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Table of Abreviations

ASCID-5 Assessment of Criteria for Specific Internet-use Disorders-5 items

BrainPac VMAC BrainPac - enhanced Value-Modulated Attention Capture

DASS-21 Depression Anxiety Stress Scale

EGS & ECS Experience of Gratification Scale and Experiences of Compensation
Scale

FoMO Fear of Missing Out Scale

ISAAQ-10 Internet severity and activities addiction questionnaire — Part A

IUES Internet Use Expectancies Scale

PIUQ-9 Problematic Internet Use Questionnaire

S-CIUS Compulsive Internet Use Scale - Short version

SDQ Strength and Difficulties Questionnaire

SOCS Short Obsessive Compulsive Disorder Screener

UPPS-P Urgency - Premeditation - Perseverance - Sensation Seeking - Positive
Urgency

Page 4 of 14

BootStRaP - 101080238




Net&Me . _
+BootStRaP WP2 - Assessment and Psychological Mechanisms

D2.2 - Psychological Mechanisms of PUI

BootStRaP - 101080238

Research question for the deliverable

Problematic usage of the internet (PUI) is a growing health concern and identifying factors which
contribute to its development and maintenance, but which are also individual and relational
consequences of PUI, is of utter importance (see Figure 1). BootStRaP hypothesises that self-control in
relation to internet use can be decomposed into (at least) two complementary and potentially interlinked
latent phenotypes involving A) affect regulation (i.e., controlling sensitivity to positive and negative
reinforcement driving the pathway toward addiction) and B) inhibitory executive control (i.e.,
restraining impulsive/compulsive urges to repetitively engage acting as a counterpart to the driving
pathways). These phenotypes could be associated with respective mechanisms underlying PUI and
could explain both the development and maintenance of both PUI and psychopathological symptoms
(i.e., emotional problems including depression and anxiety, as well as symptoms of compulsive
behaviours).

The aim of this deliverable is to establish a knowledge base on affective and cognitive
mechanisms, which - individually and interconnectedly - contribute to the development and
maintenance of PUI and psychopathological symptoms.

Individual & relational Individual & relational
determinants Digital intervention consequences

Demographics, Socioeconomic Personalised Py assess'ment ) Sleep, BMI, Digital eye strain,
Person Status, Personality traits and machine learning Physical health Musculoskeletal problems,
— ; ; Co-designed with citizens Exercise
Internet use Digital phenotyping, Mobile
sensing, Ambulatory assessment Mental health Mental wellbeing, Depression,
: 5 R Anxiety, OCD, ADHD, Substance
Behavioural Post-pandemic adjustment scale, misuse
adaptation Vaccine hesitancy scale .
Academic School performance
C - Affect regulation, Behavioural
ognition inhibition Vocational School clubs, sports, music etc

Social connectedness, Family
Psychosocial functioning, Vaccine hesitancy,
Internet literacy

Depression, Anxiety, OCD and
Mental health related disorders, ADHD, ASD,
Substance misuse
Body mass index, Cosmetic Quality of Life EuroQol, Wellbeing, Self-stigma

Phy5ical health conditions e.g. acne

Resilience measures (integrating

Psychosocial Social functioning, Family and Resilience levels of psychosocial
function peer support functioning)
i Societal

Societal Digital literacy Policy Costs QALY, Direct & indirect costs

Altered communication educational policies 5 q
intervention Stigmatization Societal stigma and exclusion
Advertising of online Regulatory policies for Best practices
activities digital companies ; q . e Spread of fake news, Vaccine
» Co—deggned with Civil society impact accaptance

Characteristics of platforms Digital content legislation citizens

Figure 1. The logic model of PUI
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BootStRaP’s assessment phases

The data basis for the deliverable on psychological mechanisms from WP02 is the data that was
collected during the first assessment Phase of the project (Cohort 1, see Figure 2).

A sample size of N = 2514 participants was targeted. The research protocol aimed at assessing
questionnaire data of these participants at three major timepoints (see Figure 3) with additional
intermediate assessments for the S-CIUS (each month), machine learning data (every 8 days), and
mobile sensing data collection (every day). A comprehensive description of the BootStRaP assessment
protocol was published elsewhere (Fineberg et al., 2026).

ed Recruitment; Age 12-16y; Over 3 Consecutive Years
se 1 Phase 2

Pha

Pilot study
Mo 21-33

Efficacy trial
Mo 33-45
(plus <=3 Mo for
study completion)
Cohort 3
N=2514

Cohort 2
N=3352

Machine learning
3-6 months

Algorithms for
determining healthy
vs hazardous
vs harmful usage of

the internet

Daily-life digital & Intervention A Algorithm-based
behavioural versus allocation A or B
assessments Intervention B versus
(6 months) (3 months) Random
allocation A or B
versus
Feasibility Issues Psychoeducation

Machine learning

3-6 months

Algorithms for
predicting optimal
intervention based
on pre-assessed
criteria

Figure 2. Assessment phases of the BootStRaP project

Baseline (t0) +1month  + 2 months + 3 months (t1) +4 months  + 5 months + 6 months (t2)
Block 1 S-Clus S-Clus Block 1 S-Clus S-Clus Ambulatory
ISAAQ-10 (PartA + B) BFI-10 Assessment (5 min at
S-Clus UPPS-P the end of the day for 7
ACSID-5 CHI-T consecutive days)
Surfing activity ISAAQ-ED
CSS-12 S-CIUS Block 1
PIUQ-9 ISAAQ-10 (PartA + B)
EQ-5D-Y Block 2 S-CIUS
PQ-LES-Q EGS & ECS ACSID-5
IUES Surfing activity
Block 2 FoMO Css-12
Demographics Use limitation PIUQ-9
DASS-21 School performance EQ-5D-Y
SOCS Vaccine hesitancy PQ-LES-Q
SDQ BMI
PaedS Physical activity Block 2
Alcohol consumption Proneness for mis- DASS-21
information socs

Block 3 Family functioning spQ
BrainPAC VMAC FAS Paeds
Block 4 Alcohol consumption
BrainPAC SST

Block 3
Ambulatory BrainPAC VMAG
Assessment (5 min at
the end of the day for 7 Block 4
consecutive days) BrainPAC SST

State affect regulation and state inhibitory control (2 items every 8 days)

Passive digital monitoring every day

Figure 3. Assessment protocol for Cohort 1

Note. Highlighted are the specific variables which are used for analyses in D2.2 (see Figure 3).
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Statistical analyses

First, correlational analyses were conducted to examine the intercorrelations among the different PUI
measures used in the study design, as well as the bivariate associations between PUI variables and
indicators of the two hypothesized mechanistic domains: difficulties in affect regulation and difficulties
in inhibitory control. These analyses provided an initial empirical mapping of the relationships between
PUI and its putative underlying processes.

Building on these findings and guided by the overarching research aims of this deliverable
focusing on psychological mechanisms, a structural equation model (SEM) was subsequently specified
(see Figure 3 for the theorised SEM). The SEM integrates theoretical considerations regarding
mechanisms underlying PUI that are assumed to map onto the two proposed phenotypes, affect
regulation and inhibitory control, and is informed by the preceding correlational analyses (see Tables
1-3). Specifically, the model was designed to capture how vulnerability factors, including PUI and
psychopathological symptoms, interact with mechanism-level processes, namely difficulties in affect
regulation indexed by negative reinforcement learning mechanisms and deficits in inhibitory control,
to predict the maintenance of PUI and psychopathological symptoms over time. Please note that more

specific statistical approaches are described in the WP02 data analysis plan (DAP).
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Figure 3. Hypothesised structural equation model

Note. +3m = three months after baseline; +6m = six months after baseline.

Page 7 of 14



" +BootStRaP WP2 - Assessment and Psychological Mechanisms

) ) BootStRaP - 101080238
D2.2 - Psychological Mechanisms of PUI

Data preparation
A total of N = 1,969 participants were included in the initial dataset. Data were first transformed from

long to wide format using R. For all questionnaire measures, mean scores were computed, allowing for
partial item-level missingness when no more than 20% of items per scale were missing. Test entries
were removed, and participants were excluded if they were younger than 12 or older than 16 years at
baseline. When baseline age information was missing, cases were retained if age at the 6-month follow-
up indicated a plausible baseline age within this range (i.e., < 17 years). The resulting dataset was then
merged with cognitive performance measures derived from the BrainPAC tasks using the participant
code as a unique identifier. Finally, the data were prepared for analysis in Mplus using SPSS, including
the definition of missing values (coded as —9999.0) and the shortening of variable names to comply
with Mplus naming conventions (maximum of eight characters).

Results

Correlational analyses

Table 1. Intercorrelations of PUI variables at baseline (_ B) and 6-months-follow-up (_ B6)

ACSID- ACSID- S-CIUS B S- PIUQY B PIUQ- ISAAQ-  ISAAQ-
5B 5 B6 CIUS_B6 9 B6 10 B 10_B6
ACSID- 1
5B
ACSID- 497w 1
5 B6 (n=1082)
S-CIUS_ B .698%** AT9%%* 1
(1=1760)  (n=1083)
S- S12%%% 755%%% G11%%% 1
CIUS B6  (n=1096)  (n=1123)  (n=1097)
PIUQ-9 B  .675%** 483 783 580 1
(n=1756)  (n=1082)  (n=1758)  (n=1095)
PIUQ- 521w 7615 588 856%#x 630 1
9 B6 (n=1072)  (=1110)  (n=1073)  (=1112)  (0=1072)
ISAAQ- 68THH% A483%%% B11%%% 574%%% T26%%% 561%%% 1
10 B (=1761)  (n=1084)  (n=1764)  (n=1098)  (n=1794)  (n=1074)
ISAAQ- 524%%% 770%%* 598%#%* 871 #%% ST1%%% 824%%% G17H%% 1
10_B6 (m=1100)  (=1120)  (n=1101)  (=1132)  (=1100)  (n=1109)  (n=1102)

Table 1 shows intercorrelations of PUI measures used throughout the study protocol. Whereas the
PIUQ-9, ISAAQ-10, and ACSID-5 were assessed at baseline (B) and baseline + six months (B6), the
S-CIUS was assessed monthly (B and B6 are shown in Table 1). Correlations indicate high concurrent
validity of the applied PUI measures at baseline, and a moderate temporal stability across the six-months
follow-up.
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Table 2. Correlations of “affect regulation” variables, collected at baseline (_B) and 3-month follow
up (_B3), with PUI measures, collected at 6-month follow up.

S-CIUS PIUQ-9 ISAAQ-10
TUES - Positive expectancies_B3 236%%* 214%%* 242 %%%
(n=1024) (n=1010) (n=1028)
IUES — Avoidant expectancies B3 A43%%* A4071%%* A54%%*
(n=1026) (n=1011) (n=1028)
EGS-gratificateion_B3 - 125%** -.093* - 125%**
(n=1028) (n=1012) (n=1030)
ECS-compensation_B3 .030 .029 .039
(n=1029) (n=1013) (n=1031)
FoMO trait_B3 A419%** A436%** A450%**
(n=1022) (n=1008) (n=1026)
FoMO state_B3 376%** A416%** A418%**
(n=1013) (n=999) (n=1017)
SDQ_B3 .349% % 315%H* 37gHwE
(n=1090) (n=1068) (n=1095)
BrainPac VMAC reverse score .056 .025 .061
(n=832) (n=820) (n=835)

Table 2 shows correlations between measures of PUI and measures associated with affect regulatory
mechanisms in the context of PUIL. Avoidant use expectancies (i.e., the anticipation that Internet usage
will provoke relief from adverse experiences) are more strongly correlated with PUI than positive
expectancies. Surprisingly, compensatory experiences (i.e., actually having the experience that Internet
usage relieves from adverse experiences) are not correlated with PUI, whereas there is a negative
correlation with experiences of gratification. Fear of missing out (both general and online-specific) are
moderately correlated with PUIL. More reported emotional problems are associated with more symptoms
of PUL The only neurocognitive measure of rigid reward-related attentional bias (BrainPAC VMAC
Reversal score) is not correlated with PUI.
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Table 3. Correlations of “inhibitory control” variables, collected at baseline (_B) and 3-month

follow up (_B3), with PUI measures, collected at 6-month follow up.

S-CIUS PIUQ-9 ISAAQ-10
UPPS-P lack of premeditation_B3 .081** .087** .084*
(n=1050) (n=1031) (n=1052)
UPPS-P Positive urgency_B3 207%** .208%** 225%*
(n=1052) (n=1033 (n=1052)
UPPS-P Sensation seeking_B3 .065* .082** .088**
(n=1051) (n=1032) (n=1053)
UPPS-P Negative urgency_B3 .303%** 304 %%+ 292%%*
(n=1052) (n=1033) (n==1054)
UPPS-P Lack of perseverance_B3 251%HF 202%%* 252%%*
(n=1050) (n=1031) (n=1052)
SDQ Hyperactivity_B 329 .308%*** 326
(n=1085) (n=1036) (n=1082)
BrainPac VMAC early score_B .025 -.006 .028
(n=832) (n=820) (n=835)

Table 3 reports correlations between measures of PUI and measures associated with inhibitory control
mechanisms. Correlational analyses reveal that among sub-facets of impulsivity as measures with the
UPPS-P for children, negative urgency shows the strongest correlation with PUI measures. More
symptoms linked to hyperactivity are associated with higher PUI symptoms. Again, the
neurocognitive measure of poor inhibitory control (BrainPAC VMAC Early Score) is not correlated

with PUL
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Structural equation modelling
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Figure 4. Direct effects found in the SEM

Figure 4 shows the direct effects found in the SEM. All theorised pathways were statistically significant,
except for the direct effects of difficulties in inhibitory control (Baseline + three months) on PUI
(Baseline + six months) and Psychopathology (Baseline + six months). Additionally, all associations
follow the expected direction, with exception of a negative effect of PUI (Baseline) on Psychopathology

(Baseline + six months) and a negative effect of Psychopathology (Baseline) on PUI (S-CIUS at
Baseline + three months).
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Indirect effects

Bo= 1% [.0ST), p= .00
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B=-0dd .01F), p= 009
B= .02 .00, p= .01
B 023 .00 p= 000

Figure 5. Indirect effects found in the SEM

Note. Significant direct effects are shown in grey.

Main findings for D2.2 Deliverable on “Psychological Mechanisms”

The structural equation model examined the reciprocal development of problematic internet use (PUI)
and psychopathology over time, with a particular focus on mechanisms underlying PUI: A) affect
regulation (through negative reinforcement) and B) inhibitory control. At baseline, both PUI and
psychopathology were reliably captured as latent vulnerability constructs, each indicated by multiple
complementary measures. Results showed that the latent dimensions “negative reinforcement” and
“inhibitory control” were meaningfully embedded in the longitudinal maintenance of PUI and
psychopathology. Negative reinforcement processes, reflected by avoidance-related internet use
expectancies and state fear of missing out, were positively associated with PUI at the intermediate time
point and predicted increases in both PUI and psychopathology at the six-month follow-up.

This pattern suggests that affect regulation via internet use constitutes a shared mechanism
linking initial vulnerability to later symptom persistence. Inhibitory control deficits, indexed by
negative urgency and hyperactivity symptoms, also contributed to the maintenance of PUI. That is,
more difficulties in inhibitory control were associated with higher levels of intermediate PUI and, in
turn, with elevated PUI at follow-up, although its effects were more specific and generally weaker than
those observed for negative reinforcement. This indicates that impaired self-regulation primarily
facilitates continued engagement in problematic online behavior rather than broadly amplifying
internalizing psychopathology. However, the dimension depicting “negative reinforcement” was
latently modelled by internet-specific processes whereas the latent dimension “inhibitory control” was
indexed by rather general measures of self-control deficits, which might explain why negative
reinforcement dominantly predicts PUI at the follow-up, but is less involved in the maintenance of
psychopathology at the follow-up.
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Importantly, both underlying mechanisms mediated the longitudinal associations between
baseline vulnerability and follow-up outcomes, supporting a cascade-based model of the “chicken-and-
egg” problem between PUI and psychopathology. Rather than one domain simply causing the other,
the results suggest that shared self-regulatory and affective mechanisms drive their co-development and
mutual reinforcement over time. Overall, the findings highlight affect regulation and inhibitory control
as important mechanistic pathways underlying both the emergence and persistence of PUI and
associated psychopathology; and therefore, render them promising targets for preventative
interventions.
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