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Exploring Predictors of Phantom Phone Signals: Phone Use, Hallucination-Proneness and Delusional Ideation 
Background: Phantom Phone Signals (PPS) describe false perceptions that a smartphone has vibrated or made a sound, which are typically non-distressing. PPS are linked to frequent phone use, mood, anxiety, and hallucination-proneness. This study explored the role of delusional ideation, resilience, and metacognition in PPS using a novel PPS assessment.
Method: An online questionnaire study with 265 participants (mean age: 19.74; 84.2% female, no experience of psychosis) assessed PPS using the Phantom Phone Experiences and Appraisal Scale (PPEAS), along with problematic phone use (PUMP), resilience (RS-14), hallucination-proneness (MUSEQ), delusional ideation (PDI-21), and metacognitive awareness (MSAS). 
Results: PPS was highly prevalent (86.8%), generally infrequent, non-distressing and non-disruptive (mean PPEAS Impact = 4.25, SD = 3.66). PPEAS impact correlated with problematic phone use (r = .345), hallucination-proneness (r = .330), and delusional ideation (r = .288), but not resilience or metacognitive awareness. Regression indicated problematic phone use, hallucination-proneness and delusional ideation explained 18.7% of PPEAS impact variance.
Conclusion: PPS appears primarily driven by problematic phone use, hallucination-proneness and delusional ideation. Behavioural interventions may be the most effective approach for reducing PPS where required. Behavioural changes related to phone use may involve adaptive notification systems reducing perceptual errors in everyday technology use.
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Introduction
Smart technologies are increasingly embedded in everyday life. Smartphones are frequently paired with devices such as smartwatches, both of which deliver alerts through vibrations or sounds, further extending human-digital interactions. However, this high level of device integration has raised questions about how growing dependence and frequency of use might impact related unusual sensory experiences (Hassani et al., 2021).
Phantom Phone Signals (PPS), or ringxiety, refer to the perception that one’s smartphone has vibrated or made a sound when in reality it has not (Deb, 2015). This experience can be further separated into phantom vibrations (a tactile or bodily sensation), and phantom sounds (an auditory sensation such as notifications or ringing). Previous research suggests that PPS are a common experience in the general population, with literature reporting prevalence between 27.4% to 89% across different populations (Deb, 2015; Lin, Chen, et al., 2013; Sauer et al., 2015). Whilst common, these experiences are typically infrequent and the majority of individuals report they are not troublesome (Drouin et al., 2012; Rothberg et al., 2010). 
Factors influencing PPS
Research has demonstrated that PPS are influenced by behavioural factors such as device use and location (Drouin et al., 2012). “Problematic phone use” refers to a preoccupation with one’s smartphone, such as excessive and uncontrollable smartphone use resulting in functional impairment (Lee et al., 2014), and is related to increased likelihood of PPS (Drouin et al., 2012; Kruger & Djerf, 2017; Mangot et al., 2018; Masthi, 2012; Masthi et al., 2018; Abolfazl Mohammadbeigi et al., 2017; Tanis et al., 2015). PPS is also related to cognitive factors such as expectation of incoming notifications (Hamdan et al., 2025; Kruger & Djerf, 2016; Sauer et al., 2015; Subba et al., 2013), and psychological factors such as low mood, anxiety, and stress (Pisano et al., 2021). 
PPS can be considered a form of hallucination, or a hallucination-like experience (HLE) (Lin, Lin, et al., 2013). HLEs can be described as the experience of 1) perceiving things that are not actually present, so without any external stimulus, or 2) an illusion based on misperception of sensory information, so misinterpreting a stimulus as something else. Either of these may occur due to context and expectation of notifications (Linszen et al., 2022), or prior expectations, which are known to increase likelihood of hallucinations (Corlett et al., 2019). PPS could therefore be explained as 1) perceiving a phone-related stimulus when there was none; or 2) perceiving an external stimulus as phone-related when it was not, for example perceiving background noise as a phone notification (Rothberg et al., 2010). Estimates of general population hallucination prevalence vary between <10% to 38.7%, with significant variance accounted for by sociodemographic factors such as age, culture, and nationality (Hamdan et al., 2025; Larøi et al., 2019; Nuevo et al., 2012; Ohayon, 2000; Yates et al., 2021). Emerging research has identified an association between PPS and hallucination-proneness, particularly in auditory and bodily sensation domains (Aleksandrowicz et al., 2023). The odds of experiencing phantom vibration phenomena were also shown to be approximately three times higher in individuals at clinical high risk for psychosis than in those not at risk (Pokorny et al., 2026).
Potential Factors Influencing PPS
Factors associated with smartphone use and hallucinations may also increase the likelihood of PPS. 
Metacognition refers to the ability to think about, reflect on, monitor, and control one’s own cognition and behaviour (Flavell, 1979). When functioning well, metacognitive processes involve awareness of cognitive abilities and biases, beliefs about thought processes, and the ability to integrate and reflect on information to understand the self and others (Klein & Pinkham, 2020). Research has highlighted higher levels of dysfunctional metacognitive beliefs significantly predict hallucination-proneness, and demonstrate small but significant associations between lower metacognitive awareness and increased HLEs in non-clinical samples (Larøi & Van der Linden, 2005; Morrison et al., 2011; Palmer-Cooper et al., 2022; Varese & Bentall, 2011). It is suggested that hallucinations therefore arise when metacognitive awareness or beliefs do not align with experiences, such as an unusual perception, and so the experience is externally attributed. In the context of PPS, then, metacognitive processes may influence how a person interprets an ambiguous sensation such as a noise or bodily sensation. If a person has lower metacognitive awareness, they may have difficulty accurately noticing or differentiating internal bodily sensations or lower ability to reflect on how a sensation has been interpreted, and so ambiguous sensations are perceived as phone related. This may be further enhanced when combined with increased phone use, and is influenced by higher expectation for notifications. 
Aleksandrowicz et al. (2023) found that metacognitive beliefs about how cognition and mindset shape perception were a significant predictor of PPS. In relation to specific beliefs and behaviours related to smartphone use, metacognitive beliefs can be positively and negatively valenced e.g. “Using my smartphone makes me feel happy” vs “Using my smartphone controls my life” (Shi et al., 2021). Such thoughts were found to significantly mediate the relationship between problematic smartphone use and both depression and anxiety (Chen et al., 2022). The effect of depression on problematic smart phone use was mediated by negative beliefs, suggesting depressed individuals were using smartphones to provide a sense of cognitive control. Conversely, the effect of anxiety on problematic smartphone use was mediated by both positive and negative beliefs. This suggests that anxious individuals initially use smartphones to self-regulate via positive beliefs, which can lead to excessive use due to poor behavioural inhibition, subsequently activating negative beliefs. 
Delusional ideation refers to false, fixed, and unshared ideas that are not changeable in the face of contradictory evidence (Garety & Freeman, 2013). Like hallucinations, delusions exist on a continuum and are present in the general population, where the reported prevalence ranges from 3%- 91% (Heilskov et al., 2020; Linscott & Van Os, 2013). This variance in prevalence likely depends on measurement and sociodemographic factors such as age, where delusional ideation is more common in young adults (Pignon et al., 2018). Evidence suggests that proneness to delusions is associated with proneness to hallucinations (Linszen et al., 2022), and is similarly associated with metacognitive beliefs (Larøi & Van der Linden, 2005). In line with the psychosis-continuum (Nuevo et al., 2012; van Os et al., 2000) we therefore sought to understand whether PPS experiences were also related to delusional ideation
Psychological resilience describes one’s ability to cope with challenging life events in a way that promotes healthy psychosocial functioning (Luthar & Cicchetti, 2000). Recent evidence has demonstrated that psychological resilience may protect individuals against developing smartphone addiction or problematic phone use behaviours (Choi et al., 2015; Kiss et al., 2020), with Shen (2020) reporting that resilient individuals are better able to resist motivations to use smartphones. Recent research in students has also demonstrated that resilience predicts problematic smartphone use indirectly through perceived social support and the sense of school belonging (Hao et al., 2023). Perhaps, then, as problematic phone use increases likelihood for PPS, high levels of resilience may also reduce the likelihood of PPS.
Aims and Hypotheses
Our study aimed to understand the influence of problematic smartphone use and psychosis-like experiences on PPS, using a newly developed assessment, the Phantom Phone Experiences and Appraisal Scale (PPEAS). We also sought to explore the influence of metacognition and resilience on this relationship.
In line with previous evidence (Aleksandrowicz et al., 2023; Kruger & Djerf, 2016, 2017), we predicted that increased problematic phone use (PUMP) and hallucination-proneness (MUSEQ) would predict increased psychological impact (PPEAS CIS) of PPS. In addition, we predicted that higher PPS psychological impact (PPEAS CIS) would be associated with increased delusional ideation (PDI-21), along with reduced psychological resilience (RS-14) and metacognitive awareness (MSAS). We then explored the potential mediation and moderation effects of resilience and metacognition factors on the relationship between PPS psychological impact and problematic phone use.
Method
[bookmark: _Hlk133226131]Design 
This was an online observational cross-sectional study where participants completed self-report questionnaires. Participants recruited between March 2022 and May 2023. This study was approved by the University of Southampton Faculty Research Ethics Committee (ERGO Ref: 69888 ,16/02/2022).
Participants
286 University of Southampton students were recruited via the University of Southampton School of Psychology student research recruitment pool and social media adverts. 15 were excluded due to insufficient data (either not completing the study, or >10% items missing for 1 sub-scale of a questionnaire). Additionally, 6 participants were excluded as they reported current or past presence of psychotic disorder. 
The final sample consisted of 265 participants, who were predominantly female (84.2% female), young (M = 19.74 years, SD = 1.54 years), and white (79.8% White, 9.2% Asian, 4.6% Mixed Ethnic Background, 3.8% Black,1.5% Other). All participants provided informed consent and received course credit for participation. 
Measures
Phantom Phone Experiences and Appraisal Scale (PPEAS)
PPS was measured using the PPEAS (See Supplementary material). The PPEAS is a newly developed scale designed to measure the content and form of phantom vibrations (PVs) and phantom sounds (PS). The scale assesses presence, frequency, distress and disruption of PV and PS. Respondents indicated whether they had experienced PVs or PS (1 = Yes; 0 = No). Frequency was indicated using a 6-point Likert scale (0 = Very Rarely; 5 = More than daily); distress and disruption were rated using two 4-point Likert scales (0 = Not at all distressed; 3 = Very distressed) and (0 = Not at all disruptive; 3 = Very disruptive). 
Composite Impact Scores (CIS) are calculated by summing responses to the presence, frequency, distress and disruption items separately for PS and PV items; sub-scale scores (PPEAS-PS and PPEAS-PV) range from 0 to 12. The total PPEAS CIS score is the sum of both sub-scales and ranges from 0-24. On each CIS, higher scores represent greater psychological impact of the experience. For example, a person who has experienced phantom sounds rarely, with no distress or disruption during the experience would score 1, indicating presence but no psychological impact of PPS.  The scale additionally asks about PPS onset, associated device(s), and attempts to stop the signals; these scores are not used in the core sub-scale calculations.
Reliability and Validity of the PPEAS
Internal consistency was assessed in a validation study (See Supplementary material for more information), and the MacDonald’s omega coefficient for the PPEAS vibration CIS was 𝜔 = .72, for PPEAS sound CIS was 𝜔 = .70, and for the PPEAS total CIS was (𝜔 = .76). For the current study 𝜔 = .73, and α = .76). 
Problematic Use of Mobile Phone Scale (PUMP) 
Mobile phone use behaviours were assessed with the PUMP scale (Merlo et al., 2013). The scale consists of 20 statements related to problematic phone use, which respondents indicate their agreement with using a 5-point Likert scale (1 = Strongly Disagree; 5 = Strongly Agree), e.g. “I think I might be spending too much time using my cell phone” and “When I stop using my cell phone, I get moody and irritable”. Total scores range from 20 to 100, with higher scores indicating a greater presence of smartphone addiction. The PUMP scale has excellent internal consistency (α = 0.94; Merlo et al., 2013), for the current study found α = 0.86.
14-item Resilience Scale (RS-14)
The RS-14 was used to measure psychological resilience (Wagnild & Collins, 2009). The scale consists of 14 statements in which respondents indicate their agreement using a 7-point Likert scale (1 = Strongly Disagree; 7 = Strongly Agree), e.g. “I usually manage one way or another” and “I am determined”. Responses are summed to produce a total resilience score, ranging from 14 to 98, where a higher score indicates greater psychological resilience. Scores can be categorised as very low (14–56), low (57–64), on the low end (65–73), moderate (74–81), moderately high (82–90), and high (91–98) . The RS-14 has acceptable to excellent internal consistency (α = 0.72 – 0.94; (Wagnild & Collins, 2009), and for the current study α = 0.91.
Multi-Modality Unusual Sensory Experiences Questionnaire (MUSEQ)
The MUSEQ was used to measure hallucination-proneness (Mitchell et al., 2017), as it measures sensory experience by modality and frequency, rather than by phenomenological dimensions. It consists of 43 items in 6 subscales: auditory (7 items), visual (8 items), olfactory (8 items), gustatory (8 items), bodily sensations (8 items), and sensed presence (4 items). Participants rate how frequently they have had each experience using a 5-point Likert scale (0 = Never; 4 = Frequently) e.g. “There have been times when I have heard a person’s voice and then found that no one was there” and “There have been times when my eyes have played tricks on me”. Scores were summed across all subscales, with possible scores ranging from 0 to 172 and a higher score indicating greater hallucination-proneness. The MUSEQ has acceptable to good internal consistency (α = 0.77 – 0.88; (Mitchell et al., 2017), and for the current study α = 0.96.
21-item Peters Delusion Inventory (PDI-21)
Delusional ideation was measured with the PDI-21 (Peters et al., 2004), which consists of 21 items reflecting different delusional beliefs. Respondents indicate whether they have experienced the belief (0 = No; 1 = Yes), e.g. “Do you ever feel as if you are being persecuted in some way?” and “Do you ever feel as if you have been chosen by God in some way?”. Those responding “Yes” then use three 5-point Likert scales to rate associated distress (1 = Not at all distressing; 5 = Very distressing), preoccupation (1 = Hardly ever think about it; 5 = Think about it all the time), and conviction (1 = Don’t believe it’s true; 5 = Believe it is absolutely true). A Yes/No score was calculated by summing responses across Yes/No items. Possible scores ranged from 0 to 21; a higher score indicating greater delusional ideation. Sub-scale scores for distress, preoccupation and conviction were also calculated with possible scores ranging from 0-105. Where individuals answered “No”, responses for related distress, preoccupation, and conviction items were coded as 0. Total score summed Yes/No and sub-scale scores, possible scores ranged from 0 to 336; a higher score indicating greater delusional ideation. The PDI-21 has good internal consistency (α = 0.82; Peters et al., 2004), and for the current study α = 0.91
Metacognition Self-Assessment Scale (MSAS) (Pedone et al., 2017) 
An 18-item self-report questionnaire that assesses different metacognitive abilities on a 5-point Likert scale (1 “Never” to 5 “Almost Always”). We utilised the 4-factor structure calculating: self-reflectivity (5 items), measuring self-monitoring and integration, referring to self-directed reflective cognition; critical distance (5 items) measuring differentiation and decentration, referring to the ability to distance oneself from one’s thoughts; understanding other minds (3 items) measuring ability to monitor others’ cognitions; and mastery (5 items), referring to the ability to problem solve. The possible range of total scores is 18-90, where higher scores indicate better metacognitive ability. The scale has good internal consistency (α = 0.87) and for the current study α =0.94. 
Procedure
Participants completed an anonymous online survey using Qualtrics. After providing informed consent participants provided demographic information (age, gender, ethnicity). Participants then completed self-report questionnaires. Upon completion, participants were directed to an online debrief form.
Data Analysis
All data was normally distributed, except PDI-21 scores and PPEAS CIS scores, which showed a negative skew. Following square-root transformation, the skewness and kurtosis values were within acceptable limits, and visual inspection of Q–Q plots indicated that the data approximated a normal distribution. Frequencies assessed the proportion of participants who experienced PPS. Regression analyses were conducted to assess the predictive nature of psychological variables (PUMP, RS-14, MSAS, MUSEQ, and PDI-21) on PPEAS scores. To examine the psychological mechanisms underlying phantom phone experiences (PPEAS), we conducted a series of moderation and mediation analyses using the PROCESS macro for SPSS (Hayes, 2022). Specifically, we tested whether problematic phone use (PUMP) predicted PPEAS CIS, and whether this relationship was moderated or mediated by psychological resilience (RS-14) and metacognition (MSAS).
In  cases where missing data was <10% for 1 sub-scale of a questionnaire, mean variable imputation was employed so that total scores could be calculated. 
A priori power analysis was conducted using G*Power version 3.1.9.7 (Faul et al., 2007) for sample size estimation, based on correlational data from (Aleksandrowicz et al., 2023) to determine the required sample size. The analysis assumed a two-tailed test, a correlation of 0.261 between PPS and MUSEQ total score, with a significance criterion of α = .05 and power = .95. This analysis indicated that a minimum sample size of N = 185 was required to achieve a power of .95 (actual power = .95). Therefore, the obtained final sample size of N = 265 is adequate to test the hypotheses. 
Data and other supplementary materials are available here: https://osf.io/kq284/overview?view_only=a2b2f3047abc46378bbe224694fb71c0

Results
Descriptive Statistics
Overall, the majority of participants (86.80%)  reported at least one phantom phone experience and PPEAS Composite Impact Scores were low (M = 4.25, SD = 3.66). Of the full sample, 71.30% reported experiencing phantom sounds, 73.20% reported phantom vibrations, and 57.70% reporting they experienced both. Composite Impact Scores were low for both phantom sounds (M = 2.07, SD = 2.03) and phantom vibrations (M = 2.18, SD = 2.04), indicating minimal impact of these experiences in terms of frequency, distress and disruption. Phantom phone signals were predominantly infrequent. For sounds, 75.80% reported experiencing them very rarely (54.30%) or once a month (21.5%). Further, the majority of respondents reported they were not at all distressed (sounds 83.4% ;  vibrations 82.6%) and not at all disruptive (sounds 80.0%; vibrations 77.7%). A small proportion of participants tried to stop these experiences from happening  (sounds 5.70%, vibrations 4.90%) and the majority of these reduction attempts were successful. See Table 2 for phantom phone experience descriptive statistics.
Overall, participants demonstrated psychological resilience rated as ‘on the low end’ (RS-14; M = 70.06, SD = 12.45), with metacognitive ability (MSAS; M = 69.24, SD = 11.22), and hallucination-proneness (MUSEQ; M = 57.55, SD = 31.16) in the expected range. Hallucination-proneness scores were primarily driven by Auditory, Visual and Tactile/Bodily sensations (see Table 3). Problematic mobile phone use was evident but not generally high (M = 56.74, SD = 10.95), and the total agreed-to delusional ideations was relatively low (M = 3.87, SD = 2.66). Subscale scores for the PDI-21 also indicated low levels of distress (M = 10.85, SD = 8.76), preoccupation (M = 10.20, SD = 8.28), and conviction (M = 11.60, SD = 8.96), suggesting that while delusional beliefs were present, they were not strongly endorsed or distressing for most participants. See Table 3 for all outcome descriptive statistics.
Correlation Analyses
Phantom phone experiences (PPEAS CIS) were positively correlated with problematic phone use (r = .345, p < .01), hallucination-proneness (r = .330, p < .01), and delusional ideation (r = .288, p < .01), but not metacognition or resilience (See Table 4 for all correlations).
Regression Analyses
Composite Impact Scores
A multiple linear regression examined whether hallucination‑proneness (MUSEQ), problematic phone use (PUMP), and delusional ideation (PDI-21) predicted the psychological impact of phantom phone experiences (PPEAS CIS; See Table S2). The model was significant and accounted for 18.7% of the variation in Phantom Phone Signals (R2 = .187, Adjusted R2 = .177), F(3, 261) = 19.95, p < .001. All three predictors were significantly and positively associated with PPEAS Impact score;  MUSEQ (B = .007, SE = .002 =, β = .216, t = 3.524, p < .001, 95% CI [.003, .011]), PUMP (B = .021, SE = .005, β = .224, t = 3.871, p < .001, 95% CI [.010, .031]) and PDI-21 (B = .065, SE = .024, β = .162, t = 2.658, p = .008, 95% CI [.017, .113]). Collinearity diagnostics were acceptable (tolerance ≥ .80).
	Moderation and Mediation
Moderation and mediation models were tested to examine whether psychological resilience (RS-14) or metacognition (MSAS) influenced the relationship between problematic phone use (PUMP) and phantom phone experiences (PPEAS CIS). 
Mediation analysis revealed an inconsistent mediation pattern, or suppressor effect. The direct effect of PUMP scores on PPEAS CIS was significant and positive B = 0.0316, SE = 0.0056, t = 5.66, p < .001, 95% CI [0.0206, 0.0426]. The indirect mediation effect via RS-14 was significant but negative, 𝑎𝑏 = –0.0034 , 95% CI [−0.0082, −0.0002]. This inconsistent mediation pathway was smaller in magnitude relative to the direct effect.  
None of the other interaction or indirect effects reached statistical significance. Full model details, including conditional effects and confidence intervals, are provided in the supplementary results.
Discussion
This study aimed to understand cognitive, behavioural and wellbeing factors associated with experiencing Phantom Phone Signals, using a new validated self-report measure. Analyses indicated that problematic phone use, hallucination-proneness, and delusional ideation predicted PPS. Additionally, resilience and metacognition did not emerge as protective factors against impact of experiencing PPS.
Our participants were recruited from a U.K. university student population so were young (M = 19.74 years old) and mainly female. They demonstrated psychological resilience “on the low end” of moderate (Wagnild & Collins, 2009), and  metacognitive ability within expected ranges for non-clinical populations (Pedone et al., 2017).  Some markers of problematic phone use, were evident though they were not typically high (Merlo et al., 2013). Participants also demonstrated hallucination-proneness in line with previously reported non-clinical populations (Mitchell et al., 2017), predominantly in Auditory, Visual and Tactile/Bodily sensation domains, and low delusional ideation compared to general population samples (Peters et al., 2004).
Prevalence of PPS
Reported prevalence of PPS was 86.8% in our student sample, which is consistent with prior observations in student samples (Drouin et al., 2012; Kruger & Djerf, 2016, 2017; Lin, Lin, et al., 2013; A. Mohammadbeigi et al., 2017; Tanis et al., 2015). Previous research has typically reported PV to be the most common phantom signal (Kruger & Djerf, 2016, 2017; Lin, Lin, et al., 2013; Mangot et al., 2018; A. Mohammadbeigi et al., 2017; Tanis et al., 2015). Although PV were only marginally more common in our sample, we observed largely comparable prevalence rates for PV (73.2%) and PS (71.3%). This aligns with previous evidence that bodily or tactile hallucinations represent the most commonly reported hallucination type in the general population (Peters et al., 2016). Although prevalent, the reported frequency of PPS was low. Here, most participants reported PPS as a rare experience, with low distress and disruption. A small minority attempted to reduce these experiences, and most found these efforts effective. The majority of participants experienced PPS on their smartphone, with a small minority reporting additional PPS on smartwatches and other communication devices. 
Associations with Phantom Phone Signals
Across analyses, problematic mobile phone use showed a robust, positive relationship with phantom phone experiences. Correlation analyses indicated that there was a medium association between scores on the PUMP scale and psychological impact of PPS (PPEASE CIS) for both Phantom Sounds (r = .321), and a small association with Phantom Vibrations (r = .223), indicating more problematic phone use behaviours were related to higher impact of PPS, consistent with prior research (Aleksandrowicz et al., 2023; Kruger & Djerf, 2017; Mangot et al., 2018; Tanis et al., 2015). 
We also identified a medium association between PPEAS CIS and hallucination-proneness and (r = .330), and a small significant association with delusional ideation  (r = .288). There were no significant associations between PPEAS CIS and either metacognition or resilience, despite previously reported links between PPS and emotional distress (Lin, Chen, et al., 2013; Pisano et al., 2019). These findings indicate that PPS may be more closely linked to habitual phone use and perceptual tendencies than broader self- or other-beliefs, emotional regulation, or adaptive coping capacities.
Regression analyses highlighted that more problematic phone use behaviours, higher hallucination-proneness, and higher delusional ideation, resulted in greater psychological impact of PPS, and the model explained 18.7% of the variance in PPEAS CIS. Our analysis added to findings by Aleksandrowicz et al. (2023) showing that problematic phone use was the strongest predictor of PPS impact. This again suggests that both behavioural and cognitive-perceptual vulnerabilities contribute to PPS, with problematic phone use having the greatest influence. 
Metacognition did not account for the relationship between problematic phone use and PPS impact via mediation, and neither metacognition nor resilience impacted the relationship via moderation. There was an inconsistent mediation effect when examining the role of resilience in the relationship between problematic phone use and PPS impact. Problematic phone use positively predicted PPS and negatively predicted resilience. Although resilience had a positive effect on PPS in this mediation, this effect was smaller than the positive direct effect of problematic phone use, and indicates a small suppressor-type effect of resilience, with the positive direct pathway remaining dominant.
Our results overall support a direct‑effect whereby more problematic phone use relates to greater impact of phantom phone experiences (number, frequency, distress, and disruption). However, as the psychological impact of PPS is so low, results may indicate that increased resilience, awareness of behaviour, or control of behaviour are not meaningfully protective, because the experiences are not distressing or disruptive, and thus emotional regulation and adaptive coping are not necessary. This is exemplified by less than 7% of our participants attempting to stop PPS, and almost all attempts successfully utilised simple strategies to reduce PPS by changing phone usage behaviours. As daily environmental exposure to smartphone stimuli is typically high, but PPS experiences are infrequent, the overall impact of cognitive mechanisms may be negligible compared to behavioural factors.
Implications
The present study supports the continuum model of hallucinatory experiences by highlighting that hallucinations are not exclusive to individuals with psychotic disorders, but can also occur in psychologically healthy people (van Os et al., 2000). It also highlights the importance of form, such as distress and pre-occupation, as well as content of hallucinations. PPS illustrates a relatively benign hallucination experience that is common, yet infrequent, non-distressing and non-disruptive, highlighting possible effects from a number of cognitive mechanisms associated with psychosis spectrum experiences (Badcock & Hugdahl, 2012). PPS may arise from a combination of excessive or frequent phone use leading to increased expectation of notifications, or prior expectancies, combined with source monitoring errors. Rothberg et al. (2010) proposed that increased smartphone use may chronically activate smartphone-related schemata, which are semantic networks shaped by prior experience. This can bias perception and increase expectancy for phone-related cues. This heightened expectancy can lead to misinterpretation of benign sensory input as phone-related (Deb, 2015; Pisano et al., 2021; Rosenberger, 2015; Tanis et al., 2015). PPS may also be the result of faulty source monitoring, which refers to the ability to distinguish internal thoughts from external stimuli, and is related to hallucination-proneness (Badcock & Hugdahl, 2012; Bentall, 1990; Gawęda et al., 2024). Hallucination-prone individuals may be more likely to misattribute internal stimuli, such as thoughts about notifications, or unrelated external stimuli, to actual phone signals. When combined with prior expectations arising from problematic phone use, this misattribution becomes more likely. 
Delusional ideation was also a significant predictor alongside hallucination-proneness and problematic phone use. This indicates that PPS may be related to broader psychotic-like traits, supporting recent findings that phantom vibrations were more prevalent in people at clinical high risk for psychosis than in those not at risk (Pokorny et al., 2026).
Some participants attempted to reduce PPS, and successful reductions were linked to changes in phone use and phone location, suggesting that conscious behavioural strategies remain an important avenue for intervention where necessary. Such strategies could include use of screen-time limiters and built-in notification profiles based on user specifications such as time of day or location. Notification systems can be adapted to dynamically adjust frequency, modality, and batching based on user context and preferences, with previous evidence demonstrating that batched notifications (Fitz et al., 2019) and personalised notification preferences (Kim & Park, 2025) improve wellbeing and reduce problematic phone use and notification disruption. Future research should further clarify the cognitive and experiential impact of PPS to inform recommendations for changes to phone use and notification settings to mitigate such perceptual errors.
Limitations and Future Directions
Our participants were primarily young, white, female university students. Future studies would benefit from utilising samples with wider ranging age and other demographics to understand the prevalence of PPS across the general population. To date the majority of research has focussed on student use of mobile and smart phones. Further exploration of the frequency of PPS on other devices would highlight the breadth and impact of this phenomenon in a broader population and highlight the influence of socio-demographic factors.
This study was also cross-sectional. Longitudinal analyses would support understanding patterns of experiences, such as the impact of changing phone use on frequency of PPS, and the impact of external stressors on phone use behaviours and PPS.
Future research into PPS may focus on identifying factors which may protect against or reduce PPS experiences in those at higher risk of experiencing PPS-related distress. This would provide further insight into the mechanisms underlying the phenomenon and models of hallucinations in non-clinical populations, as well as inform techniques for supporting the minority of individuals who find phantom signals to be significantly distressing or impairing. 
Conclusion
Phantom Phone signals were experienced by the majority of our healthy undergraduate students. The experience is benign, as PPS tend to be infrequent and neither distressing nor disruptive. More problematic phone use behaviours, higher hallucination-proneness and higher delusional ideation were associated with an increased impact of PPS. In contrast, resilience and metacognition showed no significant relationship with PPS, and did not meaningfully mediate the relationship between Problematic Phone use and PPS. Overall, the findings suggest that phone-use behaviours are the primary factor influencing PPS, indicating that amending notifications and behavioural adaptations may be the most effective approach for reducing PPS where required.
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Table 1. Participant demographics.
	Demographics
	(N = 265)

	Age (mean, S.D)
	19.74 (1.54)

	Gender, % (N)
	Female
	84.2 (223)

	
	Male
	13.2 (35)

	
	Gender Diverse
	2.6 (7)

	Ethnicity, % (N)
	White
	80 (212)

	
	Asian
	8.7 (23)

	
	Mixed
	5.3 (14)

	
	Black
	3.8 (10)

	
	Other
	0.8 (2)

	
	Does not state
	1.5 (4)



Table 2. Phantom Phone Experiences as reported on the PPEAS
	Phantom Phone Experiences – PPEAS 
	% (N)
	M (SD)

	Experiences PPS 
Yes
No

Number of PPS
1
2
	
[bookmark: OLE_LINK1]86.8 (230)
13.2 (35)


29.1 (77)
57.7 (153)
	

	Phantom Sound
Yes
No
	
71.3 (189)
28.7 (76)
	

	Phantom Vibration
Yes
No
	
73.2 (194)
26.8 (71)
	

	Frequency of PPS
Phantom Sound
 Very Rarely
 Once a month
Once every 2 weeks
Once a week
Daily
More than daily
	

54.3 (144)
21.5 (57)
10.2 (27)
9.8 (26)
3.8 (10)
.4 (1)
	

	Phantom Vibration
 Very Rarely
 Once a month
Once every 2 weeks
Once a week
Daily
More than daily
	
49.1 (130)
23.8 (63)
10.6 (28)
10.6 (28) 
5.7 (15)
.4 (1)
	

	First Experience
Phantom Sound
< 1 month ago
1-6 months ago
6-12 months ago
1-5 years ago
> 5 years ago
Phantom Vibration
< 1 month ago
1-6 months ago
6-12 months ago
1-5 years ago
> 5 years ago
	

7.2 (19)
12.5 (33)
14.3 (38)
31.7 (84)
7.2 (19)

12.1 (32)
14.3 (38)
16.2 (43)
23.0 (61)
5.3 (14)
	

	Distress
Phantom Sound
Phantom Vibration

	
	
.20 (.49)
.20 (.45)

	Disruption
Phantom Sound
Phantom Vibration

	
	
.26 (.56)
.26 (.52)


	Composite Impact Scores
Phantom Sound
Phantom Vibration 
Total
	
	
2.08 (2.03)
2.17 (2.04)
4.25 (3.66)

	Device Type
Phantom Sound
Smartphone
Smartphone and Smartwatch
Smartphone and Laptop
Smartphone and Landline
Laptop	

Phantom Vibration
Smartphone
Smartphone and Smartwatch
Smartphone and Laptop
Smartphone and Landline
Smartwatch

	

77.8 (179)
4.7 (11)
.4 (1)
.4 (1)
.4 (1)


72.1 (166)
4.7 (11)
.4 (1)
.4 (1)
 3.4 (8)
	


	Reducing PPS
Tried to stop Phantom Sounds
Successful
Methods:
Phone on Silent 
Move/Reduce use
Meditation 
Believe	

Tried to stop Phantom Vibration?
Successful
Methods:
Phone on Silent 
Move/Reduce use
Believe	
Check

	
6.52 (15)
93.3 (14)

53.4 (8)
33.3 (5)
6.67 (1)
6.67 (1)

5.65 (13)
84.6 (11)

38.5 (5)
38.5  (5)
7.6 (1)
7.6 (1)

	


Table 3. Total Self-Report Measure Means and Standard Deviations
	Measure
	

	
	M
	(SD)

	PUMP Total
	56.74
	10.95

	RS-14 Total
	70.06
	12.45

	MUSEQ Total
	57.55
	31.16

	Auditory
	13.82 
	5.84

	Visual
	11.77
	6.95

	Bodily
	11.62
	7.29

	Gustatory
	8.36
	6.93

	Olfactory
	8.26
	6.43

	Sensed
	3.72
	3.73

	PDI Total score
	36.5
	27.73

	PDI-21 Y/N Total
	3.87
	2.66

	PDI Distress
	10.85
	8.76

	PDI Preoccupation
	10.20
	8.28

	PDI Conviction
	11.60
	8.96

	MSAS Total
	69.24
	11.22

	MSAS Self-reflectivity

	19.15

	3.83


	MSAS Critical distance

	20.55

	3.48

	MSAS Mastery

	18.26

	3.37

	MSAS Understanding other’s minds
	11.28
	2.34



Note. M and SD represent mean and standard deviation, respectively. PUMP = Problematic Use of Mobile Phone Scale, MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, PDI-21 = 21-item Peters Delusion Inventory, RS-14 = 14-item Resilience Scale.
Table 4. Correlations between PPEAS and Self-report Measures
	Variable
	1
	2
	3
	4
	5
	6
	7
	8

	1 MUSEQ Total
	1
	
	
	
	
	
	
	

	2 PDI-21 Total a
	.380***
	1
	
	
	
	
	
	

	3 RS-14 Total
	-0.103
	-.182**
	1
	
	
	
	
	

	4 PUMP Total
	.234**
	.199***

	-.284**
	1
	
	
	
	

	5 MSAS Total
	-.155*
	-0.065
	.529**
	-.220**
	1
	
	
	

	6 PPEAS CIS 
	.330**
	.288***
	-0.033
	.307***
	0.008
	1
	
	

	7 PPEAS vibration CIS 
	.272**
	.181**
	0.006
	.223***
	-0.011
	.841**
	1
	

	8 PPEAS sound CIS 
	.287**
	.274***
	-0.066
	.321***
	0.025
	.842**
	.477**
	1


Note. MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, PDI-21= 21-item Peters Delusion Inventory (Square-root transformed data), RS-14 = Resilience Scale, PUMP = Problematic Use of Mobile Phone Scale, MSAS = Metacognition Self-Assessment Scale, PPEAS CIS = Phantom Phone Experiences and Appraisal Scale Composite Index Scores for total, vibration and sound subscales (Square-root transformed data),. *p<.01, did not survive Bonferroni correction. ** p<.01, *** p<.001, surviving Bonferroni correction. 


Supplementary Material
Phantom Phone Experiences and Appraisal Scale (PPEAS)
<Designed to be used online>

Instructions: 
This questionnaire has been designed to ask about experiences and sensations relating to phantom mobile phone signals. These are very common experiences, and we are interested in how often people have had them, and how they personally view them. Please answer these questions as honestly as you can. 

1. Please indicate which of the following sensations you have experienced:
a. You felt your mobile phone was vibrating, while in fact it was not?
b. You heard your mobile phone make a noise, while there was none? (e.g. ringing, notification sound, alarm, heard a vibration, etc).
c. None of the above <skip to end of block>

2. If Yes: a You felt your mobile phone was vibrating, while in fact it was not?
We will refer to these vibrations as ‘phantom phone vibrations’.

2.1 When did you first experience these phantom phone vibrations?
Less than 1 month ago
Between 1-6 months ago
1 year ago
Between 1-5 years ago
More than 5 years ago

2.2 How frequently do you experience these phantom phone vibrations 
0 Very Rarely
1 Once a month
2 Once every 2 weeks
3 Once a week
4 Daily
5 More than daily

2.3 How disruptive are these phantom phone vibrations
0 not at all disruptive
1 
2 
3 very disruptive

2.4 How distressed are you by these phantom phone vibrations
0 not at all distressed
1 
2 
3 very distressed

2.5 Which device are these phantom phone vibrations associated with? (e.g. smart phone (what make and model), smart watch. etc) if multiple, please separate with a comma.


2.6 Have you ever tried to stop these phantom phone vibrations?
Yes
No

2.7 If yes: Have you ever tried to stop these phantom phone vibrations? 
What techniques did you use? (e.g. Meditation, turning off the device, moving the device to a different location, setting the device to silent, etc.) if multiple, please separate with a comma.

2.8 If Yes: Have you ever tried to stop these phantom phone vibrations?
Were you successful in reducing the phantom phone vibrations?


3. If Yes: b You heard your mobile phone make a noise or sound, while there was none? (e.g. ringing, notification sound, alarm, heard a vibration, etc).
We will refer to these as phantom phone sounds.

3.1 How long have you experienced these phantom phone sounds for?
Less than 1 month
Between 1-6 months
1 year
Between 1-5 years
More than 5 years

3.2 How frequently do you experience these phantom phone sounds
0 Rarely
1 Once a month
2 Once every 2 weeks
3 Once a week
4 Daily
More than daily

3.3 How disruptive are these phantom phone sounds
0 not at all disruptive
1 
2 
3 very disruptive

3.4 How distressed are you by these phantom phone sounds
0 not at all distressed
1 
2 
3 very distressed

3.5 Which device are these phantom phone sounds associated with? (e.g. smart phone (what make and model), smart watch. etc) if multiple, please separate with a comma.

3.6 Have you ever tried to stop these phantom phone sounds?
Yes
No

3.6.1 If yes: Have you ever tried to stop these phantom phone sounds? 
What techniques did you use? (e.g. Meditation, turning off the device, moving the device to a different location, setting the device to silent, etc.) if multiple, please separate with a comma.

3.6.2 If Yes: Have you ever tried to stop these phantom phone sounds?
Were you successful in reducing the phantom phone sounds?

Yes
No

Supplementary Results
Regression Tables
Table S1. Stepwise Linear Regression Analyses Assessing Predictors of PPEAS composite index score
	Predictor
	β
	t
	p
	Overall Model

	Model 1
	
	
	
	R² = .119, F(1, 263) = 35.52, p < .001

	PUMP
	.345
	5.96
	< .001
	

	Model 2
	
	
	
	R² = .180, F(2, 262) = 28.74, p < .001

	PUMP
	.286
	4.97
	< .001
	

	MUSEQ
	.254
	4.41
	< .001
	


Note. PUMP = Problematic Use of Mobile Phone Scale, MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire. 
Moderation and Mediation
Two moderation models (Model 1) were tested. In the first, resilience was entered as a moderator of the relationship between PUMP and PPEAS scores. The overall model was significant, F(3, 261) = 11.75, p < .001, with an R2 of .12. The interaction term (PUMP x RS14) did not reach statistical significance, B = −0.0006, SE = 0.0004, t = −1.65, p = .101, 95% CI [−0.0014, 0.0001].
The second moderation model tested MSAS as a moderator. The overall model was significant, F(3, 261) = 9.94, p < .001, with an R2 of .10, however the interaction term was non-significant B = 0.0003, SE = 0.0004, t = 0.80, p = .423, 95% CI [−0.0005, 0.0011], indicating that metacognition did not moderate the relationship between PUMP and PPEAS.
Two mediation models (Model 4) were also tested. In the first, metacognition was examined as a mediator. PUMP significantly predicted MSAS scores 
B = −0.2258, SE = 0.0616, t = −3.66, p = .0003, 95% CI [−0.3472, −0.1044],
 and the direct effect of PUMP on PPEAS remained significant (B = 0.0298, SE = 0.0055, t = 5.40, p < .001, 95% CI [0.0189, 0.0407]). However, the indirect effect via MSAS scores was non-significant (bootstrap 95% CI [−0.0046, 0.0006])), indicating no mediation.

Validity and reliability of the PPEAS
333 participants were recruited online via social media, and 127 provided follow-up data (mean age 20.25, see Table S3).
Table S3 Sample Descriptive Statistics
	Demographics
	
	

	Gender
     Females
     Males
     Non-binary/Gender Diverse
	
113
7
5
	
89%
5.5%
3.9%

	Age, years 
Mean (SD)
Range
	
20.25 (4.71)
18-55
	


	Ethnicity
     White British
     Mixed/Multiple Ethnicity
     Asian/ Asian British
     Black/African/Caribbean/    
     Black British 
	
102
10
4
8
1
	
80.4%
8%
3.2%
6.4%
0.8%









Internal consistency was assessed using MacDonalds’s omega. The omega coefficient for the PPEAS vibration CIS was 𝜔 = .72, for PPEAS sound CIS was 𝜔 = .70, and for the PPEAS total CIS was (𝜔 = .76). Therefore, the internal consistency of the overall PPEAS and of the vibration and sound subscales, were determined to be reliable. Furthermore, an intersubscale correlation demonstrated the two PPEAS subscales to be moderately and positively correlated, r (125) = .48, p < .001, 95% C.I. [0.33, 0.60].
A Pearson product-moment correlation was conducted to assess the test-retest reliability of the PPEAS measure, by using 1 month follow-up data. The correlations for the PPEAS overall total scores, the subscale total scores and the individual item scores between time 1 and time 2, are summarised in Table S4. Overall, all correlations were found to be moderate and significant, except for the items concerning PV and PS distress, PS disruption and PS stop attempts, which showed significant but low correlations. However, when conducting a series of paired sample t-tests, no significant differences were reported for the symptoms scores of PV distress (p = .36), PS distress (p = .74) or PS disruption (p = .66) between time 1 and 2. Furthermore, attempts to stop PS, was also not significantly different between both timepoints (p = .26). Nevertheless, a significant difference found in PPEAS measure across times, was for the item reporting no PPS experiences; whereby more participants reported experiencing the phenomenon during the first survey (M = 0.09, SD = 0.29), than in the second one (M = 0.17, SD = 0.38), t(126) = 2.74, p < .05.
Table S4. PPEAS scale and item scores
	Scale and item scores
	M (SD) 
Time 1
	M (SD)
Time 2
	r
	p
	95%CI

	PPEAS total score
	4.02 (3.57)
	4.03 (3.68)
	.62
.44
	.001
.001
	 [0.50,0.72]
[0.29, 0.57]

	PPEAS vibration score
             Frequency
             Disruption
             Distress
PPEAS sound score
             Frequency
             Disruption
             Distress
PV Stop Attempts
PS Stop Attempts
	1.98 (2.14)
	1.95 (2.16)
	
	
	

	
	0.93 (1.24)
0.27 (0.56)
	0.88 (1.23)
0.28 (0.52)
	.50
.20
	.001
.02
	[0.36, 0.62]
[0.03, 0.36]

	
	0.15 (0.45)
2.04 (2.01)
	0.19 (0.43)
2.08 (2.19)
	.42
.60
	.001
.001
	[0.27, 0.55]
[0.48, 0.70]

	
	0.82 (1.12)
0.31 (0.56)
	0.91 (1.27)
0.28 (0.50)
	.70
.37
	.001
.001
	[0.60, 0.78]
[0.21, 0.51]

	
	0.21 (0.48)
0.06 (0.24)
	0.23 (0.48)
0.07 (0.26)
0.06 (0.23)
	.38
.43
	.001
.001
	[0.22, 0.52]
[0.28, 0.57]

	
	0.03 (0.18)
	
	.35
	.001
	[0.19, 0.50]



Prevalence in Reliability study
PPS Prevalence and Experiences
Baseline prevalence for PV experiences was 63%, and 70.1% for PS. Additionally, 44.9% of participants had experienced both PV and PS, while 9.4% of participants did not experience any PPS. More than half of participants experiencing PV, reported the experience was very rare, with 18.1% reporting experiencing PV at least once a week. Over half of participants experiencing PS reported they were very rare, but 11.5% experienced PS at least once a week (See Table S5). 
Regarding the other PPS symptoms, most participants described PV and PS experiences to be not at all disruptive (77.2% and 74% respectively), as well as not at all distressing (88.2% and 81.9% respectively) (See Table S5). In addition, of the participants experiencing PV, 16.3% stated their first experience had been less than a month ago, while 47.5% had experienced PV between one to five years ago. Whereas for participants experiencing PS, 9% stated their firs experience had been under a month ago, while 44.9% of participants had experienced PS one to five years ago. 
Table S5 Prevalence of PPS symptoms
	

	           Phantom Vibrations
	Phantom Sounds

	
	Baseline
	Baseline

	Yes

	70.1%
	63%

	Both PS and PV
	44.9%

	Frequency
     Very rarely
     Once a month
     Once every 2 weeks
     Once a week
      Daily
	
71 (55.9)
21 (16.5)
12 (9.4)
19 (15)
4 (3.1)
	
69 (54.3)
32 (25.2)
10 (7.9)
12 (9.4)
4 (3.1)

	Disruptiveness
      Not at all 
      Mild
      Moderate
      Very disruptive
	
98 (77.2)
26 (20.5)
1 (0.80)
2 (1.6)
	
94 (74)
27 (21.3)
6 (4.7)
0

	Distress
      Not at all
      Mild
      Moderate
     Very distressing
	
112 (88.2)
12 (9.4)
2 (1.6)
1 (0.8)
	
104 (81.9)
19 (15)
4 (3.1)
0

	
	
	

	Frequency
     Very rarely
     Once a month
     Once every 2 weeks
     Once a week
      Daily
	
71 (55.9)
21 (16.5)
12 (9.4)
19 (15)
4 (3.1)
	

	
69 (54.3)
32 (25.2)
10 (7.9)
12 (9.4)
4 (3.1)
	


	Disruptiveness
      Not at all 
      Mild
      Moderate
      Very disruptive
	
98 (77.2)
26 (20.5)
1 (0.80)
2 (1.6)
	

	
94 (74)
27 (21.3)
6 (4.7)
0
	


	Distress
      Not at all
      Mild
      Moderate
     Very distressing
	
112 (88.2)
12 (9.4)
2 (1.6)
1 (0.8)
	

	
104 (81.9)
19 (15)
4 (3.1)
0
	



Note. N = 127. (2 participants did not respond).


