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ABSTRACT 

 

Modern stress is suspected to be caused by constant digital notifications and 

fast task switching but causal data and applicable solutions are still in pieces. 

Our study is a hybrid study (A) (N=120) a laboratory experiment 

(randomization) comparing constant (control) and 15-minute batch 

notification (group) participants completing single- and dual-task blocks (2-

back, Stroop, SART, email triage); and (B) a 14-day A-B-A field study (N=100) 

of a pragmatic bundle-system Focus/Do-Not-Disturb with a priority allow-list, 

batched releases, two daily 50-minute focus blocks, and scheduled email 

Constant notifications at the lab raised workload (NASA-TLX), decreased 

RMSSD, and worsened accuracy, and bigger penalties were raised in the case of 

the dual-task demand. Intervention, in the field, decreased the rate of 

notification (~50%), decreased EMA stress (~6.5 points) and enhanced 

morning RMSSD (~5-6 ms); all of which recovered partially on washout. 

Multilevel models demonstrated dose-response associations between 

notification rate, stress and HRV; within-person mediation was in a 

relationship with interruptions -cognitive load -stress pathway. There was 

greater higher media multitasking benefits, smaller benefits from higher self-

control, and greater benefits from FoMO and trait anxiety. The results justify 

the use of a stratified process in form of device defaults, workflow organization 

and team norms to harmonize the ecology of notification with attentional 

boundaries of humans. 
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Introduction 
Digital notifications system-generated alerts from messaging applications, emails, social 

platforms, and work-related tools have become ubiquitous in modern knowledge work, often 

generating dozens or even hundreds of daily interruptions. At the same time, multitasking, 

characterized by rapid switching between competing demands, has become the default 
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interaction mode with digital ecosystems. Together, frequent interruptions and constant task 

switching are consistently linked to elevated stress, attentional fragmentation, and diminished 

performance [1], [2]. Even seemingly trivial alerts can disrupt encoding and problem-solving 

processes in educational or professional contexts, with experimental evidence showing that push 

notifications delivered during study or lecture blocks significantly impair performance [3], [4]. 

While the intuitive response of “turning everything off” is increasingly advocated, 

empirical evidence indicates that silencing notifications may be counterproductive for individuals 

with high fear of missing out (FoMO) or strong affiliation needs [5], [6]. For such users, disabling 

notifications can exacerbate compulsive checking behaviors and preoccupation, thereby 

increasing stress rather than reducing it [7], [8], [9]. These findings underscore that notification 

management strategies cannot rely solely on blanket silencing approaches but must account for 

individual differences in dispositions and coping mechanisms. 

Theoretically, three frameworks converge to explain how notifications drive stress. First, 

the transactional model of stress posits that stress arises when perceived demands exceed coping 

resources, with frequent and unpredictable alerts likely to bias appraisals toward loss of control, 

especially under time pressure [10]. Second, cognitive load theory suggests that interruptions and 

rapid switching impose switching costs, inflate subjective workload, and diminish executive 

control [11], [12]. Third, interruption science demonstrates that higher interruption frequency 

predicts greater workload and exhaustion, moderated by task complexity and relevance [13], 

[14], [15]. Collectively, these perspectives highlight notifications as a potent stressor that 

undermines both cognitive performance and well-being. 

Despite the availability of digital well-being toolkits such as batching summaries, 

Focus/Do Not Disturb modes, and quiet hours empirical evidence about their comparative 

effectiveness remains limited and fragmented. Prior interventions have yielded mixed results, 

with some studies reporting negligible behavioral changes following notification disabling [6], 

while others show small benefits from stricter restrictions or design nudges [9]. Critically, few 

studies have integrated physiological indicators (e.g., heart rate variability, HRV) with subjective 

stress and performance metrics, nor have they systematically examined moderators such as 

FoMO, media multitasking orientation, or trait anxiety. 

This study addresses these gaps by combining a controlled laboratory experiment with a 

14-day field study, thereby triangulating causal inference with ecological validity. Specifically, we 

(a) quantify the causal impact of constant versus batched or silenced notifications on stress, HRV, 

and task performance; (b) test a pragmatic intervention bundle (batched delivery, scheduled 

focus blocks, and email windows) in real-world settings; and (c) explore mediating and 

moderating mechanisms to identify for whom and through which pathways notification 

management strategies are most effective. By integrating subjective, physiological, and 

performance outcomes across both controlled and naturalistic contexts, this work advances 

theoretical understanding of digital stress while offering practical guidance for organizational 

policy and individual coping strategies. 
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Methods 
Research Design 

This study employed a hybrid design that integrated a tightly controlled laboratory experiment 

with a 14-day field study to estimate both short-term causal effects and ecological validity. The 

two components were linked through harmonized measures, including self-report, 

psychophysiological indicators, digital traces, and unified constructs such as interruption rate, 

cognitive load, stress, and performance. 

In the laboratory phase, participants (≈90–110 minutes per session) were randomly 

assigned to one of three notification conditions. In the constant condition, all push notifications 

from email, messaging, calendar, and work applications were delivered immediately with default 

alerts. In the batched condition, notifications were silently queued and released every 15 minutes 

in a single bundle with vibration only. In the silent/focus condition, system-level Focus/Do-Not-

Disturb was enabled, allowing only critical contacts and calendar alarms. Within each condition, 

participants completed both single-task blocks comprising a 2-back working memory task, a 

Stroop color-word test, and the Sustained Attention to Response Task (SART) and dual-task 

blocks, in which each cognitive task was paired with an email triage micro-task requiring 

intermittent switching. Interruption exposure was standardized through scripted notifications 

drawn from realistic organizational and social sources, delivered at pre-defined intervals 

according to condition. All devices were provisioned by the research team to ensure uniformity. 

The field phase adopted a within-person A–B–A protocol spanning 14 days. Participants installed 

a passive logger and an ecological momentary assessment (EMA) application on their 

smartphones and, where applicable, laptops. During the baseline period (Days 1–5), participants 

used their usual notification settings while data logging and EMA sampling were conducted. 

During the intervention period (Days 6–10), devices were configured with Focus/Do-Not-Disturb, 

notifications were batched every 30–60 minutes, two 50-minute focus blocks were scheduled 

daily, and email windows were fixed at 10:30, 14:30, and 16:30. In the washout period (Days 11–

14), participants reverted to their preferred notification settings while logging and EMA 

continued. Weekend days, when included, were treated descriptively and excluded from primary 

contrasts unless participants’ work schedules regularly included weekends. 

 

Participants and Recruitment 

Adults aged 18 to 60, who self-reported using smartphones for work or study for at least 2 hours 

per day, and regularly engaged with email or messaging applications, were eligible for 

participation. Exclusion criteria included known cardiac arrhythmia (due to HRV safety 

concerns), dermatological conditions preventing the use of electrodermal activity (EDA) sensors, 

recent changes in psychotropic medication, and vision or color blindness that could interfere with 

the Stroop task. 

Participants were recruited via university and workplace mailing lists, social media posts, 

and flyers. All participants provided informed consent prior to participation and were 

compensated according to the time committed and data completeness. In the laboratory, 

participants received a fixed stipend, while field participants were given a pro-rated incentive, 

with a performance bonus linked to their completion rate of ecological momentary assessments 

(EMA). 
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Sample Size and Statistical Power 

For the laboratory experiment, the target sample size was 120 participants, with approximately 

40 participants assigned to each of the three notification conditions. This sample size provides 

0.80 power to detect medium effects (Cohen's d ≈ 0.4) on primary outcomes such as changes in 

HRV (RMSSD) and SART commission errors. The design incorporated a 3-level between-subjects 

factor for notification condition and a within-subjects task demand factor (α = 0.05, two-tailed), 

assuming moderate correlation between repeated measures. 

In the field study, 100 participants were targeted, each completing 8–10 EMAs per day 

across 10 workdays, yielding over 1,000 person-days. This design powered multilevel models to 

detect small within-person effects (β ≈ 0.10–0.15) of the intervention on EMA stress and HRV, 

with random slopes to account for individual variability. The study's analysis plans, primary and 

secondary outcomes, and stopping rules were preregistered, with recruitment ceasing once at 

least 120 usable laboratory sessions were completed. 

 

Measures 

Stress was assessed using the Perceived Stress Scale (PSS-10), administered before and after the 

laboratory session, and on Days 1, 10, and 14 in the field to gauge perceived stress over the 

previous week. The DASS-21 Stress Subscale was also used pre- and post-lab, and on Days 5 and 

10 in the field. Ecological momentary assessment (EMA) was employed to assess real-time stress, 

where participants rated their current stress level on a 0–100 scale during 6–8 prompts each 

workday, stratified by time of day, with optional free-text responses for additional context. 

Cognitive load was measured with the NASA Task Load Index (NASA-TLX) after each task block 

in the laboratory and once per focus block in the field. This short form assesses mental demand, 

effort, and frustration. Mind-wandering probes were intermittently administered during tasks, 

asking whether participants were thinking about the task, with responses recorded as "yes/no" 

and a slider to rate the intensity of distraction. 

Physiological measures included Heart Rate Variability (HRV), with RMSSD as the primary 

measure and LF/HF as an exploratory metric, collected using chest-strap or wrist sensors. In the 

laboratory, HRV was recorded during a 5-minute seated baseline, continuously throughout the 

tasks, and again during a 5-minute recovery period. In the field, HRV was recorded during a daily 

5-minute morning seated reading, with additional optional 2-minute recordings before and after 

focus blocks. Electrodermal activity (EDA) was measured using palmar or wrist sensors in the 

laboratory, with field data being collected from a subsample. Salivary cortisol samples were 

collected from a subset of participants at pre-session, +20 minutes, and +40 minutes post-task to 

assess diurnal reactivity, with samples stored and assayed in batches. 

Task performance was measured using several cognitive tasks. The 2-back task was used 

to measure accuracy and median reaction time (RT), with signal detection metrics (d′ and β) 

calculated. The Stroop task measured interference scores (difference between incongruent and 

congruent RT) and errors. The Sustained Attention to Response Task (SART) assessed 

commission errors (failures to withhold responses) and RT variability. An email triage task was 

also included, measuring the number of emails processed, response latency, classification 

accuracy, and error types. 
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Digital traces were collected to quantify interruptions and task engagement. Notification 

counts and timing were tracked for each app/channel, including screen-on time, app opens, and 

operating system-level Focus/Do-Not-Disturb (DND) status, using device APIs. A desktop logger, 

if applicable, recorded window switches and keyboard/mouse activity, anonymizing application 

names without capturing content. Interruption rate was defined as the number of notifications 

per focused-work minute and, separately, the number of app switches per minute. 

Individual differences and potential moderators were assessed using several scales, 

including the Media Multitasking Index (MMI), the Fear of Missing Out (FoMO) scale, trait anxiety 

(short STAI), and the Brief Self-Control Scale. Participants also completed the Morningness-

Eveningness Questionnaire to assess chronotype. Demographic data, such as role, industry, and 

work context (remote/on-site, typical work hours), were recorded as part of the study. 

 

Procedures 

In the laboratory session, participants were first checked for eligibility and provided informed 

consent. Sensors were then fitted, and environmental conditions were standardized in a quiet 

room with a temperature of 21–23°C. Baseline measures were taken, including the Perceived 

Stress Scale (PSS-10), the DASS-Stress subscale, a 5-minute resting HRV recording, and baseline 

electrodermal activity (EDA). Participants were then randomly assigned to one of the three 

notification conditions through computerized simple randomization (1:1:1), stratified by gender 

and the Media Multitasking Index (MMI) tertile to balance potential moderators. 

The laboratory task consisted of two counterbalanced cycles of single-task and dual-task 

blocks. Each block included the Stroop task (6 minutes), the Sustained Attention to Response Task 

(SART; 8 minutes), and the 2-back working memory task (6 minutes), with brief 2–3-minute rest 

periods between tasks. Scripted notifications, designed to simulate realistic organizational and 

social interactions, were delivered at predefined intervals based on the assigned notification 

condition (constant, batched, or silent/focus). Following each task block, participants completed 

the NASA-TLX workload assessment and responded to mind-wandering probes. 

A 5-minute seated recovery period was provided, during which HRV and EDA were 

measured. At the end of the session, participants completed the post-session PSS-10 and DASS-

Stress assessments, sensors were removed, and a debriefing session was conducted to explain the 

purpose of the study and the notification scripts. To maintain ecological plausibility, the 

notification content referenced calendar invites, team chats, and personal messages; however, 

any personally identifiable content was fictionalized. Participants were instructed not to interact 

with their phones beyond the task requirements. 

In the field study, participants underwent an onboarding procedure, either remotely or in 

person. This included the installation of the logger and EMA apps, verification of data capture, and 

a tutorial on the focus blocks and email window settings. A baseline survey was administered to 

capture participant traits. During the baseline phase (Days 1–5), participants were instructed to 

use their devices as usual. EMA prompts were sent at quasi-random intervals during the morning, 

midday, and late afternoon, and daily morning HRV readings were recorded. 

During the intervention phase (Days 6–10), the researcher assisted participants in 

configuring their operating system’s Focus/Do-Not-Disturb (DND) settings, with an allow-list for 

essential contacts (e.g., family, manager). Notification batching was set to intervals of 30–60 
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minutes, with participants selecting the interval within this range to maintain autonomy. Two 50-

minute focus blocks were scheduled daily on workdays, with email windows at 10:30, 14:30, and 

16:30, including a 5-minute buffer for flexibility. Badge counts for email and chat apps were 

hidden, and an auto-reply message explained the response window and provided an escalation 

channel for urgent matters. 

In the washout phase (Days 11–14), participants reverted to their preferred notification 

settings while continuing EMA and morning HRV readings. The study concluded with an exit 

survey/interview to assess the perceived usefulness of the intervention, identify any barriers, and 

gather open-ended feedback. Participants also provided information on any adverse effects or 

conflicts with their job demands. Compliance was supported through daily reminders, a 

completion rate dashboard, and a help line for configuration issues. 

 

Intervention Bundle (Field) 

The intervention in the field study consisted of a comprehensive bundle of device-level and 

workflow-level strategies designed to reduce notifications and support sustained focus. At the 

device level, participants were instructed to enable the operating system’s Focus/Do-Not-Disturb 

(DND) settings, which included an allow-list for essential contacts. Notifications were batched 

every 30–60 minutes, with participants selecting a fixed interval within this range to maintain a 

sense of autonomy. Notifications were released with vibration only, and badges were disabled for 

high-volume apps. Additionally, participants had the option to use grayscale mode during focus 

blocks to further minimize distractions. 

At the workflow level, email windows were established at 10:30, 14:30, and 16:30, with an 

optional end-of-day sweep to manage any remaining emails. Participants were also scheduled for 

two 50-minute focus blocks each day, separated by a 10-minute break, with meeting-free 

protection during these focus periods. In terms of social norms, an auto-reply message was set up 

to communicate the response windows to others, and an escalation channel was clearly defined, 

allowing for urgent matters to be addressed via call or SMS. Team members were notified about 

the experiment to reduce social friction and ensure clarity regarding the participant’s availability. 

To assess adherence, the following metrics were tracked: the proportion of time spent in 

Focus/DND mode, the number and timing of batch notifications, and the overlap between 

scheduled focus blocks and actual screen activity. 

 

Intervention Bundle (Field) 

The intervention in the field study consisted of a comprehensive bundle of device-level and 

workflow-level strategies designed to reduce notifications and support sustained focus. At the 

device level, participants were instructed to enable the operating system’s Focus/Do-Not-Disturb 

(DND) settings, which included an allow-list for essential contacts. Notifications were batched 

every 30–60 minutes, with participants selecting a fixed interval within this range to maintain a 

sense of autonomy. Notifications were released with vibration only, and badges were disabled for 

high-volume apps. Additionally, participants had the option to use grayscale mode during focus 

blocks to further minimize distractions. 
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Results and Discussion 
Sample characteristics 
We analyzed data from N=120 lab participants (Constant: n=40; Batched: n=40; Silent/Focus: 

n=40) and N=100 field participants (complete A–B–A). Consolidated demographics and baseline 

technology use are shown in Table 1; groups did not differ on age, gender, daily smartphone use, 

baseline PSS-10, or trait moderators (all ps≥.27). 

 

Table 1. Sample characteristics (Lab and Field) 

Variable Lab Constant 

(n=40) 

Lab Batched 

(n=40) 

Lab Silent 

(n=40) 

Field 

(n=100) 

Age, years (M±SD) 29.3±6.9 28.8±7.1 29.1±7.2 30.4±7.5 

Women / Men / NB (%) 53/45/2 50/47/3 53/45/2 52/46/2 

Students / Employees 

(%) 

41/59 42/58 43/57 39/61 

Daily smartphone use (h; 

M±SD) 

5.7±1.8 5.6±1.7 5.6±1.9 5.8±1.9 

Baseline PSS-10 (M±SD) 17.8±5.9 17.6±5.7 17.5±5.8 18.0±6.1 

MMI (z; M±SD) 0.05±0.96 0.01±1.01 -0.06±1.02 0.02±0.99 

FoMO (z; M±SD) 0.03±1.00 -0.02±0.98 -0.01±1.02 0.01±1.01 

Trait anxiety (z; M±SD) 0.02±1.00 0.04±1.02 -0.06±0.98 0.01±1.00 

Self-control (z; M±SD) -0.01±0.96 0.03±1.02 -0.02±1.01 0.01±1.00 

 

Manipulation checks 

Laboratory 

Scripted notification payloads were equivalent across conditions in total count, but release 

pattern differed by design. Constant delivered notifications individually; Batched delivered two 

releases per block (15-min interval) aggregating the same payload; Silent suppressed all but 

essential safety messages. As intended, interruption events were highest in Constant, lowest in 

Silent. 

 

Field 

During Intervention (B), Focus/DND was active during 81% of planned focus-block minutes; 

email-window compliance was 76%; notification rate (per hour) dropped by ~50% vs Baseline 

(A1) and partially rebounded in Washout (A2). See Table 2. 

 

Table 2. Manipulation checks 

Measure Lab 

Constant 

Lab 

Batched 

Lab 

Silent 

Field A1 

Baseline 

Field B 

Intervention 

Field A2 

Washout 

Per 30-min 

block total 

notifications 

(M±SD) 

24.3±2.1 24.1±2.2 1.0±0.5 — — — 
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Measure Lab 

Constant 

Lab 

Batched 

Lab 

Silent 

Field A1 

Baseline 

Field B 

Intervention 

Field A2 

Washout 

Release events 

per 30-min 

block 

24.3±2.1 2.0±0.0 0.3±0.1 — — — 

App/window 

switches per 

min (lab; 

M±SD) 

1.18±0.32 0.71±0.28 0.42±0.21 — — — 

Field 

notification 

rate (/h; 

M±SD) 

— — — 36.0±9.1 18.2±6.8 28.7±8.6 

Focus/DND 

active during 

planned focus 

minutes (%) 

— — — 12 81 29 

Email sent 

inside 

windows (%) 

— — — 31 76 49 

 

Laboratory main effects 

Descriptive outcomes (means, SDs, 95% CIs) 

Means by Notification condition and Task demand are shown in Table 3. As hypothesized, 

Constant produced lower HRV (more negative ΔRMSSD), higher workload, and poorer 

performance; effects were amplified under dual-task demand. 

 

Table 3. Lab outcomes by condition × task demand (M±SD [95% CI]) 

Outcome Task Constant Batched Silent/Focus 

ΔRMSSD (ms from baseline; 

negative=worse) 

Single -12.4±14.0 [-

16.9, -7.9] 

-6.1±12.5 [-

9.9, -2.3] 

-2.2±11.3 [-5.7, 

1.3]  
Dual -17.8±15.3 [-

22.8, -12.8] 

-9.5±13.6 [-

13.6, -5.4] 

-4.0±12.7 [-7.9, -

0.1] 

NASA-TLX (0–100) Single 56.2±12.3 

[52.3, 60.1] 

48.5±11.5 

[45.0, 52.0] 

43.9±10.2 [40.8, 

47.0]  
Dual 69.8±13.1 

[65.5, 74.1] 

60.3±12.5 

[56.4, 64.2] 

52.4±11.0 [49.0, 

55.8] 

2-back accuracy (%) Single 82.1±6.5 [80.0, 

84.2] 

85.3±6.0 [83.4, 

87.2] 

87.0±5.8 [85.1, 

88.9]  
Dual 76.4±7.2 [74.1, 

78.7] 

80.9±6.7 [78.9, 

82.9] 

84.2±6.1 [82.3, 

86.1] 

Stroop interference (ms) Single 109±35 [98, 

120] 

97±33 [87, 

107] 

90±32 [80, 100] 

 
Dual 142±39 [129, 

155] 

124±36 [113, 

135] 

111±34 [101, 

121] 
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SART commission errors (% 

trials) 

Single 14.8±6.2 [12.8, 

16.8] 

12.1±5.6 [10.3, 

13.9] 

10.9±5.1 [9.3, 

12.5]  
Dual 19.3±6.8 [17.1, 

21.5] 

15.4±6.1 [13.5, 

17.3] 

13.0±5.7 [11.2, 

14.8] 

Email triage speed 

(emails/min) 

Dual-

only 

6.1±1.4 [5.7, 

6.5] 

6.8±1.3 [6.4, 

7.2] 

7.2±1.2 [6.8, 7.6] 

Email triage errors (%) Dual-

only 

7.9±4.1 [6.6, 

9.2] 

6.1±3.6 [5.0, 

7.2] 

5.3±3.3 [4.3, 6.3] 

     

 

  
(a) (b) 

  
(c) (d) 

 
(e) 

Figure 1. (a) Mean change in HRV (ΔRMSSD) by notification condition and task demand; (b) NASA-TLX 

workload ratings by notification condition and task demand; (c) 2-back accuracy (%) across notification 

conditions under single- and dual-task demands; (d) Stroop interference (ms) across notification 

conditions under single- and dual-task demands. 
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Mixed ANOVAs 

Notification and task demand exerted significant main effects on all outcomes; interactions 

indicated greater notification penalties under dual-tasking. See Table 4. 

 

Table 4. Mixed ANOVA summaries (Laboratory) 

Outcome Factor F(df) p η²p 

ΔRMSSD Notification 14.21 (2,117) <.001 .20  
Task demand 45.34 (1,117) <.001 .28  
Interaction 5.12 (2,117) .007 .08 

NASA-TLX Notification 22.86 (2,117) <.001 .28  
Task demand 119.40 (1,117) <.001 .51  
Interaction 4.47 (2,117) .013 .07 

2-back accuracy Notification 11.02 (2,117) <.001 .16  
Task demand 64.55 (1,117) <.001 .36  
Interaction 3.58 (2,117) .031 .06 

Stroop interference Notification 9.44 (2,117) <.001 .14  
Task demand 77.12 (1,117) <.001 .40  
Interaction 3.27 (2,117) .041 .05 

SART commission errors Notification 8.75 (2,117) <.001 .13  
Task demand 52.90 (1,117) <.001 .31  
Interaction 3.91 (2,117) .023 .06 

 

Pairwise comparisons (Holm-adjusted) 

For ΔRMSSD (collapsed across task demand): Constant < Batched (d=0.51, p<.001); Batched < 

Silent (d=0.32, p=.014); Constant < Silent (d=0.82, p<.001). For NASA-TLX: Constant > Batched 

(d=0.69, p<.001); Batched > Silent (d=0.40, p=.006); Constant > Silent (d=1.07, p<.001). Similar 

graded patterns held for performance outcomes (all adjusted ps≤.03). 

 

Field effects (A–B–A) 

Condition means 

EMA stress (0–100) decreased during Intervention (B) and partially rebounded in Washout (A2). 

Morning RMSSD increased during Intervention and partially returned toward baseline in 

Washout. Table 5 presents condition-level summaries. 

 

Table 5. Field condition means (person-mean±SD across days; N=100) 

Measure A1 Baseline B Intervention A2 Washout 

EMA stress (0–100) 52.6±12.9 45.8±12.4 49.7±12.6 

Morning RMSSD (ms) 38.9±14.1 44.6±14.8 41.4±14.5 

Notification rate (/h) 36.0±9.1 18.2±6.8 28.7±8.6 

App switches (/min during focus) 0.98±0.37 0.62±0.29 0.81±0.33 
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(a) (b) 

Figure 2. (a) EMA stress (0–100) across Baseline, Intervention, and Washout; 
(b) Morning RMSSD (ms) across Baseline, Intervention, and Washout. 

 

Multilevel models 

We modeled EMA stress and morning RMSSD with time nested in person, including Intervention 

and Washout indicators, time-of-day, day index, and time-varying notification and switch rates. 

Random intercepts and slopes were specified for Intervention. 

 

Table 6. Multilevel models (fixed effects; robust SEs) 

Predictor EMA Stress b 
(SE) 

p Morning RMSSD b 
(SE) 

p 

Intercept 52.3 (1.4) <.001 39.2 (1.8) <.001 
Intervention (B) -6.5 (1.1) <.001 +5.6 (1.4) <.001 
Washout (A2) -2.2 (1.0) .034 +2.0 (1.3) .11 
Notification rate (per +10/h) +1.1 (0.2) <.001 -0.9 (0.3) .003 
App switches (/min) +2.8 (0.7) <.001 -1.5 (0.6) .012 
Time of day: Midday +1.5 (0.6) .012 — — 
Time of day: Late afternoon +2.2 (0.7) .002 — — 
Day index (1–14) -0.3 (0.1) .006 +0.2 (0.1) .078 
Focus block (yes) — — +2.2 (0.8) .007 
Random effects (variance) u0=58.1; u1=6.2 — u0=42.5; u1=4.8 — 
Model R² 
(marginal/conditional) 

.23 / .42 — .19 / .35 — 

 

Interpretation: EMA stress decreased 6.5 points during Intervention, holding other factors 

constant; every +10 notifications/hour was associated with +1.1 stress points and −0.9 ms 

morning RMSSD. Washout retained a smaller, marginal benefit for stress and nonsignificant for 

RMSSD. 

 

Mediation and moderation 

Mediation (within-person; Intervention → Interruption rate → TLX → Stress) 

A multilevel path analysis indicated a significant indirect effect of Intervention on EMA stress 

through Interruption rate (notifications/hour and app switches) and cognitive load (NASA-TLX). 

 

 



 

22 | 
 

 

Table 7. Mediation paths (standardized within-person) 

Path Coef (SE) p 95% CI 

Intervention → Interruption rate (a1) -0.61 (0.08) <.001 [-0.76, -0.45] 
Interruption rate → TLX (a2) +0.42 (0.08) <.001 [0.27, 0.57] 

TLX → EMA stress (b) +0.62 (0.12) <.001 [0.39, 0.85] 

Direct effect (c′) Intervention → EMA stress -2.94 (0.98) .003 [-4.86, -1.02] 

Indirect (a1×a2×b) -1.98 (0.48) <.001 [-2.93, -1.08] 

Total effect (c) -4.92 (1.10) <.001 [-7.07, -2.77] 

 

Moderation (between-person) 

MMI, FoMO, and trait anxiety strengthened the Intervention benefit (more negative stress 

change), whereas self-control attenuated it. 

 

Table 8. Moderation of Intervention effect on EMA stress (cross-level interactions) 

Moderator (z-
scored) 

b_interaction 
(SE) 

p Interpretation 

MMI -1.8 (0.7) .010 Higher MMI → larger stress reduction during 
Intervention 

FoMO -1.2 (0.5) .019 Higher FoMO → larger reduction 
Trait anxiety -0.9 (0.4) .028 Higher anxiety → larger reduction 
Self-control +1.1 (0.5) .024 Higher self-control → smaller reduction 

 

Robustness checks 

Difference-in-differences (high-exposure subsample) 

Among the top tertile of baseline notification rate (≥42/h; n=34), Intervention reduced EMA 

stress by -9.4 points (SE=1.6) relative to Baseline; in the bottom tertile (≤30/h; n=33), reduction 

was -3.2 (SE=1.4). The DiD contrast was -6.2 (SE=1.8), p<.001. 

 

Instrumental variables (2SLS) for noncompliance 

Using device policy toggles (Focus/DND active; batch interval) as instruments for Interruption 

rate: 

• First stage: Focus/DND active → Interruption rate, b=-0.29 interruptions/min (SE=0.05), 

F=33.2. 

• Second stage: Interruption rate (IV) → EMA stress, b=+3.8 per interruption/min (SE=1.1), 

p=.001. 

• OLS benchmark: b=+2.6 (SE=0.5), p<.001. 

The larger IV estimate is consistent with attenuation from measurement error or 

compensatory checking. 

 

Missing data sensitivity 

Multiple imputation for sporadic EMA missingness (median response rate=82%) produced 

estimates within ±0.3 of complete-case coefficients; inferences unchanged. HRV artifact removal 

(5.1% of windows) did not alter conclusions. 
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Table 9. Robustness summary 

Analysis Effect Estimate (SE) p 
DiD (High vs Low 
exposure) 

Δ(Intervention–Baseline) 
difference 

-6.2 (1.8) <.001 

2SLS (second stage) Interruption rate → EMA stress +3.8 (1.1) .001 
OLS Interruption rate → EMA stress +2.6 (0.5) <.001 
MI vs CC Intervention effect on stress (Δ) -6.3 vs -6.5 

(±0.3) 
— 

 

Qualitative and exit survey summaries 

Open-ended interviews (N=96) and Likert ratings indicated generally positive reception of 

batching/focus routines. 

 

Table 10. Exit themes and ratings 

Theme / Item % Mentioned / M (SD) 

“Batch relief” (less reactive checking) 68% 
“Response-time guilt” reduced 54% 

Clearer boundaries with team 49% 

Perceived focus quality (1–7) 5.3 (1.1) 
Perceived stress (1–7; lower=less) 3.1 (1.2) 

Likelihood to continue batching (1–7) 5.7 (1.3) 
Reported conflicts with job demands 11% 

 

  
(a) (b) 

Figure 3. (a) Exit survey ratings of batching/focus intervention; (b) Distribution of qualitative 
themes from participant feedback. 

   

Summary of findings 

Across controlled and naturalistic contexts, constant notifications reliably increased cognitive 

load and reduced HRV, accuracy, and speed, especially under dual-task demand. In the field, an 

aligned bundle (Focus/DND + batching + focus blocks + email windows) reduced notifications and 

lowered EMA stress by ~6.5 points, with +5–6 ms improvements in morning RMSSD. Effects were 

dose-responsive to notification rate, mediated by cognitive load, and stronger among individuals 

high in MMI, FoMO, and trait anxiety; self-control buffered effects. Robustness analyses (DiD, IV, 

MI) supported the main conclusions. 



 

24 | 
 

 

Discussion 

The findings of this study confirm that the management of digital notifications is a central 

determinant of cognitive and emotional regulation in contemporary digital work environments. 

Results from the laboratory experiment demonstrated that constant notifications significantly 

reduced heart rate variability (HRV), elevated cognitive workload, and impaired accuracy across 

multiple cognitive tasks, with effects being most pronounced under dual-task demands. These 

outcomes align with prior experimental evidence suggesting that frequent interruptions 

exacerbate attentional fragmentation and diminish executive performance [1], [2]. However, the 

present research advances this understanding by showing that a bundled intervention 

comprising system-level Focus/Do Not Disturb modes, scheduled notification batching, and 

protected focus blocks was able to reduce notification frequency, decrease self-reported stress, 

and improve physiological recovery, as measured by morning HRV. 

In contrast to earlier work that primarily investigated isolated solutions such as disabling 

notifications or enforcing quiet hours [3], [4], this study demonstrates the superiority of 

integrative, cross-level interventions that address device settings, workflow organization, and 

social expectations simultaneously. While earlier approaches yielded inconsistent or marginal 

outcomes, the present study provides robust empirical evidence that comprehensive strategies 

lead to sustained improvements in both subjective well-being and objective physiological 

indicators. This contribution is particularly relevant to ongoing debates on whether digital well-

being tools provide meaningful benefit or merely symbolic reassurance [16], [17], [18]. 

The mediation and moderation analyses further reveal unique contributions of this study. 

We found that reductions in stress were mediated by a decrease in interruption rate and 

workload, reinforcing the interruption–cognitive load–stress pathway identified in earlier 

conceptual work [6], [19], [20]. Moreover, the moderating role of individual differences such as 

media multitasking orientation, fear of missing out (FoMO), and trait anxiety underscores the 

non-universality of notification interventions. Users with higher susceptibility to digital 

distraction benefited most from structured intervention, whereas individuals with strong self-

control derived smaller incremental gains. These findings extend prior literature, which has 

rarely integrated dispositional moderators into notification research [7], [8]. The novelty of our 

work thus lies not only in its hybrid methodology but also in establishing that notification 

management strategies should be tailored to psychological profiles rather than designed as one-

size-fits-all solutions. 

The practical implications of these results are substantial. Organizations and educational 

institutions can leverage these insights to develop adaptive digital policies that optimize 

attentional ecology by aligning system defaults, communication norms, and individual coping 

strategies. The methodological innovation of combining controlled experimentation with 

ecological field data, while simultaneously incorporating physiological, behavioral, and 

psychological indicators, represents an advancement over prior studies that typically relied on 

self-report measures alone [9]. In sum, this research contributes a new integrative framework for 

understanding and managing digital stress, offering both theoretical enrichment and actionable 

guidance for digital well-being in professional and educational contexts. 
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Conclusion 
This study demonstrates that digital notification management plays a critical role in moderating 

stress, cognitive workload, and performance in technology-mediated environments. By 

integrating controlled laboratory experiments with a naturalistic field study, we provide robust 

evidence that constant notifications impair both physiological regulation and task performance, 

whereas a bundled intervention of batched notifications, Focus/Do Not Disturb modes, and 

structured focus blocks significantly reduces stress, improves HRV, and enhances attentional 

stability. Unlike previous research that focused on isolated interventions with mixed outcomes, 

our findings highlight the superiority of comprehensive, multi-level strategies that 

simultaneously address device-level settings, workflow organization, and social norms. The 

inclusion of mediation and moderation analyses further advances theoretical understanding by 

identifying the interruption–cognitive load–stress pathway and demonstrating that dispositional 

traits such as media multitasking orientation, FoMO, trait anxiety, and self-control shape the 

effectiveness of interventions. These insights underscore that notification management cannot be 

treated as a universal solution but should instead be adapted to the psychological and behavioral 

profiles of users. 

The novelty of this research lies in its methodological integration of physiological, 

behavioral, and subjective indicators across laboratory and real-world contexts, establishing a 

rigorous framework for digital stress research. Beyond its theoretical contributions, the study 

offers actionable implications for organizations and educational institutions seeking to foster 

digital well-being through adaptive policies and practices. In conclusion, this work contributes to 

a growing body of evidence that effective digital transformation requires not only technological 

tools but also human-centered strategies that respect cognitive boundaries and promote 

sustainable engagement in the digital age. 

 

Limitations 

Despite its rigorous design and integrative approach, this study is not without limitations. First, 

while the laboratory experiment enabled causal inference under controlled conditions, the tasks 

may not fully capture the complexity of real-world multitasking, where contextual pressures and 

interpersonal demands are more dynamic. Second, the field study was limited to a 14-day 

intervention window, which constrains our ability to assess the sustainability of intervention 

benefits over longer periods. Longitudinal studies are therefore needed to examine whether 

reductions in stress and improvements in HRV persist beyond the short term. Third, although we 

incorporated both physiological and subjective measures, HRV and EMA stress ratings may be 

influenced by unmeasured confounders such as sleep quality, physical activity, or concurrent life 

stressors. While robustness checks minimized these risks, future research would benefit from 

integrating additional contextual and biometric sensors to control for such factors. Fourth, the 

participant pool comprising mainly young to middle-aged adults with regular smartphone use 

may limit the generalizability of findings to older populations, adolescents, or occupational 

groups with atypical technology use patterns. Finally, while moderation analyses revealed 

significant roles for media multitasking orientation, FoMO, trait anxiety, and self-control, these 

constructs were self-reported and may be subject to bias. Incorporating behavioral or 
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neurocognitive assessments of attentional control could strengthen the precision of future 

investigations. Taken together, these limitations highlight the need for longitudinal, multimodal, 

and demographically diverse research to extend and validate the contributions of the present 

study. 
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