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Abstract
Aim—Internet use has grown exponentially in the past decade, but there has been little systematic
research to inform our understanding of how this phenomenon may relate to mental illness.
Although several characteristics of individuals experiencing psychotic-like experiences (PLEs)
may render this group particularly susceptible to problematic Internet use, to date there have been
no studies examining Internet use in this group. Because the experience of PLEs is considered a
risk behavior for formal psychosis, it is crucial to understand how patterns of Internet use may be
tied to the progression of illness.

Methods—A total of 170 young adults were followed for two months, and grouped into those
showing a steady/improved course of PLEs (PLE-Improved/Constant) and those showing an
exacerbation in PLEs (PLE-Increase). Internet addiction and a factor “Reality Substitute” were
examined within and between the two groups.

Results—Findings indicated that while both groups reported a similar level of Internet addiction
and Reality Substitute at baseline, the PLE-Improved/Constant group showed longitudinal
declines in both domains of problematic Internet usage whereas the PLE-Increase group’s reported
level remained constant. Further, there were moderate correlations between PLEs and domains of
problematic Internet use, and the magnitude of association with Reality Substitute for the PLE-
Increase group grew significantly over time.

Conclusions—Taken together, results implicate a close link between continued problematic
Internet use and the phenomena of PLEs.
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Internet use is a rapidly growing technological and social phenomenon that has increased
from roughly 26.2% of U.S. homes having access in 1998 to 71% in 2010.1 Given this rate
of expansion, it is not surprising that the consequences of these changes are largely
unknown. This is particularly concerning when considering mental health, where there is
evidence to suggest that problematic Internet use (e.g., Internet addiction and/or using the
Internet several hours a day for non work related activities) is linked with psychiatric
symptoms and syndromes.2–4 Although Internet addiction has been found to be associated
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with elevated symptoms of depression and anxiety,5–8 to date, there have been no
investigations into how problematic Internet use may be related to risk for psychotic
disorders such as schizophrenia. Within this context, it is noteworthy that accumulating
evidence shows that non-clinical psychotic-like experiences (PLEs) (e.g., fleeting auditory
hallucinations) are commonly experienced by otherwise healthy individuals9 and are
considered to be a risk factor for formal psychosis.10, 11 There is also considerable evidence
to suggest that a myriad of other characteristics, such as interpersonal deficits,12–14 social
anhedonia15 (promoting a preference for interacting in an online atmosphere), proneness to
magical thinking (leading to a susceptibility to internet fantasy games and reality
substitution), and impulsivity (leading to internet addiction)16 may increase susceptibility to
problematic Internet use and also be common amongst individuals experiencing PLEs.

Recent studies in different countries suggest that the population prevalence of Internet
addiction ranges from .3% in the United States to 1% in Norway.17, 18 However, among
adolescents and young adults the prevalence of internet addiction is considerably higher,
ranging from 6% up to 11%.19, 20 Some mental health experts have expressed concern that
excessive Internet use may have a negative impact and contribute to psychiatric
symptoms.21–24 For example, Shapira and colleagues8 argue that heavy Internet use may
negatively impact social and emotional functioning. Further, researchers have observed that
a subsection of individuals use the Internet environment as a reality substitute and depend on
it for relieving real life problems.25 Many studies have suggested that people may use the
Internet addictively and that this can exert harmful effects on individuals, altering their
social behavior, habits, and abilities in a negative way.26 For example, Internet use can
interfere with one’s academic performance and daily life routines,27, 28 and investigators
have observed that student’s excessive internet use can lead students to ignore
schoolwork.29, 30 Young31 links excessive Internet use to DSM-IV criteria and considers it a
behavioral addiction similar to pathological gambling; she characterizes Internet addiction
as an impulse-control disorder that mainly involves psychological dependence on the
Internet. As a reflection of these concerns, it has been suggested that heavy Internet use
should be considered a disorder in its own right; and researchers have variously labeled it
“Internet addiction disorder”, “Internetomania”, and “pathological Internet use”32.

Accumulating evidence shows that non-clinical psychotic-like experiences (PLEs) (e.g.,
fleeting auditory hallucinations) are commonly experienced not just by patients with
psychiatric disorders, but also by a substantial proportion of the general population of
otherwise healthy individuals.9 More specifically, evidence showing that PLEs occur in 5–
8% (median prevalence) of the general population suggests that psychosis may occur as a
continuous phenotype.13 Further, it is noteworthy that researchers have observed that PLEs
appear to follow discrete developmental trajectories (e.g., persistent, worse), and that those
individuals whose symptoms increase over time show an increased exposure to
environmental stressors.13 Understanding this non-clinical end of a continuum is particularly
vital as it may provide a new perspective into vulnerability for disorders such as
schizophrenia, during a viable period for early intervention. Within this framework, it is
noteworthy that there is a considerable amount of evidence to suggest a relationship between
the incidence of PLEs and Internet addiction among young adults. In a non-clinical sample,
individuals reporting PLEs such as persecutory ideas showed significantly poorer peer and
family functioning33 and dovetailing this finding, researchers have observed that loneliness
is positively correlated with the rate of Internet use.34, 35 Indeed, Campbell and Morrison12

note that it is possible that a well-replicated association between PLEs and being bullied
indicates that experiencing PLEs increases the likelihood that a person’s interpersonal
context is characterized by peer hostility and rejection. Further, research suggests an
association between PLEs and receptive language deficits.36 It is highly plausible that
individuals with PLEs would be drawn to the Internet because it is a venue in which
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receptive and expressive interpersonal deficits are less likely to reciprocate in exclusionary
behavior from peers. Another point to consider is that symptoms such as excessive social
anxiety, withdraw or social anhedonia, which characterizes PLE samples,15, 37 may lead
individuals with PLEs to choose gaming, emailing, and chatting as a social platform.
Consistent with this notion, problematic Internet use has been documented in youth with
schizotypal personality disorder.38 However, to date there have been no empirical
investigations to determine if problematic Internet use is linked with PLEs, or how persistent
patterns of this use might influence course of illness.

Given that experiences and traits common to individuals experiencing PLEs may lead this
population to problematic Internet use, and that a number of recent reports have suggested
PLEs are predictive of more serious schizophrenia spectrum psychopathology,10, 11 it is
important that we understand the nature of the relationship between problematic Internet and
the course of PLEs. For example, it is possible that the experience of PLEs might render
individuals prone to Internet addiction, and that problematic Internet use over time, may in
turn exacerbate the course of PLEs. In this study, 170 individuals were assessed for PLEs
and domains of problematic Internet use (i.e., Internet addiction, Reality Substitute) at
baseline and two-month follow up time points to test the hypothesis that PLEs will be
significantly associated with domains of problematic Internet use. Further it is predicted that
those individuals exhibiting a longitudinal increase in PLEs will show a course of increased
problematic Internet behaviors, whereas those individuals showing a level or improving
course of PLEs will exhibit a corresponding improvement in Internet addiction behaviors.
Finally, it is predicted that the associations between PLEs and domains of problematic
Internet will increase in magnitude for the group of participants defined by a longitudinal
increase in PLEs.

Methods
Recruitment

Participants were recruited at the University of Colorado Boulder’s Adolescent
Development and Preventive Treatment (ADAPT) research program. All participants were
young adults (aged 18 and older) in the University of Colorado Boulder’s human subject
recruitment pool (consisting of students and community members from the general
population), and there were no exclusion criteria. The protocol and informed consent
procedures were approved by the University Institutional Review Board. See Table 1 for
demographic characteristics of the sample.

Psychotic-Like Experiences
PLEs were measured with the Prodromal Questionnaire-Brief (PQ-B),39 a 21- dichotomous
item self-report questionnaire comprised of attenuated positive symptoms items. For each
PLE endorsed as “yes”, the participant was asked to rate the statement, “When this happens,
I feel frightened, concerned, or it causes problems for me” on an impact scale ranging from
1–5 (strongly disagree-strongly agree).40 This strategy gauges the presence of PLEs while
concurrently accounting for the degree of meaning/impact experienced by the participant
(those marking “no” on the dichotomous item scale receive a score of 0 whereas those
marking “yes” receive a score of 1–5 based on the subjective experience of the respective
PLE). The scores for this scale can range from 0–105 and are the focus of the study, as they
reflect the overall level of impactful or meaningful PLEs. Subjects were asked to indicate
experiences in the past month, and asked not to include experiences that occurred only while
under the influence of alcohol, drugs, or medications that were not prescribed. This
instrument has been validated for use in young adults, and used in studies to examine PLEs
in healthy populations.41–43
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Problematic Internet Use
The Internet Addiction Test (IAT)44 includes 20-items, presented on a five point Likert
scale, concerning the degree to which Internet use affects daily routine, social life,
productivity, sleeping pattern, and feelings. The minimum score is 0, and the maximum is
100; higher scores represent greater problems caused by Internet use. Scores of 20–39 points
represent an average online user who has complete control over his/her usage; a score of 40–
69 signifies frequent problems due to internet usage; a score of 70–100 means that the
internet is causing significant problems.31 The IAT has been employed in several recent
studies designed to investigate the relationship between different kinds of addictions,45

psychiatric comorbidity,22 and other correlates with Internet addiction.46 Further, the IAT
has been validated in young adult populations and demonstrates strong internal reliability
across studies.47–49 The factor structure of the inventory has also been evaluated, and
researchers have observed a dimension titled “Reality Substitute” (the extent to which an
individual regards the internet environment as another reality and over-depends on it for
relieving real-life problems).25 Problematic Internet use was examined by calculating the
IAT Total (a total score on the internet abuse scale) and the noted Reality Substitute factor.

Data Analyses
This sample was split into two groups: those who’s PLE weighted scores stayed the same or
showed improvement (PLEs Improved/Constant; n = 127), and those who’s scores showed
an escalation in PLEs over two months (PLE-Increase; n = 43). Independent t-tests and chi-
square tests were employed to examine differences in continuous and categorical
demographic variables (respectively) between participants partitioned into the two groups.
Two separate 2(time points) × 2(group) mixed repeated measures ANOVAs were conducted
to examine changes in IAT Total/Reality Substitute. Bivariate correlations were used to
examine relationships between PLEs and IAT Total/Reality Substitute for the two distinct
groups at each time point, and Fisher Z transformation analyses were employed to check for
meaningful changes in the magnitude of these respective associations over time.

Results
A total of 170 participants (mean age 19.1; SD = 2.5; range 17–30) were followed over a
two-month period, and 9.4% of the sample reported to experience at least one impactful PLE
in the month leading up to baseline. The most commonly endorsed PLEs, where participants
rated impact scores of 5 (strongly agreeing that event was relevant), were: “Do you feel that
other people are watching you or talking about you?” (3.5%), “Have you been confused at
times whether something you experienced was real or imaginary?” (3.5%), “Do you worry
at times that something may be wrong with your mind?” (2.4%), and “Have you ever felt
that you don’t exist, the world does not, exist, or that you are dead?” (1.8%)

As noted above, the sample was partitioned into those who stayed the same or showed
improvement on reported PLEs (PLEs Improved/Constant; n = 127), and those who showed
an escalation in PLEs over two months (PLE-Increase; n = 43). At baseline the mean PLE
score for the sample was 12.63 (SD = 12.37; Range = 71) and at follow-up, the mean was
9.39 (SD = 10.66; Range = 55). The mean PLE scores for each group at both time points are
provided in Figure 1, which illustrates that while the two groups did not show a significant
difference in reported PLEs at baseline (p = .25), the PLE-Increase group was significantly
elevated when compared to the PLE-Improved/Constant group at two months, t(168) =
−3.73, p≤ .01. There were no significant demographic differences between these groups in
gender distribution, age, or parental education (See Table 1 for demographic characteristics).
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Results suggest that 5% of the PLE-Improved/Constant group met criteria for problematic
Internet use (IAT Total > 40) at baseline although no participants in this group fell in the
most extreme (IAT Total > 70) category. In the PLE-Increase group, 7% met criteria for
problematic Internet use, and 2.3% fell into the most extreme category. The PLE-Increase
(mean = 3.65; SD = 1.70) and PLE-Improved/Constant (mean = 3.41; SD = 1.77) groups did
not report significant differences in the hours on the internet each day, t(168) =−.78, p = .43
although on a scale of 1–5 (1 being distant, 5 being intimate) the PLE-Improved/Constant
group (mean = 2.17; SD = .90) reported the quality of internet interactions significantly
greater, t(168) = 2.14, p = .01, than the PLE-Increase group (mean = 1.84; SD = .81).

Group differences in Internet addiction domains at both time points
As noted above, 2(group) × 2(time point) mixed repeated measures ANOVAs with each
respective Internet addiction domain (IAT Total and Reality Substitute) as the dependent
variable were conducted. For IAT Total, results revealed a significant interaction effect
F(1,168) = 3.35, p = .03; when examined independently, results showed that while both
groups started with similar levels of IAT Total, the PLE-Improved/Constant group improved
on this scale over time, t(126) = 5.16, p ≤ .01, whereas the PLE-Increase group stayed the
same (See Table 2 for means standard deviations for IAT domains for both groups and time
points). Consistent with this pattern, there was a significant interaction for Reality
Substitute, F(1,168) = 4.41, p = .02, and independent group analyses indicated that there
were significant improvements for PLE-Improved/Constant, t(126) = 4.35, p ≤ .01, but no
changes over time of the PLE-Increase group.

Because of the grouping strategy, it is possible that participants scoring lower or higher on
the PLE scale might be included in the same group (based on a respective pattern of
symptom change). As noted above, analyses comparing the PLE-Improved/Constant and
PLE-Increase group did not reveal a significant difference in PLEs between the two groups
at baseline (p = .25) (see Figure 1). To supplement this strategy, and employ an approach
that directly accounts the level of PLEs, the mixed repeated measures analyses were
conducted again, including baseline PLE scores as a covariate. The results for these mixed
repeated measures ANCOVAs did not change in terms of significance or the direction of
results from the analyses noted above. Taken together, this suggests that the present findings
are not influenced by potential confounds related to individual differences in the level of
reported PLEs.

Relationships between PLEs and Internet Addiction Factors
Bivariate correlations were conducted to examine the relationship between IAT Total/
Reality Substitute and PLEs in both groups (see Table 3). At baseline, there were significant
positive correlations between PLEs and IAT Total for the PLE-Increase group, and moderate
positive correlations between PLEs and both domains of problematic Internet use for the
PLE-Improved/Constant group. At 2-months, the PLE-Increase group showed magnitude
increases across domains, and each of the associations were significant. Further, Fisher Z
transformation analyses indicated that the magnitude of association between PLEs and
Reality Substitute became significantly greater over time for the PLE-Increase, z = −1.63,
p≤.05. The PLE-Improved/Constant group did not show any significant changes over time
although each of the correlations remained significant at two-months.

Discussion
Because Internet use is a relatively new and burgeoning phenomenon, systematic research
aimed at characterizing problematic Internet use and understanding its relation with
psychiatric disorders is in its infancy.50 The present study provides the first direct empirical
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evidence to suggest that elevated PLEs and domains of problematic Internet use are
positively associated. Although the hypothesis that the PLE-Increase group would show an
increase in problematic Internet use was not supported, findings that this group’s Internet
use remained constant whereas the PLE-Improved/Constant group showed significant
improvements on both total IAT and the Reality Substitute domains, provide an important
glimpse into a heretofore-unexamined phenomena. Further, given that PLEs have been
found to confer significant risk for developing formal psychotic disorders (e.g.,
schizophrenia),10, 51 and present findings show that a longitudinal increase in PLEs is
accompanied by persisting patterns of problematic Internet use, it is possible that Internet
abuse represents a new environmental stressor in the etiology of serious mental illness. It is
also equally possible that the problematic Internet use may reflect a coping mechanism for
escaping disturbing experiences or countering social isolation.

Taken together, the results paint a nuanced picture of problematic Internet use and PLEs in a
sample of young adults from the general population. Participants in both of the groups
showed similar rates of hourly Internet use, but the PLE-Improved/Constant group reported
substantially higher quality interactions, which replicates a finding in a sample of
adolescents with schizotypal personality disorder.38 Further, it appears that while there were
no significant differences in age, gender, or parental education, and that both groups showed
comparable levels of reported PLEs and domains of problematic Internet use (i.e., IAT total,
Reality Substitute) at baseline, the pattern of endorsed PLEs and Internet use changed over
the two-month period. Specifically, over the course of this study those participants in the
PLE-Increase group held to a steady level of problematic Internet use, whereas those
participants in the PLEs-Improved/Constant group showed a significant decline in
problematic Internet use.

One interpretation is that continued problematic Internet use is associated with worsening
PLEs whereas a cease in problematic Internet corresponds with an accompanying
improvement in PLEs. In support of this idea, it has been proposed that exposure to
environmental risk factors might increase the likelihood of persistent PLEs in individuals
predisposed to the development of schizophrenia.52 Given a diathesis-stress
conceptualization of psychosis,53, 54 where a constitutional vulnerability (e.g., a confluence
of genetic and early environmental factors) later interacts with social stressors, it is possible
that the Internet serves as an environmental factor that may, in part, unmask the subtle
vulnerability. Indeed, recent reports that Internet addiction is associated with significant
brain changes55 in areas that are also highly implicated with schizophrenia56 and PLEs,57

suggest that problematic Internet use may be placing further strain on an already
compromised neural system. This picture is consistent with the noted evidence that suggests
that the occurrence of PLEs in the general population confers significant risk for developing
more serious formal psychotic disorder (e.g., schizophrenia).10, 51

Alternatively, it is possible that those individuals who are becoming increasingly prone to
psychosis choose to spend more and more time using the Internet in a problematic way. As
noted, investigators have observed that a number of individuals use the Internet environment
as a substitute for real-life interactions and for relieving real-life problems.25 Consistent
with this notion, a study examining Internet use in adolescents with schizotypal personality
disorder found that the participants were attempting to utilize the Internet as a resource to
combat social isolation.38 Certainly, it is possible that the experience of PLEs may prove
frightening, and as noted, individuals reporting these experiences show a range of
interpersonal deficits.33, 36 For these persons, the Internet may provide a “safe” place where
meaningful communication is not contingent upon interpersonal skills.
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Findings that PLEs are positively associated with IAT Total and Reality Substitute support
the notion that aspects associated with PLEs may also lead to proneness for problematic
Internet use. The longitudinal increase in magnitude for the relationship between PLEs and
utilizing the Internet for Reality Substitution is particularly noteworthy because of the
unique nature of the Internet. Many significant activities conducted in the real world –
shopping, studying, social interaction – can be accomplished through the Internet where
some more difficult aspects of offline interaction, such as the awkwardness of meeting new
people, can be avoided.25 This might explain how individuals experiencing PLEs can come
to use the Internet in a way that encourages them to, in some respects, live in a virtual world.

These findings highlight the need to examine problematic Internet use in high-risk
populations, which may be an important target for intervention, particularly during a
developmental period when social and role functioning behaviors are becoming increasingly
central to ones’ identity.58–60 In addition, if adolescents who are prone to psychosis are
drawn to the Internet to escape problems or to replace/supplement real-life interactions, then
novel intervention strategies that use the Internet as a platform might be designed to exploit
this tendency and consequently improve motivation/adherence. Within this context, it is
noteworthy that psychosocial treatments play a critical role in habilitation of schizophrenia
patients,61, 62 and intervention prior to the onset of illness, during the adolescent/young adult
period when social, academic, and occupational skills are acquired and solidified, shows
promise.63

Because the present study does not explicitly test for formal psychotic disorders, the
findings should be considered as preliminary until future studies control for these potential
confounds and replicate the results in an unselected general population sample. However, it
is unlikely that a subgroup of formally psychotic individuals accounted for the observed
effect, as no subjects scored in the upper 32% of the possible attenuated symptom weighted
distress score range of 1–5 (an instrument already designed to measure subclinical
symptoms). It is also important to acknowledge that although the IAT has been used in other
studies focusing clinical symptoms/disorders including attention deficit hyperactivity
disorder (ADHD), and depression,22,27 the measure has not been explicitly validated for
psychosis-spectrum populations. The relatively small sample size, which may have limited
statistical power, is another significant limitation. With a larger sample it would also be
possible to test additional trajectories of PLE course (same, better worse), which would help
us to better understand characteristics of subgroups reporting PLEs. The use of a
longitudinal design in the present study is a strength as it allows for a temporal perspective
of the dynamic relationship between PLEs and domains of Internet use; however, it is not
currently possible to make conclusions about a casual relationship between the variables.
Future research involving an experimental manipulation (e.g., experimentally manipulating
internet access) is needed. Further, although a casual relationship has not necessarily been
established, pilot intervention studies examining Internet use and psychoeducation holds
promise.
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Figure 1. Participants who improved/stayed constant and who showed an increase in weighted
psychotic-like experience scores over a two-month period
Participants were split into two groups: those who showed improvement or stayed constant
on self-reported psychotic-like experiences (PLE) over a two-month period, and those who
showed an increase in PLEs over this time. Although there were not significant differences
in the level of reported PLEs at baseline, the PLE-Increase group showed significant
increases in PLEs at the two-month follow-up. Note: The scores can range from 0
(indicating no reported PLEs)-105 (indicating severe impactful or distressful PLEs). Error
bars reflect the standard error.
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Table 1

Demographic characteristics for groups of participants who reported psychotic-like experiences that improved/
stayed constant or got worse over a two-month period.

PLE Improved/Constant PLE Increase Total Differences

Males 81 26 107

Females 46 17 63

Total 127 43 170 NS

Age (yrs./SD) 18.9(2.5) 19.7(2.6) 19.1(2.5) NS

Parent Education(mean/SD) 15.6(2.3) 15.1(1.9) 15.5(2.2) NS

Note: NS = Not Significant
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Table 3

Correlations between domains of problematic Internet use and psychotic-like experiences at baseline and at
two-month follow-up

1 Baseline PQB Total 2 Follow-up PQB Total Changes in Magnitude

PLE-Increase

Reality Substitute .12 .45** 2>1*

Internet Addiction Total .28* .41** NS

PLE-Improved/Constant

Reality Substitute .22** .25** NS

Internet Addiction Total .30** .28** NS

Note: NS = Not Significant;

**
p<0.01,

*
p<0.05. Internet addiction problems were significantly associated with psychotic-like experiences at baseline for both the PLE-Increase and the

PLE-Improved/Constant group at baseline(with the exception of Reality Substitute domain for the PLE-Increase group, which did not approach
significance). At the follow-up time point, the magnitude of associations for the PLE-Increase group grew (significantly so for the Reality
Substitute domain; z = −1.63, p ≤ .05) whereas the correlations remained level for the PLE-Improved/Constant group.
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