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Abstract: Adolescents now study in an environment that is designed, at the level of the operating system, to interrupt them. This study 

investigates how the volume and timing of smartphone notifications affect sustained attention and academic productivity among school 

students aged thirteen to eighteen. A mixed-methods design was used, combining a survey of 180 students with a seven-day notification 

and study log, a controlled experiment in which 60 participants completed a Sustained Attention to Response Task under three phone 

conditions, and a two-week intervention trial with 42 volunteers. Participants received a mean of 132 notifications per day, of which 29.5% 

arrived within the three-hour evening window they identified as their main study period. The median uninterrupted study segment lasted 

6.4 minutes. In the experimental phase, commission errors on the sustained-attention task rose from 8.2 in the phone-absent condition to 

17.4 with notifications enabled, and reaction-time variability rose correspondingly; the difference was statistically significant with a large 

effect size. Notification volume correlated negatively with an academic productivity index, and together with problematic-use scores 

explained 38% of its variance. A two-week batched-notification protocol reduced phone interactions during study by 56% and more than 

doubled the median uninterrupted segment. The findings indicate that the cost of a notification lies less in the seconds spent reading it 

than in the disproportionately long recovery that follows, and that this cost is highly tractable through simple structural changes to the 

notification environment. 
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1. Introduction 
 

A student sits down at eight in the evening to work through a 

set of mathematics problems. The intention is clear, the 

material is familiar, and two undisturbed hours are available. 

By ten o'clock roughly half the problems are finished, and the 

student's honest account of the evening is that they were 

working the whole time. Both statements are true. What 

happened in between is the subject of this paper. 

 

Smartphones did not invent distraction. Students have always 

been interrupted by siblings, doorbells and daydreams. What 

is new is that the interruption has become systematic, 

personalised and continuously optimised. A notification is not 

a random event; it is the output of a system engineered to 

arrive at the moment it is most likely to be attended to, and to 

be attractive enough to be worth attending to. Adolescents are 

subject to this system at a developmental stage in which the 

prefrontal circuitry supporting inhibitory control and goal 

maintenance is still maturing, while sensitivity to social 

feedback is at or near its lifetime peak. The result is an 

unusually asymmetric contest. 

 

Public discussion of this problem tends to collapse into two 

unhelpful positions: that adolescents simply lack discipline, 

or that screens are uniformly harmful. Neither is a research 

question. The question this paper asks is narrower and 

answerable: how much sustained attention is actually lost to 

notifications during study, through what cognitive 

mechanism is it lost, how does the loss show up in academic 

output, and is it reversible through changes that a student can 

realistically make? The study accordingly measures the 

notification environment as it exists, manipulates it 

experimentally, models the mechanism, and then tests one 

specific remedy. 

 

2. Review of Literature 
 

2.1 Attention as a limited resource 

 

The theoretical foundation for this study is the capacity model 

of attention set out by Kahneman (1973), in which attention 

is treated as a limited pool allocated among competing 

demands. Within this framework, a notification does not 

merely add a task; it forces a reallocation. Monsell (2003), 

reviewing the task-switching literature, established that such 

reallocations are never free: switching between task sets 

incurs a measurable cost in both time and error rate, and the 

cost is larger when the abandoned task was cognitively 

demanding, which is precisely the case for academic work. 

 

2.2 The mere-presence and mere-notification effects 

 

Two findings from the past decade are central. Stothart, 

Mitchum and Yehnert (2015) demonstrated that simply 

receiving a notification, without unlocking or reading it, was 

sufficient to degrade performance on a sustained-attention 

task to a degree comparable with actively using the phone. 

Ward, Duke, Gneezy and Bos (2017) went further, showing 

that the mere presence of a participant's own smartphone 

reduced available working-memory capacity even when the 

device was silent and face down, an effect they attributed to 

the cognitive resources consumed by inhibiting the impulse 

to attend to it. Together these results suggest that the relevant 

cost is not confined to the moments of visible phone use, 

which is exactly what makes it invisible to the student's own 

self-report. 

Paper ID: SR26825123304 DOI: https://dx.doi.org/10.21275/SR26825123304 2127 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 8, August 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

2.3 Interruption cost and attention residue 

 

Mark, Gudith and Klocke (2008) found in workplace 

observation that interrupted tasks were resumed, but at the 

price of higher stress and compensatory speed. Leroy (2009) 

identified the phenomenon of attention residue: after 

switching away from a task and back again, part of attention 

remains allocated to the previous task, degrading performance 

on the resumed one for a period substantially longer than the 

interruption itself. This is the mechanism that reconciles the 

student's impression of having worked continuously with the 

reality of the output. 

 

2.4 Media multitasking in academic settings 

 

Rosen, Carrier and Cheever (2013) observed students 

studying at home and found that participants typically 

remained on task for under six minutes before switching to 

technology-based distraction, with those who switched most 

frequently achieving lower grade point averages. Kuznekoff 

and Titsworth (2013) reported measurable decrements in note 

quality and recall among students permitted to use phones 

during lectures. Uncapher and Wagner (2018), reviewing the 

evidence on heavy media multitaskers, found consistent 

though modest associations with poorer sustained attention 

and working memory, while cautioning that the direction of 

causality remains unresolved. 

 

The literature therefore establishes the mechanism and the 

association reasonably well, but two gaps remain. Most 

experimental work has been conducted with undergraduates 

rather than school-age adolescents, and comparatively few 

studies pair measurement of the real notification environment 

with an experimental manipulation and a tested remedy in the 

same sample. This study addresses both. 

 

3. Objectives and Hypotheses 
 

The study pursues four objectives: to characterise the 

notification environment adolescents actually experience, 

including its timing relative to study hours; to test 

experimentally whether notification exposure degrades 

sustained attention; to establish the association between 

notification volume and academic productivity; and to 

evaluate whether a simple structural intervention can reduce 

the effect. Four hypotheses were formulated: 

• H1. Notification exposure significantly impairs sustained 

attention, measured as commission errors and reaction-

time variability on the SART. 

• H2. A silent but visible phone produces intermediate 

impairment, falling between the phone-absent and 

notifications-enabled conditions. 

• H3. Daily notification volume is negatively associated 

with academic productivity, independent of total screen 

time. 

• H4. A batched-notification protocol significantly 

increases uninterrupted study duration and reduces 

homework completion time. 

 

4. Methodology 
 

4.1 Design and participants 

 

The study used a three-phase mixed-methods design: a 

descriptive survey with behavioural logging, a within-

subjects experiment, and a pre-post intervention trial. 

Participants were 180 students in Grades 8 to 12 at a co-

educational school, aged 13 to 18, recruited with informed 

parental consent and participant assent. Of these, 60 

volunteered for the experimental phase and 42 for the 

intervention trial. Participation was voluntary and unrelated 

to any academic assessment, and responses were anonymised 

at collection. 

 

4.2 Instruments and measures 

 

Notification volume and timing were recorded from the 

device's own digital wellbeing statistics, transcribed daily by 

participants over seven days into a structured log alongside 

self-recorded study start and stop times. Sustained attention 

was measured using the Sustained Attention to Response 

Task (Robertson et al., 1997), a go/no-go paradigm in which 

errors of commission index lapses in attentional control and 

reaction-time variability indexes response consistency. 

Problematic smartphone use was measured with the 

Smartphone Addiction Scale, Short Version (Kwon et al., 

2013), and everyday attentional lapses with the Cognitive 

Failures Questionnaire (Broadbent et al., 1982). An academic 

productivity index was constructed from three standardised 

components: homework completion time for a controlled 

problem set, self-rated study efficiency, and term assessment 

performance. 

 

4.3 Experimental procedure 

 

Each of the 60 experimental participants completed the SART 

three times, in counterbalanced order and on separate days to 

limit practice effects. In Condition A the phone was absent 

from the room. In Condition B the phone was silent, face 

down and visible on the desk. In Condition C the phone was 

on the desk with normal notifications enabled; participants 

were asked not to respond to notifications during the task, so 

that the condition isolates the cost of receiving rather than 

using. Following each SART, participants completed a 

standardised problem set under the same condition, timed to 

completion. 

 

4.4 Analysis 

 

Repeated-measures analysis of variance was used to compare 

conditions, with Bonferroni-corrected pairwise comparisons 

and partial eta squared reported as the effect size. Pearson 

correlations and hierarchical multiple regression were used 

for the survey phase, and paired-samples t-tests for the 

intervention trial. A significance threshold of .05 was adopted 

throughout. 

 

1) The Notification Environment 

Participants received a mean of 132 notifications per day (SD 

= 46), equivalent to one approximately every seven waking 

minutes. The distribution across the day, shown in Figure 1, 

is not uniform. Volume climbs through the afternoon and 

peaks between seven and ten in the evening, which is 

precisely the three-hour block that participants identified as 

their principal study window. Almost thirty per cent of the 

entire daily notification load arrives during those three hours. 
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This is not a coincidence of adolescent life so much as a 

structural feature of it: the same hours are free for everyone 

in the peer group, so the hours available for concentrated 

work are also the hours of peak social traffic. 

 

 
Figure 1: Distribution of daily notification load across the 24-hour cycle (n = 180) 

 

The composition of that load, shown in Figure 2, matters for 

interpretation. Instant messaging and social media together 

account for 68% of all notifications. These are socially 

consequential and carry an implicit expectation of prompt 

reply, which makes them far harder to defer than a system 

update or a promotional message. Only 6% originated from 

email and school applications, so the overwhelming majority 

of interruptions to study carried no academic content at all. 

 

 
Figure 2: Source composition of adolescent notification load 

 

Table 1: Sample Profile and Notification Exposure 
Grade group n Mean age Notifications / day (M ± SD) Evening-window share SAS-SV score 

Grades 8–9 62 13.8 104 ± 38 27.40% 28.6 

Grades 10–11 74 15.9 141 ± 44 30.10% 32.4 

Grade 12 44 17.2 156 ± 51 31.20% 33.9 

Full sample 180 15.4 132 ± 46 29.50% 31.5 

Table 1.  SAS-SV = Smartphone Addiction Scale, Short Version; higher scores indicate more problematic use. 

 

The log data also revealed how study time is actually 

structured. Figure 4 plots the length of uninterrupted study 

segments, defined as the interval between sitting down and 

the first phone interaction. The distribution is heavily right-

skewed with a median of 6.4 minutes. A nominal two-hour 

study block is therefore not two hours of work; it is a sequence 

of roughly fifteen short fragments, each one requiring the task 

to be reloaded from the beginning. 

 

 
Figure 4: Distribution of uninterrupted study segments during logged evening sessions. 

 

2) Experimental Results: Sustained Attention 

Figure 3 and Table 2 present the experimental findings. 

Commission errors on the SART rose from 8.2 in the phone-

absent condition to 12.7 with a silent but visible phone, and 

to 17.4 with notifications enabled, a doubling relative to 

baseline. Reaction-time variability followed the same 

ordering, rising from a coefficient of variation of .21 to .34. 

The analysis of variance was significant, F(2, 118) = 24.7, p 
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< .001, with a partial eta squared of .30, conventionally 

interpreted as a large effect. All three pairwise comparisons 

remained significant after Bonferroni correction. 
 

 
Figure 3: Sustained-attention performance across three phone conditions (n = 60) 

 

Table 2: Performance by Experimental Condition 

Condition 

Commission 

errors (M ± 

SD) 

RT 

variability 

(CV) 

Problem-

set time 

(min) 

Self-rated 

focus (of 

10) 

A Phone absent 8.2 ± 3.1 0.21 42.6 7.4 

B Silent, visible 12.7 ± 4.0 0.27 51.3 6.1 

C Notifications 

enabled 
17.4 ± 4.6 0.34 63.8 5.2 

Table 2.  F(2, 118) = 24.7, p < .001, partial η² = .30. All 

pairwise comparisons significant after correction. 
 

Finding 1 

The silent, visible phone condition is the most instructive 

result in the study. Participants in Condition B received no 

notifications and used their phones not at all, yet their 

commission errors rose 55% above the phone-absent baseline. 

The cost is therefore not fully explained by the interruptions 

that occur; a substantial portion is paid in advance, in the 

effort of continuously not attending to a device that might 

interrupt at any moment 

 

Hypothesis 2 is thus supported, and its practical implication 

is inconvenient for the common compromise of keeping the 

phone silent on the desk. On these data that compromise 

recovers only about half the available benefit. Problem-set 

completion time tells the same story from the productivity 

side: the same work took 42.6 minutes without the phone in 

the room and 63.8 minutes with notifications enabled, an 

increase of 50%. 
 

3) The Anatomy of an Interruption 

Why should a notification that occupies eight seconds of a 

student's attention cost several minutes of output? Figure 6 

decomposes a single interruption episode using the logged 

data and the resumption-lag literature. Attentional capture is 

essentially instantaneous, occurring within about four 

hundred milliseconds and largely outside voluntary control. 

The diversion itself, in the logs, averaged 47 seconds. What 

follows is the expensive part: a mean resumption lag of 64 

seconds before productive work restarts, and then a period of 

three to five minutes during which performance remains 

measurably below baseline while attention residue dissipates. 

 
Figure 6:  Anatomy of a single interruption episode; the cost is dominated by what follows it 

 

The arithmetic that follows is the central practical finding of 

the paper. A single attended notification costs roughly five 

minutes of effective work, of which fewer than one minute is 

spent on the phone. Participants attended to approximately 

one in three of the notifications arriving during the study 

window, which corresponds to about thirteen attended 

interruptions in a three-hour evening block. The implied loss 

is in the region of an hour, roughly a third of the nominal 

study time, without a single one of those minutes appearing 

as phone use in a screen-time report. This explains the 

persistent gap between how long students believe they studied 

and what they produced, and it explains why screen-time 

totals are a poor diagnostic: the damage is done by the 

frequency of interruption, not the duration of use. 

4) Notifications and Academic Productivity 

Figure 5 plots the relationship between mean daily 

notifications and the academic productivity index across the 

full sample. The association is negative and moderate, r = -

.41, p < .01. Table 3 reports the correlation matrix for the 

principal variables. Notification volume correlates more 

strongly with productivity than total screen time does, r = -.41 

against r = -.28, which is consistent with the interruption 

mechanism proposed above rather than with a simple time-

displacement account: what predicts lost output is how often 

the phone interrupts, not how long it is used. 
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Figure 5: Association between notification volume and academic productivity (n = 180). 

 

Table 3: Correlation Matrix for Principal Variables 
Variable 1 2 3 4 5 

Daily notifications —         

Total screen time .62** —       

SAS-SV score .54** .58** —     

Sustained attention -.44** -.31** -.39** —   

Academic productivity -.41** -.28** -.36** .52** — 

Table 3.  ** p < .01. Sustained attention scored so that higher 

values indicate better performance. 

 

A hierarchical regression was then conducted. Demographic 

variables entered at the first step explained little variance. 

Adding total screen time at the second step raised the 

explained variance to 14%. Adding notification volume and 

SAS-SV score at the third step raised it to 38%, a significant 

increment, with notification volume emerging as the strongest 

single predictor (β = -.34, p < .001). Hypothesis 3 is 

supported. The proportion of variance left unexplained is, 

however, substantial, and the discussion returns to what it 

likely contains. 

 

 

 

Table 4: Hierarchical Regression Predicting Academic 

Productivity 
Step and predictors R² ΔR² β (final step) p 

1  Age, grade, gender 0.04 0.04 — ns 

2  + Total screen time 0.14 0.1 -0.09 0.21 

3  + SAS-SV score 0.26 0.12 -0.22 0.004 

3  + Daily notifications 0.38 0.12 -0.34 < .001 

Model summary 0.38 — F(5,174) = 21.3 < .001 

Table 4.  Standardised beta coefficients reported for the final 

step; ns = not significant. 

 

5) A Cognitive Model of Notification-Driven Attention 

Loss 

Figure 7 synthesises the experimental and observational 

findings into a staged model. A notification arrives as a 

multimodal stimulus whose effect is moderated by its 

perceived salience, the social expectancy attached to a reply, 

and the individual's trait self-regulation. Stage two is 

exogenous attentional capture, in which the stimulus 

overrides goal-directed control before any decision to attend 

has been made; this is why instructing students to ignore 

notifications is largely ineffective, and why Condition C 

produced impairment even though participants complied with 

the instruction not to respond. 

 

 
Figure 7: Proposed cognitive model of notification-driven attention loss 

 

Stage three is task-set reconfiguration, in which working 

memory unloads the academic task and loads the social one, 

incurring the switch cost documented by Monsell (2003). The 

model then branches. Stage 4a is the visible diversion, the off-

task engagement that a screen-time report would capture. 

Stage 4b is attention residue, invisible to any measurement 

instrument the student has access to, in which part of attention 

remains allocated to the interrupting task after the return. The 

two paths converge on the same outcome, but their relative 

contributions are very unequal, and the feedback arrow from 

residue back to reconfiguration represents the observed 

tendency of one interruption to make the next more likely, 

since a partially loaded social task is itself a source of 

distraction. 
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6) Intervention Trial: Batched Notifications 

If capture is largely automatic, then interventions relying on 

willpower at the moment of interruption should be weak, and 

interventions that remove the stimulus should be strong. This 

prediction was tested with 42 volunteers over two weeks. The 

protocol was deliberately modest and did not involve 

removing the phone or restricting total usage. Participants 

enabled a focus mode during their declared study window and 

set three scheduled times each evening at which accumulated 

notifications could be reviewed. Nothing was blocked; 

everything was deferred. 

 

 

 
Figure 8: Outcomes of the two-week batched-notification trial (n = 42). 

 

The results are shown in Figure 8. Phone interactions during 

study sessions fell from 27 to 12 per session, a reduction of 

56%. The median uninterrupted segment rose from 6.4 to 14.8 

minutes, more than doubling, which matters because it moves 

the typical work fragment past the point at which attention 

residue from the previous interruption has dissipated. 

Homework completion time fell 18%, self-rated focus 

improved by 1.1 points on a ten-point scale, and Cognitive 

Failures Questionnaire scores declined by six points. All 

changes were significant on paired-samples t-tests at p < .01, 

supporting Hypothesis 4. 

 

Finding 2 

Participants did not use their phones less overall during the 

trial; deferred notifications were reviewed in the scheduled 

windows. What changed was the distribution of use, not its 

quantity. This is the practical heart of the study: the 

intervention that works is structural rather than motivational, 

and it asks students to reschedule their attention rather than to 

sacrifice it. 

 

5. Discussion 
 

Three points deserve emphasis. The first concerns 

measurement. Screen-time totals, which schools and parents 

most often rely on, are a weak proxy for the cost documented 

here. A student receiving 150 notifications and using the 

phone for one hour is more impaired than a student receiving 

30 notifications and using it for ninety minutes, because the 

mechanism is fragmentation rather than displacement. 

Interruption frequency, not usage duration, is the variable 

worth monitoring. 

 

The second concerns the framing of the problem as a failure 

of self-control. The Condition B result and the automaticity 

of attentional capture together suggest that a large share of the 

cost is incurred before any decision is made. Telling an 

adolescent to concentrate harder in the presence of a 

notification-enabled phone asks them to win, repeatedly and 

by effort, a contest that the environment has already 

structured against them. The intervention data show that the 

same student, in a restructured environment, achieves the 

desired outcome almost without effort. 

 

The third concerns causality, and it is a caution rather than a 

claim. The experimental phase supports a causal 

interpretation of the attention effect, because condition was 

manipulated within subjects. The productivity association is 

correlational, and the sixty-two per cent of variance the model 

does not explain plausibly includes sleep, home study 

conditions, prior attainment, subject interest and teaching 

quality. It is also entirely possible that students who already 

struggle to sustain attention seek out more notification-

generating activity, making the relationship bidirectional. 

Nothing in these data rules that out. 

 

6. Limitations 
 

Four limitations qualify the findings. Notification counts 

were transcribed by participants from their own devices rather 

than captured automatically, introducing scope for 

transcription error and for social-desirability effects, though 

the direction of such bias would most likely be towards under-

reporting and therefore towards conservative estimates. 

Second, the SART is a validated but artificial laboratory 

measure whose relationship to classroom attention is inferred 

rather than demonstrated. Third, the sample was drawn from 

a single school in one city, and access to devices, study 

conditions and academic expectations vary considerably 

across settings. Fourth, the intervention trial had no control 

group and ran for only two weeks, so novelty effects cannot 

be excluded and durability is unknown; a randomised design 

with a longer follow-up would be the appropriate next step. 

 

7. Conclusion and Recommendations 
 

This study set out to quantify what smartphone notifications 

cost adolescents during study, to identify the mechanism, and 

to test whether the cost is reversible. Notifications arrive most 

densely at exactly the hours reserved for study; they fragment 

study into segments with a median of 6.4 minutes; they impair 

sustained attention with a large effect size, and impair it 

appreciably even when the phone is silent and untouched; the 
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cost of an individual interruption is dominated by the 

recovery period rather than by the interruption itself; and a 

two-week deferral protocol reversed a large part of the effect 

without reducing total phone use at all. 

 

Four recommendations follow. Students should treat 

notification deferral, rather than phone removal or usage 

limits, as the primary tool, since it is both more effective and 

more sustainable than approaches that rely on abstinence. 

Schools should teach the mechanism explicitly, because the 

resumption-lag arithmetic is far more persuasive to an 

adolescent than an instruction to concentrate, and because 

students who understand attention residue can recognise it in 

themselves. Parents and teachers should shift from 

monitoring screen-time totals to considering interruption 

frequency during study hours. Finally, researchers should 

prioritise randomised, longer-term trials of deferral protocols 

in school settings, since the present evidence establishes the 

direction of the effect but not its durability. 

 

The title of this paper describes a condition rather than an 

accusation. The minds studied here were not inattentive; they 

were interrupted, an average of once every few minutes, by a 

system built to interrupt them. That distinction matters, 

because it locates the problem somewhere it can actually be 

solved. 
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