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Abstract

Resumen

Only few studies have examined the relationship between problematic
Internet use (PIU) and cognitive and academic performance in
adolescents. The aim of this study was to analyze the differences
in academic and cognitive performance (perception, attention,
memory, verbal fluency and abstract reasoning) between adolescents
with and without PIU. A total of 575 students from different high
schools of the region of Alicante participated. Students were divided
into two groups: adolescents with and without PIU (PIU and NPIU,
respectively). Several questionnaires were administered to assess
problematic Internet use, as well as students’ academic performance.
Substance use (alcohol / cannabis) was also assessed as exclusion
criteria. A battery of neuropsychological tests was used to assess
cognitive abilities. On the one hand, PIU users group obtained poorer
academic results than NPIU, in terms of lower marks and more failed
subjects. On the other hand, PIU group had a better hit ratio in the
perception test than NPIU group. However, PIU adolescents got
higher error rates for the abstract reasoning test. This greater number
of errors, plus a similar number of hits compared to the NPIU group,
could indicated a higher response rate for the PIU group, which
may might be associated with greater impulsivity. As occurs in other
addictive and non-substance-related problems studies, these results
could mean difficulties in impulse control and regulation of response
inhibition circuits in PIU users group. Future research is needed to
analyze in depth the results presented in this paper.
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Son escasos los estudios que hayan analizado la relacién entre el
uso problematico de Internet (UPI) y el rendimiento cognitivo y
académico en adolescentes. El objetivo de este estudio fue analizar
las diferencias en rendimiento académico y cognitivo (percepcion,
atencion, memoria, fluidez verbal y razonamiento abstracto) en una
muestra de estudiantes de Secundaria con y sin UPI. Participaron
un total de 575 estudiantes de diferentes institutos de la provincia
de Alicante, que fueron divididos en dos grupos: adolescentes con y
sin uso problematico de Internet (UPI y NUPI, respectivamente). Se
administraron varios cuestionarios para evaluar el uso problemadtico
de Internet de los sujetos, su rendimiento académico, su consumo de
sustancias (alcohol/cannabis) como criterios de exclusion, asi como
una bateria de pruebas neuropsicolégicas para evaluar sus habilidades
cognitivas. Por un lado, los adolescentes con UPI mostraron un
peor rendimiento académico que los estudiantes del grupo NUPI,
presentando una nota media mds baja y un mayor nimero de
asignaturas suspendidas. Por otro lado, el grupo UPI obtuvo una
mayor tasa de aciertos en el test de percepcién que el grupo NUPL
Sin embargo, los adolescentes con UPI obtuvieron una mayor tasa de
errores para el test de razonamiento abstracto. Este mayor nimero de
errores, sumado a un nimero similar de aciertos que NUPI, indicaria
una mayor tasa de respuesta total para el grupo UPI, que podria
estar asociada a mayor impulsividad. Concretamente, tal y como se
ha observado en otros problemas adictivos con y sin sustancia, estos
resultados podrian indicar en los sujetos del grupo UPI dificultades en
el control de impulsos y en la regulacién de los circuitos de inhibicién
de respuesta. Resultan necesarios, no obstante, futuros estudios que
profundicen en las conclusiones presentadas en este trabajo.
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Academic outcomes and cognitive performance in problematic Internet users

he use of Information and Communication Te-

chnologies (ICTs) is becoming ever more wides-

pread in our society, especially among the ado-

lescent population. According to data from the
National Institute of Statistics, in 2015 99% of boys and gir-
Is between 16 and 24 years of age used the Internet in the
previous month, and 92.8% used it daily in the previous
3 months on at least 5 days a week (Instituto Nacional de
Estadistica, 2015).

Such massive Internet use has given rise to the appea-
rance of negative effects related to its excessive use (Herre-
ra, Pacheco, Palomar & Zavala, 2010; Secades-Villa et al.,
2014), which in recent years has led in turn to an increase
in the number of studies that have attempted to define this
complex phenomenon, often categorized under the name
“Problematic Internet Use” (PIU) (Jelenchick & Christa-
kis, 2014; Rial, Gémez, Isorna, Araujo & Varela, 2015; Star-
cevic, 2010).

PIU has been defined in the scientific literature in terms
similar to substance use disorders and pathological gam-
bling, as described in the Diagnostic and Statistical Manual
of Mental Disorders (DSM, American Psychiatric Associa-
tion, 2013). More specifically, PIU has been conceptuali-
zed in relation to the negative effects caused by excessi-
ve use, including symptoms such as tolerance, a negative
effect on daily life (eg. reducing other activities), loss of
control, and the desire to be online (Beranuy, Chamarro,
Graner & Carbonell, 2009). However, in contrast to Inter-
net gaming disorder or video game addiction (Bertran &
Chamarro, 2016; Carbonell, 2014; Li, O’Brien, Snyder &
Howard, 2016), it is important to note that PIU has not yet
been included in the DSM-5 classification.

In terms of prevalence, rates ranging from 3.7% to 9.9%
have been estimated for Spain, with greater problematic
use among the youngest users (Carbonell, Faster, Chama-
rro & Oberst, 2012).

The negative consequences of PIU have been the focus
of various studies, some of which have concentrated on the
impact such use has on the brain functioning of excessi-
ve users. This approach has seen different investigations
using neuroimaging techniques to verify alterations in the
prefrontal cortex in subjects with PIU, which results in
problems of cognitive flexibility (Dong, Lin, Zhou & Lu,
2014), decision making (D’Hondt, Billieux & Maurage,
2015), working memory (Dong, Devito, Du & Cui, 2012)
and executive control. These characteristics are consistent
with disorders found in other behavioral addictions, such as
pathological gambling (Brand, Young & Laier, 2014). Some
studies have also analyzed the cognitive functioning of these
subjects using classical neuropsychological tests, such as the
Stroop test (as a measure of response inhibition ability) or
general intelligence questionnaires where longer reaction
times, more frequent errors, as well as difficulties in com-
prehension were found in the PIU group in comparison

with a control group (Dong, Zhou & Zhao, 2011; Rucker,
Akre, Berchtold & Suris, 2015). Furthermore, significant
differences were found between subjects with and without
problematic Internet use in terms of their verbal fluency,
with PIU subjects faring worse in tasks that evaluated verbal
semantic fluency (Nie, Zhang & Liu, 2017).

In light of such data, numerous studies have suggested
that neurobiological substrates and cognitive functioning
in PIU may resemble not only that found in other beha-
vioral addictions but also that observed in substance use
disorders (Bauernhofer, Papousek, Fink, Unterrainer &
Weiss, 2015; Brand et al., 2014; Yuan et al., 2016; Zhang et
al., 2015).

In addition, research has also found a relationship be-
tween PIU and academic performance among students.
On the one hand, PIU has been shown to be a predictor
of poor academic performance due to lack of sleep and
concentration related to Internet abuse (Stavropoulos,
Alexandraki & Motti-Stefanidi, 2013). On the other hand,
low school performance has been found to cause PIU
(Huang et al., 2009). Given cross-sectional nature of most
of these studies, the direction of influence of both varia-
bles is still unclear.

Despite the growing interest in the influence of PIU on
the cognitive skills and academic performance of young
people, studies that have linked these variables are still
few and far between, and conclusive evidence has yet to be
found (Park et al., 2011). Also, there is a scarcity of studies
investigating these variables through specific neuropsycho-
logical tests. The objective of the present study is therefore
to analyze the relationship between the problematic use of
the Internet and the academic and cognitive performance
of a sample of secondary students.

Our variables have been selected on the basis of pre-
vious evidence in the field of neuropsychological assess-
ment and academic performance, both in regard to PIU
and other addiction disorders. Given these previous stu-
dies, our hypotheses are: (a) students with PIU will achieve
worse academic outcomes in terms of lower average school
grades and a greater number of suspended subjects than
adolescents who use the Internet in a non-problematic way
(NPIU); (b) students with PIU will reveal worse cognitive
performance in all neuropsychological tests used, in the
form of a higher rate of errors and a lower hit rate, than
the adolescents with NPIU.

Method

Participants

Initially, 8 public secondary schools (IES) were select-
ed, randomly chosen from among the 40 high schools in
the cities of Alicante and Elche. The random procedure
was performed by rolling a die and using the numbers pro-
duced to select the different schools from a list.
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Two of the schools contacted refused to take part in the
study, so finally the sample was taken from 6 schools. The
participating schools were all state funded and located in
neighborhoods of average socioeconomic level. With a to-
tal of 31,280 students enrolled in these high schools at the
time of sample collection, and taking into account the es-
timated average prevalence of PIU in Spanish adolescents
of 10% (95% confidence, + 2.5 margin of error), the min-
imum sample required for this study was 544 participants.
After receiving the authorization of the heads of study of
each school, 47 classes of the 3" and 4™ years of compul-
sory secondary education (ESO) were randomly selected,
resulting in an initial total of 853 students recruited.

Since different studies have shown that both cannabis
use (Shrivastava, Johnston & Tsuang, 2011) and excessive
alcohol consumption (Geil et al., 2014; Parada et al., 2012)

Total subjects recruited
N=853

Correct completion of questionnaires?

Yes (n=814)

No (n=39)

High-risk alcohol consumption and/or cannabis use??

Yes (n=278)

No (n=575)

Problematic Internet use??

Yes (n=113)

No (n=462)

PIU NPIU

Note. PIU: Students with problematic Internet use

NPIU: Students with non-problematic Internet use

2 Cannabis: once a month or more; Alcohol: = 6/4 SDUs (boys and girls,
respectively).

bScore = 34 on IREQ.

Figure 1. Sample selection

have a negative effect on cognitive performance, the fol-
lowing exclusion criteria were set to eliminate possible bi-
ases in measuring cognitive abilities: (a) cannabis use once
a month or more and (b) high-risk alcohol consumption.
These variables were assessed using a questionnaire based
on the ESTUDES survey of the National Plan on Drugs
(Ministerio de Sanidad, Servicios sociales e Igualdad, 2013)
to collect data on the frequency of alcohol and cannabis
use during their lifetime, in the last month, and the last
week. In the case of alcohol, the intensity of use was also
collected, measured in SDUs consumed in the last month.

In this study, high-risk alcohol consumption is under-
stood as binge drinking, which involves the consumption
of atleast 6 standard drink units (SDU) (1 SDU = 10 grams
of pure ethanol) in the case of boys and 4 SDUs in that of
girls concentrated within the space of two hours (National
Institute on Alcohol Abuse and Alcoholism, 2004).

An exploratory analysis of the initial sample thus result-
ed in a total of 278 cases (32.5%) being rejected for not
meeting the inclusion criteria to participate in the study or
for not correctly completing the tests, leaving a final sam-
ple of 575 participants. The participants were between 13
and 17 years old, with a mean age of 14.67 + 0.79 years,
and 55.7% (n = 314) of them were in the 3rd year of com-
pulsory secondary education at the time of the study. The
average mark for the previous school year of the total sam-
ple was 7.08 + 1.58, while the number of fails stood at an
average of 0.93 + 2.12. Girls made up 42.1% (n = 239) of
the sample.

As for Internet use, 82.6% (n=470) of the total sample
reported using the Internet on a daily basis, and 21.2% (n
= 121) reported being online for more than three hours
per day. In terms of the preferred use of the Internet,
the adolescents mainly used social networks when online
(87.4%, n = 450).

Participants were classified into two groups according
to whether they had PIU (19.7%; n = 113) or not (NPIU)
(80.3%; n = 462). To measure this classification criterion
the Internet-Related Experiences Questionnaire - IREQ
(Beranuy et al., 2009) was used, in which a cut-off score of
greater than or equal to 34 is considered an indication of
PIU. The sample selection diagram is shown in Figure 1.

Variables and instruments

Aseries of self-reports and neuropsychological tests were
used to measure problematic Internet use, frequency and
type of use, alcohol and cannabis consumption, as well as
the cognitive and academic performance of subjects. The
instruments were chosen on the basis of their use in other
similar studies conducted on addictive disorders (Carballo,
Garcia, Jauregui, Marin & Pérez-Jover, 2011; Carballo etal.,
2013) and on their ease of use when applied in a group
format. The different types of variables assessed were as
follows:
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- Sociodemographic variables: Information was collected
regarding the sex, age and school year of the parti-
cipants.

Internet use: An ad-hoc three-item questionnaire was
used to measure the frequency of Internet use during
the week and the number of hours spent online daily,
as well as the preferred type of Internet use (social
networks, study, online games, etc.).

Problematic Internet use: This was assessed with the In-
ternet-Related Experiences Questionnaire - IREQ
(Beranuy et al., 2009), a 10-item self-administered
questionnaire with a 4-point Likert-type response sca-
le, based on DSM-IV-TR criteria for substance abuse
and pathological gambling. The questionnaire ad-
dresses different aspects such as increased tolerance,
negative effects arising from the problematic Internet
use, reduction of activities, loss of control, avoidance,
and desire to be online. Scores range from 0 to 40,
with 34 or higher signaling problematic Internet use.
The questionnaire has been shown to have an internal
consistency of 0.77 in the Spanish sample (Beranuy et
al., 2009).

Academic outcomes: The average school mark was calcu-
lated on a scale from 0 to 10, as well as the number of
subjects failed in the last year. Both data were repor-
ted by the students.

Variables related to cognitive performance: A battery of
neuropsychological instruments was used to measu-
re perceptual acuity, attention span, verbal memory
(immediate and delayed recall), verbal fluency, and
abstract reasoning. The hits and errors of all tests were
collected.

Perceptual acuity: This was measured with the WAIS-
III Symbol Search Subtest (Wechsler, 1995), in which
participants have to identify the presence of certain
symbols in a sequence of several elements. The test
was applied for one minute.

Attention: The Symbol Digit Modalities Test (SDMT)
(Smith, 1982) was used. This test evaluates sustained
attention and concentration, requiring complex vi-
sual scanning and visual tracking. It consists of indi-
cating the numbers corresponding to each symbol
(from one to nine) beneath it, in a list of randomly
distributed symbols and following a certain order.
Subjects had one minute and thirty seconds to com-
plete the test.

Immediate and delayed verbal recall: Immediate and de-
layed recall was assessed by using of a list of twelve
standard words extracted from the Weschler Memory
Scale (1945). A list of the words was read to the parti-
cipants with an interval of two seconds between each
word. They were then asked to write down those they
remembered in two attempts, one immediately after
hearing the list, and another five minutes later. Be-
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tween the two attempts a distractor was introduced in
the form of the SDMT.

Verbal fluency: semantic fluency was assessed (Buriel,
Casanova, Rodés, Fombuena & Bohm, 2004) with the
spontaneous production of names of fruits and vege-
tables in one minute.

Abstract reasoning. we used the DAT (Differential Ap-
titude Test) (Bennett, Seashore & Wesman, 2000),
which consists of 32 items. The subjects were pre-
sented with a series of images ordered consecutively
and logically and had to infer from the alternatives
presented which would be the next one to follow in
the sequence. A total of three minutes was provided
to complete the test.

Procedure

After receiving the relevant permits from the Conselle-
ria d’Educacié of the Generalitat Valenciana (Education
Department of the Regional Government of Valencia) and
the heads of study of the schools, the questionnaires used
in this cross-sectional descriptive study were administered
in groups in the schools themselves during school hours.
Student participation was subject to consent from parents
or legal guardians, and was voluntary, anonymous and con-
fidential. All neuropsychological and self-report tests were
applied at the same time, in a single session of between
30-50 minutes. After being given a brief explanation of
the aims of the study, the students responded to the ins-
truments according to the instructions provided for the
correct completion of the same. The study was approved
by the Ethics and Research Commission of the Miguel Her-
nandez University in Elche.

Data analysis

The data obtained were coded and analyzed using the
statistical software IBM SPSS Statistics 20.0 for Windows.
Descriptive analyses of means and frequencies were per-
formed in order to detect and exclude those cases that did
not meet the study’s inclusion criteria, as well as to identify
the sociodemographic profile of the participants (eg. sex),
their use of the Internet (eg. days online) and academic
performance (eg. average grade). Likewise, descriptive
analyses were made to differentiate between those subjects
with problematic Internet use (PIU) and those without
(NPIU).

In order to study the frequency differences in non-con-
tinuous variables, the chi-square test was used, while for
the analysis of mean differences in continuous variables a
non-parametric (Mann-Whitney U) analysis was used for in-
dependent samples, since the variables did not fit the nor-
mal distribution. Effect size was found with the Rosenthal
r (r) for comparisons between groups (Rosenthal, 1991),
with the following value settings: 0.10 (small effect size),
0.30 (moderate effect size) and 0.50 (large effect size) (Ro-
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senthal, 1991). The confidence level applied in these sta-
tistical tests was 95%. To minimize the type I error that can
occur with multiple analyses, we used the Bonferroni co-
rrection for an alpha of 0.05 in groups of related variables.

Finally, for an in-depth analysis of the relationship be-
tween problematic Internet use and academic and cogni-
tive performance, a hierarchical linear regression analysis
was conducted. The variable problematic Internet use was
used as a dummy control variable. Interaction terms were
calculated using differential scores to control multicolli-
nearity problems.

Results

First, we analyzed the sociodemographic differences be-
tween PIU and NPIU, applying the Bonferroni correction
for the three sociodemographic variables analyzed, and ob-
taining an o of 0.0167 (0.05/3).

As in Table 1 shows, no statistically significant differen-
ces were found between the two groups in terms of sex,
mean age or school year.

We also performed a differential analysis of the two va-
riables related to academic performance across PIU and
NPIU (Table 2). Again, the Bonferroni correction was per-
formed for these variables, obtaining a = 0.025 (0.05/2).
Statistically significant differences were found both in re-
lation to the mean grades (z =-4.52, p = .0001) and to the
number of subjects failed in the previous course (z =-2.47,
p =.01). In this way, the group with problematic Internet
use obtained a lower average grade (6.47 = 1.42) than the
NPIU group (7.23 = 1.58), as well as a greater number of
failed subjects (PIU = 1.22 = 2.11; NPIU = 0.86 + 2.12),
although the size of the effect was small in both cases (r=
0.20 and r= 0.11, respectively).

Table 1. Sociodemographic differences between PIU and NPIU

PIU NPIU X*/z(p)
(19.7%; n=113) (80.3%; n=462)
%(n) Boys 59.3 (67) 57.6 (262) 0.11 (.74)
Mean age 14.79 + 0.86 14.63+0.78 -1.53(.12)
%(n) 3year 51.8 (58) 56.6 (256) 0.85 (.35)

Note. *Significant for a=0.0167 (Bonferroni correction)

Table 2. Differences in academic outcomes (means) between PIU
and NPIU

PIU NPIU z(p)
-4.52 (0001)* .20
2247 (0D * .11

-

Grade? 6.47 £1.42 7.23+1.58

Failed subjects® 1.22+2.11 0.86+2.12

Note. *Significant for a=0.025 (Bonferroni correction)
2N = 521; PIU = 101; NPIU = 420
5N = 545; PIU = 107; NPIU = 438

Finally, we analyzed the differences between PIU and
NPIU with regard to cognitive performance (Table 3).
Mean differences in the number of hits and errors in atten-
tion span tests, perception, memory (immediate and de-
layed recall), verbal fluency, and abstract reasoning were
evaluated. The o was 0.0042 (0.05/12) after performing
the Bonferroni correction on these twelve variables.

As shown in Table 3, we found statistically significant di-
fferences between the two groups in relation to the success
rate on the perceptual acuity test (z=-2.89, p=.0039), with
the PIU group obtaining a higher number of hits (19.18 =
5.41) than the NPIU group (17.55 = 5.8). Likewise, diffe-
rences were found in the error rate of the abstract reaso-
ning test (z=-3.15, p=.002), with a higher rate in the PIU
group (5.84 = 4.00) compared to those with NPIU (4.45
+ 3.20). In both cases, the effect size was small (r = 0.12
and r= 0.13, respectively). No statistically significant diffe-
rences were found in the hit and error rates of the other
neuropsychological tests applied.

Table 3. Differences in academic outcomes (means) between PIU
and NPIU.

PIU (n=113) NUPI (n=462) z(p) r

Perception

Hits 19.18+5.41 17.55%5.80 -2.89(.0039)* .12

Errors 0.65+1.14  0.69+1.51 -0.36 (.71)
Immediate recall

Hits 6.57 £1.94 6.46£2.11 -0.34 (.73)

Errors 0.50+ 0.84  0.51£0.5 -0.06 (.94)
Delayed recall

Hits 5.73+1.85 5.80+2.01 -0.27 (.78)

Errors 0.67 £ 1.25 0.67 = 2.07 -1.11 (.26)
Verbal fluency

Hits 12.73+2.80 12.34+3.31 -0.92 (.35)

Errors 0.12+0.38 0.15%0.80 -0.42 (.66)
Attention

Hits 32.65+9.47 32.84+8.55 -0.49 (.61)

Errors 1.42+839 2.55+12.26 -0.12(.89)
Abstract reasoning

Hits 6.85+3.29 6.69+3.43 -0.62 (.53)

Errors 5.84 +4.00 4.45+3.20 -3.15 (.002)* .13

Note. *Significant for a=0.0042 (Bonferroni correction)
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Finally, to eliminate any confounding bias that cogni-
tive performance might have on academic performance,
hierarchical linear regression analyses were performed in
which those cognitive performance variables were incor-
porated as predictors of academic performance in which
statistically significant differences were found.

In the first regression analysis (Table 4), stratified ac-
cording to problematic or non-problematic Internet use,
the existence of a positive and statistically significant asso-
ciation between the hit rate in the perceptual acuity test
and average school grade (p < .05) was found in the NPIU
group, as well as between the error rate in abstract reaso-
ning and the number of failed subjects (p < .01). Likewise,
a statistically significant negative association between the
error rate in abstract reasoning and the average school
grade (p < .01), and between the hit rate in perception

Table 4. Regression analysis of academic outcomes (mean grade
and failed subjects) in relation to cognitive performance

Mean grade Failed subjects
Variables B (SE) B sr2 (%) B (SE) B sr2 (%)
NPIU
Hits
. .03(.01) .11* 1.17% -.04(02) -11* 1.14%
perception
Errors
abstract -.07 (-.03) -.13** 1.72% .11(03) .16** 2.56%
reasoning
PIU
Hits
. .04 (.03) .15 2.31% -.05(.04) -15 2.19%
perception
Errors
abstract -.08 (.04) -.22* 4.54% .07 (.05) 13 1.64%
reasoning

Note. B= non-standardized coefficient, SE= standard error, B=standardized
coefficient, sr=semipartial
*p<.05,**pc.01

and the number of failed subjects (p < .05) were observed.
However, in the PIU group, the only statistically significant
standardized coefficient was the errors in abstract reaso-
ning variable, which again was negatively associated with
average grades (p <.05).

Given the results obtained, a new regression model was
run with the complete sample incorporating the interac-
tions of each predictor with the problematic Internet use
variable, which was also included as a predictor. As shown
in Table 5, PIU as well as the perception hit rate and error
rate in abstract reasoning are statistically significant predic-
tors of the average grade, with PIU being the variable which
explains the highest percentage of variance. Regarding the
number of failed subjects, perceptual acuity and errors
in abstract reasoning are the only statistically significant
predictors, with each of these variables contributing only
a small amount. Furthermore, in the interaction analysis,
no evidence has been found that problematic Internet use
moderates the association between cognitive performance
and academic outcomes (p > .05).

Discussion

The aim of this study was to analyze the relationship
between the problematic use of the Internet and acade-
mic and cognitive performance of a sample of secondary
school students. The results obtained showed worse aca-
demic outcomes of subjects with PIU, as well as statistically
significant differences in the tests of perception and abs-
tract reasoning between subjects with and without proble-
matic Internet use.

First, students were divided into two groups according
to their use of the Internet, with a 19.7% (n=113) preva-
lence of PIU found in the sample assessed. While this figu-
re is within the range found in international investigations
(Aboujaoude, 2010; Kamal & Mosallem, 2013; Wang et al.,

Table 5. Linear hierarchical regression for the analysis of the link between academic outcomes, cognitive performance and problematic

Internet use
Variables B (SE) B sr2 (%) B (SE) B sr2 (%)
Step 1
Hits perception .03 (.01) J12%* 1.30% -.04 (.02) - 12%* 1.30%
Errors abstract reasoning -.07 (-.02) -.15%* 2.05% .10 (.03) L15** 2.25%
PIU -.70(.18) - 17 2.89% .25 (.23) .05 0.20%
Step 2
Hits perception .03 (.01) JL1xx 0.96% -.04 (.02) - 11 0.94%
Errors abstract reasoning -.07 (.02) - 14%* 1.39% .11 (.03) 17 2.10%
PIU -.70(.18) - 17** 2.76% .29 (.24) .05 0.27%
Perception*PIU .01 (.03) .01 0.01% -.01 (.04) -.02 0.02%
Abstract reasoning *PIU -.02 (.05) -.02 0.02% -.04 (.06) -.04 0.09%

Note. B= non-standardized coefficient , SE= standard error, B=standardized coefficient, sr=semipartial

*p<.05,**pc.o1
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2011 ), itis notable for being higher than that observed in
other studies with the Spanish population (Carbonell et
al., 2012). This discrepancy may be related to the increase
in Internet access in recent years (Gémez, Rial, Brana &
Varela, 2014), as well as to the different types of measures
and diagnostic criteria used to evaluate PIU.

With reference to the hypotheses set out at the begin-
ning of this study, it was suggested firstly that students with
PIU would experience worse academic outcomes in terms
of lower average grades and a greater number of failed
subjects than the adolescents with NPIU. This hypothesis
has been confirmed in its entirety for the sample assessed,
the results being consistent with the findings of previous
studies, in which a positive relationship between PIU and
scholastic failure has been observed (Huang et al., 2009;
Tsitsika et al., 2011; Stavropoulos et al., 2013).

Regarding the second hypothesis, it was thought that, in
comparison with adolescents with NPIU, students with PIU
would show worse cognitive performance in all the neuro-
psychological tests applied, measured in terms of higher
rates of error and lower hit rates. This hypothesis has only
been partially confirmed for the abstract reasoning test,
where the PIU group scored a higher number of errors.
This higher error rate, coupled with a similar hit rate to the
NPIU group, would indicate a higher total response rate
among adolescents with problematic use. A high response
rate has been described as an indicator of greater impul-
sivity (Lozano & Pérez, 2012) and is frequently observed
in studies with a substance-addicted population (De Wit,
2009). This result is furthermore consistent with previous
evidence linking PIU to difficulties in impulse control and
in the regulation of response inhibition circuits, with sub-
jects experiencing this problem failing in the inhibition of
unwanted actions and presenting worse impulse control
than those without PIU (Dong et al., 2012, Dong, Zhou
& Zhao, 2010, Li et al.,, 2014). In any case, these results
merely indicate trends which should be analyzed in depth
in future research.

With regard to the perceptual acuity test, it is interes-
ting to note that the results illustrated a tendency running
counter to the predicted hypothesis. Thus, it was found
that the adolescents presenting PIU obtained higher hit
rates in the perception test than the NPIU group. This im-
proved perceptual performance in subjects with PIU could
be due to greater exposure to and training with visual sti-
muli resulting from a more extensive use of the Internet
and computers, as some previous studies have suggested
(Castel, Pratt & Drummond, 2005; Green & Bavelier, 2003,
2007). However, it should be noted that the evidence rela-
ting to this aspect is still controversial (Murphy & Spencer,
2009; Park et al., 2011).

With the aim of minimizing biases in the results, and
based on previous studies that link academic outcomes
and cognitive performance (Stelzer & Cervigni, 2011), the

association between both variables was assessed. Although
significant associations were found between them, specifi-
cally in the case of average school grade, it is important to
note that it was PIU that explained the greatest percenta-
ge of variance. Further studies are nevertheless needed to
analyze these relationships in more depth.

Having presented these findings, however, it is necessary
to point out that the results of this research should be trea-
ted with caution, since it is an exploratory study suffering
from a series of limitations that need to be taken into ac-
count for future research.

Firstly, this is a descriptive, cross-sectional study and the
results have therefore been analyzed and interpreted only
in terms of the trends displayed by the variables of interest.
Moreover, the small effect sizes yielded by the relationships
found mean that the results shown should be interpreted
with extreme caution.

Secondly, in relation to the measuring instruments used,
it is worth emphasizing the limitations inherent in self-re-
ports (eg. social desirability). It would be interesting here
to be able to include sincerity scales that would make it pos-
sible to assess the validity of the responses of adolescents.

Similarly, with regard to the neuropsychological assess-
ments, it is important to remember that performance in
such tests could be influenced by other extraneous varia-
bles, such as, for example, previous training of subjects
through the frequent playing of video games, or participa-
tion in psycho-pedagogical improvement programs, which
commonly use some of the tasks applied in this study. In
relation to these instruments it would also be advisable to
redefine or improve their characteristics in order to esta-
blish specific tests that reliably assess cognitive abilities in
this area, as has been achieved in the field of other addicti-
ve problems (Szczebak & Glisky, 2011).

Although extensive control of extraneous variables that
might contaminate outcomes (eg. substance use) was ca-
rried out, future studies should consider the possible in-
fluence of other factors on cognitive performance, such
as variables interfering at the time of the test (eg. anxiety
state). It would likewise be of interest to include other com-
parison groups in the assessment of cognitive variables,
such as non-students or adolescents with other addictive
disorders or problems (eg. alcohol abuse). Furthermore,
it would be advisable to consider longitudinal designs with
broader samples that allow the analysis of how performan-
ce and PIU of adolescents develops, the assessment of the
cognitive performance of subjects before they start using
the Internet for the first time, as well as the analysis of rela-
tionships with variables such as impulsivity, time online or
type of Internet use.

Despite these limitations, it is important to note that the
results of this study provide new data in a field of research
of growing interest but in which conclusive evidence has
yet to be established. Also, unlike other studies in the area
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of PIU which have focused on neuroimaging techniques,
this paper presents comparative data from performance
in neuropsychological tests, providing results on specific
cognitive functions. In this way, the trends observed in this
study may lead to the start of future lines of research that
will allow us to deepen our knowledge of the consequences
of PIU on cognitive abilities, as well as their implications in
the neuropsychological development of subjects who ini-
tiate problematic use early on.
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