at 1 SDC, 18 (17%) looked at 2, 9 (8%) looked at 3, and 4 (4%)
looked at 4 SDCs.

About a third of the studies (35%) reported sampling bias (from convenience sampling), which did
not allow for generalization of the findings outside of the study group population. For example,
the results from studies focusing on university students may not apply to the general public. Recall
bias of participants’ self-reports on actual smartphone use and/or dependence, information bias, social
desirability bias, response bias, and selection bias were also noted. Thirty-nine of the studies (36%)
also reported multiple biases while 17 (16%) did not report any biases.

Only two studies used longitudinal data [64,65], and none of the others conducted follow-up
assessments on the cross-sectional analyses of smartphone use and behavior. That is, limitations
included: The use of cross-sectional data, which limits the ability to draw causal inferences, especially
when determining the direction of association between SA/PSU and risk factors of interest; small
sample size; not being able to determine whether study characteristics preceded SA/PSU development
or were the outcome of smartphone use; use of less-than-optimal instruments tending to be subjective
rather than objective; incentive-influenced survey answers; and attrition. The studies that did not
report biases or limitations may have overlooked noting the potential ones mentioned above.

Nearly all of the authors recommended one or more of the following: Conducting future studies
to further investigate the relationship between SA/PSU and related health risks, thoroughly identifying
positive and negative outcomes, conducting longitudinally designed research studies with broader
sample profiles; creating public health educational programs to inform the public of the physical and
psychological risks associated with SA/PSU, and developing proper evidence-based strategies and
interventions to address SA/PSU.

3.6. Quality of Samples and Level of Evidence

Examining data collection methods (refer to Table 5), about a half of the studies (49%) reported
using convenience sampling, about a third (34%) reported random sampling, and the rest (17%) did not
clearly report a sampling method. Most of the studies (90%) did not calculate an appropriate sample
size before recruiting participants. In terms of sample sizes (with a range of 52-7003), 17 studies (16%)
had 200 participants or less, 41 (38%) fell in the 201-500 range, 24 (22%) in the 501-1000 range, and 26
(24%) had more than 1001 participants.

In terms of associations with SA/PSU, 1 study focused on academic data, 11 (10%) presented
physiological data (e.g., craniovertebral angle, skin conductance), 40 (37%) psychological data
(e.g., depression, anxiety), 16 (15%) social data (e.g., social connectedness, alexithymia), 8 (7%)
smartphone usage data (e.g., duration, types of functions used), and 28 (26%) reported a mix of
those categories.

Most of the studies were subjective reports (90%). Ten of the 11 objective reports (one academic,
four physiological, one psychological, two social, and two smartphone usage) were deemed suggestive
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(but not sufficient or indicative) of a causal association with SA/PSU. The remaining objective report
(psychological) was deemed insufficient because the link between SA and national identity was not clear
to us. Seven of the 97 subjective reports (six social, one psychological) were deemed suggestive (but not
sufficient or indicative) because unlike other psychological reports (within which subjective reports
can be verified with objective testing, or physiological measures), certain social aspects (e.g., loneliness,
family history of alcohol addiction, need for social assurance, life satisfaction, parental neglect, friends’
support, and peer relationships) are hard to measure with objective testing and so subjective data is
helpful and could be relatively valid and reliable in those cases.

4. Discussion
4.1. Smartphone Addiction on a Continuum of Addictive Behaviors

4.1.1. Is Smartphone Addiction Really an Entity of Its Own?

With smartphone use engrained as the social norm today, and the pervasive use ever increasing
despite an awareness of the health risks and adverse consequences, now the question is if excessive
smartphone use is truly an addiction (SA) or just problematic smartphone use (PSU). This review
highlights that SA articles already assume that SA is an addiction and frame the research as such,
while PSU articles explore reasons why PSU falls short of meeting the necessary criteria to be considered
a true addiction. The growing literature on excessive smartphone use has conceptualized the disorder
as an addictive behavior. Specifically, advocates of PSU argue that the ethiopathological pathways and
processes have not yet been identified in SA research, suggesting that SA interventions are simply
targeting the symptoms rather than the underlying causes [66]. We agree that research on SA etiology
is necessary in order for the disorder to be properly and accurately diagnosed. Although that will take
a considerable amount of time and effort to accrue, hopefully our future capabilities to capture sound
psychosocial as well as neurobiological evidence will be established. There has also been criticism
that the only support to date of SA being an addiction is limited to “exploratory studies relying on
self-report data which is collected via convenience sampl[ing]” [4]. Although the majority of recent
reports have been subjective, there have been attempts to collect objective data that are promising,
especially if those studies are planning on following up on the data in the future. It seems more studies
are also trying to carry out randomized studies with larger sample sizes in order to expand on the
empirical data available in the field of SA research.

The current review found that all of the assessment scales measuring SA/PSU met at least half of
Griffiths’ criteria, which need to be met in order for a disorder to be considered an addiction, according to
Griffiths. However, PSU advocates counter that conforming excessive smartphone use within addiction
models, such as Griffiths’, could oversimplify the disorder and result in clinical irrelevance [66].
Specifically, attempts at conceptualizing tolerance with respect to SA may be insufficient, as inferring
tolerance based on the increasing use of the smartphone could vary by several factors, such as age
(e.g., teens pressured by peers to participate in social media use), subscription status (subscriptions to
apps are paid in full or need to be paid monthly), relationship status (single versus in a relationship),
occupation status (student, works desk job), and significant life events (starting or ending a romantic
relationship) [4]. Although it could indeed oversimply the condition, Griffiths’ model has been
widely used as a biopsychosocial framework to operationalize addictive components, and so it is
a good starting point to conceptualize the level of addiction to the smartphone. Also, once again,
in order to truly verify conceptualizations like tolerance, there is a need for neurobiological evidence
(e.g., “alteration/sensitization in specific cerebral circuitries” [4]) to confirm tolerance levels increasing
in a smartphone user.

We considered using the “Surgeon General’s criteria” (the “Hill criteria”) for causality, noting the:
(1) Consistency, (2) strength, (3) specificity, (4) temporal relationship, and (5) coherence of the association
between SA/PSU and the variables of interest. However, we chose not to include consistency, as none
of the studies conducted follow-up studies in different populations under different circumstances,
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or specificity, which researchers have criticized to be useless or misleading [67]. However, the vast
majority of the studies only met the coherence criteria. Additionally, since all but two studies
were longitudinal, temporality could not be assessed. Future studies could consider addressing the
consistency, strength, and temporal relationship of the association by conducting longitudinal and
follow-up studies, with adequate sample sizes ensuring power in the analyses.

4.1.2. Assuming SA Is an Addiction, Is It an Addiction to the Device or on the Device?

What used to be a novelty-type activity about a decade ago has now become more of a normative
behavior [68]; excessive smartphone use is one of the more recent forms of human-machine interaction,
raising public health alarms. However, the current review notes that despite the growing body of
research, many studies still do not clearly define SA. In fact, in some of the literature, SA and PSU are
still interchangeable terms. To add to the ambiguity, only about one in five articles make the distinction
that SA is an addiction specifically to the mobile features provided by the smartphone (texting; various
social media apps, such as Twitter and Instagram) that desktops and even laptops cannot match in
terms of ease of portability and handheld capabilities. The vast majority of recent articles did not make
a clear distinction of SA from related addictions, such as Internet or gaming addiction, suggesting
that researchers may assume that SA is actually a subset of technological addictions. Those articles
focused more on the mediating role of associated variables (e.g., emotional intelligence and coping
style [48]) on SA and/or the moderating role of variables on the relation between risk factors of SA and
SA (e.g., whether perceived social support and depression would moderate the relationship between
sensation seeking and adolescent SA [49]) rather than differentiating SA from other technological
addictions or specifying that SA is an addiction distinct from other addictions (e.g., gaming, gambling,
shopping, socializing, sex) based on what the smartphone offers users.

We believe that the only difference between smartphone and Internet addiction (IA) is that SA is
essentially IA presented through a highly portable device. IA is a potential addiction restricted to a
stationary type of device. In contrast, excessive smartphone use is more prevalent due to its ease of
access and portability, and the smartphone itself has become the most common device of choice for
people today to access the Internet. Currently, the smartphone is the medium of problematic overuse
of apps, games, and social networking site interactions. In the future, perhaps a new behavioral
addiction will be virtual reality addiction through use of high-tech contact lens—the ever-changing
and improving technological advancements will make possibilities (and potential problems) endless.
However, for today, we argue that SA is an emerging addiction to the smartphone content specifically
through the smartphone device.

4.1.3. Generalizability of Results and At-Risk Populations

The emergence of SA as an addiction is highlighted by the fact that people from various countries
are affected by SA, which is not localized to just one continent but worldwide. Although several
factors (e.g., not all sociodemographic characteristics of samples being measured, biases, cross-sectional
limitations of inferencing causality, insufficient sample sizes, inability to determine directionality of SA
and its risk factors, attrition) did not allow for generalization of the findings outside of the study group
population, the results still suggested that children and young adults are more affected by SA than
other age groups and that men and women are affected by SA in different ways.

In terms of SA affecting youth, one study reported that those at risk of developing SA displayed
more severe levels of behavioral and emotional problems, lower self-esteem, and poorer quality
of communication with their parents compared with those at normal risk [45]. In terms of gender
differences, one study observed that girls who frequently use their smartphones may have a greater
tendency to use social networking apps (e.g., Facebook) to upload pictures/share their lives online and
therefore have a higher degree of smartphone attachment as compared to boys. Girls have also been
reported to form and maintain social relationships and be engaged emotionally through constant app
connection while boys mostly use smartphones to communicate through texts [36]. However, not all
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people at risk fall neatly into those observed categories. Implications of these differences require further
research among similar group populations (e.g., youths, females versus males, students) around the
world to better understand age, gender, and cultural variations in SA that may exist, which could help
guide future tailored interventions.

4.2. Limitations

For this review, we narrowed our article pool by searching for only “smartphone”/“mobile
phone” and “addiction”/“problematic use” terms. We did not actively search for “android”, “iPhone”,
“cell phone”, “cellular device”, “compulsive use”, “phubbing”, “snubbing”, and “nomophobia”,
which could have potentially made us miss articles relevant to this review. However, we were able to
locate a few relevant articles after reviewing the reference sections of selected articles. Much more
research is needed that investigates differences as a function of demographic variables, such as gender,
age, or ethnicity. Another limitation is that our interpretations of categorizing certain variables into
their respective groupings may not match others” opinions. For example, while we may propose that a
certain subjective report is suggestive of a causal relationship with SA/PSU, another researcher may
disagree and say that it is insufficient evidence. Another example would be missing a guiding theory
used in articles, making Table 3 incomplete.

5. Conclusions

Most studies to date seem to assume that SA is a valid behavioral addiction, many forming their
assumptions based on Griffiths’ component model of addiction, and framing their study based on
that assumption. The interchangeable use of the terms SA and PSU, inconsistent methodological
approaches used to study SA (e.g., varied use of SA/PSU scales among research), lack of standardized
diagnostic criteria, and unclear distinctions of SA from other related addictions make it difficult to
make a conclusive statement on the status of SA, which could be considered “an ill-defined and
heterogeneous construct” [67]. With no unifying theory on SA, all theories mentioned in the current
research highlight the complexity of SA: One theory cannot simply explain SA, but rather several
theories and models possibly need to be integrated to better explain its distinct addictive traits in
this new technologically advanced era. Much more research is needed to confirm the uniqueness of
SA, which encompasses the addictive activities engaged in on the smartphone, which includes apps
that are not available on other devices. It is most plausible, based on the current studies, to infer that
SA falls on a continuum of additive behaviors, from mild PSU to more extreme addictive behavior,
where the consequences need to be addressed, prevented, and potentially treated before the adverse
health effects debilitate the smartphone user.
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Abstract: While pro-gamers play according to defined living habits and planned schedules, adolescents
with internet gaming disorder (IGD) exhibit irregular lifestyles and unregulated impulsive gaming
behavior. Fourteen IGD adolescents and 12 pro-gaming students participated in this study. At baseline
and after one year, demographic data, the Child Behavior Check List (CBCL), depressed mood,
anxiety, and resting-state functional magnetic resonance imaging were assessed. Over the year, IGD
adolescents played games as per their usual schedule, while pro-gamer students played according to
their school’s team schedule. After one year, the pro-gamers’ scores had decreased in the CBCL-total
(total problematic behaviors), CBCL-externalizing (under-controlled behavior, like impulsivity and
aggression), and CBCL-internalizing (over-controlled behavior like depression and anxiety) compared
to those of the IGD adolescents. Both groups displayed increased brain activity in the parietal lobe
(a component of the attention network) over the years. Compared to pro-gamers, IGD adolescents
showed higher brain activity within the left orbitofrontal cortex. Brain activity within the orbitofrontal
cortex was associated with CBCL-externalizing scores. These results suggest that gaming had
increased the attention network’s brain activity, but a well-organized support system could lead
to different results, in terms of improved behaviors and suppressing brain activity within the
orbitofrontal cortex.

Keywords: internet gaming disorder; pro-gamers; Child Behavior Check List; resting-state functional
magnetic resonance imaging

1. Introduction

1.1. Debates on Internet Gaming Disorder

Over the last two decades, many studies have suggested that excessive and problematic online
gaming should be defined as a psychiatric disorder along with other addictive behaviors and functional
impairments [1-3]. In a national survey of 1178 Americans aged between 8 and 18 years old, Gentile
et al. [4] reported that patients with internet gaming disorder (IGD) performed poorly at school and
suffered from attentional problems. Stockdale and Coyne [5] asserted that patients with IGD had poor
mental health and cognitive functions, including poorer impulse control and attentional problems,
compared to healthy controls. Hull et al. [6] reported that mature-rated, risk-glorifying gameplay was
associated with substance use (including alcohol and cigarettes), aggression, delinquency, and risky
sex. Since 2014, the World Health Organization (WHO) has regarded internet gaming addiction as
a significant public health problem. In 2018, the International Classification of Diseases version 11
(ICD-11) defined gaming disorder as a medical disease with a pattern of repetitive or persistent gaming
behavior [2,3].
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Several studies have suggested that the psychobiological mechanisms underlying behavioral
addiction resemble those of chemical addiction, such as that of alcohol and other drugs [7]. Moreover,
itis believed that those with IGD share similar characteristics in neural activity and cognitive
dysfunctions with those with a gambling disorder [8].

Based on previous correlational studies, the brain neurobiology of IGD can be summarized
as increased activity within the orbitofrontal cortex and decreased activity within the dorsolateral
prefrontal cortex [9,10]. Kim and Kang [9] found that IGD patients, compared to other gamers,
showed a stronger functional connectivity (FC) within the orbitofrontal cortex, which is involved in
motivational salience, and a decreased FC within the dorsolateral prefrontal cortex, which is involved
in learning and attention. Additionally, Wang et al. [10] reported a decreased cortical thickness within
the dorsolateral prefrontal cortex, related to cognitive control, decision making, and reward and
loss processing. Motivational salience was thought to be associated with continuous and repetitive
behaviors in various addictive diseases [11]. The dorsolateral prefrontal cortex was reported to control
the orbitofrontal cortex [12]. In many addictive behaviors, the dorsolateral prefrontal cortex can fail to
control the hyper-activated orbitofrontal cortex [12].

However, there is some debate about whether IGD or gaming disorder can be classified as a
medical disease [1,13,14]. The American Psychiatric Association (APA) included IGD in Section III
of the Diagnostic and Statistical Manual of mental disorders (DSM-5), as it requires further research
and data accumulation, due to a lack of IGD cases, high prevalence of non-formal diagnostic criteria,
and an unbalanced prevalence rate [1]. Several studies have also suggested that IGD might just be a
social phenomenon induced by environmental and social stress [13,14]. Jeong et al. [13] suggested
that adolescents excessively played internet games when they were under academic stress or lost
self-control. The period of adolescence was known as a particularly at-risk developmental stage
for problematic internet game playing [15,16], because individuals were prone to impulsivity and
uncontrolled, unplanned internet game play [16,17]. Large, accumulating literature suggests that the
prevalence of IGD is dominant in the male population [16]. The initial onset of IGD is not associated
with gaming time or the game’s genre [13]. Pang et al. [14] reported that gaming motivation in
adolescents with IGD was associated with social anxiety and psychological stress.

Several studies expressed opposing opinions regarding the cognitive dysfunction induced by
internet gameplay [18-20]. Latham et al. [18] asserted that video gaming could result in extensive
improvements in various cognitive functions. Pallavicini et al. [20] suggested that video games
could be used as a tool to improve the patient’s wellbeing through cognitive and emotional training.
Mentiplay et al. [19] also showed that video games could help improve symptoms of patients with
developmental coordination disorders. Ballesteros et al. [21] suggested that the working memory and
selective attention of older adults could be improved through video games.

1.2. Pro-Gamers vs. Patients with IGD

It’s already known that IGD patients not only display excessive internet gameplay, but also have
unplanned and irregular lifestyles, and impulsive, unregulated behavior in the absence of support
systems [5,22,23]. Kim et al. [24] reported that most IGD patients were unable to control their impulses
and displayed delinquent behavior. In a two-year follow up study, Baysak et al. [22] reported that
social support systems could be a protective factor for IGD.

There is another population in South Korea that also displays excessive internet gameplay but
does not meet the criteria of IGD, called professional gamers (pro-gamers). Pro-gamers belong to
the internet game league and have contracts with teams that result in a salary and potential prizes.
To perform well, pro-gamers practice for about 10 h a day within a defined schedule [25]. This schedule
includes practicing, physical exercise, team strategy conferences, resting, and mealtimes.

For several years, A-hyun High School has recruited students who want to become professional
gamers. Before going to A-hyun High School, all adolescents must complete the second grade at a
general high school. In their schooling, they have a similar curriculum to third grade general high
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school students, such as Korean, English, mathematics, and sciences. In addition, they also play
internet games for 4-5 h a day, following a schedule the game teacher suggests.

1.3. Resting-State Functional Magnetic Resonance Imaging (MRI) and Fractional Amplitude of
Low-Frequency Fluctuation

Resting-state functional MRI (rs-fMRI) is thought to measure spontaneous brain activity,
representing brain function [26]. Low-frequency (0.009-0.08 Hz) fluctuations (ALFF) of the blood
oxygen level-dependent signal were thought to be related to spontaneous neural activity in rs-fMRI [27].
The fractional amplitude of low-frequency fluctuations (fALFF) is an advanced version of the original
ALFF and helps to detect spontaneous brain activity more sensitively [28]. Changes in the fALFF
have already been reported in several studies of psychiatric diseases, including schizophrenia [29],
autism [30], and attention deficit hyperactivity disorders (ADHD) [31]. Moreover, Kim et al. [32]
observed correlations between changes of fALFF within the inferior frontal gyrus and changes in
delinquency and externalizing behaviors.

1.4. Hypothesis

We hypothesized that long term internet game play would increase the brain activity within
the attentional system in both groups. However, the existence of a support system, including a
regular schedule and a supervisor, would lead to different results in terms of behaviors and brain
activity. Student pro-gamers with a good support system would show improved behavioral scores
compared to IGD patients. In addition, a good support system would prevent the hyperactivity
within the orbitofrontal cortex in student pro-gamers, while a poor support system would not prevent
hyperactivity within the orbitofrontal cortex in response to impulsive internet game play.

2. Methods

2.1. Participants

The participants in the current study were classified into two groups; pro-gamer students and
IGD adolescents. The two groups were both engaged in excessive internet game play. However,
the pro-gaming students with a support system had characteristics of a regular lifestyle, while IGD
adolescents, without a support system, showed an irregular lifestyle.

The institutional review board of the Chung-Ang University Hospital approved the research
protocol for this study. All adolescents were informed about the study’s procedures and signed a
written informed consent form. Their parents also provided written informed consent. The diagnostic
criteria of IGD were based on the DSM-5 [1].

From September 2016 to December 2017, 121 IGD adolescents visited the Department of Psychiatry
at the OO University hospital for diagnosis and treatment. In contrast to the systematic caring group
(student pro-gamer group), IGD patients who visited for an initial assessment but received no treatment
(non-systematic caring group) were regarded as the compared group.

Of the 121 IGD adolescents, we found 27 adolescents who completed psychological and
brain-imaging assessments at their first and second visits, but they had not received any treatment or
interventions, such as cognitive behavior therapy or psychiatric medications, over the years. Although
parents and caretakers had asked that the adolescents receive treatment for IGD, those adolescents
refused treatment due to no interest in treatment, no insight of problematic behaviors, and laziness to
come to the treatment center. On January 2018, we contacted 27 adolescents via phone to introduce our
study, and 14 adolescents and their parents agreed to participate. The other 13 adolescents or their
parents were not willing or able to participate in study.

In 2017, 55 adolescents who wanted to be professional gamers applied to A-hyun High School’s
Pro-Gamer Department. With a ranking from the internet game “League of Legend” competition and
a basic academic ability test, 12 adolescents qualified and were accepted to be admitted to the school.
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After listening to the purpose of our research, all pro-gaming students and their parents agreed to
participate in our study.

The pro-gamer students had school schedules, including regular academic classes (4 h/day),
physical sports class, strategy meetings, mealtimes, and game training time (3 h/day in school).
Two teachers managed and checked the schedules, while the parents of the IGD adolescents observed
the life patterns of the adolescents and reported it. At a baseline and after a year, both groups were
asked to give their demographic data, including age, educational year, and internet gameplay time
(“How many hours per day do you play internet game?”) as well as a number of psychological
scales, including the Young Internet Addiction Scale (YIAS), Child Behavior Checklist (CBCL), Child
Depressive Inventory (CDI), Beck Anxiety Inventory (BAI), and Korean ADHD Rating Scale (K-ARS).
Resting-state functional MRI (rs-fMRI) was also undertaken.

2.2. Clinical Scales

The CBCL is known as a screening tool for assessing problem behaviors in children and adolescents
based on the parent’s self-report [33,34]. The Korean version of the CBCL (K-CBCL) has standardized
reliability and validity [33,34]. Parents assessed their children and adolescents, aged between 4 and 18,
using the K-CBCL, in terms of social adaptation and problem behavior. It consisted of 117 questions,
with three subscales including a total problem score, as well as externalizing and internalizing scores.
Higher scores indicated a greater degree of behavioral and emotional problems [33,34]

The Young Internet Addiction Scale (YIAS), proposed by Young in 1998, is a self-reporting measure
for routine internet use [35]. The YIAS consists of 20 self-assessment questions, each graded on a scale
of 1to 5 (“rarely” to “always”). YIAS scores above 50 are considered to reflect problematic internet
use. The Korean version of YIAS was verified by Lee et al. The YIAS’ internal consistency has been
reported to be in the range of 0.90 to 0.91 [36].

The Children’s Depression Inventory (CDI), developed in 1977 by Kovacs (1985), is a self-reported
measure of depression in children and adolescents aged 7 to 17 years old [37]. The 27 items of the
Korean version of CDI, with internal consistency of Cronbach’s « = 0.88, was verified by Cho and
Lee [38].

The Beck Anxiety Inventory (BAI), with 21 questions, is used to measure anxiety severity [39].
The BAl is scored on a scale of 0 to 3 and has a maximum score of 63 points. The Korean version of the
BAI, with an internal consistency of Cronbach’s o« = 0.93, was verified by Kwon et al. [40].

The Korean ADHD Rating Scale (K-ARS) is an ADHD symptom severity scale composed of
18 items (9 items for inattentive evaluation and 9 items for hyperactivity evaluation) designed by
Dupaul [41]. The Korean version of the ARS, with an internal consistency of 0.77 to 0.89, has been
verified by So et al. [42].

2.3. Brain Image Acquisition and Processing

All MRIs were acquired using a 3.0 T Philips Achieva scanner. All participants laid down with
their eyes closed and were asked to stay awake. The heads of the participants were stabilized with
cushions and taped for severe head movement prevention. Resting-state (Rs-fMRI) images were
acquired axially, with an echo-planar imaging sequence, using the following parameters: TR/TE =
3000740 ms, 40 slices, 64 x 64 matrix, 90° flip angle, 230 mm field of view (FOV), and 3 mm section
thickness without a gap. Each scan lasted 720 s, and 230 volumes were obtained. The first 10 volumes
were removed for gradient field stabilization.

Data preprocessing and processing were carried out using the Data Processing Assistant for
Rs-fMRI (DPARSFA-http://www.restfmri.net), which is a plug-in software that works with Statistical
Parametric Mapping (SPM12; http://www.fil ion.ucl.ac.uk/spm/software/spm12/) and the Rs-fMRI Data
Analysis Toolkit (REST; http://resting-fmri.sourceforge.net). Images were corrected for slice acquisition
time differences, realigned, normalized, spatially smoothed with a 6 mm full-width half maximum
kernel, de-trended, and temporally band-pass filtered to 0.01-0.08 Hz. Based on the results from the
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realignment processing by SPM, subjects that had a translation or a rotating motion greater than 3 mm
or 2°, respectively, in any direction, were excluded from the study. No subject was excluded because of
excessive head motion.

To assess brain activity among the groups at baseline, fALFF was performed using the REST
software before treatment was administered. During preprocessing, Fisher-transformed correlation
coefficients were measured for each pair of the regions of interest (ROIs) in each participant. The fALFF
between the ROIs was calculated using the CONN-fMRI FC toolbox (version 15; https://www.nitrc.
org/projects/conn). The fALFF method was used to find the regions where the local connectivity was
correlated to the clinical scores. As an indicator of fALFF value, Kendall’s coefficient of concordance of
a given voxel was calculated using the surrounding 26 voxels to evaluate the similarity of the time
series. These were then standardized using Z-scores to perform group analyses.

2.4. Statistics

Demographic and psychological data between the pro-gamer group and the IGD adolescent group
were analyzed using the Mann-Whitney U test. The changes in the psychological scales were assessed
with the Kruskal-Wallis test. The differences in the psychological scales” changes were also evaluated
with an analysis of variance (ANOVA).

At baseline, the fALFF between the student pro-gamers and the IGD adolescents was compared
using an independent ¢-test with the SPM12 software package. We performed a paired f-test, using the
SPM12 software, to investigate fALFF changes in both the student pro-gamers and the IGD adolescents.
Additionally, the difference in fALFF changes between the student pro-gamers and IGD adolescents
were measured with an ANOVA using the SPM12 software package. The correlation was calculated
between the fALFF map and the CBCL using SPM12. The resulting maps were set to a threshold using
a p-value of <0.05, and false discovery rate correction was made for multiple comparisons with an
extent of more than 20 contiguous voxels.

3. Results

3.1. Comparison of Demographic and Psychological Data

There were no significant differences in age, intelligence quotient (IQ), internet gaming time, CDI,
BAI, K-ARS, CBCL-T, and CBCL-E scores between the student pro-gamer and IGD adolescent groups.
However, the IGD adolescents showed increased YIAS and CBCL-I scores compared to the student
pro-gamer group (Table 1).

After a year, no difference was seen in the YIAS (F = 1.12, p = 0.30), internet game playing time
(F=0.62,p=0.44), CDI (F =3.50, p = 0.07), BAI (F = 0.02, p = 0.89), and K-ARS (F = 0.46, p = 0.51) scores
between the two groups. However, the CBCL-total scores (F = 12.76, p < 0.01) and CBCL-externalizing
(F =19.81, p < 0.01) and CBCL-internalizing (F = 11.09, p < 0.01) scores decreased in the student
pro-gamer group but did not change in the IGD adolescent group (Figure 1).
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Figure 1. Comparison of the changes in the CBCL between student pro-gamer and IGD
adolescent groups.
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Table 1. Demographic and psychological data.

Student Pro-Gamers IGD Adolescents Statistics
Age (years) 171+ 0.3 165+1.2 z=1.07,p=028
Education (years) 11.1+03 9.7 +27 z=1.63,p=0.10
1Q 86.8 +6.3 90.4 +10.3 z=-129,p=0.19
B 56.3 +7.5 653 +75 z=-224,p=0.02*
YIAS
F 55.8 +13.0 61.4+11.0 z=-146,p=0.14
Game time B 6.7+1.4 70+1.7 z=-0.24,p =081
(hours/day)  F 72+12 6.7 +2.0 z=1.19,p=023
B 7.8 +4.7 114 +56 z=-1.73,p=0.08
CDI
F 54 +39 122+ 6.0 z=-3.10,p <0.01*
B 6.4 +29 79 +37 z=-1.07,p=028
BAI
F 62+2.0 7.8 +3.3 z=-121,p =081
B 125+55 129+58 z=-0.29,p=022
K-ARS
F 13.1+3.8 127 £ 6.5 z=022,p=083
B 471 + 6.8 54.4 +13.9 z=-143,p=0.15
CBCL-T
F 33.4+89 52.5 +10.9 z=-353,p<0.01*
B 474 £39 52.7 +11.3 z=-1.82,p=0.07
CBCL-E
F 30.5+7.8 51.6 +12.2 z=-3.81,p<0.01*
B 43.6 + 8.6 54.1 + 144 z=-237,p=0.02*
CBCL-I
F 31.2+7.6 52.4 + 129 z=-393,p<0.01*

Notes: IGD adolescents: adolescents with internet gaming disorder (IGD), B: baseline, F: follow up; Young
Internet Addiction Scale (YIAS), Child Behavior Checklist (CBCL), CBCL-T: total, CBCL-E: externalizing, CBCL-I:
internalizing; Children’s Depressive Inventory (CDI), Beck Anxiety Inventory (BAI), Korean ADHD Rating Scale
(K-ARS). * Statistically significant.

The Children Behavior Check List (CBCL) total (F = 12.76, p < 0.01), CBCL-externalizing (F =
19.81, p < 0.01), and CBCL-internalizing (F = 11.09, p < 0.01) scores in student pro-gamers decreased
while all CBCL scores in IGD adolescents were unchanged.

3.2. Comparison of the Changes in fALFF between Student Pro-Gamers and IGD Adolescents after a Year

At baseline, there were no regions with different brain activity at resting state between the IGD
adolescents and the student pro-gamers.

After a year, both groups showed increased brain activity within the attention networks (parietal
lobe). The details were as follows: The fALFF within the parietal lobe (x, y, z, 42, —66, 36, voxels = 26,
T = 4.61, uncorrected p < 0.001) in the student pro-gamer group and the fALFF within the parietal lobe
gyrus (X, , z, 36, —24, 45, voxels = 25, T = 4.52, uncorrected p < 0.001) in the IGD adolescents increased.

Only in the IGD adolescents, orbitofrontal cortex activity increased after a year. The details are as
follows: IGD adolescents showed an increased fALFF within the left orbitofrontal cortex, including the
left subcallosal gyrus (x, y, z, =6, 12, =12, voxels = 121, T = 6.37, uncorrected p < 0.001), left orbital
gyrus (X, y, z, —15, 33, =24, voxels = 121, T = 5.99, uncorrected p < 0.001), and left inferior frontal gyrus
(x,y,2z,-21,27, =21, voxels = 121, T = 6.37, uncorrected p < 0.001), compared with those of the student
pro-gamers (Figure 2).
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Figure 2. Regions showing differences in the changes of brain activity between the pro-gamer group
and IGD adolescent group. (A) left subcallosal gyrus (X, y, z, =6, 12, —1), (B) left orbital gyrus (X, y, z,
-15, 33, —24), (C) left inferior frontal gyrus (x, y, z, =21, 27, —21), yellow regions: the IGD adolescent
group showed increased brain activity compared to the pro-gamers group.

3.3. Correlation between the fALFF and CBCL Scores in All Adolescents (Student Pro-Gamers and
IGD Adolescents)

The fALFF values within the left inferior frontal gyrus were associated with the CBCL-externalizing
scores in all adolescents (r = 0.50, p < 0.01). However, there were no significant correlations between
the fALFF values within other areas and the CBCL-total or CBCL-internalizing scores.

4. Discussion

This study compared two groups under the same conditions of excessive internet gaming, one with
a support system in place and one with no support system. Even though both groups played internet
games for more than seven hours a day, it was assumed that the existence of a support system to keep
a regular schedule would lead to different results in terms of behaviors and brain activity. The student
pro-gamer group showed improved behavioral scores after a year compared to the baseline. However,
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IGD adolescents showed no improvement in behavioral scores and the impulse control network
showed dysfunctional brain activity.

4.1. Mproved Problematic Behavioral Scores in Student Pro-Gamers Compared to IGD Adolescents

At baseline, CBCL-internalizing scores in the IGD adolescents were higher than those observed in
student pro-gamer group. In addition, the student pro-gamer group showed improved behavioral
scores as assessed using the CBCL, compared to IGD adolescent. Moreover, the behavioral score
improvements on the CBCL in student pro-gamers included both the CBCL-externalizing and
internalizing scores. The CBCL was designed to measure the degree of behavioral and emotional
problems in children [43]. The CBCL-externalizing score shows the degree of external problems,
including social, thought, and attentional problems, while the CBCL-internalizing score shows the
degree of internal problems, including anxiety, depression, and somatic complaints [43]. Additionally,
the CBCL-total scores have been suggested as primary screening instruments for ADHD in Korean
children [44]. The CBCL-internalizing scores were positively correlated with the Beck Depressive
Inventory scores in patients with mood disorders [45]. Altogether, our CBCL results may suggest that
the student pro-gamer group showed an improvement in their behavioral and emotional status. With
the CBCL results at baseline and follow up, a different interpretation can be suggested. The pro-gamer
group was preparing for a pro-gamer career, while the IGD adolescent group had no clear future
direction. This situation may have led to the bias of the parental assessment in the CBCL.

Many studies have reported the effects of gaming on adolescent behaviors [46,47]. Greitmeyer
et al. [46] suggested that video gaming would affect the social behaviors of gamers, especially when
violent and pro-social video games are considered. Shao et al. [47] asserted a positive correlation
between the use of violent video games and adolescent aggressiveness. However, our results may
indicate that environmental factors and the existence of a support system affects the gamers’ behaviors
to a greater extent than the game play itself. In a large sample study of adolescents who play violent
video games, Przybylski [48] reported that there was no significant correlation between violent video
games and aggressive behavior in adolescents. In a survey conducted by the US National Research
Council, environmental factors, including family resources and school quality, were seen as crucial
factors in preventing mental, emotional, and behavioral disorders in young people [49].

4.2. Increased Brain Activity within the Attention Network (parietal lobe) in Response to One-Year Internet
Gameplay in Both Groups

After playing internet games over a year, brain activities within the parietal lobe in both groups
increased. The parietal lobe is known as a part of the attention network in the human brain [50]. In
previous IGD studies, gaming was seen to affect brain activity within the attention network [25,51,52].
Action video gamers made faster and more precise responses toward targets, using enhanced attention
skills [52]. Compared to non-gamers, the frontoparietal network in gamers was used to a greater
extent in responding to attention-demanding tasks [51]. Interestingly, repetitive and impulsive internet
gaming was thought to be a self-medication for children with ADHD [53,54]. Evren et al. [53] have
reported that ADHD was associated with the severity of internet addiction and IGD among university
students. Eight weeks of methylphenidate treatment in ADHD children with internet addiction
improves ADHD symptoms as well as the severity of internet addiction [55]. Conclusively, increased
brain activity within the parietal lobe in both student pro-gamers and the IGD group was associated
with internet gaming.

4.3. Increased Brain Activity within the Orbitofrontal Cortex of the IGD Adolescents in Response to a Year of
Internet Gaming

Increased brain activity, represented by the fALFF value, within the orbitofrontal cortex was only
observed in IGD adolescents in this study. The imbalance between the dorsolateral prefrontal cortex
and the orbitofrontal cortex, due to a hyper-activated orbitofrontal cortex, was thought to be related
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to cognitive control and decision-making dysfunctions, as well as impulsive behaviors in patients
with gambling disorders [55]. In the seed base FC analysis, Kim et al. [24] reported the imbalance
of FC from the orbitofrontal cortex to the dorsolateral prefrontal cortex in IGD patients. In internet
addiction, functional dis-connectivity between the orbitofrontal cortex, dorsolateral prefrontal cortex,
and anterior cingulate, due to hyper-activated orbitofrontal cortex, are associated with impulsive and
delinquent behaviors [56].

4.4. Association between fALFF Values within the Orbitofrontal and the CBCL-Externalizing Scores

The association between impulsivity, drug seeking behaviors, and dysregulation of the orbitofrontal
cortex has been continuously reported in substance use disorder [57,58]. The hyper-activated
orbitofrontal cortex might aid to balance the FCs between the dorsolateral prefrontal cortex and
the orbitofrontal cortex [11,12].

CBCL-externalizing scores were thought to be associated with impulsive behaviors in children
and adolescents [44]. Eisenberg et al. [59] described that problem behaviors in children were related to
negative feelings or impulsivity. In other words, difficulty in controlling one’s behavior is related to
impulsiveness [60].

As the student pro-gamers had a support system in place, this may have helped to promote
planning and regular lifestyles. Planning and impulsivity in human behavior have been seen to be
closely associated with the functioning of the dorsolateral prefrontal cortex [61,62]. Conclusively,
a well-controlled support system that includes planning and a regular life pattern may improve the
balance of brain activity between the dorsolateral prefrontal cortex and the orbitofrontal cortex in
student pro-gamers.

4.5. Limitations

There were several limitations to our study. First, the number of participants was too small to
generalize our results. Because of the small numbers, the brain analysis results have been presented in
an uncorrected format. Second, there were few assessment tools used to assess potential environmental
factors in our study. Future studies should include a larger number of participants and evaluate the
environmental conditions. Third, the assessment tool for excessive internet gaming might be used
through objective criteria. Some adolescents may feel that an amount of game playing, that other
adolescents feel is not “excessive,” can be distressing for them. A subjective perception of “excessive”
or “distressing” should be assessed in future studies. Finally, we did not consider different motivations,
self-efficacy, and self-worth at the starting point between the pro-gamer students and IGD adolescents.
These factors could lead a bias of the results in mental health and brain activity.

5. Conclusions

In response to long term internet game play, increased brain activity within the attention system
was found in both groups. However, a well-organized support system, including a regular schedule
and a supervisor, would lead to different results in terms of improved behavior scores and suppressing
the brain activity within the orbitofrontal cortex.
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Abstract: The primary aim of this study was to compare different screening tools for problematic
internet pornography use (IPU) and identify the most accurate measure. The reliability and validity
of three scales, namely, the Problematic Pornography Consumption Scale (PPCS), Problematic
Pornography Use Scale (PPUS), and Short Internet Addiction Test Adapted to Online Sexual
Activities(s-IAT-sex), were examined using three homogeneous groups, respectively. A total of
972 adults (mean age = 24.8) from 28 provinces/regions in China participated in the quantitative part
(QUAN). The Brief Pornography Screener served as the reference standard. The PPCS demonstrated
stronger reliability and validity, including criterion validity, as well as greater sensitivity and
acceptable specificity; therefore, it was considered to be the more accurate screening instrument.
In the qualitative part (QUAL), we interviewed 22 volunteers and 11 therapists (who had worked with
individuals with problematic IPU) to examine their perspectives on the core features of problematic
IPU and dimensions of the PPCS. Almost all the interviewees endorsed the structure of the PPCS.
These findings encourage the use of the PPCS in future research studies and underscore its screening
applications because of its ability to classify IPU as problematic or nonproblematic.

Keywords: problematic pornography use; internet pornography use; problematic pornography
consumption scale; problematic pornography use scale; the short internet addiction test adapted to
online sexual activities

1. Introduction

Internet pornography use (IPU) is a sexual behavior [1], corresponding to the use of internet to
engage in various gratifying sexual activities also known as online pornography use or cybersex [2—4].
It comprises a variety of online sexual activities (OSAs), including watching pornography, online
pornography exchange, engaging in sex chats, using sex webcams, searching for sexual partners,
or engaging in sexual role playing, among which stands the watching pornography, which is the
most popular activity [5]. According to the past findings, engaging in IPU sometimes derives various
negative consequences, such as financial, legal, occupational, and relationship trouble or personal
problems [6]. Feelings of loss of control and persistent use despite these adverse outcomes constitute
compulsive cybersex or problematic IPU. To date, no consensus exists regarding the conceptualization
and diagnosis of problematic IPU. For instance, numerous terms have been used to describe the
phenomenon (e.g., internet sex addiction [7,8], problematic online sexual activities [9], cybersex
addiction [10], and problematic internet pornography use [6]). Although these concepts are slightly
different, they all comprise three crucial components: the medium (the internet), the content (sexual
behavior), and the problematic use (the compulsive behavior). Regardless of the debate, it is now
acknowledged that excessive involvement in IPU or cybersex may become dysfunctional and associated
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with addiction symptoms (e.g., loss of control, compulsive use). Considering these inconsistent terms
sharing crucial components, problematic IPU may be regarded as a subtypes of problematic internet
use from a classification perspective, which may help advance clinical and research efforts into its
prevalence and impact.

Nevertheless, evidence regarding the problematic IPU is inconsistent, due to the heterogeneity of
assessment tool. The fundamental reason is that the definition and diagnostic criteria of problematic
IPU is still unclear. In order to address these conceptual ambiguities, researchers have developed
several scales that measure different aspects of pornography use [11]. Some briefer scales are more
convenient to administer, but they underscore the self-perceived addiction (e.g., Cyber-Pornography
Use Inventory-9). Some of these scales have been designed to assess the motivations underlying
pornography use among hypersexual men (e.g., Pornography Consumption Inventory) [12]. Some
scales fail to capture the different aspects of problematic IPU and focus solely on specific dimensions
(e.g., the Pornography Craving Questionnaire, PCQ). Additionally, some globally accessible websites
host the Cybersex Addiction Test, Sexaholics Anonymity Test, Sex Addicts Anonymous, and Sexual
Addiction Screening Test, which assess difficulties in exercising self-control, its negative consequences,
and the social problems that are associated with sexual activities. Furthermore, assessing IPU, using
measures of sexual addiction, entails a few challenges. Specifically, these assessments may not be
able to capture the characteristics of the activities (e.g., chat-based cybersex, sexual video games that
cannot be played offline) and symptoms (e.g., separation from reality due to immersion in the virtual
world that are unique to IPU. To address this gap in the literature and conduct further research in this
domain, assessments with strong psychometric properties are much needed [5,7].

Several scales of problematic IPU are available to researchers and clinicians. Indeed, a recent
meta-analysis identified 22 psychometric instruments that assess problematic pornography use [11].
Otherwise, most of the studies that have been conducted during the past decade had used self-developed
items and a few of these measures have been subsequently revalidated [4,5,13]. Therefore, it is difficult
to compare the results of different studies because there is a lack of concordance in the assessments that
have been used. In order to select suitable tools for comparison from the existing scales, a systematic
review was conducted. The following terms and their derivatives were used in multiple combinations:
(Cybersex* OR internet porn* OR hypersex*) AND (addict* OR compulsiv* OR problem*) AND
(assessment OR scale OR instrument OR measure®), to identify relevant studies in order to address the
questions related to assessment and available screening questionnaires. The selection criteria of the
literature search were limited to articles focusing specifically on cybersex and/or internet pornography
consumption and dysfunctional cybersex, and also describe the development and adaptation of
self-reported psychometric instruments that assesses at least one aspect of problematic pornography
use. Finally, we found a total of 27 instruments on assess the problematic IPU (cybersex). Through the
systematic review process conducted, we decided to retain three scales that were developed to measure
problematic pornography use, even if not all of the three scales were specifically designed to measure
internet pornography, as a large majority of participants used online pornography, and the developers
of these scales suggested that they could be used to measure problematic IPU [14,15], additionally
we replaced “pornography” into “internet pornography” in the Chinese version. We selected these
three scales for the following reasons: (1) they include fewer items and are thus easily administered
measures, (2) all of them cover the core characteristics of IPU, such as loss control, (3) they are grounded
in addiction components such as impaired control, conflict, salience [11], (4) they are applicable
within the Chinese culture [16-19], and (5) they display strong test-retest (i.e., two weeks) reliability;
consequently, these three previously validated scales were identified for further examination. First,
the Short Internet Addiction Test Adapted to OSAs (s-IAT-sex), which has demonstrated satisfactory
psychometric properties [9]. However, this scale has been validated only among men [5], and a
large number of studies have shown that there are substantial gender differences in IPU [18,20,21].
Second, the Problematic Pornography Use Scale (PPUS) [15], which has been validated using a large
sample; unfortunately, however, a valid cutoff score has not been specified for this measure. Third,
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the Problematic Pornography Consumption Scale (PPCS); this scale is founded upon the theoretical
framework of Griffiths’s components model of addiction [22]. All three scales include strong internal
consistency and a valid factorial structure, which has been supported by the results of confirmatory
factor analysis (CFA) [9,14,15,19]. Nevertheless, it is difficult to compare the findings of studies that
have used these scales because they entail different factor structures. Therefore, it is necessary to select
reliable indicators and methods, and identify the most accurate instrument.

In order to effectively compare different scales, a unifying and reliable standard should first
be established. The Brief Pornography Screener (BPS), which is a screening tool that measures loss
of self-control, overuse of problematic pornography use, may be useful in identifying individuals
who are at risk for problematic pornography use or can serve as a proxy measure [23]. Kraus et al.,
who developed the BPS, have proposed that the diagnostic criteria for compulsive sexual behavior
(CSB) should be included in the new International Classification of Diseases (ICD-11) [24], and this
proposal has been accepted. According to the upcoming ICD-11’s diagnostic criteria for impulse control
disorder [25], patterns of failure to control intense sexual impulses or urges and the resultant repetitive
sexual behaviors are considered to be the characteristic features of the disorder. The BPS considers
compulsive pornography to be the core component of problematic pornography use. Moreover, the
BPS has been used with different samples, and it has demonstrated satisfactory psychometric properties
among American and Polish pornography users [26]. Many past studies have used the BPS to identify
pornography addicts. Furthermore, it has also been used to ascertain the severity of problematic
pornography use among men who seek pharmacologic or psychological treatment as a result of their
loss of control over their sexual behaviors [27-29]. Therefore, in this study, the BPS scores were used as
the reference standard against which the sensitivity and specificity of the three aforementioned scales
were ascertained.

Several recent reviews have focused specifically on the conceptualization and assessment of
problematic pornography use [4,11,30,31]. Some reviews have briefly summarized and commented on
the included instruments [5], whereas others have evaluated their ability to assess the core components
of problematic pornography use [11]. However, no past study has compared the different scales
and identified the most accurate measure of problematic pornography use using a same standard or
indicator. Measures of problematic IPU are heterogeneous, and each scale focuses on a different aspect
of problematic IPU. Furthermore, because these scales have not been extensively validated, it is difficult
to compare the findings of the studies that have used them. In addition, the sensitivity of the different
scales that assess problematic IPU have not been adequately compared. Therefore, in the present study,
a QUAN—QUAL mixed-methods design was conducted, including (1) using quantitative methods to
identify a scale with a higher sensitivity index from three selected scales (PPCS, PPUS, s-IAT-sex) for
assessing problematic IPU. Moreover, the duration of usage, frequency of engagement in OSAs, sexual
compulsivity, and pornography cravings were used to examine the criterion validity of the assessments.
Subsequently, (2) qualitative interviews were conducted with volunteers and therapists who have
serviced the individuals in trouble of problematic IPU to further examine the appropriateness of the
“more accurate” scale from the service providers’ perspectives, whereby the qualitative part helps to
evaluate and interpret the results obtained from the main quantitative study.

2. The Quantitative Part: A Comparison of the Three Retained Scales
2.1. Materials and Methods

2.1.1. Sample

The study sample consisted of 560 men and 412 women, and the mean age of the sample was
24.8 years [standard deviation (SD) = 7.2 years; range = 18-48 years]. The group comparisons of the
demographic characteristics of the three study samples can be inferred from Table 1.
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Table 1. Group comparisons of the demographic characteristics of the three study samples.

PPCS?! PPUS 2 s-IAT-Sex 3 x2
The Scales (n=317) (n=332) (n=323) ® 4

Gender ratio (men/women) 1.39 1.39 1.48 6.92 0.31

Age Mean + SD * 24.64 +7.39 2447 +7.27 25.31 £+ 6.93 1.24 0.29
8 Range 18-48 18-45 18-45
Homosexual 1.31% 1.76% 0.91%

Sexual orientation Heterosexual 91.52% 91.97% 94.69% 2.61 0.11
Bisexual 7.17% 6.37% 4.40%
Single 46.78% 42.52% 40.64%
e Partnered 14.81% 21.41% 22.90%

Relationship status Engaged 0.90% 1.20% 0.96% 1285 023
Married 37.51% 34.91% 35.60%

Primary school or below 0 0 0

. Vocational school 1.24% 0.35% 0.34%

Educational level Middle school 1.55% 0.67% 0.91% 299 008
University or college 97.21% 99.08% 98.75%
Full time 46.10% 45.51% 47.43%
Part time 2.51% 2.68% 4.57%

Work Short-term hired labor 1.64% 1.21% 0.56% 039 053
Unemployed 49.75% 50.60% 47.54%
Capital 36.01% 47.37% 43.69%
. County town 40.38% 31.02% 35.04%

Place of residence Town 12.01% 10.51% 8.36% 11.70 0.07
Village 11.70% 11.10% 13.01%

Age of first exposure to pornography 16.21 + 4.27 16.62 + 4.69 16.62 + 4.81 75.86 0.08

1 PPCS = Problematic Pornography Consumption Scale, 2 PPUS = Problematic Pornography Use Scale, 3 s-IAT-sex
= Short Internet Addiction Test Adapted to Online Sexual Activities, 48D = standard deviation.

2.1.2. Instruments

Three Main IPU Measurements

PPUS. The PPUS is a 12-item self-report scale that assesses four dimensions of IPU [15]: distress
and functional problems, excessive use, difficulties in self-control, and IPU to escape or avoid negative
emotions. In the Chinese version of the assessment, the term “pornography,” which was used in the
original scale, was modified as “internet pornography” in all instances (e.g., “I spend too much time
being involved in thoughts about internet pornography”). The participants were required to indicate
the frequency with which they had engaged in IPU during the past 6 months on a six-point scale
that ranged from 0 (never) to 5 (all the time). Higher scores were indicative of a greater severity of
engagement in IPU. The Cronbach’s alpha of the total scale was 0.95 in this study.

PPCS. The PPCS was used to measure problematic IPU [14]. Responses were recorded on the
following 7-point scale: 1 = never, 2 = rarely, 3 = occasionally, 4 = sometimes, 5 = often, 6 = very often,
7 = all the time. PPCS consists of 18 items, and assesses the six core components of addiction: salience,
mood modification, conflict, tolerance, relapse, and withdrawal. Each factor is measured by three items
(e.g., “I felt that I had to watch more and more internet porn for satisfaction” is an item of measure
“tolerance”); the Cronbach’s alphas of the aforementioned six factors were 0.77, 0.84, 0.71, 0.78, 0.86,
and 0.86, respectively, in the study. The Cronbach'’s alpha of the total PPCS was 0.96. A cutoff score of
76 was used to ascertain normal and problematic use; specifically, scores that were greater than 76
were indicative of problematic use.

s-IAT-sex. Responses to each of the 12 items of the s-IAT-sex are recorded on a five-point scale that
ranges from 1 (never) to 5 (always) [9]. The scale consists of two dimensions. The first factor assesses
poor self-control and difficulties in reducing the amount of time that is spent online (six items, e.g.,
“How often do you find that you stay on Internet sex sites longer than you intended?”), whereas the
second factor measures the functional impairments that are associated with engagement in cybersex
(six items, e.g., “How often do you feel depressed, moody, or nervous when you are offline, which
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goes away once you are back on internet sex sites?”). The composite score, which can be computed by
summing the individual item scores, can range from 12 to 60; higher scores are indicative of greater
problems. The internal consistency (Cronbach’s alpha) coefficients of the total scale and first and
second factors were 0.89, 0.77, and 0.88, respectively, in this study.

Criterion Validity Questionnaires

PCQ. This 12-item questionnaire is a unidimensional assessment [32,33]. The following are a
few sample items: “If the situation permitted, I would watch pornography right now” and “If I
were to watch pornography right now, I would have difficulty stopping.” The respondents were
required to indicate how strongly they agreed with each item using the following seven response
options (presented without numerals): “completely disagree,” “somewhat disagree,” “disagree a little,”
“neither agree nor disagree,” “agree a little,” “somewhat agree,” and “completely agree.” Higher scores
are indicative of a greater craving for pornography. The Cronbach’s alpha of this scale was 0.92 in the
current study. The instructions of the PCQ present a craving-for-pornography vignette, which requires
the respondent to imagine that they are alone in their room and seated in front of their computer and
that they have a strong urge to watch their favorite type of pornography.

The Sexual Compulsivity Scale (SCS). The extent to which participants exhibit the characteristics
of compulsive pornography use was assessed using the 10-item SCS that has been developed by
Kalichman et al. [34]. Responses were recorded on a four-point rating scale (1 = not at all like me,
2 = slightly like me, 3 = mainly like me, 4 = very much like me, e.g., “I have to struggle to control my
sexual thoughts and behavior”). In this study, the Cronbach’s alpha of this scale was 0.86.

Questionnaire of OSAs. Thirteen items were used to measure participants’ use of the internet
for the following purposes: (1) viewing sexual explicit materials (SEM), (2) seeking sexual partners,
(3) cybersex, and (4) flirting and sexual relationship maintenance [35]. Viewing SEM was assessed using
five items (e.g., visiting erotic/pornographic websites, viewing and downloading erotic/pornographic
videos from the internet, reading erotic/pornographic material online), each of which required responses
to be rated on a nine-point scale that ranged from 1 (never) to 9 (at least once a day). The other three
subscales assessed frequency using a nine-point scale that ranged from 1 (0 times) to 9 (20 or more
times). Two items measured the frequency with which the respondents had sought sexual partners
as well as the number of sexual partners that they had sought and found online. The frequency
of engagement in cybersex was assessed using four items (e.g., masturbating or viewing strangers
masturbating in front of a webcam, describing sexual fantasies either through texts or orally). Internet
use for the purposes of flirting and sexual relationship maintenance was measured using two items.
The Cronbach’s alpha of the entire scale was 0.88 in the study. Higher scores were indicative of more
frequent engagement in OSAs.

Additional Questions about IPU. In addition to items that assessed demographic characteristics,
a few questions that were related to IPU were also posed to the participants. After providing them
with a clear definition of internet pornography, the participants were asked to indicate their age of
first exposure to pornography and the duration of time that they typically spent watching internet
pornography every week.

"o

The Reference Standard—BPS

The BPS, which has been developed by Kraus et al. [26], was used to assess pornography use
during the past 6 months. This five-item assessment uses a three-point rating scale (0 = never,
1 = occasionally, 2 = always, e.g., “You find it difficult to resist strong urges to use sexually explicit
material.”); a cutoff score of 4 was used to detect problematic pornography use (absolute range = 0-10).
Higher scores are indicative of more problematic pornography use. The Cronbach’s alpha of the BPS
was 0.84.
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2.1.3. Procedure

This online study was conducted through a popular Chinese survey website, namely, Wenjuanxing
(www.sojump.com). Adult members of the website received an email with a link that redirected them to
the survey website and a brief introduction to our survey. This brief introduction informed the recipients
that they were eligible for participation if they had engaged in IPU during the past 6 months (e.g.,
reading online pornographic content, browsing pornographic websites, sharing/watching pornographic
videos or pictures, interacting and flirting with others) and were interested in participating in the
survey. A total of 972 valid responses were collected from participants from 110 cities in 28 of the
34 provinces/regions in China (i.e., identified using the internet protocol addresses). As expected,
all participants obtained scores that were equal to or greater than 14 on the measure of OSAs (the
lowest possible score is 13, and it indicates no prior IPU); this indicated that all of them had engaged
in at least one OSA during the past 6 months. Three highly homogeneous samples were required to
respond to the three measures of problematic IPU, namely, the PPCS, PPUS, and s-IAT-sex, respectively.
Each sample also completed the aforementioned mentioned assessments against which their criterion
validity was to be examined. This study was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of the Department of Psychology, Fuzhou
University (date of approval, 7 April 2019).

2.2. Analysis

Statistical analyses were conducted using SPSS 19.0 (IBM, Armonk, NY, USA) and Mplus version
7 [36]. Item-total correlations were computed to identify items that functioned poorly. CFA was
used to test the factor structures of the scales of interest. Maximum likelihood estimation with the
Satorra-Bentler correction was used to determine the fit between the data and the factor structures.
Model fit was tested by inspecting the following indices: root mean square error of approximation
(RMSEA; good: <0.06, acceptable: <0.08), comparative fit index (CFI; good: >0.95, acceptable: >0.90),
and Tucker-Lewis index (TLI; good: >0.95, acceptable: >0.90). The reliability of the scales was assessed
by computing Cronbach’s alpha coefficients.

To identify possible groups of at-risk pornography users, latent profile analysis (LPA) was used.
LPA was conducted using the original dimensions of each scale as explicit variables, and different
groups of individuals with problematic IPU were successively divided into two to four categories for
model fitting estimation. Sensitivity was defined as the proportion of persons with positive symptoms
(as detected by the BPS) and members of the at-risk group (identified through LPA), whereas specificity
was defined as the proportion of persons with negative symptoms and the nonproblematic group [37].

2.3. Results and Discussion

2.3.1. Validation of the Three Scales

The results of item analysis, CFA, and tests of reliability and convergent validity are shown in
Table 2. Item-sum correlations were computed to examine item functioning. The PPCS and PPUS
yielded higher coefficients, and both these scales also yielded good fit indices (i.e., CFA) and stronger
reliability coefficients. PPCS, PPUS, and s-IAT-sex significantly positively related with SCS, PCQ, OSAs
and usage time severally, and PPCS demonstrated stronger convergent validity.
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Table 2. Reliability and validity of the three scales.

Item Analysis Confirmatory Factor Analysis External and Convergent Validity
Scales 6 o
rs (Item-Sum 2 N 5 RMSEA s 9 10 1
Correlation) x */df CFI TLI [90% CI 7] SCS PCQ OSAs uT
PPCS! 0.62 ***-(.82 *** 210.70/120 0.963 0.952 0.049 [0.038, 0.060] 0.96 0.67 **  0.70**  0.67 *** 0.28 ***
PPUS 2 0.66 ***-0.85 *** 90.30/48 0.966 0.953 0.052 [0.035, 0.068] 0.95 0.71*% 0.66***  0.56 *** 0.17 ***

s-IAT-sex 3 0.60 ***-0.79 *** 155.55/52 0.923 0.902  0.079[0.082,0.109] 0.89 0.73 % 0.66 **  0.46 *** 0.22 %+

! PPCS = Problematic Pornography Consumption Scale, > PPUS = Problematic Pornography Use Scale,  s-IAT-sex
= Short Internet Addiction Test Adapted to Online Sexual Activities, * CFI = comparative fit index, > TLI =
Tucker-Lewis index, * RMSEA = root mean square error of approximation, 7 CI = confidence interval, ® SCS = Sexual
Compulsivity Scale, ° PCQ = Pornography Craving Questionnaire, '* OSAs = online sexual activities, 1! UT = usage
time. *** p < 0.001.

2.3.2. LPA

The results of LPA are shown in Table 3. For PPCS, the Lo-Mendell-Rubin adjusted likelihood
ratio test (LMRT) results were significant when the number of classes was 4, and the entropy value was
lower. Thus, the classification accuracy was not as high as that of the three-class solution; accordingly,
the three-class solution was selected. For PPUS, when the model consisted of three classes, the LMRT
results were significant; furthermore, the entropy value was evidently higher than that of the four-class
solution. With regard to the s-IAT-sex, the nonsignificant p-value that emerged for the LMRT results
suggested that the three- and four-class solutions should be rejected in favor of the two-class solution.

Table 3. Fit indices for latent profile analysis of the three scales assessing problematic internet

pornography use.
Scales Classes * AIC> BIC ¢ SSABIC”’ Entropy LMRT 8
PPCS 1 2 9298.755 9370.174 9309.910 0.959 1154.76 ***
7 3 8898.213 8995.944 8913.478 0.940 404.51 *
(n=317) 4 8746.574 8870.618 8765.950 0.899 161.63 *
PPUS2 2 5718.021 5767.488 5726.251 0.953 799.82 *+*
— 3 5424.503 5492.995 5435.899 0.924 293.41 **
(n=332) 4 5348.339 5435.857 5362.900 0931 83.29
AT-sex 3 2 3652.433 3678.877 3656.674 0.845 205.41 ***
S‘ _;;;‘ 3 3588.004 3625.780 3594.062 0.771 66.59
(n=323) 4 3538.775 3587.884 3546.650 0.824 52.22

1 PPCS = Problematic Pornography Consumption Scale, 2 PPUS = Problematic Pornography Use Scale, 3 s-IAT-sex
= Short Internet Addiction Test Adapted to Online Sexual Activities, 4 classes = number of latent classes, > AIC =
Akaike information criterion, ® BIC = Bayesian information criterion, 7 SSABIC = sample-size-adjusted Bayesian
information criterion, ® LMRT = Lo-Mendell-Rubin adjusted likelihood ratio test, p = p-value associated with the
LMRT results. Bold text is the finally selected models. * p < 0.05, ** p < 0.01, *** p < 0.001.

With regard to the three groups that emerged for the PPCS and PPUS, the first class obtained the
lowest averages across all the scale dimensions; thus, this group was referred to as nonproblematic
consumption. The second class obtained moderate scores on all the scale dimensions; therefore, these
group members were referred to as low-risk pornography users. The third class obtained the highest
scores on all the scale dimensions; thus, this group was referred to as at-risk users. As shown in Table 4,
with regard to the two classes that emerged for the s-IAT-sex, class 1 obtained lower scores than class 2
on both the scale dimensions; therefore, they were referred to as the nonproblematic and at-risk groups,
respectively (group differences in scores on the specific dimensions are shown in Appendix A).
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Table 4. Comparisons of the accuracy of the three scales.

Scores on the BPS

Scale Group Mean Range
<4 4<x<6 >6 Sensitivity *  Specificity ®
st Aterisk (1 = 29) 3 11 15 89.66% B 460 +0.59 17
(EI: ) Low-risk (11 = 90) 28 34 28 - - 2.89 + 0.46 17
Nonproblematic 170 23 5 - 85.86% 141 +039 1-7
(n=198)
_— Aterisk (1 = 48) 9 8 31 81.25% - 2434048 05
) Low-risk (1 = 86) o) 25 18 - - 112+ 029 0-5
n= .
Nonproblematic 188 8 2 . 94.95% 075+ 084 0-5
(n=198)
s-IAT-sex 3 Atrisk (1 = 99) 28 26 45 71.72% - 2.84+0.44 1-5
(n=323) Nonproblematic 195 19 10 - 87.05% 154+042 15
(n=224)

1 PPCS = Problematic Pornography Consumption Scale, > PPUS = Problematic Pornography Use Scale, 3 s-IAT-sex
= Short Internet Addiction Test Adapted to Online Sexual Activities, 4 Sensitivity = the proportion of persons with
positive symptoms and members of the at-risk group that was identified through LPA, ° Specificity = the proportion
of persons with negative symptoms and the nonproblematic group.

2.3.3. Sensitivity and Specificity Analysis

The results showed that the sensitivity of the PPCS was 89.66%, which is higher than the values
that emerged for the PPUS (i.e., 81.25%) and the s-IAT-sex (i.e., 71.72%). There were differences in the
specificity of the three scales, and the values ranged from 85.86% to 94.95%. The PPCS demonstrated
greater sensitivity (89.66%), and its specificity was 85.86%. This indicates that approximately 10%
of problematic users had been classified as nonproblematic users and that approximately 14% of
nonproblematic users had not been identified. In general, the PPCS and PPUS performed better
than the s-IAT-sex. Since this study aimed to identify the scale with greater sensitivity in detecting
problematic IPU, the PPCS was investigated in greater detail.

3. The Qualitative Part: Identification of the Most Accurate Scale
3.1. Methods

3.1.1. Sample

We interviewed 22 (20 men; mean age = 27.2) problematic IPU service volunteers (who provide
online services on the following website: http://www.ryeboy.org/; average service time = 3.3 years) and
11 therapists (who have worked with individuals with problematic IPU and had more than 3 years of
clinical experience).

3.1.2. The Interview Outline

Since the used scales were easy to administer and consisted of close-ended questions, interviews
were conducted to examine participants’ perspectives more deeply and comprehensively. The interview
guide primarily sought to explore interviewees” understanding of problematic IPU/addiction and
their evaluations of the dimensions of the selected scale. The interviewees were required to rate the
importance of the dimensions on a scale that ranged from 1 (not at all important) to 7 (very important).

3.1.3. Procedure

In this study, we primarily explored their understanding of the concept of problematic IPU and the
dimensions of the recommended scale. Two psychology graduate students served as the interviewers.
At the beginning of the interview, the interviewees were informed about the purpose and significance
of the interview and assured of the anonymity and strict confidentiality of their interview data; the
interviews were recorded with their permission.
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3.2. Analysis

The interview recordings were transcribed into verbatim scripts, and participants’ identifying
information was concealed. Next, we undertook thematic analysis of the text; in other words,
we collated different interviewees’ responses to the same question to create new text. Tree Nodes were
established based on the dimensions of the selected scale, and interviewees’ original statements were
identified and summarized as a named code. Through this process, NVivo automatically generated
statistics for all the references of the texts.

3.3. Results

With regard to the characteristics of problematic IPU, we generated a total of 20 codes by analyzing
the interview data. Among these features, preoccupation with IPU (22 mentions), IPU to escape or
avoid a negative emotional state (21 mentions), interpersonal conflict (22 mentions), and physiological
and psychological symptoms (45 mentions) were most commonly mentioned. Furthermore, the 20
codes were summarized into the six dimensions of the PPCS (see Figure 1).

M preoccupation excessive use
pornography craving B avoid negative emotions
W satisfy sexual desires releasing stress
escape from real life entertainment
interpersonal conflict intrapsychic conflict
conflicts related to occupational or academic functioning longer durations of usage
more extreme content B habitual use
W sensitivity to pomographic cues W motivated by cravings
difficulties in control depression resulting from unsuccessful withdrawal
B B physiological symptoms psvchological symptoms
=1
%_‘ 22 11 16 18 15 16 13 27
£
Salience N.lOIOd . Conflict Relapse
. modification
e Eommm-- -~ _."“‘--______
= Ssel .7 ~n
4
5 . L L . . ,
Salience Mood Conflict Tolerance Relapse Withdrawal
modification

Figure 1. Volunteers and therapists’ frequency of mentioning the dimensions of the Problematic
Pornography Consumption Scale, features, and importance ratings for the six dimensions (average
scores across 33 interviewees). Note: the numbers in the color blocks represent the frequency of

mentions, whereas the polyline represents importance ratings for the six dimensions (range = 1-7).

Instance of the interview:

Interviewer: According to your service experience, what do you think is problematic internet
pornography use? In other words, what are the expressions/symptoms of problematic internet
pornography use?

Interviewee (service volunteer): They (problematic users) show difficulty controlling the craving
for internet pornography (code: pornography carving), they are unable to control their own
behavior, for instance, browsing pornographic websites, masturbating while watching porn frequently
(code: difficulties in control). Their brains are constantly bombarded with sexual materials (code:
preoccupation). If they are not exposed to internet pornography, they will feel uncomfortable, or feel
that their heart is empty (code: depression resulting from unsuccessful withdrawal).

After presenting interviewees with the definitions of the six components of problematic IPU and
further clarifying their meaning using examples, we presented them with questions “Based on your
service experience, do you endorse this structure? Which dimension or dimensions do you think are
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particularly central to IPU?” Most (>95%) participants endorsed the six dimensions. It also can be
inferred from Figure 1 that both volunteers and therapists emphasized the centrality of conflict, relapse
and withdrawal in IPU (basing the frequency of mentions); at the same time, they weighted the mood
modification, relapse and withdrawal as more important features in the problematic use (basing the
important rating).

4. General Discussion

Problematic IPU is still a controversial issue; notably, it appears that no real consensus exists
regarding the conceptualization and screening tool of problematic IPU. Several scales are available;
thus, the assessment of problematic IPU is inconsistent, indicating that findings in this area are not
readily comparable. The present study aimed to selected a more sensitive scale to screen problematic
IPU, because higher sensitivity implies lower rate of missed diagnosis (i.e., problematic users who
have been incorrectly screened as nonproblematic users). Basing on a systematic literature review,
three scales were retained. Considering that research with mixed methods combining quantitative and
qualitative analyses can enrich and improve our understanding of complicated phenomena [38,39],
a quantitative method was used to identify a “more accurate” analysis from the three retained scales.
Results of CFA showed that all three scales have good applicability in the wide range of adult groups
(age in this case ranged from 18 to 45 years) in three highly homogeneous samples; compared to
the other two scales, the PPCS demonstrated greater sensitivity and comparative specificity among
samples drawn from the general population (results of the QUAN). Considering that the expression
of questionnaire survey is brief and closed, and that the interview can understand the participants’
undefined views more deeply and comprehensively, subsequently, results of QUAL showed that
symptoms of problematic IPU proposed by the servers (volunteers and therapists) can be grouped into
the six dimensions of PPCS and most of the servers supported the six-factor structure of PPCS.

Among the three scales, the PPCS score was most robustly related to the duration of usage,
frequency of engagement in OSAs, and pornography cravings. Problematic IPU can appear under
the umbrella of hypersexuality similarly to frequent engaging in various forms of cybersex, intense
craving for pornography, and compulsive sexual behaviors [40], insofar that the robust relationship
not only demonstrated a higher criterion validity, but also implied that co-screening instruments (i.e.,
pornography craving, frequency and duration of use, compulsive use) are expected to work as auxiliary
screening indicators. Recent studies have revealed that for some people, pornographic use gave rise to
their feeling of discord and shame contributing to their conflict of actual sexual materials consumption
and their belief; in turn, these feelings of distress and shame may drive a morbid self-perception that
they are addicted, but this may not be a real behavioral disorder [41,42]. In order to avoid misjudgment
due to the self-perceived problematic use, it is more advisable to combine other supporting scales,
and the combination diagnosis indexes of the diversity were selected to screen the prevalence of
problematic IPU. In this study, with the higher correlation of PPCS with frequency of OSAs, the PCQ
showed that combined with other indicators, it can better screen out problematic use and is more likely
to avoid the misjudgment caused by subjective self-perceived addiction.

The more robust psychometric properties and higher recognition accuracy of the PPCS may be
attributable to the fact that it has been developed in accordance with Griffiths’s six-component structural
theory of addiction (i.e., in contrast to the PPUS and s-IAT-sex). The PPCS has a very strong theoretical
framework, and it assesses more components of addiction [11]. In particular, tolerance and withdrawal
are the important dimensions of problematic IPU that are not assessed by the PPUS and s-IAT-sex;
PPCS is the only instrument that explicitly assesses the “tolerance” component [11,14]. According to
the “two-phased” internet pornography addiction model, in which the first step is characterized by
an excessive use to internet pornography, and the second functions as a marker by repeated failures
to break free from excessive use, despite negative consequences [43]. Items related to information
about salience, carving, and tolerance reflect the engagement in internet pornography, corresponding
to the first step, whereas items related to withdrawal, relapse, and conflict measure addiction more,
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corresponding to the second step. Obviously, components of PPCS includes both engagement in
pornography and addiction of IPU, which has an intact theoretical framework of addiction.

The PPCS appears to be a more valid instrument for assessing problematic pornography use,
has potential application in detecting prevalence concerning problematic IPU or cybersex addiction,
and may be useful in assessing treatment outcomes. Our findings indicate that individuals who
score high on the PPCS also report frequent engaging in various forms of online sexual activities,
intense craving for pornography, and compulsive sexual behaviors. Thus, it appears important for
clinicians to be aware of problematic pornography use and its related associations such as pornography
craving, compulsive use. Moreover, it is important to note that the scale PPCS is recommended as a
screening instruments to identify problematic users in the public and assess the prevalence rather than
a diagnostic tool; future studies should further research its validity and cutoff in clinical sample; we
also encourage individuals to visit a clinical therapist after being identified with problematic IPU by
the use of PPCS.

This study has several limitations. First, data were collected using self-report measures; therefore,
the reliability of the results depends on the respondents” honesty and accuracy of their comprehension
of the scale items. Second, the study sample was recruited through an online survey company;
therefore, the participants of this study may have been more educated and affluent than the average
Chinese person. Furthermore, the study participants primarily lived in the capital/provincial capital,
cities, and towns. Third, because the sample consisted of only a small number of non-heterosexual
subjects, it was not possible to examine whether the factor structure and meaning of the contents of the
PPCS differed across individuals with different sexual orientations.

5. Conclusions

The present study showed that the PPUS, PPCS, and s-IAT-sex are promising measures of
problematic IPU. However, when sensitivity and specificity were simultaneously examined, the PPCS
emerged as a more suitable measure of problematic IPU. The qualitative findings further confirmed
that service providers endorsed the underlying structure of the PPCS.
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Figure Al. The average scores of the three latent classes based on the dimensions of PPCS. Note: PPCS
= Problematic Pornography Consumption Scale, range = 1-7; *** p < 0.001 indicate that the score
of at-risk group was significantly higher than that of low-risk group; #** p < 0.001 indicate that the
score of low-risk group was significantly higher than that of non-problematic group; 000 p < 0.001
indicate that the score of at-risk group was significantly higher than that of non-problematic group.
The same below.
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Figure A2. The average scores of the three latent classes based on the dimensions of PPUS. Note: PPUS
= Problematic Pornography Use Scale, range = 0-5.

— ¥~ Nonproblematic —&— Atnisk

3
25

2 LLery

coo ———— —E
15 _—————
-
1 X ),
Loss of control/Time management Craving/Social problems

Figure A3. The average scores of the tow latent classes based on the dimensions of s-IAT-sex. Note:
s-IAT-sex = short version of the Internet Addiction Test adapted to online sexual activities, range = 1-5.
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Abstract: This large-scale study aimed to test, among Chinese adolescents, the association between
problematic Internet use (PIU), non-medical use of prescription drugs (NMUPD), and depressive
symptoms, as well as the mediating effects of NMUPD on the associations above. This study
used the data from the 2017 National School-based Chinese Adolescents Health Survey, and 24,345
students’ questionnaires qualified for the analyses. Generalized linear mixed models and path models
were performed. In the models without mediation, PIU was associated with depressive symptoms
(unstandardized 3 estimate = 0.26, 95% CI = 0.25-0.27); frequent use of opioid or sedative was also
related to depressive symptoms (unstandardized f estimate for opioid = 2.77, 95% CI = 1.90-3.63;
unstandardized 3 estimate for sedative = 4.45, 95% CI = 3.02-5.88). Additionally, the results of
the path models indicated that opioid misuse partially mediated the association between PIU and
depressive symptoms. PIU and opioid/sedative misuse were related to the increased risk of depressive
symptoms, respectively. The association above might be complicated, and PIU may elevate the risk
of opioid or sedative misuse and depressive symptoms, which in turn could worsen the situation of
PIU and vice versa. Multidisciplinary health intervention programs to prevent adolescents involving
in PIU, as well as NMPUD, are recommended to be provided.

Keywords: problematic Internet use; non-medical use of prescription drugs; depressive
symptoms; adolescents

1. Introduction

Internet use has proliferated dramatically over the last decades and has become an internal part
of contemporary life [1]. Excessive or maladaptive use of the Internet has been termed as “problematic
Internet use (PIU)” or “Internet addiction”, which has been reported to be related to a series of
psychosocial impairments and substance-use problems (e.g., depression and drug use) [2,3]. Recently,
Internet gaming disorder has been included in the section on addictive disorders in the 11th Revision of
the International Classification of Diseases (ICD-11) as a pattern of behavior characterized by impaired
control over gaming, indicating that PIU may develop into a severe social problem [4]. Adolescence
represents a vulnerable developmental stage between childhood to adulthood, which is characterized
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by increased levels of novelty seeking and exploration along with a wide range of risk-taking behaviors
or mental health problems [5]. The report of the World Health Organization (WHO) showed that
adolescent PIU had been a public health concern worldwide, and China is no exception [6]. Considering
the brain undergoes rapid development during adolescence, adolescents involved in PIU may be more
vulnerable to psychological disorders, such as depressive symptoms.

Depressive symptoms are one of the most common mental disorders among adolescents. Evidence
suggests that adolescent depressive symptoms can not only have long-lasting influences on the
development of cognitive abilities and social skills into adulthood, but also may lead to clinical
depression, placing a heavy financial burden on individuals, families, and society [7]. Previous studies
in Western countries reported that approximately 20-50% of adolescents had suffered from long-term
depressive symptoms [8], and our prior study in China also showed that about 6.4% of high school
students reported having depressive symptoms with suicidal ideation [9]. Although the association
between PIU and depressive symptoms has been documented in prior studies [10,11], the influence
path of PIU on depressive symptoms is still unclear.

Over the last two decades, the rapid growth of non-medical use of prescription drugs (NMUPD)
among adolescents has drawn increased attention [12]. According to the report of the 2014 National
Survey on Drug Use and Health (NSDUH) in the United States, prescription drugs were the second
most popular type of drugs among adolescents [13]. A recent study also demonstrated that 2.0% of
Chinese high school students reported frequent use of opioids, and 1.8% admitted frequent use of
sedatives [14]. Previous studies demonstrated that PIU was reported to be associated with substance
use, and PIU and substance use may share similar biological characteristics (e.g., similar vulnerable
brain regions) [3,15]. Moreover, substance use may affect an individual’s brain function, as well as their
ability to self-regulate, leading to the development of depressive symptoms [16,17]. Therefore, NMUPD
may play a mediator role between PIU and depressive symptoms. First, Caplan’s theory proposed that
a preference for online social interaction and the use of the Internet for mood regulation can predict
deficient self-regulation of Internet use (i.e., PIU), which was a significant predictor of depressive
symptoms [18]. Besides, based on the cognitive-behavioral theory of generalized PIU introduced by
Davis, depressive symptoms might predispose individuals to develop maladaptive Internet-related
cognitions and behaviors that ultimately result in adverse outcomes (e.g., substance use or PIU) [19,20].
Then, there might be two mediation models (incorporating NMUPD as the mediators) in the association
between PIU and depressive symptoms from two orders: (1) PIU—NMUPD—depressive symptoms;
and (2) depressive symptoms—NMUPD—PIU.

With the modernization of society, Chinese adolescents are more easily exposed to PIU, NMUPD,
and depressive symptoms. However, there is a lack of studies in China considering the effects of
NMUPD on the association between PIU and depressive symptoms. Therefore, we conducted this
large-scale study aimed to test, among Chinese adolescents, the association between PIU, NMUPD,
and depressive symptoms, as well as the mediating effects of NMUPD on the association between PIU
and depressive symptoms.

2. Materials and Methods

2.1. Study Design and Participants

This study adopted the data from the 2017 National School-based Chinese Adolescents Health
Survey (SCAHS), which is an ongoing study about the health risk behaviors and mental health problems
among Chinese adolescents (7th-12th grade) conducted by our group. SCAHS performed a series of
large-scale cross-sectional surveys every two years since 2007. The 2017 SCAHS utilized a multi-stage
stratified cluster random sampling method to recruit a representative sample of adolescents in
Guangdong province, and the procedures for data collection have been described in detail in previous
publications [21]. Briefly, Guangdong province was firstly categorized into three stratifications
according to geographic locations (Yue Dong, Yue Xi, Yue Bei, and Pearl River Delta) and gross
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domestic product (GDP) per capita (high-level, middle-level, and low-level). Then, we randomly
selected two representative cities from each stratification. Considering adolescence is often described
as occurring between 13 and 18 years of age (roughly the period of high school for much of the
world) [22], in the present study, four vocational high schools and four general high schools were
selected from each chosen city. Finally, two classes were randomly selected from each grade within the
chosen schools. All available students were invited to participate in this study voluntarily, and 24,345
students’ questionnaires were completed and qualified for analyses, resulting in a response rate of
92.1%. The anonymity of the questionnaires was guaranteed to elevate the validity of self-reports of
stigmatized behaviors [23], and our research assistants administered these questionnaires during a
regular class period without the presence of teachers (to avoid any potential information bias). Of the
total sample, 51.5% (12,526) were boys, and the mean age of the students was 15.2 + 1.8 years. The
study procedures were carried out in accordance with the Declaration of Helsinki. The School of Public
Health Institutional Review Board of the Sun Yat-sen University approved the study (the ethic code:
L201720). All participants were informed about the study, and all provided written informed consents.
If the participant was under 18 years of age, a written informed consent letter was obtained from one
of the student’s parents (or legal guardian).

2.2. Measures

Depressive symptoms were estimated by the Center for Epidemiologic Studies Depression
(CES-D) Scale proposed by Radloff (1977), which has been validated and widely used among Chinese
adolescents with satisfactory psychometric properties [24], and the Cronbach’s alpha for this CES-D
scale was 0.88 in the present study (the Cronbach’s alpha ranging from 0.85 to 0.90 in Radloff’s study).
The total CES-D score ranges from 0 to 60, where higher scores indicate more significant depressive
symptoms [25]. A cutoff score of 28 points was utilized to identify students at risk for clinical depression,
also calling having depressive symptoms. This cutoff score has been used in previous studies in
Chinese adolescents [26,27].

PIU was measured by Young’s Internet Addiction Test (IAT) proposed by Young (1998), which has
been validated and utilized among Chinese adolescents with satisfactory psychometric properties [28,29],
and the Cronbach’s alpha for IAT was 0.91 in this study. The IAT includes 20 items rated on a five-point
Likert scale (from 1 = not at all to 5 = always) [30], where the total IAT score ranges from 20 to 100 and
a higher score representing a greater level of inclination to PIU.

In the present study, NMUPD consists of non-medical use of opioids and sedatives. This list
of opioids and sedatives was developed according to the report of the Guangdong Food and Drug
Administration, with a focus on the prescription medications that have been widely used by adolescent
drug abusers in rehabilitation centers of China. Opioids consist of compounded cough syrup with
codeine (codeine), compounded licorice tablets (opium), tramadol hydrochloride, and diphenoxylate.
Sedatives included diazepam or triazolam (benzodiazepines), compounded aminopyrine phenacetine
tablets (barbiturates), and scopolamine hydrobromide tablets (barbiturates). Non-medical use of
opioids or sedatives was measured by asking students how many times have you used the prescription
medications as mentioned above for a non-medical purpose in the past year, and response options
included “never”, “once or twice”, and “at least 3 times”. Students who selected “never” were
considered as abstainers, those who answered “once or twice” were thought as experimenters,
and those who selected “at least three times” were treated as frequent users [30].

Information on sociodemographic variables were also collected, including gender (1 = boy,
2 = girl), age, living arrangement (responses were coded as “living in a two-parent family” =1,
“living in a single-parent family” = 2, and “living with others” = 3), household socioeconomic status
(HSS, available responses were “above average” = 1, “average” = 2, and “below average” = 3),
academic performance (responses were also coded as “above average” = 1, “average” = 2, and “below
average” = 3). Family relationships, classmate relations, and relationships with teachers were assessed
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by asking how students perceived their relationships with family members, classmates, and teachers
(available responses included “good” = 1, “average” = 2, and “poor” = 3).

2.3. Statistical Analysis

First, descriptive analyses were used to describe sample characteristics, and the t-tests and
one-way ANOVA tests were performed to compare the differences in the CES-D scores. Descriptive
analyses stratified by depressive symptoms were also conducted, and the chi-square tests or ¢-tests
were used to describe the distribution of depressive symptoms in categorical or continuous variables.
Second, considering this study used a multi-stage sampling design in which students were clustered
into classes, generalized linear mixed models were fitted in which classes were treated as groups,
and unstandardized  coefficients were reported. Univariable generalized linear mixed models were
first conducted to estimate the potential association of PIU or NMUPD with depressive symptoms.
Multivariable generalized linear mixed models, in which variables that were significant at the 0.10
level in the univariate analyses or widely reported in the literature were simultaneously incorporated,
were performed to test the independent association of PIU or NMUPD with depressive symptoms.
Third, multiplicative interaction items were tested by entering a cross-product term for opioid misuse
or sedative misuse and PIU along with the main effect terms for each to the multivariable generalized
linear mixed models, and p-values for the multiplicative interaction were calculated. Fourth, path
models utilizing the maximum likelihood approach were conducted to assess the mediating effects
of opioid or sedative misuse on the association between PIU and depressive symptoms. We first
ordered the variables as follows: PIU—opioid or sedative misuse—depressive symptoms, and then an
alternative model with a different order of the variables were assessed: depressive symptoms—opioid
or sedative misuse—PIU. Due to the variables of the CES-D and IAT scores being continuous variables,
and the measures of opioid and sedative misuse were categorized, standardized probit coefficients,
standardized total effects, and standardized indirect effects were reported, with the bias-corrected 95%
confidence intervals (CI) estimated using 1000 bootstrap samples. Path model fit indices were also
reported, including comparative fitindex (CFI; CFI > 0.90 indicating a good fit), root mean square error of
approximation (RMSEA, RMSEA < 0.08 indicating an acceptable fit), and standardized root mean square
residual (SRMR; SRMR < 0.08 indicating a good fit) [31,32]. All statistical analyses were conducted
using SAS 9.2 (SAS Institute, Inc., Cary, NC, USA) and Mplus version 7.0 (Muthén and Muthén). The
percentage of missing data of all relevant variables was less than 0.6, and observations with missing
data were eliminated in the generalized linear mixed models and path models. All statistical tests
were two-sided, and p-values less than 0.05 were considered statistically significant.

3. Results

The sample characteristics are shown in Table 1. A total of 13.5% of students reported living
with others, and 13.9% reported below average HSS. The proportion of students who reported poor
family relationships, classmate relations, and relationship with teachers, were 4.1%, 1.6%, and 2.4%,
respectively. The mean IAT scores among the total students were 35.8 (SD: 12.8). A total of 0.6%
and 0.3% of students reported frequent use of opioids and sedatives, respectively. The mean CES-D
scores were 13.6 (SD: 8.7), and 6.7% of the students reported having depressive symptoms. There
were significant differences in the CES-D scores among the variables of gender, living arrangement,
HSS, academic performance, family relationships, classmate relations, relationships with teachers,
opioid misuse, and sedative misuse (p < 0.001). Additionally, significant differences emerged between
the students with and without depressive symptoms in the distribution of gender, living arrangement,
HSS, academic performance, family relationships, classmate relations, relationships with teachers,
IAT scores, opioid misuse, and sedative misuse (p < 0.001).
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