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ABSTRACT KEYWORDS
Game Transfer Phenomena (GTP) refer to game-related perceptions, images, memo- Game tfénSfef phenomena
ries, or actions that occur spontaneously, often in response to incidental cues, after (GTP); mind-wandering;

internet gaming disorder;

the players have stopped gaming. While previous research has used retrospective positive schizotypy; priming

questionnaire/interview methods, in the present study, for the first time, 38 gamers
(Mage = 26.78 SD = 6.70; 87% males) kept a 7-day online GTP diary and completed
questionnaires assessing GTP frequency, involuntary phenomena (e.g., mind-pops,
mind-wandering), and other variables (e.g., internet gaming disorder, schizotypal traits,
anxiety, depression, impulsivity). Most GTP experiences manifested as spontaneous
cognitions (e.g., involuntary memories, mind-pops, earworms), occurred during
undemanding activities, were externally triggered and preceded by recent game
exposure (supporting the long-term priming hypothesis). Additionally, diary-recorded
GTP frequency was associated with positive and negative schizotypy and anxiety and
moderately recorrelated with GTP scale scores. Overall, results suggest that GTP may
be considered as part of a broader family of involuntary cognitive phenomena.

1. Introduction

Video games have become one of the most popular forms of entertainment in the 21st century (ESA,
2020). The increasing realism and complexity of video games have enhanced enjoyment and engage-
ment, while the availability of multiple gaming platforms has broadened access and reach worldwide.
In parallel to these developments, a large body of research has focussed on possible long-lasting effects
of video game playing (both positive and negative) on gamers’ well-being, task performance and social
interactions in real-life situations (for reviews, see Granic et al., 2014; Greitemeyer & Osswald, 2011).
Less attention has been paid to long-term but more transient effects of playing on game-related
thoughts, emotions and actions reported by players after they have stopped playing (Bigl, 2013; Fritz,
2005; Ortiz de Gortari et al., 2011; Poels et al., 2010, 2015). These studies have shown that some game
elements can be incorporated into daily life voluntarily via language and behaviors (e.g., using slang
from games, imitating game characters) and gamers’ attitudes (Fritz, 2005; Poels et al., 2010). Other
studies have focused on examining how elements of gaming experience are manifesting in dreams
(Gackenbach, 2006; Poels et al., 2010, 2015). However, most research on transient after-effects of video
game playing has focussed on Game Transfer Phenomena (GTP) - a collection of experiences occurring
spontaneously, without prior intention, that can result from playing a wide range of video games.

To date, different classifications of gamers’ GTP experiences have been proposed. Initial studies clas-
sified GTP into automatic mental processes (e.g., involuntary thoughts, memories, urges, and images),
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altered perceptions in different sensory modalities (e.g., visual, auditory, sensorial), and automatic
actions and behaviors (e.g., involuntary movement of limbs, verbal outbursts) with the video game con-
tent (Ortiz de Gortari, 2019)." A more recent classification differentiates the perceived localization of
GTP experiences by classifying them into endogenous (inner) and exogenous (outer) experiences (Ortiz
de Gortari & Diseth, 2022). The former involves all mental representations experienced inside one’s
head, for example, music getting stuck in the head, visualizing images in one’s mind or having thoughts
and memories related to the game. The latter involves GTP that are experienced as occurring outside
one’s body such as hearing sounds from the game coming from objects or seeing images overlaying
physical objects. These experiences are more similar to aberrant perceptual and hallucinatory experien-
ces found in some clinical conditions or during altered states of consciousness (e.g., while falling asleep
or waking up).

Given the spontaneous and ubiquitous nature of GTP (see below), the present study aimed to inves-
tigate how frequently these experiences occur and the conditions in which they occur in daily life.
Specifically, the study explored GTP as part of a broader family of involuntary cognitive phenomena,
such as mind-pops and mind-wandering, using a naturalistic diary method. As an exploratory investi-
gation, the study sought to identify preliminary patterns and contextual factors that may inform future
hypothesis-driven research on GTP. In doing so, it provides the first ecological examination of the con-
textual and cognitive mechanisms that may underlie the occurrence of these spontaneous game-related
experiences in daily life.

1.1. Research on GTP and involuntary cognitive phenomena

Initial studies collected qualitative data on GTP via interviews and online forums to explore its forms
and context of manifestation (Ortiz de Gortari et al., 2011; Ortiz de Gortari & Griffiths, 2014a, 2014b,
2014c). Results from these studies found that most of the GTP experiences, reported by participants,
occurred when they were not playing, for example, when waking up or falling asleep, and while per-
forming automatic non-demanding activities (e.g., walking, waiting in a queue, daydreaming, etc). Also,
most of the experiences were reported to be triggered by incidental cues in one’s thoughts or external
environment (e.g., physical objects, external sounds, etc.) that matched with the video game elements
that gamers had played earlier.

More recently, several factors that might be associated with gamers’ tendency to experience GTP
have been investigated. For instance, GTP frequency has been associated with poor gaming habits such
as sleeping less due to gaming, and problematic gaming (Llamas-Alonso et al., 2025; Ortiz de Gortari
et al., 2016; Ortiz de Gortari & Panagiotidi, 2023). In addition, Ortiz de Gortari and Panagiotidi (2023)
found that GTP scores on self-report questionnaire correlated with cognitive failures, attention deficit
traits and lower inhibitory control. Although people of all ages play video games, a study investigating
the prevalence and socio-demographic factors associated with GTP (N =2362) found that younger adult
participants, aged 18-22years, were more likely to report experiencing GTP than those aged 33-
38years (Ortiz de Gortari & Griffiths, 2015). Studies have also shown a possible association between
GTP and mental disorders, although in most cases those who reported GTP did not have a diagnosed
mental disorder or previous experiences of using drugs (Ortiz de Gortari et al., 2016; Ortiz de Gortari
& Griffiths, 2016).

A review of GTP studies has shown high prevalence of GTP with 95% of gamers reporting that they
had experienced at least one type of GTP in their lifetime or during the last 12 months (Ortiz de
Gortari, 2018). However, ratings of GTP frequency are usually in low to medium range with only few
participants reporting very frequent GTP in their daily life (Ortiz de Gortari, 2019). Moreover, studies
have also shown that the endogenous forms of GTP, mainly manifesting as automatic inner mental
processes, are most prevalent (Dindar & Ortiz de Gortari, 2017; Llamas-Alonso et al., 2025; Ortiz de
Gortari & Diseth, 2022; Ortiz de Gortari & Griffiths, 2014c¢).

It is interesting that such inner GTP experiences share similarities with other well-known spontaneous
cognitive phenomena commonly observed in the general population (Ortiz de Gortari et al.,, 2011). For
example, there is a large body of research on mind-wandering which involves the experience of having
spontaneous task-unrelated thoughts while being engaged in some ongoing activity (e.g., reading, being in
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a meeting etc.). The analysis of mind-wandering episodes has shown that they may consist of a variety of
thought content including spontaneous future thinking (Baird et al., 2011; Cole & Kvavilashvili, 2021),
involuntary autobiographical memories (IAMs) (Berntsen, 2021; Mace, 2024), involuntary semantic mem-
ories (mind-pops) and repetitive earworms (Kvavilashvili & Mandler, 2004; Liikkanen & Jakubowski,
2020). Similarities between some of the endogenous GTP and involuntary memories such as IAMs and
mind-pops are particularly noteworthy and will be outlined in more detail.

IAMs refer to personal memories of past events that suddenly come to mind without any deliberate
attempt to recall them (Berntsen, 1996, 2021; Schlagman & Kvavilashvili, 2008). TAMs are more likely
to occur under two conditions: first, when engaging in automatic, and routine activities with little
attentional demands (e.g., brushing teeth, watering the plants, etc.) and second, when being exposed to
incidental cues that have a good match with the main features of a particular event from the past.
Although TAMs are completely involuntary, when participants are asked about potential triggers regard-
ing the experience, most of the time, they easily identify the trigger either in their thoughts or the envi-
ronment (Kvavilashvili & Mandler, 2004; Mace, 2004). For example, a TV commercial about Paris may
trigger a personal memory of one’s honeymoon in Paris.

In contrast to IAMs, involuntary semantic memories or mind-pops refer to involuntary conscious
retrieval of fragments of semantic knowledge without any additional contextual or autobiographical
information, for example, when someone’s name, a familiar tune, or a visual image of a particular place
pops into mind unexpectedly (Kvavilashvili & Mandler, 2004). Research on mind-pops has also been
focused on the “stuck song phenomenon” or “earworms,” which involve a particular song or melody
repeatedly intruding upon consciousness (Liikkanen & Jakubowski, 2020). Although mind-pops and
earworms tend to occur while performing undemanding habitual activities, unlike IAMs, detecting the
triggers is often quite difficult (Kvavilashvili & Mandler, 2004). For example, in a diary study in which
participants recorded either their JAMs or semantic mind-pops in two consecutive weeks in a counter-
balanced order, Kvavilashvili and Mandler (2004, Study 4) found that cues were reported for 80% of
recorded ITAMs but only for 37% of recorded mind-pops. It is also interesting that the number of
recorded TAMs was significantly higher than the number of recorded mind-pops.

Despite some differences in cue dependency and frequency, the observed similarities between IAMs
and mind-pops suggest that both phenomena may share underlying cognitive mechanisms. According
to the long-term priming hypothesis proposed by Kvavilashvili and Mandler (2004), chance encounters
with words, concepts, people, scenes, etc. activate corresponding and related representations in the net-
work of semantic and autobiographical knowledge, which may remain active in the subconscious mind
and result in a particular mind-pop experience minutes, hours or even weeks later, often when exposed
to a related cue in one’s thoughts or immediate environment (¢f. Coane & Balota, 2009). Kvavilashvili
and Mandler (2004) found initial support for the priming hypothesis by asking participants to report in
the diary the last time they were exposed to the content of their recorded mind-pop and found that
such encounters were reported in 42% of cases (ranging from few minutes to 2-3 weeks ago) (see Elua
et al., 2015, for similar percentages reported by a group of schizophrenia patients and control partici-
pants). Mace et al. extended this research to IAMs using experimental methods and found that similar
long-term priming effects occurred in relation to IAMs whereby prior exposure to a wide variety of
stimuli resulted in the higher likelihood of experiencing IAMs that contained these stimuli (e.g., Mace,
2024; Mace & Hidalgo, 2022; Mace & Petersen, 2020; Mace & Unlu, 2020). There is also growing
research demonstrating that the tendency to experience various forms of spontaneous cognition is
linked to indices of psychopathology, most notably positive schizotypy and proneness to hallucinations.
Such links have been established for mind-pops (Elua et al., 2012, 2015), IAMs (Allé et al., 2019, 2020)
and mind-wandering (Shin et al., 2015; Wang et al., 2024) in both clinical samples (patients with
schizophrenia) and non-clinical groups (e.g., by assessing their levels of schizotypal traits), using ques-
tionnaire, diary and experimental methods.

Recently, Llamas-Alonso et al. (2025) conducted a large-scale online study to directly explore the
relationship between GTP and other spontaneous cognitive phenomena, such as mind-pops and mind-
wandering (daydreaming) and indices of psychopathology related to GTP (e.g., internet gaming dis-
order) as well as to spontaneous cognition (e.g., schizotypal traits, depression, anxiety, etc.). Results
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showed that GTP frequency, assessed by the 20-item GTP scale developed by Ortiz de Gortari et al.
(2015), was predicted by scores on the daydreaming scale and self-reported frequency of mind-pops
suggesting a strong link between GTP and other involuntary phenomena. Other significant predictors
of GTP in the hierarchical regression model were the internet gaming disorder, positive schizotypy,
anxiety and motor impulsivity. Most importantly, a strong positive association of GTP frequency with
indices of the internet gaming disorder was partially mediated by participants’ scores of positive schizo-
typy and the frequency of mind-pops. Taken together, these findings provided strong initial support for
the idea that GTP can be considered as part of a family of spontaneous cognitive processes.

However, as in all previous studies of GTP, Llamas-Alonso et al. (2025) assessed the GTP via a
retrospective questionnaire in which participants rated the frequency of various types of GTP over the
past 12-month period. Given the spontaneous and fleeting nature of GTP, it is unlikely that participants
can accurately estimate the occurrence of various GTP over such long time-period. It is therefore
imperative to assess the GTP frequency in everyday life using diary and experience sampling methods
that have been successfully used to study IAMs and mind-pops (Berntsen, 1996; Kvavilashvili &
Mandler, 2004). Not only would this provide more accurate information about the frequency of GTP
in everyday life, but it would also enable researchers to examine, for the first time, the mechanisms of
GTP occurrence in terms of conditions in which they occur (e.g., internal or external triggers, type of
ongoing activity) and the role of long-term priming that have been previously studied for other forms
of involuntary cognition.

In most diary studies of involuntary cognitions such as IAMs, mind-pops, and earworms, partici-
pants are requested to keep a paper-based or electronic diary for a specific period (e.g., 3 days, 1 week,
1 month, etc.), and every time they experience an involuntary memory, they have to fill in a brief ques-
tionnaire where the details related to the experience have to be specified. This type of immediate,
event-contingent diary recording method allows a more precise assessment of the nature and frequency
of a to-be-studied phenomenon than retrospective questionnaire and interview methods (lida et al.,
2012; Laughland & Kvavilashvili, 2018).

Despite these advantages, there are also some limitations that need to be addressed when designing
a diary study. For example, it is more difficult to recruit participants given the effort involved in keep-
ing a diary over several days or weeks. Another concern is the compliance, as participants may occa-
sionally forget they are taking part in the study. As a result, they may find themselves compelled to
revisit the diary at a later time and fill it in with authentic, but potentially biased retrospective entries.
In some instances, they can even sense an obligation to fabricate entries (Bolger et al., 2003). To con-
trol these issues, participants usually receive detailed instructions about the to-be-studied phenomenon
and how to keep and make diary entries, which are also available for inspection during the diary-
recording period. In addition, participants are clearly informed that they do not need to fill the diary if
there is nothing to report on a particular day (Laughland & Kvavilashvili, 2018). To further increase
compliance, some studies have used daily reminders to help participants stay on track and keep notic-
ing and recording requested events (e.g., Brazauskiene, 2022; Niedzwienska & Kvavilashvili, 2019).
Finally, researchers also use post-diary compliance questionnaires to have additional information about
participants’ self-reported compliance in terms of number of days they were able to keep a diary, per-
centage of events recorded, etc (Laughland & Kvavilashvili, 2018).

1.2. The present study

Despite substantial progress made in research on GTP, there are several important gaps in research
that the present paper aims to address. Although the study by Llamas-Alonso et al. (2025) showed
strong links between the GTP and various spontaneous cognitive phenomena, we know relatively little
about the daily frequency and contextual details (activities, cues, etc.) of GTP episodes and the extent
to which these are similar to those that have been found for other spontaneous cognitive phenomena.
Another unanswered question concerns long-term priming effects observed in spontaneous cognitions
and whether this mechanism extends to the occurrence of GTP in everyday life. A more naturalistic
approach is needed to capture these experiences closer to their occurrence.
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Therefore, the present study used a structured diary method, for the first time, to investigate the fre-
quency, content and characteristics of GTP, as well as their underlying cueing and long-term priming
mechanisms. To address these questions, a subset of participants (n=44) from a larger questionnaire
study by Llamas-Alonso et al. (2025), who had agreed to be contacted for future research, were invited
to take part in a diary study of GTP. Whenever participants experienced a GTP episode over a 7-day
period, they had to complete an online questionnaire via a provided link.”> To ensure compliance, daily
email reminders were sent. At the end of the study, a diary compliance questionnaire was administered
to assess adherence (Laughland & Kvavilashvili, 2018). Research on IAMs and mind-pops and question-
naire studies of GTP allowed us to make several predictions in relation to the contents of recorded
GTP, and the conditions of their occurrence in daily life.

Hypothesis 1: In line with findings of Llamas-Alonso et al. (2025) study in which GTP frequency and
types were assessed with the GTP scale developed by Ortiz de Gortari et al. (2015), it was expected that
non-pathological inner automatic mental processes would be the most prevalent type of GTP recorded
in the diaries.

Hypothesis 2: If GTP are part of a broader family of spontaneous cognitive phenomena, then they
should occur under conditions similar to other involuntary cognitions (e.g., IAMs, mind-pops, and ear-
worms). Therefore, it was predicted that GTP would be triggered by identifiable internal or external
cues and emerge most frequently during habitual, cognitively undemanding activities or tasks.

Hypothesis 3: In terms of long-term priming effects, it was hypothesized that similar to JAMs and
mind-pops, the content of GTP experiences would be associated with recently played video games. We
did not attempt to categorize games into specific genres or formats, as it was beyond the scope of this
exploratory work, and just focused on players’ experiences, regardless of the specific games they
engaged with.

Importantly, since all participants had taken part in a study by Llamas-Alonso et al. (2025), where
they completed questionnaires assessing GTP, daydreaming and mind-pops, as well as other psycho-
pathology (e.g., internet gaming disorder, schizotypy) and emotion variables (e.g., depression, anxiety),
it was possible to address several research questions and formulate additional hypotheses. Due to
exploratory nature of the study, these hypotheses were used to organize the analyses and generate initial
evidence, rather than to provide conclusive tests of the theory. First, we examined the relation between
diary-recorded GTP and the frequency of mind-pops and daydreaming assessed via self-report ques-
tionnaires. It was predicted (Hypothesis 4) that GTP frequency would be positively correlated with the
frequency of daydreaming and mind-pops, given that all these experiences involve automatic activation
of cognitive representations without conscious intent. Investigating these associations would help
uncover shared characteristics and contribute to a broader understanding of involuntary cognition.
Second, we examined the association between diary-recorded GTP frequency and indices of psycho-
pathology. It was predicted (Hypothesis 5) that higher GTP frequency would be positively associated
with these psychological measures, especially with positive schizotypy further supporting the conceptu-
alization of GTP as part of a spectrum of involuntary cognitive phenomena. Finally, we examined a
correlation between the frequency of diary-recorded GTP and scores on the GTP scale developed by
Ortiz de Gortari et al. (2015). A significant positive correlation would provide novel evidence for the
scale’s convergent validity.

2. Method
2.1. Participants

A total of 44 participants were recruited to take part in the study. They were invited from a larger sam-
ple of 352 participants who had previously taken part in an online study of GTP and its predictors by
Llamas-Alonso et al. (2025). All participants in the online study had agreed to be contacted for future
studies. They were active gamers with a minimum of four hours playing per week over the last
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12months. They were aged between 18 and 45years and had a minimum of 11years of formal
education.

Out of 44 participants who took part, six reported having problems with completing the GTP diary
(e.g., had forgotten they had to fill it, or being too busy to do it) and therefore were removed from the
study. The final sample consisted of 38 young adults (86.8% males), with a mean age of 26.78 years
(SD=6.70, range 18-43years) and 17.11years of formal education (SD=3.22). Most participants were
undergraduate students (55%), who did not have a previous diagnosis of mental illness (79%) and did
not report having used recreational drugs or psychoactive substances other than alcohol in the past
month (89.5%). Details of participants’ gaming habits and what type of gamer they were, are presented
in Table 1. Most participants reported being mid- to hard-core gamers with several years of gaming
experience. Table 1 also shows participants’ mean scores on all the questionnaires that they had com-
pleted in the online study by Llamas-Alonso et al. (2025). The average time between taking part in the
online and the present study was 132.77 (SD=160.30) days. The present study was reviewed and
approved by the University Ethics Committee (protocol number: LMS/PGT/UH/03887), and in line
with the Declaration of Helsinki, all participants gave their informed consent before starting to record
their GTP in the diary. No monetary compensation was given to participants for completing the study.

3. Materials
3.1. GTP diary

The diary was designed to measure the frequency and nature of GTP experiences in everyday life. Each
diary questionnaire consisted of 13 items that included both multiple choice and open-ended questions.
Question 1 asked participants to indicate when they had the GTP by indicating the date and exact time
of its occurrence (e.g., whether it was AM or PM). In question 2, participants had to indicate the time
when they actually recorded the GTP experience in the diary, responses to these questions included the
following options 1= “Almost immediately,” 2 = “within 10-15min,” 3 = “within an hour,” 4 = “more
than 1hr,” 5 = “next day.” For question 3, participants were asked to describe their GTP experience,
including details about the game elements involved, the name of the game, environment, feelings, etc
(free text). Question 4 asked participants to rate how vivid their GTP was on a 7-point rating scale
with answers ranging from 1= “Very vague” (almost no image, sound, or sensation at all) to 7=
“Extremely vivid” (almost like a normal vision). In question 5, participants were asked to report if their
GTP experience was triggered by something in their thoughts, their environment or whether there was
no trigger at all. If participants identified a trigger, they were asked to provide a brief description of the
trigger in question 6 (free text). Question 7 asked participants to describe what they were doing imme-
diately before the occurrence of their GTP (free text). In question 8, participants rated how much they
were concentrating on this activity with responses ranging from 1= Not at all (“I was thinking about
something else”) to 5= Fully concentrated (“I was not thinking about anything else”). Participants also

Table 1. Descriptive information on participants’ (N = 38) gaming habits and scores on questionnaires.

Variables Mean SD Min Max Range
Years of playing 19.55 7.0 8 38 30
Gaming hours per week 22.89 16.86 4 84 80
Gaming hours per session 3.52 2.15 1 12 1
GTPS 26.65 19.88 0 77 77
Daydreaming 31.34 8.41 19 48 29
Mind-popping 3.39 2.38 0 8 8
Internet gaming disorder 20.10 7.59 10 39 29
Schizotypy - positive 3.00 3.00 0 1 "
Schizotypy - negative 3.21 2.19 0 9 9
Schizotypy — disorganized 3.57 3.66 0 12 12
Anxiety 11.15 8.85 0 38 38
Stress 13.42 10.21 0 40 40
Depression 13.21 11.57 0 42 42
Motor impulsivity 11.13 2.18 7 16 9
Attention impulsivity 10.97 2.09 7 17 10
Non-planning impulsivity 15.47 241 9 19 10

Note: GTPS: Game Transfer Phenomena Scale.
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reported in question 9 how much the GTP experience distracted them from the activity they were
doing with response options ranging from 1= Not at all (“it did not interrupt what I was doing”) to
5= Very distracted (“I stopped what I was doing”). The last part of the diary explored the emotional
appraisal of the GTP experience. For example, question 10 asked participants to rate how pleasant or
unpleasant their GTP was by choosing one of the following options 1= Very unpleasant,
2 = Unpleasant, 3 = Neutral, 4 = Pleasant, 5= Very pleasant. In questions 11 and 12, participants were
asked to report their mood before and after having the GTP, by choosing one of the following options:
1= Very negative (unhappy), 2= Negative, 3 = Neutral, 4 = Positive, 5= Very positive (happy). Finally,
in question 13, participants were asked to indicate when they last played or heard about the game
related to this GTP (free text).

3.2. Diary compliance questionnaire

This questionnaire was designed to measure the participants’ experience of keeping the diary and their
levels of compliance with the diary keeping instructions (Laughland & Kvavilashvili, 2018). The ques-
tionnaire included six multiple choice and two open-ended questions: 1. Did you have access (e.g., your
phone, laptop, etc.) to the diary all the time during the requested period? (Yes, No); 2. If you could
NOT access your diary all the time, what was the reason for this? (open-ended question); 3. How did
you find the task of keeping your diary (e.g., phone, laptop, etc.) at hand most of the time? (1= Very
easy, 2 =Somewhat easy, 3= Somewhat difficult, 4= Very difficult); 4. What percentage of all the GTP
experiences that you had in 7 days, do you think you could record and acknowledge in your diary?
(e.g., if you think you were able to record and acknowledge only half of your GTP or all of them, the
respective percentages would be 50 or 100, respectively); 5. Which electronic device did you use to
record your GTP in the diary? (You can choose more than one option: (a) mobile phone, (b) laptop, (c)
desktop computer, (d) tablet, (e) other).

Two additional questions about COVID — 19 were included at the end of the questionnaire because
data for the study was collected from May 2020 to March 2021 (during COVID — 19 lockdown restric-
tions in the UK). In particular, in question 6, the participants had to indicate how the lockdown had
affected the amount of time they were spending playing games on a 5-point rating scale where 1=1
spend considerably less time than before, 2 =1 spend less time than before, 3 =1 spend the same amount
of time playing games as before, 4 =1 spend more time than before to 5=1 spend considerably more time
than before. Question 7 assessed how the lockdown had affected the frequency of participants’ GTP
experiences (1 = Considerably less frequent than before, 2= Less frequent than before, 3 =About the
same as before, 4 = More frequent than before, 5= Considerably more frequent than before). Finally, par-
ticipants were allowed to provide additional comments about the study.

3.3. Demographics and gaming experience questionnaires

The demographic questionnaire used in this study consisted of questions about sex, age, occupation,
drug use, and history of a mental illness. The gaming habits questionnaire included questions related to
years of gaming experience, hours per gaming session, days played per week, level of proficiency (e.g.,
casual, mid-core, hardcore, etc), and sleep patterns due to gaming. Examples of the items included: On
average, how many days do you play video games per week? (a= 1-2days, b=3-5days, c=6-7days);
How many hours per week do you play video games? How often do you sleep less because you have been
awake playing video games? (1= Never, 2= Rarely, 3= Sometimes, 4= Often, 5= Very Often).

3.4. Questionnaires of spontaneous cognitive phenomena

All the data from self-report questionnaires and validated measures were collected in the online study
by Llamas-Alonso et al. (2025).
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3.4.1. The game Transfer phenomena scale (GTPS)

The GTP scale developed by Ortiz de Gortari et al. (2015) was used to measure the frequency of GTP
experiences in video game players during the past 12 months. The scale contains 20 items and com-
prises four items per each of the five GTP dimensions of altered visual, auditory and bodily perceptions
(e.g., “I have seen distorted real-life environments and/or objects due to my video game playing”), auto-
matic mental processes (e.g., “I have found myself thinking about using something from a video game
in real-life”) and behaviors and actions (e.g., “I sang, shouted or said something from a video game in
real-life without intending to do so”). Participants respond to each item on a 4-point rating scale
(0= Never, 1=0nce, 2=A few times, 3= Many times, and 4= All the time). Scores range from 20 to
80. Given that in most previous total GTP scores have ranged between low to medium levels, having
the option “all the time” might not reflect the GTP frequency accurately and reduce the chances of
obtaining higher scores on the GTP scale. Therefore, to reduce the chances that participants never
chose the maximum point 4 “All the time” we used slightly modified response options of 0= Never,
1=0Once or twice, 2=A few times, 3 =Several times, and 4= Many times. A Cronbach’s alpha using
these response options for participants in the present study was 0.87.

3.4.2. Daydreaming frequency scale

The 12-item DDES is part of the Imaginal Process Inventory with 28-subscales (Singer & Antrobus,
1963). For this study, only the daydreaming sub-scale was used which assesses the frequency of mind-
wandering or task-unrelated thoughts in everyday life (e.g., “When I am not paying attention to some
job, book, or TV, I tend to be daydreaming” or “On a long bus, train, or airplane ride I daydream”)
(Giambra, 1995). Each item is rated on a 5-point Likert scale where “A =1” represents the lower fre-
quency score and “E=5" the highest. The total daydreaming frequency score is computed by adding
scores on each question of the scale. The scores on this scale range from 12 to a maximum score of 60,
with a Cronbach’s alpha of 0.87 in the present study.

3.4.3. Mind-Popping questionnaire

The mind-popping questionnaire (Kvavilashvili & Mandler, 2004) consists of four questions with differ-
ent response options. In the first question, after reading a brief description of involuntary semantic
memories or mind-pops, participants must indicate if they have ever experienced this phenomenon
with a “Yes/No” response option. All participants that indicate having experienced mind-pops are asked
in question 2 to indicate the frequency of mind-pops on an 8-point Likert scale (1 =only a few times
in my entire life; 2 =once or twice a year; 3 =once or twice per 6 months; 4=once or twice a month;
5=once or twice a week; 6 =three or four times a week; 7= once or twice a day, and 8 = three or more
times a day). Question 3 describes several types of mind-pops (e.g., a word or a phrase in native lan-
guage, visual image, music, etc.), and participants are asked to select those (out of nine options pro-
vided) that they have experienced at least once in their lifetime. In the last and optional question,
participants are asked to describe, in their own words, some examples of mind-pops that they had
experienced in the past. For this study, mind-popping frequency was assessed by participants’ responses
to Questions 1 and 2 with a minimum score of 0 (for participants who responded negatively to
Question 1) and a maximum score of 8 points (for participants who chose the option “three or more
times a day” in Question 2).

3.5. Psychopathology scales

3.5.1. Internet Gaming Disorder Scale — short form (IGDS-SF9)

This scale was used to evaluate gaming addiction, also known as internet gaming disorder (IGD) that
has been included in the Diagnostic and Statistical Manual of Mental Disorders [DSM-5] of the
American Psychiatric Association (APA). The brief version of this scale, consisting of nine items and
loading on one factor in a confirmatory factor analysis, has been validated and shown to be a reliable
measure of IGD (Pontes & Griffiths, 2015). Each question focuses on gaming activity during the last
12 months, and responses are provided on a 5-point Likert scale (1= Never, 2 = Rarely, 3 = Sometimes,
4=0Often, 5=Very often. Example items include “Do you feel preoccupied with your gaming
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behaviour?,” “Have you jeopardized or lost an important relationship, job or an educational or career
opportunity because of your gaming activity?” and “Do you systematically fail when trying to control
or cease your gaming activity?” Total scores range from 9 to 45 in this questionnaire, and a Cronbach’s
alpha was 0.87 in the present study.

3.5.2. Multidimensional Schizotypy Scale

The 38-item Multidimensional Schizotypy Scale (MSS-B) (Gross et al., 2018) with binary response
(Yes-No) was used to evaluate three different dimensions of schizotypal personality such as positive,
negative, and disorganized schizotypy. The positive dimension comprises 13 items assessing disruptions
in the content of thoughts (e.g., hallucinations, delusions). The negative dimension consists of 13 items
assessing diminished functioning (e.g., anhedonia, flattened affect, disinterest in others and the world),
and the disorganized dimension comprises 12 items to assess disruptions in the ability to organize and
express thoughts and behaviors (e.g., formal thought disorder and grossly disorganized actions).
Examples of items per dimension include “I have sometimes felt that strangers were reading my mind,”
I believe that dreams have magical properties” (positive schizotypy); Throughout my life “I have noticed
that I rarely feel strong positive or negative emotions,” I have always preferred to be disconnected from
the world (negative schizotypy); and “Most of the time I find it is very difficult to get my thoughts in
order,” “My thoughts are so hazy and unclear that I wish that I could just reach up and put them into
place” (disorganized schizotypy). The maximum possible scores are 12 for the disorganized and nega-
tive dimensions, and 13 for the positive dimension. In this study, Cronbach’s alpha values were 0.81
for the positive dimension, 0.60 for the negative dimension, and 0.81 for the disorganized dimension.

3.5.3. Short-form version of the Depression, Anxiety, and Stress Scales (DASS-21)

The short version of DASS — 21 (Henry & Crawford, 2005) has been validated on large samples
(N=1,794) to measure the dimensions of depression, anxiety, and stress. The scale contains 21 items
with 4-point Likert style response options ranging from 0 (Did not apply to me at all), to 1 (Applied to
me to some degree or some of the time), 2 (Applied to me a considerable degree or a good part of the
time) and 3 (Applied to me very much, or most of the time). Examples of items per dimension include
“I couldn’t seem to experience any positive feeling at all” or “I found it difficult to work up the initia-
tive to do things” for depression; “I was aware of dryness of my mouth,” “I experienced trembling (e.g.,
in the hands)” for anxiety and “I found it hard to wind down,” or “I felt that I was using a lot of ner-
vous energy” for stress. Each dimension has a maximum possible score of 21 points. In this study, the
Cronbach’s alpha values for the depression, anxiety, and stress subscales were 0.91, 0.77, and 0.85,
respectively.

3.5.4. Short-form Barrat Impulsiveness Scale (BIS-15)

The short form of the Barrat Impulsiveness Scale (BIS-15) (Patton et al,, 1995) was used to measure
impulsivity, with five items per each of the three dimensions such as motor impulsivity, non-planning
impulsivity, and attentional impulsivity. Response options were rated on a 4-point Likert scale
(1 = Rarely/Never, 2 = Occasionally, 3 = Often, 4= Almost Always/Always) (Spinella, 2007). Examples of
items per dimension included: “I do things without thinking,” or “I make-up my mind quickly” for
motor impulsivity; “I have racing thoughts,” “I plan trips well ahead of time” (reversed item) for non-
planning impulsivity; and “I say things without thinking,” or “I am a careful thinker” (reversed item)
for Attention impulsivity. Each dimension has a maximum score of 20 points (Spinella, 2007). In this
study, the Cronbach’s alpha coefficients for the motor impulsivity, non-planning impulsivity, and atten-
tional impulsivity dimensions were 0.61, 0.69, and 0.70, respectively.

4, Procedure

All participants in the current study had previously completed self-report scales including the GTP
scale by Ortiz de Gortari et al. (2015) as part of a larger study by Llamas-Alonso et al. (2025). Initially,
only participants who reported high GTP frequency on the GTP scale were invited, however, due to
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slow recruitment rates, this criterion was relaxed and more participants with lower frequency of GTP
were invited.

All the invited participants received an information sheet via email with general details about their
potential participation (e.g., the purpose of the study, how long it would take, etc). After this, a virtual
meeting via “Zoom” was arranged to provide further details to those who were interested in participat-
ing; this included verbal and written instructions about how to record in a diary for a 7-day period,
and explanation about GTP and the GTP dimensions. For example, it was clearly explained that the
frequency of GTP greatly varies among individuals, and a minimum or maximum of GTP recordings
in the diary was not expected. Therefore, participants were encouraged to not force their occurrence.

It was further reiterated that they should try to record their GTP as soon as they occurred.
Moreover, each participant was informed that they would receive up to three daily reminders via email
at random times between 9:00 a.m. and 10:00 p.m., during the diary recording period, to keep them
aware of their participation in the study. The email contained a link to the diary questionnaire and had
the words “GTP diary reminder” as a subject title. After this meeting, those who agreed to participate
in the study, received a link to sign a consent form and, once the consent form was signed, they
received another link to access a digital diary to record their GTP experiences which was hosted on
Qualtrics software (Qualtrics, 2019). The diary could be completed via a computer, tablet, or mobile
phone.

The 7-day diary recording period started on the following morning after meeting with the first
author. Once the recording period began, every time participants experienced a GTP, they had to open
the link and select one of the two options available, “acknowledge GTP” or “record a diary page.”
Participants were asked to click the “acknowledge GTP” option if they had a GTP experience but did
not remember all the details. This could mainly happen when they were unable to record the experi-
ence immediately (e.g., when driving or busy at work). If they were able to record details about their
GTP experience, they were directed to a brief 13-item semi-structured questionnaire on a digital diary
page. Each recording would take between 2 and 3 min. On completion of the 7-day recording period,
participants received a debriefing email and a link to an 8-item post-diary questionnaire to evaluate
how easy or difficult it was to keep the digital diary of GTP. The post-diary questionnaire measured
the self-reported compliance or accuracy with which each participant recorded their GTP experiences.

4.1. Coding of the GTP experiences

At the end of the study, participants’ descriptions of GTP experiences were coded independently by the
first and the second authors into the three main dimensions of GTP following a pre-established classifi-
cation of GTP into altered perceptions, automatic mental processes and automatic behaviors (Ortiz de
Gortari et al.,, 2015; Ortiz de Gortari & Diseth, 2022). For example, altered perceptions were all those
recorded experiences that included hallucinations, distorted perceptions, or misperceptions in either vis-
ual, auditory, or other sensory modalities. Automatic mental processes included a wide range of spon-
taneous cognitive phenomena such as IAMS, mind-pops, thoughts, urges, mind visualizations, and
ruminations with video game content. Finally, automatic behaviors and actions were those experiences
that included involuntary actions or movements of limbs associated with a game, verbal outbursts, and
mimicking game characters (for examples of participants’ GTP descriptions in each of the three GTP
categories, see Table 2). All disagreements (8% of GTP descriptions) between the coders were solved by
discussion, and there was a good level of agreement as indicated by Cohen’s Kappa coefficient
(K=0.71, SE=0.08).

5. Results

Results are presented in five main sections examining (1) participants’ compliance with the diary
method, (2) the frequency and types of recorded GTP experiences, (3) conditions in which GTP were
experienced, (4) long-term priming hypothesis, (5) ratings of GTP characteristics, and (6) correlations
between the number of recorded GTP and scores on GTP scale and other questionnaires. In most
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Table 2. Examples of GTP experiences per dimension reported in diaries.

Type of GTP Examples Game related to GTP
Automatic mental processes “The music of Gris came to my mind when | was packing my Gris
colours” Cooking mama

“,

was thinking of cooking something but wasn’t sure about whether

| could make it taste nice, and then the voice ‘even better than

Mama’ played in my head which was from the game series

cooking mama, it was something she would say when you get a

gold medal in your cooking”

was walking (skipping) and out of nowhere | swear | heard the Mario Kart
Yoshi sound” Hell blade Senua’s Sacrifice
was inside my house, | was standing up and suddenly | watched a

plant that is in the main door of my house, but the way |

watched that plant was like if | was inside the game Hell blade. In

this game you have to focus the vision in particular objects, and |

Altered perceptions

"

felt like that.
Behaviors and Actions “I was sorting my desk and tried putting documents into my pockets Animal Crossing Horizons
as if | was in Animal Crossing putting stuff into my pockets” Grand Theft Auto V

",

was finishing a difficult task[in the computer], and a phone call
came in and | pressed the up arrow on the keyboard and was
frustrated it didn’t answer the phone as it does in game”

Note: The text is presented verbatim without correcting any grammatical mistakes.

sections, we used non-parametric goodness-of-fit chi square tests to compare actual response frequen-
cies to frequencies based on random distribution across response categories of interest.

5.1. Diary compliance

All 38 participants who reported keeping a diary for seven days, completed the diary compliance ques-
tionnaire at the end of the study. Across all questions, participants reported high levels of compliance.
Thus, 97% of participants indicated that they had access to the digital diary at all times during the
study. Participants also reported that it was easy to keep their digital diary (e.g., phone, laptop, etc.)
with them most of the time (67% reported it being very easy, and 23% - somewhat easy). Only 10% of
participants indicated that it was somewhat difficult. Most importantly, participants reported that they
were able to record and acknowledge 89% of their GTP experiences in the diary over the 7-day period.
In addition, most of the GTP (60%) were recorded within one hour after their occurrence (29% imme-
diately, 8% within 10-15min, and 23% within 15-60 min). Only 26% of GPT were reported as being
recorded after more than one hour and 14% on the following day.

5.2. Number, type and time of recorded GTP experiences

Most participants (79%) recorded at least one GTP experience, while eight participants (21%) reported
that they did not experience any GTP during the week even though they kept monitoring for their
occurrence. After excluding one non-valid GTP description, a total of 62 entries were fully recorded by
30 participants (M =179, SD=0.76; range 1-4). Additionally, only 25 GTP were simply
“Acknowledged” as being experienced without providing further details in the questionnaire (M = 0.65,
SD =0.94; range 1-4). Out of 62 valid descriptions of GTP experiences, and in line with Hypothesis 1,
a majority of diary entries (59.7%) referred to automatic mental processes or spontaneous cognitions
(n=37, M=1.19, SD=0.98), 19 entries (30.6%) were coded as altered perceptions (M=0.61,
SD =0.88), while GTP referring to automatic behaviors and actions were reported on only six occasions
constituting 9.7% of recorded GTP (M =0.19, SD = 0.60). Results of the Friedman’s test on the number
of recorded GTP with the type of GTP (automatic mental processes, altered perceptions, and automatic
behaviors and actions) as the within subjects variable showed a significant effect of type of GTP, ° (2)
= 19.00, p < .001. All post-hoc analyses with the Wilcoxon signed-rank test conducted with Bonferroni
correction were significant at p < 0. 001.

Regarding the time of GTP’s occurrence, participants indicated the exact time of day when each
GTP experience occurred, which were later coded into three categories according to the reported clock
time: morning (06:00-11:59), afternoon (12:00-17:59), and evening (18:00-23:59). The distribution of
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entries across these periods was: morning (n=22, 34.9%), afternoon (n=26, 41.3%), and evening
(n=15, 23.8%). Results of the Friedman’s test on the number of recorded GTPs across the time of day
(morning, afternoon, and evening) showed no significant effect of time of day, %*(2) = 2.00, p = 0.37.

5.3. Type of trigger, ongoing activity, and concentration ratings

The circumstances in which participants reported experiencing their GTP were examined. Participants
indicated in the diary whether the recorded GTP was triggered by something in the environment, their
thoughts or there was no trigger. If there was a trigger (either in the environment or in their thoughts),
then they provided a brief description of the trigger. When examining participants’ trigger descriptions,
it was noticed that on some occasions there was a discrepancy between how participants categorized
the trigger and the description of the trigger. For example, some participants reported that the trigger
of their GTP was in their “thoughts,” but the description of the trigger made it clear that the trigger
was in the environment (e.g., “Walking through tall grass like you would in the game while on my
daily exercise walk in a field”). For this reason, participants’ trigger descriptions were coded again inde-
pendently by the first and the second authors into the “internal,” “external,” and “no trigger” categories.
Agreement between the coders was high (Cohen’s Kappa = 0.70, SE=0.08) and disagreements were
solved by discussion.” In line with Hypothesis 2, the majority of triggers reported were related to exter-
nal stimuli (56%) rather than internal thoughts (18%), while 26% of the occasions had no reported trig-
gers. A goodness-of-fit chi-square test was conducted to identify if every type of trigger was reported
with equal frequency. Results showed that external triggers were more prevalent than other types of
triggers, y° (2, N=62) = 15.51, p=0.001.

What the participants were doing when they experienced GTP, was coded into two main categories.
Automatic or habitual activities do not require much attention allowing the participant to think about
matters unrelated to the activity such as doing laundry, driving, cooking, or waiting in a queue. By con-
trast, controlled activities require high levels of attention and concentration to carry out the task (e.g.,
working on a math problem, studying for an exam, reading a book for assessment, or planning a busi-
ness meeting) (see Kvavilashvili & Mandler, 2004). There was excellent agreement between the coders
(K=0.86, SE=0.07) and disagreements were solved by discussion. Most of the GTP reported in the
diary occurred while participants were performing easy and routine daily activities (61.3%) compared
to controlled activities requiring focussed attention (38.7%). A goodness-of fit chi-square test showed
that there was a non-significant trend toward automatic activities being reported more frequently than
controlled activities, y° (2, N=62) = 3.16, p = 0.075.

Moreover, participants’ reported concentration levels on the activity at the time of having the GTP
were fairly low (M =2.90, SD=0.15). It is also interesting that, on most occasions, participants
reported that they did not get distracted from their ongoing activities when experiencing the GTP
(M=2.33, SD=1.35).

5.4. Prevalence of a prime for the reported GTP

To test Hypothesis 3, concerning long-term priming effects, gamers were asked to indicate the last
encounter with the video game related to their GTP experience. Participants’ answers were categorized
into five different categories: the GTP-related game being last encountered or played “less than 24 hr,”

» « » <«

“within 1-6 days,” “within 1-3 weeks,” “within 1-12 months” and “more than one year” ago.

Most of the diary recordings made by participants indicated that the contents of GTP experience
had been encountered in identical (e.g., the game itself) or altered (e.g., stimulus associated to the
game) form very recently (i.e., within last 24 hr). Others reported encounters ranging from a few days
to over a year before experiencing GTP. Examples of participant responses illustrated this range, such
as: “I played Fortune Street the day before for about five hours non-stop” (less than 24 hr), “I played
the game 3 days ago” (1-6 days), and “I last played Euro Truck Simulator last month with my dad” (1-
12 months). Full details of response distribution are provided in Table 3.
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Table 3. Frequency and percentages of last encounter with the game related to
GTP as a function of elapsed time.

Variable Number of entries Percentage (%)
Last encounter with the game related to the GTP

Less than 24 hr 35 57
Within 1-6 days 10 16
Within 1-3 weeks 5 8
Within 1-12 months 7 1

More than 1year ago 5 8

Table 4. Mean (standard deviation) ratings and Likert scale range (minimum and maximum points) of self-reported
vividness, pleasantness, and mood before and after GTP.

Mean SD Likert scale range Minimum Likert scale range Maximum
Vividness 4.19 1.45 (1) “Very vague” (7) Extremely vivid
Pleasantness 3.38 0.70 (1) “Very unpleasant” (5) “Very pleasant”
Mood before 3.21 0.76 (1) “Very negative” (5) “Very positive”
Mood after 343 0.75 (1) “Very negative” (5) “Very positive”

Table 5. Spearman rank correlation coefficients for number of diary-recorded GTPs and other variables.
1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. Number of GTPs in diary 1

2. GTPS — 20 total score 0.37% 1

3. Internet gaming disorder 0.08  0.49%* 1

4. Schizotypy — positive 0.48** 0.66** 0.32% 1

5. Schizotypy - negative 0.38* —0.09 0.12 0.18 1

6. Schizotypy- disorganized 0.21  0.44™* 0.55%* 0.52**  0.25 1

7. Mind-popping 0.04 0.50** 0.40* 0.33* 042%% —07 1

8. Daydreaming 0.12  047%% 022 047** 037% 0.1 0.58%F 1

9. Anxiety 0.33*% 0.50%* 0.49%* 0.45%* 0.57** 0.03 0.54** 059%* 1

10. Depression 0.08 0.33*% 041* 036* 0.63** 0.17 0.38* 030 0.52%F 1
11. Stress 0.04 0.56** 0.59** 0.39* 0.56** —0.21 0.52** 0.38* 0.65%*  0.66** 1

12. Impulsivity — motor 012 027 -010 019 -0.13 —-0.10 0.09 0.03 —0.07 0.1 020 1
13. Impulsivity — attention —.13 021  0.26* 0.23 0.10 0.06 0.23 0.19 0.22 0.22 025 0.28 1
14. Impulsivity-non-planning —0.01 —0.27 -0.16 —0.33* —0.27 -0.13 =020 —0.33* -023 —0.25 —0.29 —0.60** —0.56** 1

Note: *p < 0.05; **p < 0.001.

5.5. Ratings of vividness, pleasantness, and mood

Each participant rated several characteristics of recorded GTP. Vividness was rated on a 7-point scale,
and emotional valence and mood before and after GTP were rated on 5-point rating scales. For each
participant, mean ratings for these dimensions were calculated and their averages across 30 participants
who experienced at least one GTP are presented in Table 4 (if a participant recorded only one GTP
then the ratings of this GTP rather than the average was used to calculate the mean across partici-
pants). Means presented in Table 4 indicate that recorded GTP were rated as having an average level of
vividness, and that they were predominantly rated as being neutral to positive in terms of pleasantness
and mood before and after the GTP. However, results of a paired sample t-test performed on 30 partic-
ipants’ self-reported mood ratings before (M=3.21, SD=0.765) and after (M =3.43, SD=0.756) the
GTP was significant, ¢t (29) = 2.42, p=0.018, d=0.44, indicating a slight increase in mood rating after
having the GTP experience.

5.6. GTP associations with involuntary phenomena and psychopathology variables

Bivariate Spearman rank correlations were conducted to explore the associations between the number of
GTP experiences reported in GTP diary over a 1-week period with the total score on the GTP scale, and
several other gaming and psychopathology related variables (Table 5). In line with Hypothesis 5, the
number of recorded GTP had significant positive correlations with schizotypy (both positive and negative
traits), and anxiety. Correlations with other measures of psychopathology (e.g., IGD, depression, impulsiv-
ity) were not significant. On the other hand, correlations with the number of diary-recorded GTP and
self-rated frequency of mind-pops and daydreaming were not significant, contrary to Hypothesis 4 that
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predicted a positive association between these variables. By contrast, the pattern of correlations for partic-
ipants’ self-reported frequency of GTP on the GTP scale replicated the results of Llamas-Alonso et al.
(2025) study on 352 participants, by showing significant positive correlations with IGD, positive schizo-
typy, disorganized schizotypy, mind-popping, daydreaming, anxiety, stress, and depression. Finally, there
was a moderate correlation between the number of recorded GTPs in the diary and participants’ total
scores on the GTP scale (r=10.38). A post-hoc power analysis was conducted using G-power (Faul et al,,
2007; (G-power for Mac version 3.1.9.6) to assess the statistical power of this analysis. The correlation
coefficients above r=0.30, with an alpha error probability set at 0.05, and based on a total sample size of
38 participants revealed that the statistical power obtained was 0.60.

6. Discussion

In this study, a structured diary method was used, for the first time, to investigate the frequency and
key characteristics of GTP as and when they occurred in participants’ daily life. GTP experiences were
recorded for seven days by filling in an online questionnaire every time participants experienced a GTP
in their daily life. Participants’ self-reported levels of compliance with diary method were high as shown
by the results of the post-diary compliance questionnaire (cf. Laughland & Kvavilashvili, 2018). Several
novel findings emerged which, together, demonstrate that GTP may share important similarities with
other involuntary cognitive phenomena (e.g., IAMs, mind-pops, mind-wandering, etc.) both in terms of
their content and characteristics as well as triggering conditions that lead to their occurrence in daily
life. Below, we will discuss the key findings and their theoretical implications, followed by study limita-
tions and avenues for future research.

6.1. Frequency, types and characteristics of recorded GTP

Results showed that the majority of participants (79%) reported at least one GTP during a 7-day
period, and those who recorded more than one GTP (45%), usually reported different types of GTP
rather than one particular sub-type of GTP. Despite this variety, and in line with Hypothesis 1, reports
classed as automatic mental processes were recorded with the highest frequency (58%) compared to the
other types of GTP (i.e., altered perceptions and automatic actions/behaviors). It is important to note
that the prevalence of GTP in the form of spontaneous mental processes has also been reported in sev-
eral previous questionnaire studies of GTP using different GTP scales (Llamas-Alonso et al., 2025;
Ortiz de Gortari, 2018; Ortiz de Gortari & Diseth, 2022; Ortiz de Gortari & Griffiths, 2014c).

It is also interesting that contents of GTP descriptions were more similar to mind-pops than IAMs.
They often referred to fragments of game-relevant information such as words/names, phrases or music
from the game (e.g., “The music of gris came to my mind when I was packing my colours”) than
remembering autobiographical episodes of game-playing (e.g., “Listening to the radio and where’s your
head at came on, I used to sing the chorus line when I scored a headshot in Borderlands 2 and their
head exploded, took me back to the game”). This similarity with mind-pops is further supported by the
finding that the frequency of GTP experiences (M = 1.79), reported in the present study, appears to be
similar to the frequency of ordinary (non-GTP) mind-pops (M =1.29) recorded by undergraduate stu-
dents in a study by Kvavilashvili and Mandler (2004, Study 4). Importantly, in that study, the same par-
ticipants recorded significantly higher number of IAMs (M =6.31) during another 7-day period (cf.
Schlagman & Kvavilashvili, 2008). Thus, results of the present study suggest that in everyday life mind-
pops, irrespective of their content (whether GTP or not), occur less frequently than IAMs.

In terms of GTP characteristics, participants rated their GTP as moderately vivid and non-disruptive.
This provides further evidence that GTP are fleeting experiences that, similar to mind-pops, may often
go unnoticed by participants or, if being noticed, can be forgotten easily. Indeed, out of 38 participants,
eight participants did not record a single GTP even though they had above zero scores on the GTP
scale (similar findings were obtained on mind-pops by Kvavilashvili & Mandler, 2004). Furthermore,
although the mood improved significantly after experiencing GTP, it remained within the range of neu-
trality, both before and after the recorded GTP. In addition, emotional valance of the recorded GTP
was mostly reported as neutral (54.7%), followed by pleasant (38.8%), and only 6.5% were rated as
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unpleasant suggesting that GTP does not significantly alter the emotional state in gamers. These find-
ings are broadly in line with earlier studies which showed that gamers perceive GTP as neither disrup-
tive or worrisome (Ortiz de Gortari & Diseth, 2022), nor particularly pleasant (Ortiz de Gortari &
Griffiths, 2016; Ortiz de Gortari & Panagiotidi, 2023).

6.2. Key factors involved in the occurrence of GTP

6.2.1. The role of triggers and ongoing activities

Important set of findings were obtained about the conditions in which GTP were recorded in terms of
immediate triggers that participants were able to detect and ongoing activities that they were engaged
in at the time of having GTP. Thus, in line with Hypothesis 2, participants were able to identify trig-
gers for GTP (both external and internal) on majority of occasions (74%). This finding is in line with
previous GTP studies, based on retrospective self-reports, showing that GTP were often elicited by
game-related cues (Ortiz de Gortari & Griffiths, 2014b, 2014c, 2016). They are also in line with diary
and laboratory studies of IAMs in which 77-94% of IAMs were reported to have been triggered by
cues in the environment and in one’s thoughts (e.g., Berntsen, 1996; Kvavilashvili & Mandler, 2004;
Mace, 2004; Schlagman & Kvavilashvili, 2008). Thus, in terms of immediately preceding cues, GTP
appear to be more similar to IAMs than mind-pops where the percentage of cases with reported trig-
gers has varied between 20-37% (Kvavilashvili & Mandler, 2004) and 52% (Elua et al., 2015). It appears
that compared to ordinary mind-pops, GTP are more likely to occur in response to triggers or that it is
easier to notice the game-related than non-game related cues in the environment or in one’s thoughts.
This is an interesting question that can be addressed by investigating the frequency and characteristics
of GTP and ordinary mind-pops in the same sample of gamers. Such a study would also be able to
assess the hypothesis that the number of recorded GTP and non-GTP mind-pops would be positively
correlated.

Furthermore, results of the present study showed that most of the GTP experiences, recorded in the
diary, were reported to occur under low to medium levels of concentration (61.3%), and while perform-
ing automatic activities (61%). This is in line with previous GTP studies reporting that GTP tend to
occur when engaged in automatic activities such as cooking, walking, etc. (Ortiz de Gortari & Griffiths,
2014a, 2014b, 2014c, 2016). The results are also in line with majority of studies on spontaneous cogni-
tive phenomena such as mind-wandering, prospective memory, IAMs and mind-pops, to name the few.
Indeed, results of these studies, using diary, experience-sampling and laboratory methods, show that
the number of involuntary thoughts and memories is increased when people are in relaxed states of
mind or when they are performing activities that are not cognitively demanding (e.g., Kvavilashvili &
Fisher, 2007; Kvavilashvili & Mandler, 2004; Mandler, 1994; Vannucci et al., 2019; Warden et al., 2019).

6.2.2. The role of prior exposure to GTP-related content

The long-term priming hypothesis (Hypothesis 3), outlined in the introduction, stipulated that partici-
pants would be able to identify when they last played the game that related to the recorded GTP and
that reports of more recent exposure would be more prevalent than more distant exposure. These pre-
dictions were based on findings of Ortiz de Gortari and Griffiths (2016) in which 47-54% of players
reported experiencing GTP seconds to hours after playing the game, and 17% reported having GTP
several days after the exposure to the game (Ortiz de Gortari & Griffiths, 2016). In addition, a growing
number of studies has demonstrated that exposure to a variety of stimuli in one’s environment (e.g.,
words, objects, images, sounds, music, etc.) leads to experiencing IAMs, mind-pops and earworms days
and even weeks later (Elua et al., 2015; Kvavilashvili & Mandler, 2004; Laughland & Kvavilashvili, 2024;
Mace, 2005; Mace & Hidalgo, 2022). The results of the present study supported the hypothesis by
showing that most participants reported having had a recent exposure with the game related to the
GTP. Specifically, 54% of recorded GTP were reported as having occurred within 24 hrs from playing
the game, with further 16 and 8% occurring one to six days and one to three weeks after exposure to
the game, respectively. Thus, in 81% of recorded cases, prior exposure to the GTP-related game
occurred within a 3-week time frame, which provides further evidence for long-lasting spreading
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activation processes in one’s network of semantic and autobiographical knowledge (Kvavilashvili &
Mandler, 2004; Mace, 2005, 2024).

Recently, Laughland and Kvavilashvili (2024) proposed a model of IAMs and related involuntary
cognitive phenomena, which outlines all the key variables that need to be present for the occurrence of
a particular involuntary memory or thought at a specific time and place (see also Kvavilashvili &
Mandler, 2004; Mace, 2024). These include a prior priming experience/encounter, a cue in the immedi-
ate environment and being engaged in cognitively undemanding activity. The results of the present
study provide novel information about the importance of all these variables in the occurrence of GTP
and call for more targeted research for studying the specific role of each variable and their combina-
tions in the occurrence of GTP and other involuntary phenomena.

7. Associations of diary recorded GTP with other variables

Finally, several important findings emerged from correlational analysis. First, the results showed that
there was a statistically significant positive correlation between the number of recorded GTP in the
diary and participants’ scores on the GTP scale. This provides further support for the validity of the
GTP scale developed by Ortiz de Gortari et al. (2015). However, the correlation coefficient was moder-
ate in size (r (38) = 0.37). Second, and in line with Hypothesis 5, diary recorded GTP frequency corre-
lated with positive and negative schizotypy and anxiety scores. Correlations with schizotypy scores are
particularly noteworthy given that positive schizotypy has been associated with several different types of
spontaneous cognitions including IAMs and mind-pops. However, contrary to predictions of
Hypothesis 4, no significant correlations were obtained between diary recorded GTP and scores on
mind-popping and daydreaming questionnaires. By contrast, participants’ scores on the GTP scale cor-
related positively with a large number of variables including mind-popping, daydreaming, positive and
disorganized schizotypy, IGD as well as anxiety, depression and stress. It is remarkable that these corre-
lations, obtained on 38 participants, are very similar to a pattern of correlations obtained in our large-
scale questionnaire study on 352 participants (Llamas-Alonso et al., 2025), which appears to support
the robustness of findings with questionnaire measures of GTP and other variables.

One possible reason for discrepant patterns of correlations could be different timeframes in which
GTP was measured by the questionnaire (over the past 12 months) and the diary (over 7 days). The
mean scores on the GTP scale are usually in the low to medium range and vary between 15 and 30
points. The results obtained with the diary method along with previous studies on mind-pops
(Kvavilashvili & Mandler, 2004) show that GTP experiences may be less frequent than previously
assumed in the GTP literature. Given that the number of recorded GTP in diaries was so low with a
small range, it is perhaps not surprising that there was not enough variability in the number of
recorded GTP to result in significant correlations with most of the variables that were assessed. Future
research should replicate the results of the present study by including into the sample those participants
who claim to experience high levels of GTP to increase the variability in scores. Alternatively, the diary
recording time could be increased to 3-4 weeks, but this may negatively affect participants’ willingness
to commit to the study, reducing the sample size.

8. Limitations

The current study presents some limitations that must be noted. First, although previous diary studies
of TAMs and related phenomena have included similar size samples (n=38), the relatively small and
gender-unbalanced sample (87% male), with high levels of gaming engagement (mid- to hard-core
gamers with several years of gaming experience) in this study limits the statistical power and the gener-
alizability of the findings to more diverse and less experienced gaming populations. Although it would
have been valuable to explore whether demographic variables (e.g., age, gender) or gaming-related fac-
tors (e.g., playtime, game type) were associated with the occurrence or characteristics of GTP, such
analyses were not statistically justified.

Second, although participants were asked to indicate when they had last played the game related to
their GTP experience, the study did not include follow-up questions about the intensity or duration of
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gameplay associated to the experience reported in the diary. Future research should incorporate these
measures to examine whether more intensive or prolonged gaming sessions are associated with
increased GTP frequency. It is therefore important to replicate the findings with larger and more repre-
sentative samples in terms of gender, age, education, and gaming experience.

Third, due to the COVID — 19 pandemic restrictions, participants had to complete the diary online
rather than using a paper diary. However, previous research by Laughland and Kvavilashvili (2018) has
demonstrated that the frequency of recorded IAMs was significantly higher in paper than electronic
diaries despite the superior compliance rates in the latter. Laughland and Kvavilashvili (2018) suggested
that paper diaries were powerful cues reminding participants that they were in a diary study, while elec-
tronic diaries (an app installed on participants’ own smartphones) were not uniquely associated with
the diary study. To address the potential problem with participants’ awareness of being in the study,
our participants received several reminders about their participation in the study during the 7-day
period (cf. Niedzwieniska & Kvavilashvili, 2019). In addition, those participants who reported noncom-
pliance were excluded from the final sample.

Finally, although all participants reported in a post-diary questionnaire that their mood and average
gaming hours did not change significantly due to the pandemic restrictions at the time of keeping the
diary, it is evident that being under lockdown restrictions could have affected some participants, and
therefore future studies should replicate the present findings under more ordinary (non-lockdown) con-
ditions using a paper rather than online diaries to maximize the number of recorded GTP over a 1-
week period. Overall, the findings should be interpreted with caution given the limited number of diary
entries and the unbalanced distribution of responses across participants. Although nonparametric tests
were selected to accommodate these characteristics, the sparse and nested structure of the diary data
precluded the use of more advanced statistical approaches (e.g., multilevel or count-based models).
Future research with larger and more evenly distributed diary samples would allow the application of
these models to better account for within-participant variability and event frequency.

9. Conclusions

This study has demonstrated that the diary method is a suitable and reliable tool to measure the fre-
quency and nature of GTP experiences soon after their occurrence in gamers’ everyday life. The results
showed that, out of the three main dimensions of GTP, automatic mental processes were the most
prevalent form of GTP recorded in diaries. Moreover, GTP experiences were similar to involuntary
semantic memories or mind-pops in terms of their frequency, content and key characteristics. The
results also emphasize the importance of positive schizotypal traits in daily experience of GTP. Finally,
results concerning the time delays between the exposure to a game and a subsequent GTP experience
suggest that GTP share similar underlying mechanisms (long-term priming) with other involuntary
cognitions. Taken together, these findings confirm that GTP could be considered as part of a broader
family of involuntary cognitive phenomena which, in turn, opens up interesting avenues for future
research at the intersection of these related but separate research areas.

Notes

1. In line with pervious literature, we use the terms “spontaneous,” “involuntary” and “automatic”
interchangeably to describe all those consciously experienced cognitive phenomena (thoughts, images,
memories, music, etc.) that pop into mind unexpectedly without a preceding intention to recall or think about
them. In addition, “involuntary” or “spontaneous” does not mean that the thought or memory occurs without
any external or internal trigger. What matters is that there is no preceding intention to recall or think about
something when the memory or the thought pops into mind.

2. The 7-day recording was deemed to be an optimal recording period for keeping participants engaged in the
study and monitoring instances of GTP. For example, Laughland & Kvavilashvili, 2018) showed that the
number of entries made in a 1-day diary was significantly higher than entries recorded on the first day of a 7-
day diary, suggesting that shorter recording periods are preferable over the longer periods. In addition,
majority of diary studies of spontaneous cognitive phenomena have used a 7-day recording period (e.g., Elua
et al,, 2015; Kleim et al., 2013; Mace, 2005; Schlagman & Kvavilashvili, 2008).
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3. It is not uncommon when researchers re-categorise participants’ own coding of their thoughts or trigger
categories. For example, in studies where participants had incorrectly categorised some of their spontaneous
thoughts on the dimension of temporality (past, present, future or atemporal), researchers have re-coded the
temporality of thoughts (Barzykowski et al., 2024).
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