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Do notifications cause errors? The impact of hover effect
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Abstract

Introduction / Problem. Despite the widespread use of websites and notifications, few studies
have examined whether distraction caused by notifications can lead to attentional errors. To the
best of our knowledge, no previous study has investigated this issue while taking other website
characteristics into account. Objective. The present study aimed to clarify whether attentional
errors may arise from distraction by notifications while varying website hover effects, that
is, perceptual feedback from interactive elements, and notification characteristics, including
animation and content, in tasks assessing sustained attention and attentional shifting. Methods.
Five experiments were conducted: Experiments 1-3 focused on sustained attention, whereas
Experiments 4-5 examined attentional shifting. A modified Bourdon test was used as the primary
task. Results. Accuracy in the sustained attention task was higher when hover effects were
present, even when notifications appeared. However, this effect disappeared when notifications
included content. Moreover, in the hover-effect condition, performance on the sustained
attention task was associated with an increased number of errors after notifications were closed.
For attentional shifting, no performance advantage was found in the hover-effect condition,
nor was there an increase in errors after notifications appeared. In both tasks, notifications
were detected more quickly when hover effects were present, suggesting a facilitative effect on
selective attention. Conclusions. The findings indicate that notifications do not inevitably lead
to errors. Such errors appear to arise only under a combination of conditions: high cognitive
load and the presence of hover effects on a website.

Keywords: sustained attention, attention shifting, notifications, hover effect, attentional errors,
overload, guidance, cognitive-digital interaction
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BrI3bIBAIOT JIM yBeJOMJIeHUs OIMOKu? Bausinue a¢gppexra
HaBeJICHUA M YBEeJIOMJICHMI HA BHUMAaHUE

Any¢ppuena A.A.'

! HarimoHaIbHBIH HCCIIEOBATENILCKIN YHUBEPCUTET «BBICIIast 11Ko1a SKOHOMUKH», MockBa, Poccust

AHHOTAIIUSA

BBenenne/Ilpodaema: HeCMOTPsI Ha MOBCEMECTHOCTh MCIIOIB30BaHUS BeO-CAaHTOB M YBEIOM-
JIeHUH, peaKue paboThl U3yUYaloT, MOXKET JIM OTBJICUCHNE HA YBEIOMJICHUS BBI3bIBATH OIIMOKH.
W =Y 01HO 13 MPEBIAYIINX UCCIEOBAaHIH HE H3Y9alio 3TOT BOIPOC C YUETOM JPYTHUX Xapak-
TepucTuk BeO-caiira. Lleanb: HacTosIee HccienoBaHe OblJIO HAIIPABJICHO Ha MPOSICHEHNE BO3-
MOKHOCTH BO3HMKHOBEHHsI OINMOOK BHUMaHHMs BCJIECTBUE OTBJICUEHHS HAa YBEJIOMIICHHSI [IPU
BapbupoBaHuK 3 deKTa HaBeACHUsT Ha BeO-caiiTe (meplenTuBHas OOPATHOW CBS3M OT MHTE-
PaKTHBHBIX 3JIEMEHTOB) U XapaKTEePUCTHUK YBEOMIICHHUH (aHUMAIUK U COAEPIKAaHMUs) B KOHTEK-
CTE 33/1a4 Ha YCTOMYMBOCTD U MEPEKIII0YAEMOCTh BHUMaHUs. MeTobl: ObUIO POBEACHO MSTh
9KCIIEPUMEHTOB: DKCIIEPUMEHTHI 1—3 ObLIM NOCBSILEHbI H3YYEHUIO YCTOWYMBOCTH BHUMAHHMS,
a DKCIEPUMEHTHI 4—5 ObUTH HAIPaBJCHBI HA MCCIICAOBAHUE MEPEKIIOYacMOCTH. B KadecTBe
METOJIMKH UCIIOJb30BaJICSI MOAU(UIIMPOBaHHBIN TecT bypnona. Pe3yabrarsl: TOUHOCTD BbI-
MIOJIHEHHMSI 33/1a4K Ha YCTOHYMBOCTh BHUMaHHMsI OblLiia BbILIE B YCIOBUSX Hajau4us d(dexra Ha-
BEJICHMSI, JIaXKe KOT/Ia BOSHUKAIM yBeJoMIIeHus. OnHaKo JaHHbIi A dekT ncuesan npu 106as-
JICHUW COZiepXKaHus B yBenomiieHus. Kpome Toro, B yciioBusix Hanuuus 3ddexra HaBeneHus
IIPY BBITOJHEHUN 337a4X Ha YCTOMYMBOCTH BHUMAHUS YBEIWYHBAJIOCH KOJIMYECTBO OIIMOOK
MIOCJIE 3aKPBITUS yBEIOMIICHNH. 115 MepexIIiouaeMOCTH BHUMaHNA He ObUTI0 00HApYKEHO Ipe-
MMYILECTB B BBIIIOJIHEHHUH 33]1a4H B YCJIOBUH C 3P (HEeKTOM HaBeIeHNUS, KaK ¥ YBEINYEHHS KOJIH-
YyecTBa OIIMOOK I10CIIe TOSIBJICHUS yBeloMIleHH. B o0enx 3a7a4ax yBeIoMIICHUS] O0HAPYKH-
BaJINCh ObICTpee MpH HANN4KK 3 (heKTa HaBeJCHNUS, YTO CBHJICTEIILCTBYET O €ro 00JIeryaonemM
BIMSIHUU Ha M30HMpaTe’lbHOe BHUMAHHE. BBIBOABI: TONMydYeHHBIC PE3yabTaThl YKa3bIBAIOT Ha
TO, YTO YBEJOMJICHHUSI HE BCET/Ia NPUBOST K BOSHUKHOBEHHIO oInOoK. [lo-Bunumomy, aist ux
BO3HHUKHOBEHUS TPeOyeTcs COueTaHHe YCIOBHI BBICOKON KOTHUTHBHOW HArPy3KH U HAJTHYUS
a¢dekTa HaBeneHUs Ha BeO-caiiTe.

KaroueBble c10Ba: yCTOIHYMBOCTD BHUMAHUSI, MEPEKIIOYaEMOCTh BHIMAHMS, YBEIOMIICHHS,
2 eKT HaBeaeHHS, OIMOKN BHUMAHUS, MEperpysKa, HalpaBiIeHNE, KOTHUTUBHO-II(POBOE
B3aUMOJIEICTBUE
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Introduction

When interacting with gadgets (smartphones,
tablets, and computers), we are forced to absorb a
large amount of information. We use our attention
system to filter this information, but we can also cope
with the flow of information using built-in digital
functions, namely notification systems. Notifications
are a transient element of the interface designed to
convey additional, new, and important information
to the user. Although notifications help us focus our
attention on something new and important, they often
act as distractions, interrupting our current activity
[Paul, 2013]. Numerous studies demonstrate the
negative impact of notifications on human activity
[Okoshi et al., 2016; Wilmer et al., 2017; Firth et
al., 2019; Kozyreva et al., 2020]. However, people
still prefer to keep notifications enabled [Okoshi et
al., 2016]. This study aims to clarify the impact of
notifications as an interruption factor on attention,
as well as the interaction of notifications with other
interface elements. The latter seems to be a pivotal
topic, since in everyday life we constantly interact
with interfaces consisting of different elements, but
few studies investigate their complex impact on
attention [Anufrieva, 2025].

The impact of interruption

Since notifications are most often considered as
an interruption, it is necessary to briefly review the
relevant theories. Miyata and Norman’s [Miyata,
Norman, 1986] Theory of Interruption Cost (TIC)
asserts that different stages of any activity involve
different levels of workload and, therefore, different
sensitivity (cost) to interruption [Miyata, Norman,
1986; Paul, 2013]. The worst moment for interruption
is during the execution of the task, compared to the
planning and evaluation phases. Another example is
the DETOUR model, which explains the effects of
interruption through the activation of task schemas
and the cognitive resources required for this [Couffe,
Michael, 2017]. The main task has a mental schema
that is held in working memory (WM) during
execution and requires active attention. At the
moment of interruption, it becomes necessary to a)
suppress the main task schema, b) activate the schema
of the additional task, and c) inhibit the additional task
schema to return to the main task. All these actions
require resources, the allocation of which will depend
on the duration and complexity of the interruption.

One well-studied phenomenon is the resumption error
effect: after distraction, the probability of making a
mistake increases [McCrickard et al., 2003a, 2003b;
Trafton et al., 2003; Altmann, Trafton, 2002, 2004;
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Brumby et al, 2019]. A study by Altmann and
colleagues [Altmann et al., 2017] showed that the
longer the interruption lasted, the more errors there
were, which was explained by the fading of the trace
in WM of the next step in the main task. Two types of
tasks can be distinguished: procedural and continuous
[Altmann et al., 2017; Hirsch et al., 2023]. Procedural
tasks have clear subtasks with start and end points.
Moreover, there are two types of errors associated
with procedural tasks: nonsequence errors (the step
is correctly «chosen» but incorrectly performed)
and sequence errors (the step is incorrectly chosen
but correctly performed). Research by Altmann
and colleagues [Altmann et al., 2017] demonstrates
that sequence errors are sensitive to the duration of
the interruption, while nonsequence errors are not.
Sequence errors are believed to be related to working
or prospective memory, while nonsequence errors are
related to attention mechanisms [Hirsch et al., 2023].
Thus, only procedural tasks and sequence errors in
them can be considered as the effect of resumption
errors and are associated with memory mechanisms
rather than attention mechanisms. Nevertheless,
Brazzolotto etal. [Brazzolotto et al., 2021] suggest that
it is not only memory that is sensitive to interruption.
Their results showed that the time to resume the
primary task was longer after a complex additional
task; however, the later the interruption occurred
relative to the start of the primary task, the faster
the return after the distraction. Principal Component
Analysis showed that the effects of interruption
complexity were related to attention, and the effects
of the interruption stage were related to WM. This
supports the DETOUR model’s view of the impact
of interruption on both memory and attention. Thus,
the question arises whether attention is sensitive to
interruption in sense of errors occurrence, especially
after notifications as an interrupter.

The impact of notifications on attention

Although notifications can be considered the main
exogenous factor of interruption in the digital
environment, there are relatively few experimental
studies on the impact of notifications, and they differ
in their methodologies. In general, studies in this area
demonstrate the sensitivity of attention to the content
and animation of notifications. For example, attention
sustainability, or sustained attention increases if
the notification contains a call for attention (vs.
control group) [Chen, Huang, 2013]. Also, there is
a correlation between the duration of returning to
the main task and the resources spent on processing
the notification content [Levy et al., 2016]. Another
important component of a notification is animation:
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fading, flickering, smooth movement, popping up,
etc. [Matthews, 2004]. According to Wilson [Wilson,
2006], the more noticeable the notification (e.g., pop-
up), the faster the RT, but the longer the period of
resuming the task after distraction. Differences were
also found in the stage of the main task (transcribing
the text) at which subjects reported detecting the
notification. If the notification appeared gradually, it
was reported at the end of typing a word, and if it
was a pop-up, it was reported in the middle. Taken
together, this is consistent with TIC’s views on the
relationship between the stage of interruption and
its consequences. Also, some studies show that
the animation of notifications affects not only their
noticeability but also their distractibility, measured
by a survey [Klauck et al., 2017]. Thus, the more
noticeable a notification is, the more distracting it is
perceived. It is also interesting to note that scanning
tasks (e.g., searching by name in a list) are more
sensitive to notification interruptions, prolonging
the time of primary task execution, than semantic
tasks (e.g., searching by meaning) [Czerwinski et al.,
2000]. They explain these results by the higher cost
of returning after an interruption, since the task of
scanning and detecting notifications involves similar
mechanisms of attention. Although some studies
report a decline in sustained attention following
notification sounds (e.g. [Stothart et al., 2015]), very
few works have examined task accuracy before and
after the interruption in the visual modality, where
notifications appear on the screen, and the task
instructions require their dismissal. For example, it
has been found that the appearance of smartphone
notifications during the performance of a Stroop task
on the same device does not lead to changes in error
rates [Fournier et al., 2026]. Most studies discussed in
this and preceding sections primarily focus on RT and
resumption latency, and frequently employ secondary
tasks (e.g., arithmetic operations) rather than
notifications as the interrupter. Consequently, there is
currently limited understanding of how notifications
affect visual attention, particularly in terms of error
rates in the primary task.

Notifications as a part of the interface

Another factor that must be considered when studying
notifications is their potential interaction with other
elements of the website interface design. For example,
Anufrieva and Gorbunova [Anufrieva, Gorbunova,
2025] showed that the presence of a hover effect
influences attention sustainability. The hover effect
is a feature of an interactive interface that manifests
itself in a change in the colour or state of an element
when interacting with it. According to the research

of Anufrieva & Gorbunova [Anufrieva, Gorbunova,
2025], when performing a task on attention
sustainability (the Bourdon test) on a website with
the hover effect, the indicators were higher than on a
website without it. These results support the idea of
the guiding influence of interface organisation — the
interface is designed to help the user achieve their
goal [Norman, 1992, 2008]. However, there is an
idea that the number and variety of interface elements
leads to attention overload [Huang, 2003]. According
to the theoretical ideas of Anufrieva [Anufrieva,
2025], the hover effect and notifications are examples
or aspects of the saturation of the digital environment,
i.e., its ability to interact. These aspects are exogenous
and affect attention specifically: selection, retention,
and reallocation. The author suggests that aspects
of saturation should not be viewed as exclusively
overloading or guiding factors. Their effect on
attention may depend on a combination of the
characteristics of these aspects and their interaction
effects. It is known from the study by Anufrieva and
Gorbunova [Anufrieva, Gorbunova, 2025) that the
hover effect exerts a guiding influence on measures
of sustained attention. However, the nature of the
interaction between notifications and the hover effect
has not yet been investigated. This raises the question
of whether adding notifications to a website with
the hover effect will lead to overload, or the guiding
influence of the hover effect will remain.

Problem of current research

In summary, according to some models and studies
(e.g., [Altmann et al., 2017]), attention is not
sensitive to interruption characteristics, while others
emphasise its leading role (e.g., [Brazzolotto et al.,
2021]). Also, although notifications are considered
as an interrupting factor, few empirical studies have
examined the impact of notification’s occurrence on
errors probability after it. Moreover, no study has
included other interface elements as factors. The
study poses two research questions:

Question 1: Can task interruption by a notification
cause error?

Question 2: What is the nature of the interaction
between notifications and the hover effect in terms of
their impact on attention: is it guiding or overloading?

To answer these questions, five experiments were
conducted: three of them were aimed at studying
attention sustainability (Experiments 1-3), while the
others were devoted to attention shifting (Experiments
4-5). The Bourdon test, which was used in the study by
Anufrieva & Gorbunova [ Anufrieva, Gorbunova, 2025],
was chosen as the main task, as this task can be classified



as a scanning task that is sensitive to interruption. Not
only the mere presence of notifications in the trial
was varied, but also their animation and content, as
attention is sensitive to these factors, and it also allows
a comprehensive assessment of the contribution of
notification components [Paul, 2013]. Notifications
always appeared in the middle of the trial, since
according to TIC, the cost of interruption is highest at
the execution stage. Considering the results of the study
by Anufrieva & Gorbunova [Anufrieva, Gorbunova,
2025], the presence of the hover effect on the website
was varied to test for the character of their interaction.

Attentional errors in this paper refer to clicking on anon-
target word, i.e., false alarms. Therefore, it resembles
nonsequence errors, in Altmann et. al terminology,
when the participant does a correct action (click on
slots) but incorrectly perform it (choose a wrong slot).
Thus, if the fact of distraction by a notification disrupts
attention, we should see an increase in false alarms
after notifications. Also, an increase in attentional
errors would indicate overload — a deterioration
in task performance. If the combination of interface
elements, such as the hover effect and notifications,
leads to attention overload, then attention tests scores
should be higher in the condition without the hover
effect and in trials without notifications.

Current study
Transparency and Openness

This study was approved by the HSE Committee
on Interuniversity Surveys and Ethical Assessment

Document
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of Empirical Research. The study design was
not preregistered. All data and code are available
on the Open Science Framework (https://osf.io/
qusy4/overview?view_only=9bb0e537ce01432¢
a5f7949974912517). Analyses were conducted in
RStudio 2024.12.1. Sample size calculation, all
measures, and data exclusions principles have been
reported further.

Experiment 1. Attention sustainability:
hover effect and notification

Experiment 1 aimed to clarify the possibility of
attentional errors in the presence of notifications with
different animations (without content) in conditions
with and without the hover effect. Also, the aim
was to replicate the influence of the hover effect on
attention sustainability from the study by Anufrieva
& Gorbunova [Anufrieva, Gorbunova, 2025]. Here
and hereafter, with the hover effect condition was
a website with all interactive elements. Without the
hover effect condition was a screenshot of the same
website implemented in the Psychopy programme
(Pavlovia). Both conditions had the same appearance
(Figure 1).

In the condition with the hover effect, all elements (the
website itself, the browser panel, the operating system
panel) were interactive, i.e. they had the hover effect
- when the mouse was hovered or clicked, the colour
and state of the element changed. In the condition
without the hover effect, only when the slot area (blue
rectangles; Figure 1) was clicked, a strikethrough
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Fig. 2. The exterior view of notification. / Puc. 2. Bnewnuti 6uo yseoomieHusl.

word line appeared. The rest of the screenshot area had
no interactivity. Five types of notification animation
were selected: 1. gradually appearing; 2. pop-up;
3. flickering; 4. appearing through transparency
reduction; 5. appearing at the bottom of the screen
in the center with movement to the right corner. The
exterior appearance of notifications was the same for
all types of animation (see Figure 2), and notifications
were empty.

Participants

A sample size analysis, using the G*Power 3.1.9.7
programme, based on study by Anufrieva &
Gorbunova [Anufrieva, Gorbunova, 2025] was
conducted. The effect size f was 0.27 with 0.05 or
less alpha, and the achieved power was 62% for
accuracy in the Bourdon test, and f = 0.36 with alpha
0.05 or less and 85% for execution rate. According
to the results, the total sample size should have been
60 participants. This indicator served as a benchmark
for all subsequent experiments. Hereinafter, all
participants were provided with a written informed
consent form. All data were anonymised. Students of
the school of psychology were recruited and rewarded
with points into university course. In addition, people
were recruited using the Yandex.Toloka, where
participation was rewarded with a fee (about 1.5
dollars). Participants were randomly divided into two
groups with and without the hover effect. 30 people
per group. The data was not accepted if the subject
did not close more than 30% of notifications or made
only three clicks in each trial. The final data analysis
included 60 participants (age: M = 24.5, SD = 2.1,
sex: 45 female): 30 people from Yandex.Toloka, and
30 people from the university (students).

Design

It was a mixed experimental design where two groups
were distinguished from one another by the presence
of the hover effect (yes or no), but all participants
were presented with all the notification’s type. All
five types of notifications or their absence occurred in
both groups, one notification per trial. Accuracy was
measured as the number of correctly detected slots
(CD) and the number of errors (false alarms, FA),
which was measured by clicking on distractors. The
RT (RT) on the notification was measured — the time

since the notification appeared and was closed. The
execution rate was calculated as the number of slots
crossed out by the time of the trial (30 seconds). Also,
the comparison of CD, FA, and execution rate before
and after the notification was made using the fact of
closing notification as a criterion for classifying trials
as “before” and “after”.

The overall number of stimuli in each probe was the
same: 210 (the grid had 30 rows and 7 columns). The
number of targets was 90, with 30 slots for each of
the three words. Each column had 12-13 words in
it, and within the columns was full random density.
The trial’s duration was 30 seconds. Thus, there were
5 types of notifications: 15 trials for each condition
(75 trials), plus 22 trials without notifications (total
of 97 trials). The duration of the experiment was 55
minutes. Notification randomly occurred between 13
and 17 seconds.

Procedure

A modified Bourdon test was used. The modified
things was a format of task space — an organizer
appearance, where participants search words in slots
related to ordinary deals like a meeting, journey,
etc. Participants had to memorize three words
demonstrated for 5 seconds. Then they had to find all
slots which contain the target words for 30 seconds
(Figure 3). Crossing out was done by clicking on
slots using the mouse. The notification occurred in
the bottom right corner of the screen. After that, the
participant had to click on the notification to close it
and then return to the execution of the main task.

Results

Hereinafter, all results are presented with sphericity
correction; pairwise comparisons are made with the
Holm method. Trials with and without notifications
were analysed separately.

A one-way ANOVA was conducted for trials without
notification, where the factor was group (presence of
the hover effect). According to the analysis, the group
has a significant impact on the CD, F(1.58) =8.91, p
<.01, np2 = .13, and the rate of execution, F(1.58) =
8.51, p <.01, np2 = .13, but not on the FA, F(1.58) =
1.27,p> .26, np2 = .02 (see Figures 4 and 5).
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Additionally, CD and FA were compared between
trials without and with notifications (by animation
type) within each group. For the group with the
hover effect, Wilcoxon signed-rank tests with Holm
correction for FA revealed a significant differences
only between trials without notifications (WN) and
the second type (p <.001). All other comparisons were
not significant. For CD, significant differences were
found between the second type and WN (p < .003),
the fourth and WN (p <.003), and the fifth and WN (p
<.002). All other comparisons were non-significant.
For the group without the hover effect, both for FA
and CD were non-significant.

A two-way mixed ANOVA was then conducted for
trials with notifications, where the between-group
factor was group (presence of the hover effect) and the
within-group — type of notification. Ten participants
from the group without the hover effect were
excluded from the analysis because they never closed
notifications. For the same reason, two participants
from the group with the hover effect were also
excluded. Consequently, the final analysis included
48 participants. No violations of homogeneity of
variances were detected (p > .05). The analysis
revealed a significant effect of group factors on CD,
F(1.46) = 6.83, p <.01, np2 = .11, rate of execution,

F(1.46) = 6.48, p < .02, np2 = .11 (without the hover
effect: M = 0.57; with the hover effect: M = 0.67),
and RT, F(1.46) = 45.67, p < .01, np2 = .33, but not
FA, F(1.46) =4.31, p = .05, np2 = .02. Notifications’
type has an effect on RT, F(4.184) = 50.25, p < .01,
np2 = .35, but not on CD, F(4.184) = 1.42, p = .23,
np2 = .01, FA, F(4.184) = 2.53, p > .06, np2 = .04,
and execution rate, F(4.184) = 1.73, p = .15, np2 =
.01. Significant interactions were found only for FA,
F(4.184) =391, p <.01, np2 = .06, and RT, F(4.184)
=31.15, p <.01, np2 = .34 (see Figures 4-6).

A separate one-way RM ANOVA analysis showed
the following. For the group without the hover effect,
no significant impact of the notification type factor
was found on any parameters (all p > .49) other than
RT, F(4.72) = 38.03, p < .00, np2 = .52. The pairwise
comparisons showed a significant difference between
the fourth type of notification and the others (all p <
.001).

For the group with the hover effect, an effect of
notification type on FA, F(4.112) = 40.57, p < .00,
np2 = .43, and RT, F(4.112) = 4.94, p < .00, np2 =
.17, was. Pairwise comparisons showed a significant
difference between the second type of notification
and the others in terms of FA (all p < .001), and a
significant difference was found between the fourth
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Fig. 4. Results of Experiment 1 for correctly detected slots (CD) in groups without and with the
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Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner, WN — trials without notifications. / [Ipumeuanus. Tunvi anumayuu
yeeoomaenutl: 1 — nocmenenno nossusaoueecs (MeonieHHoe 603HUKHOBEHUE C 08UMNCEHUEM 86EDX),

2 — pop-up (8He3annoe 803HUKHOBEHUe De3 KAKUX-TUO0 OONOIHUMENbHbIX 08UMCeHUll), 3 — mepya-
roujee (nocie nosasieHusi cogepuiaem HepezyisapHyIo cepuio ObICMPbIX O8UNCEHUL, MHO2OKPAMHO NO-
ABNAACH U UCYe3as); 4 — nosasuaoueecs yepe3 CHUNCeHue npo3pasHocmu (NOCmeneHHo CmaHo8UmCsl
BUOUMBIM U OMHUEMIUBLIM); 5 — NOAGNAIOUieeCs 8 HUNCHEU Yacmu IKPAHA 8 YeHmpe ¢ nepemeueHu-
eM 8 npaswlii y2oi (6He3anHoe 803HUKHOBEHUE, KAK 8 YCIIO8UU POP-UDP, HO 8 HUJNCHEL U YEeHMPATbHOU
yacmu dKpaua, 3amem nepemeuwjaemcs K npasomy yeny);, WN — npobwi 6e3 yseoomnenuil.

and third (p < .001), fourth and fifth (p <.001) types
of notification in terms of RT.

The paired samples Wilcoxon test (Wilcoxon signed-
rank test) was used to compare indicators before and
after notification. For the group without the hover
effect, there were no differences for CD, V = 4602, p
> (.26, r=.09. However, it was for FA, V =1380.5, p
<0.04, r=.21, and execution rate, V="715,p < .01, r
= .73 (before: M = 0.49; after: M = 1.83). Significant
differences were found for the group with the hover
effect: CD, V = 1470.5, p < .01, r = .63, FA, V =

1116.5, p < .01, r = .45, execution rate, V =387, p <
.00, r = .81 (before: M = 0.55; after: M = 1.34).

Discussion of Experiment 1

Even under conditions with notifications, the group with
the hover effect was more accurate and faster, both in
terms of execution rate and closing notifications. This is
consistent with the results of Anufrieva and Gorbunova
[Anufrieva, Gorbunova, 2025] and supports the idea
that the hover effect serves as a cue for attention.
Differences in the number of errors (FA) between
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Fig. 5. Results of Experiment 1 for false alarms (FA) in groups without and with the hover effect. /
Puc. 5. Pezynomamul skcnepumenma I no konuuecmay n1024chvix mpesoe (FA) 6 epynnax 6e3 s¢pghex-
ma HageoeHus U ¢ dhhexmom HageoeHusl.

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner, WN — trials without notification. / [Ilpumeuanus. Tunvt anumayuu
yeedomaenutl: 1 — nocmenenno nossnsaoueecs (MeoneHHoe 603HUKHOBEHUE C OBUNCEHUEM 8BEDX),

2 — pop-up (ne3annoe 803HUKHOGeHUEe Oe3 KAKUX-TUO0 0ONOTHUMENbHBIX O8UdICEHULL); 3 — Mepya-
1owee (nocie nosigieHus cogepulaent HepecyisapHYIo cepuro ObICMpbIX OBUNCEHUU, MHOCOKPAMHO NO-
ABNAACH U UCUe3As), 4 — nosasisioujeecs yepes CHUNCeHUe nPo3payHocmu (HOCmenenHo CMano8Umcs
BUOUMBIM U OMYUEMIUBLIM), 5 — NOAGNAIOUEeCs 8 HUINCHEN Yacmu dIKPAHA 6 Yenmpe ¢ nepemeueHu-
eM 8 npaewlil y2oil (6He3anHoe 603HUKHOBEHUE, KAK 6 YCI08UU POP-UD, HO 8 HUNCHEN U YEeHMPATbHOU
yacmu IKpaua, 3amem nepemeusaemcs K npagomy yeny);, WN — npooul 6e3 ysedomienuil.

trials with and without notifications were found only condition without the hover effect, participants closed
in the group with the hover effect and with the second the fourth type of notification the most slowly, while
type of notifications (pop-up). That is, the presence under the condition with the hover effect and the
of notifications in general did not affect the accuracy second type of notification, the number of FAs was
of task performance. Regarding the notification type, the highest on average. Regarding the occurrence of
the RT to the fourth type (reduction of transparency) attentional errors, after distraction by notifications,
was the slowest on average for both groups, which is there was an increase in FAs, but only in the condition
consistent with the results of Wilson’s [Wilson, 2006]  with the hover effect. Moreover, as the number of FAs
study. However, the second type (pop-up) did not get increased, so did the number of CDs, and the execution
any advantage. The results demonstrate the interaction rate was getting faster. In contrast, in the condition
between hover effect and notification type: under the without the hover effect, although the execution rate

11
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Fig. 6. Results of Experiment 1 for reaction time (RT) in groups without and with the hover effect. /
Puc. 6. Pezynomamul skcnepumenma I no epemenu peaxyuu (RT) 6 epynnax 6e3 aghgpexma nasede-

HUsL U ¢ 3hhexmom HageoeHus.

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of
the window through a reduction in transparency, 5 — An appearance at the bottom of the screen
center, then moves to the right corner. / Ilpumeyanus. Tunvl anumayuu yeeoomnenuii: 1 — nocme-
neHHOo nosasusAoueecs (MedleHHoe 603HUKHOBEHUE C 0BUNCEHUEM 86epX), 2 — pop-up (6HezanHoe
B03HUKHOBEHUE Oe3 KAKUX-TUOO OONOIHUMENbHBIX 08UICEHULL), 3 — Mepyatowee (nociie noseienus
cosepuiaem Hepe2yIsAPHYIO Cepuio DbICMPLIX OBUNCEHUL, MHO2OKPAMHO NOABIAACH U Ucye3as), 4

— nosAsAIOUeecs epes CHUNCeHUe NPo3pavHOCmu (HOCMenenHo CMano8Umcs GUOUMbBIM U OMYen-
JUBBIM); 5 — NoABNAIOWeecs 8 HUMCHEN Yacmu IKPAHA 8 yeHmpe ¢ nepemeujeHuem 6 npaegblil y2oi
(6He3anHoe 603HUKHOBEHUE, KAK 8 YCII08UL POP-UD, HO 68 HUJCHEL U YEeHMPANbHOU Yaci dKPAaHd,

3amem nepemewiaemcs K Npagomy yaiy).

was getting faster, the number of FAs decreased. This
contradicts the idea of the auxiliary function of the
hover effect for attention. Thus, according to the results
of Experiment 1, an increase in attentional errors after
notifications was found, but only in the condition with
the hover effect. However, there was no overloading
effect from the combination of notification and hover
effect on performance in general.

Experiment 2. Attention sustainability:
hover effect, notification and its content
(with call to attention)

Experiment 2 aimed to investigate the possibility of
attentional errors following distraction by notifications,
given the presence of content in them. As some studies
(e.g., [Chen & Huang, 2013]) have shown, attention is
sensitive to the content of notifications. Moreover, the
presence of content in notifications can be said to be a
more familiar condition for interacting with them —
rarely do we interact with empty notifications.

Participants

The principle of subject recruitment and data
exclusion is the same as in Experiment 1. The final

12
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Fig. 7. Results of Experiment 1 for correctly detected slots (CD) and false alarms (FA) before and
after notifications. / Puc. 7. Pesynomamui s5xcnepumenma 1 no xonuuecmey 6epHo HAUOEHHbIX CLO-
mos (CD) u nooicuvix mpesoe (FA) 0o u nocne yseoomnenuil.

data analysis included 60 participants (age: M = 23.2,
SD = 2.3, sex: 47 female), 30 per group.

Design

The design was the same as in Experiment 1. The only
difference is that one independent variable has been
added — content in notifications. The following types
of content were used: absence of content, distractor
words (words related to ordinary deals like shopping,
calling, etc.), call to attention (“Be careful!”). Thus,
there were 5 types of notifications, 15 trials for each
type, and among these 15 trials, 5 were notifications
with a call to action, 5 were distracting words as
content, and 5 were empty notifications.

Procedure
The procedure was the same as in Experiment 1.
Results

A one-way ANOVA was used for trials without
notification, where the factor was group (presence
of the hover effect). According to the analysis, the
group factor had no effect on any of the measures:
CD, F(1.58)=3.08,p> .09, np2 = .05, FA, F(1.58) =

13

1.48, p > .24, np2 = .02, rate of execution, F(1.58) =
2.93, p> .09, np2 = .05 (see Figures 8 and 9).

Comparison of trials with and without notifications
in the group with the hover effect demonstrated a
significant difference in CD rate between WN and the
third type (p < .004). Other comparisons for FA and
CD were not significant. For the group without the
hover effect, no significant differences were observed
for FA and CD.

Athree-way mixed ANOVA, where the between-group
factor was group and the within-group factors were
notification type and content were used. Data from
eight participants in the group without the hover effect
and one participant in the group with the hover effect
who did not close notifications were preliminarily
excluded from the analysis. Consequently, data from
51 participants were included in the final analysis. No
violations of homogeneity were detected (p > .05). It
was found no effect of the group factor: CD, F(1.49)
=1.64,p> .21,mp2=.04, FA, F(1.49)=0.16,p> .78,
np2 = .01, rate of execution, F(1.49) = 1.70, p > .29,
np2 = .03. The exception was the RT, F(1.49) =27.28,
p <.00,mp2 = .29. For the notification type as a factor,
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Fig. 8. Results of Experiment 2 for correctly detected slots (CD) in groups without and with the
hover effect and three types of content (call to attention, distractor, or nothing). / Puc. 8. Pe3yno-
mamsl IKcnepumenma 2 no Konuiecmsy epHo Havoennwvix ciomos (CD) 6 epynnax 6e3 s¢hghexma
HaseOeHUs U ¢ IPpekmom Hageoenus, a MaxxHce npu mpex munax coO0epHcaniisl yee0omieHul (npu-
gleuenue BHUMAaHUs, OUCMPAKMOP ULU OMCYMCMEUE COOEPIHCAHUS).

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner, WN — trials without notification. / IIpumeuanus. Tunvl aHumayuu
yeedomaenutl: 1 — nocmenenno nossnsaoueecs (MeoieHHoe 603HUKHOBEHUE C 08UNCEHUEM 86epX);

2 — pop-up (8He3anHoe 803HUKHOBEHUe De3 KAKUX-TUO0 OONOIHUMENbHbIX 08UdCeHUll), 3 — mepya-
1oujee (nocie nosGlleHUs: cogepuiaen HepezyApHYIo cepuio DbICMPLIX 08UNCEHUL, MHO2OKPAMHO NO-
ABNAACHL U UCHe3ds);, 4 — nosenaoujeecs uepe3 CHUMICeHue Npo3pavHocmu (NOCMmenenHo CmaHo8umcs
BUOUMBIM U OMHUEMIUBLIM); 5 — NOAGNAIOUieeCs 8 HUNCHEU Yacmu IKPAHA 8 YeHmpe C nepemeueHu-
eM 8 npaswlii y2oi (6He3anHoe 803HUKHOBEHUE, KAK 8 YCIIOSUU POP-UD, HO 8 HUJCHELl U YEeHMPATbHOU
yacmu 3Kpana, 3amem nepemewaemcs K npagomy yauy);, WN — npoovl 6e3 ygeoomienuii.

it was found that there was no effect on CD, F(4.196)
=1.46, p>.35,np2 =.00 and execution rate, F(4.196)
=2.27,p > .07, np2 = .01. However, type influenced
FA, F(4.196) = 9.93, p < .01, np2 = .14, RT, F(4.196)
=55.75, p < .01, np2 = .13. The content factor had a
significant effect on measures: CD, F(2.98) = 7.63, p
<.01,mp2 =.01, FA, F(2.98) =22.12, p < .01, np2 =
.15, rate of execution, F(2.98) =3.73, p < .03, np2 =

.01. The exception here was the RT, F(2.98) = 0.86, p
> 39, np2 = .01. Significant interactions of all three
factors were found for all indicators (all p <.03). See
Figures 8-10.

A two-way RM ANOVA for the group without the
hover effect showed that the notification type factor
only had an impact on the RT, F(4.84) = 46.42, p <
.001, np2 = .25. The pairwise comparisons revealed
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Fig. 9. Results of Experiment 2 for false alarms (FA) in groups without and with the hover effect
and three types of content (call to attention, distractor, or nothing). / Puc. 9. Pe3ynomamul 5kcnepu-
Menma 2 no Koauuecmaey 10x4cHbix mpesoe (FA) 6 epynnax 6e3 agpgpekma nasedenus u ¢ s¢hghexmom
HageOeHUsl, a MaKice Npu mpex munax coOepiICanuusi Y8eOoMIeHUll (npusiedeHue BHUMAaHUs, OUC-
MPaKmop uiu Omcymcmeue CoOepHCcans).

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner, WN — trials without notification. / [Ilpumeuanus. Tunvt anumayuu
yeeoomneHut. 1 — nocmenenHo nossusaoujeecs (MeoieHHoe 603HUKHOBEHUE C OBUINCEHUEM BBEDX),

2 — pop-up (8He3annoe 803HUKHOBEHUe De3 KAKUX-TUO0 OONOIHUMENbHbIX 08UdCeHUll), 3 — mepya-
roujee (nocie nosasieHusi cogepuiaem HepezysapHyIo cepuio ObICMPLIX OBUNCEHUL, MHO2OKPAMHO NO-
ABNAACL U UCHe3as);, 4 — nosenaoujeecs uepes CHUMCeHue Npo3pasHocmu (NOCmenenHo CmaHo8umcs
BUOUMBIM U OMHUEMAUBLIM); 5 — NOABNAIOUieeCs 8 HUNCHEU Yacmu IKPAHA 8 YeHmpe C nepemeueHu-
eM 8 npaswlii y2oi (6He3anHoe 803HUKHOBEHUE, KAK 8 YCIIO8UU POP-UD, HO 8 HUNCHEL U YEeHMPATbHOU
yacmu IKpaua, samem nepemeuiaemcs K npagomy yeuy);, WN — npooul 6e3 ysedomienuil.

significant differences between the fourth notification = .03. The pairwise comparison analysis showed
type and the others (all p < .001). The content type that FA was significantly different under the second
factor had no effect on any of the dependent variables type of notification condition from the others (all p
(all p>.15). < .001). For the RT, pairwise comparisons showed

. that first type significantly differed from second, third
A two-way RM ANOVA for the group with the and fourth (ps < .001), but not from fifth (p = .71).
Second type differed from fourth and fifth (ps <.001),
but not from third (p = .89). The third significantly

hover effect demonstrated that the notification type
factor influenced FA, F(4.112) = 37.82, p < .001,
np2 = .28, and RT, F(4.112) = 7.32, p < .001, np2
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Fig. 10. Results of Experiment 2 for reaction time (RT) in groups without and with the hover effect

and three types of content (call to attention, distractor, or nothing). / Puc. 10. Pezynemamul 9xcne-

pumenma 2 no epemenu peaxyuu (RT) 6 epynnax 6e3 sa¢hghexma nasedenus u c a¢pgpexmom nagede-

HUS, d MAKdHCe nPpu mpex munax co0epuHcanus yee0omaeHull (npueiederue HUMAanUs, OUCMpaKkmop
UU OMCYMCMBUE COOEPHCAHUS).

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner. / [lpumeyanus. Tunvt anumayuu yseoomnenuil: 1 — nocmenenno
nossOweecs: (MedienHoe 803HUKHOBEHUe ¢ O8UNCEHUeM 86epx),; 2 — pop-up (6He3anHoe 803HUK-
HOBeHUe Oe3 KAKUx-1ub0 0ONoIHUMENbHbIX 08UdCeHUll), 3 — mepyarowee (nocie nossieHus coep-
wiaem HepezynsapHyIo cepuio bbICmMpuLX O8UNCEHUL, MHO2OKPAMHO NOAGIAACL U ucyesas); 4 — noas-
JIAIIOWeecs: uepes CHUNCeHUe Npo3pPavyHoOCmu (NOCMeNneHHo CMAano8UMCcs BUOUMbBIM U OMYEIUBLIM),
5 — nosenaoweecs 6 HudCHell Yacmu IKPAHA 8 YeHmpe ¢ nepemeujeHuemM 6 npasvlii y2oi (6He3anHoe
B03HUKHOBEHUE, KAK 8 YCILOBUU POP-UP, HO 8 HUMCHELl U YeHMPATbHOU Yacmu 9KPanda, 3amem nepeme-
waemcs K npagomy yaiy).

differed from fourth and fifth (ps <.001), while fourth
significantly differed from all other notification types
(ps <.001).

Type of content influenced CD, F(2.56) = 7.44, p <
.001, np2 = .01, FA, F(2.56) = 36.78, p < .001, np2 =
.26, and execution rate, F(2.56)=6.77,p <.001,np2 =
.01. The analysis of the pairwise comparisons showed
that the CD, FA, and execution rate for different types
of content within notifications differed. For the CD,

the condition without the content significantly differed
both from call to attention (p <.001) and distractor (p <
.001), whereas the difference between call to attention
and distractor was not significant (p = .35). For the
FA, the condition without the content significantly
differed from distractor (p < .001), but not from call
to attention (p > .58). The difference between call
to attention and distractor was also significant (p <
.001). For the execution rate, the condition without
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Fig. 11. Results of Experiment 2 for correctly detected slots (CD) and false alarms (FA) before and
after notifications. / Puc. 11. Pe3ynomamui skcnepumenma 2 no Konu4ecmey 6epHo HAtl0eHHbIX Clo-
mog (CD) u nosicHvix mpesoe (FA) 0o u nocne ysedomneruii.

the content significantly differed from call to attention
(p < .001), but not from distractor (p = .06). The
difference between call to attention and distractor was
also nonsignificant (p = .43).

The paired samples the Wilcoxon test (Wilcoxon
signed-rank test) was used to compare parameters
before and after notification (Figure 11). Analysis of
CD,V=51028,p<.0l,r=.13,and FA, V=12760, p
<.001, r=.20, as well as execution rate, V = 567642,
p <.01,r=.23 (before: M = 0.56; after: M = 0.79), for
the group without the hover effect showed significant
differences before and after notification. For the group
with the hover effect, significant differences were also
found in all parameters before and after notification:
CD, V=09578.5,p<.01,r=.69; FA, V=15225,p <
.01, r=.26; execution rate, V=11282, p <.01,r=.85
(before: M = 0.56; after: M = 0.87).

Discussion of Experiment 2

The results of Experiment 2 differ from the previous
findings in one key respect: no differences were
observed between the conditions with and without the
hover effect in terms of average accuracy. Otherwise,

the data were replicated. It can be assumed that
such type of content as a call to attention influenced
endogenous mechanisms of attention, increasing
vigilance, independently of exogenous factors (the
hover effect). Nevertheless, the highest number of FA
occurred in the condition with the hover effect, the
second notification type, and the distractor content.
This may indicate that attention is sensitive to the
content of notifications: participants attended to the
information in notifications, and in the presence of
distractors, it was more difficult for them to avoid
interference. However, the call to attention increased
the level of effort exerted to maintain focus. The effect
of such content might be generalised and resembled
the effect obtained in the study by Chen and Huang
[Chen, Huang, 2013]. To test this assumption,
Experiment 3 was conducted.

Experiment 3. Attention sustainability:
hover effect, notification and content
(without call to attention)

According to the results obtained in Experiment 2,
the content inside notifications has affected attention
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sustainability. It is suggested that the call for attention
influenced endogenous mechanisms of attention —
subjects made more effort to complete the task, which
offset the influence of exogenous factors. Based
on this assumption, it was decided to conduct an
additional experiment where only distractors (words
related to ordinary deals like shopping, calling, etc.)
were in the notifications’ content or nothing. It was
expected that without calling attention, the influence
of the hover effect would occur again. Thus, the
concepts, experimental design, and procedure were
the same as in Experiment 2. The only difference was
that the content as an independent variable contains
two levels: the distractor word or nothing.

Participants

The principle of subject recruitment and data exclusion
is the same as in Experiment 2. The final data analysis
included 60 participants (age: M = 24.4, SD = 2.1,
sex: 38 female) per 30 in the group.

Design

The experimental design was the same as in
Experiment 2. The only change was the number of
trials on each level of the content variable. There were
5 types of notifications, 15 trials for each type, and
among these 15 trials, 8 were for distracting words as
content and 7 were for empty notifications.

Results

Analysis with a one-way ANOVA for trials without
notification showed that the group factor had no effect
on any of the dependent variables: CD, F(1.58) =
0.01, p> .93, n\p2 = .01, FA, F(1.58) = 0.51, p > .48,
np2 = .01, rate of execution, F(1.58) = 0.01, p > .93,
np2 = .01 (see Figures 12 and 13).

Here, only in the group with the hover effect in the
context of CD significant differences were found
between the first type and WN (p < .012), the third
and WN (p <.012), and the fourth and WN (p <.033).
The remaining comparisons were not significant for
this group as well, as for the group without the hover
effect.

For the analysis of trials with notifications, eight
participants from the group without the hover effect
who never closed notifications were excluded.
Consequently, the final analysis included data from
52 participants: 22 from the group without the hover
effect and 30 from the group with the hover effect. No
violations of homogeneity of variances were detected
(p > .05). A three-way mixed ANOVA for trials with
notification demonstrated that the factor group had an
effect only on RT, F(1.50) =9.04, p <.00, np2 = .17.
The notification type factor had a significant impact on

all measures: CD, F(4.200) =3.15, p <.03, np2 = .01,
FA, F(4.200) = 5.55, p <.01, np2 = .02, RT, F(4.200)
=4.10, p <.02, np2 = 03. Exception was an execution
rate, F(4.200) = 2.15, p > .91, np2 = .01. The content
type factor had an effect only on FA, F(1.50) =4.79, p
< .03, np2 = .03. Significant interactions were found
for FA, F(4.200) = 4.44, p < .01, np2 = .01, and RT,
F(4.200)=3.47,p <.02,mp2 = .01.

A two-way RM ANOVA for the group without the
hover effect showed that the notification type factor
impacted execution rate, F(4.84) = 3.53, p < .02,
np2 = 0.01, the other factors were not significant (all
p > .05). The content type factor had no impact on
parameters (all p > .14). And significant interaction
was only for RT, F(4.84) = 5.68, p <.001, np2 = .05.

For the group with the hover effect, notification type
had an impact on FA, F(4.116) = 25.484, p < .01,
np2 = .05, and RT, F(4.116) = 5.611, p < .01, np2
= .04. The pairwise comparison analysis showed that
FA was significantly different for the second type of
notification than the other types (all p<.001). Pairwise
comparisons for the RT indicator in the group showed
significant differences between notification types:
third type vs. first (p < .001); third vs. fourth (p <
.001); fourth vs. fifth (p < .001). No other pairwise
comparisons reached statistical significance (ps >
.05). The content type affected CD, F(1.29) = 5.60, p
<.03, np2 = .01, FA, F(1.29) =5.358, p <.02, np2 =
.07, and execution rate, F(1.29) = 4.619, p < .04, np2
=.01. The pairwise comparisons for CD and FA under
different content type conditions showed significant
differences (all p <.001).

The paired samples the Wilcoxon test (Wilcoxon
signed-rank test) was used to compare parameters
before and after notification. For the group without
the hover effect, differences in FA, V=9708, p < .01,
r = .22, and execution rate, V = 305172, p < .02, r =
.16 (before: M = 0.58; after: M = 0.84), before and
after notification were found, but not for CD, V =
19332, p > .88, r = .01. Analysis of CD, V = 2535.5,
p<.0l,r=.77,and FA, V=3933.5,p<.01,r= .31,
as well as execution rate, V = 3394, p < .00, r = .86
(before: M = 0.53; after: M = 0.83), for the group with
the hover effect showed significant differences before
and after notification.

Discussion of Experiment 3

The results of Experiment 3 replicated Experiment
2. In particular, the presence of the hover effect had
no effect on accuracy in either trials without or with
notifications, but the advantage in RT per notification
for the condition with the hover effect persisted. The
hypothesis that call to attention content is responsible
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for the disappearance of the impact of the hover effect
has not been supported.

Summary of Experiments 1-3

Before proceeding to the generalisation of the
findings obtained across the three experiments on
sustained attention, it is necessary to report the results
of the post hoc power analysis and sensitivity analysis
conducted using G*Power 3.1.9.7 to estimate the
achieved statistical power for the effects observed
across experiments. In Experiment 1, for trials
without notifications, a one-way ANOVA revealed
significant effects of group on CD and execution rate
(np? = .13), with achieved power of approximately
83%. For trials with notifications, a two-way mixed
ANOVA demonstrated that significant effects with
large effect sizes—particularly for reaction time
(RT), including the main effects of group (mp? =.33),
notification type (np*=.35), and their interaction (np?
= .34) — were associated with high statistical power
(approximately 97-99%). In contrast, significant
effects of group on CD and execution rate (np?
~ .11) demonstrated moderate power (<66%). In
Experiment 2, a three-way mixed ANOVA revealed a
significant main effect of group on RT (np?=.29), with
achieved power of approximately 87%. In addition,
statistically significant effects of notification type
and content, characterised by small effect sizes (np?
~.01-.03), were associated with low achieved power
(approximately 6-39%), indicating limited sensitivity
despite statistical significance. In Experiment 3, a
three-way mixed ANOVA demonstrated a significant
main effect of group on RT (np? =.17), with achieved
power of approximately 70%, indicating moderate
sensitivity. Significant effects of notification type
and content (mp? = .01-.03), although statistically
reliable, were associated with low achieved power
(typically below 10-15%), reflecting small effect
sizes and limited sensitivity of the design to detect
such effects. Across all experiments, statistically
significant Wilcoxon signed-rank test results
showed large effects, particularly for execution rate
(r = .70-.86) and for CD in the hover condition (r =
.63—-.77), which were associated with high statistical
power, typically exceeding 90-99%. Medium-sized
effects, such as those observed for FA (r = .20—.45),
demonstrated moderate power (approximately
40-70%). A sensitivity analysis indicated that the
minimum detectable effect sizes were in the medium-
to-large range across all experiments. Specifically, in
Experiment 1 the design was sensitive to effects of
approximately f= 0.39 for the one-way ANOVA and
f=0.56 for the mixed ANOVA. In Experiment 2, the
three-way mixed ANOVA was sensitive to effects of
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approximately f= 0.62, and in Experiment 3 to effects
of approximately f = 0.53. These results suggest that
the experimental designs were adequately powered to
detect moderate-to-large effects but underpowered for
detecting small effects, particularly in more complex
designs involving multiple factors and interactions.

An important observation, which on the one hand
reduced the achieved statistical power but on the
other hand reflected a robust empirical pattern, was
that notifications appearing through transparency
reduction (the fourth notification type) were most
frequently left unclosed, specifically on the website
without the hover effect. In this group, approximately
35-58% of notifications of this type were not closed
by participants. This finding suggests substantial
difficulty in detecting this notification type under
conditions without the hover effect. Consistently,
analyses of the available data demonstrated that the
longest reaction times were also observed in this group
and differed significantly from all other conditions.
In contrast, this pattern was not observed in the
group exposed to the hover effect condition. These
results were consistently replicated across all three
experiments and therefore represent an important
finding of the present study. A similarly consistent
pattern across all three experiments was observed
for the interaction between the presence of the hover
effect and pop-up notifications (the second notification
type), particularly in relation to the increase in false
alarms, the increase in correctly detected slots and
false alarms following notification closure in the
group with the hover effect, and the shorter reaction
times to notifications in the same group. However, no
stable increase in errors or reduction in the number
of detected slots was observed when comparing trials
with and without notifications.

The primary inconsistency across experiments —
namely between Experiment 1 and Experiments
2-3 — concerned the effect of the hover effect
on mean accuracy (across trials with and without
notifications), which was not replicated in the latter
two experiments. Considering the achieved statistical
power (66—-83%) and sensitivity estimates, this effect
may be regarded as context-dependent despite its
moderate effect size (np? = .11-.13): the introduction
of the content factor appeared to alter the mechanisms
underlying the previously observed effect. Because
content was manipulated within subjects, there is a
high probability that exposure to content-bearing
notifications generalised across all trial types. In other
words, participants may have inferred that the presence
of content was intended to distract them and interfere
with performance on the primary task. Therefore,
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they may have exerted greater effort to maintain
focus on the task, thereby attenuating the exogenous
influence of the hover effect. A detailed discussion
and interpretation of all findings is provided in the
General Discussion section. Additionally, participant
exclusion and the overall complexity of the design
limited the ability to detect small-to-medium effects
of the exogenous factor (i.e., the hover effect) under
conditions involving content manipulation. The
present findings suggest that future studies may
benefit from larger sample sizes to increase statistical
power and improve sensitivity for detecting small
and less stable effects. Furthermore, the experimental
design requires refinement, particularly through
manipulating notification type and notification content
using a between-subjects design. This approach
would facilitate the analysis of their interaction
with the hover effect while minimising the potential
generalisation of exposure to a particular animation
type or content across all trial types.

Overall, within the context of sustained attention, the
study demonstrated that the appearance of notifications
increased errors only when the task was performed
on a website featuring the hover effect. At the same
time, mean accuracy did not systematically differ
between trials with and without notifications under
any condition. Replicable interactions between the
hover effect and notifications were also identified for
both reaction time and accuracy measures, including
faster reactions to notifications on websites with the
hover effect, an increase in false alarms in response
to pop-up animations, and the longest reaction times
to notifications appearing through transparency
reduction in the absence of the hover effect.

Experiment 4. Attention shifting: hover
effect and notification

This experiment aimed to examine the effects of
the presence and animation of notifications on
attention shifting. Additionally, the aim was to test
the reproducibility of Anufrieva and Gorbunova’s
[Anufrieva, Gorbunova, 2025] results in the context
of the absence of an influence of the hover effect on
attention shifting.

Participants

The principle of subject recruitment is the same as
in Experiment 1. The final data analysis included 60
participants (age: M =25.3, SD = 2.6, sex: 35 female)
per 30 in the group. In addition to the exclusion
criteria described in Experiment 1, a criterion was
used here to check which target words were clicked
by the subject. Thus, it was not allowed to have fewer
than 5 presses for one of the three target words. This

would indicate that the subject did not follow the
instruction and did not change the target at the sound.

Design

The experimental design was the same as in
Experiment 1.

Procedure

The procedure was equal to Experiment 1. One
difference was that while searching, participants had
to change the target by sound, which occurred every
10 seconds for 30 seconds. The sound was like a phone
ringing. Therefore, it was two times when subjects
needed to change the target. For example, if the
subject was presented with 3 target words «training,
meeting, shoppingy, for the first 10 seconds he had
to search for the word training, then after a sound
the word meeting, and finally after another signal
the word shopping. Notifications as in Experiment 1
appeared between 13th and 17th seconds.

Results

A one-way ANOVA was performed to compare trials
without notification between groups. According to the
results, the group had no effect on any of the measures:
CD, F(1.58) =2.03, p > .16, np2 = .03, FA, F(1.58)
=2.136, p > .15, np2 = .04, execution rate F(1.58) =
1.75, p > .28, np2 = .03 (see Figures 12).

Comparison of trials with and without notifications in
the group with the hover effect revealed the significant
difference between the second type and WN (p <.001)
regarding FA, and the second and WN (p <.001), the
third and WN (p < .001), the fourth and WN (p <
.001), and the fifth and WN (p <.001) in the context
of the CD. All other comparison were not significant.

A two-way mixed ANOVA was conducted for trials
with notification. Here, the factors were group
(presence of the hover effect) and type of notification.
Eleven participants were excluded from the analysis:
seven from the group without the hover effect and four
from the group with the hover effect. Consequently,
the final analysis included 49 participants. No
violations of homogeneity were detected (p > .05).
The result of the analysis showed that the factor group
had an effect only on RT, F(1.47) = 9.27, p < .001,
np2 = .09. The notification type factor had an effect
only on FA, F(4.188) = 3.12, p < .03, np2 = .04, and
RT, F(4.188) = 14.61, p <.001, np2 = .13. However,
significant interactions were found between group
and notification type for CD, F(4.188) =3.12, p <.03,
np2 =.001, FA, F(4.188) = 7.02, p <.001, np2 = .09,
and RT, F(4.188) = 6.54, p < .001, np2 = .06. See
Figures 12—14.
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Fig. 12. Results of Experiment 4 for correctly detected slots (CD) in groups without and with the
hover effect. / Puc. 12. Pe3ynomamul s5kcnepumenma 4 no Kkoiuuecmay 6epHo HatlOeHHbIX C10MOo8
(CD) 6 epynnax 6e3 a¢ghghekma HasedeHus u ¢ d¢hghexmom HageoeHusl.

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner, WN — trials without notification. / [Ilpumeuanus. Tunvt anumayuu
yeedomaenutl: 1 — nocmenenno nossnsaoueecs (MeoneHHoe 603HUKHOBEHUE C OBUNCEHUEM 8BEDX),

2 — pop-up (ne3annoe 803HUKHOGeHUEe Oe3 KAKUX-TUO0 0ONOTHUMENbHBIX O8UdICEHULL); 3 — Mepya-
1owee (nocie nosigieHus cogepulaent HepecyisapHYIo cepuro ObICMpbIX OBUNCEHUU, MHOCOKPAMHO NO-
ABNAACH U UCUe3As), 4 — nosasisioujeecs yepes CHUNCeHUe nPo3payHocmu (HOCmenenHo CMano8Umcs
BUOUMBIM U OMYUEMIUBLIM), 5 — NOAGNAIOUEeCs 8 HUINCHEN Yacmu dIKPAHA 6 Yenmpe ¢ nepemeueHu-
eM 8 npaewlil y2oil (6He3anHoe 603HUKHOBEHUE, KAK 6 YCI08UU POP-UD, HO 8 HUNCHEN U YEeHMPATbHOU
yacmu IKpaua, 3amem nepemeusaemcs K npagomy yeny);, WN — npooul 6e3 ysedomienuil.

A one-way RM ANOVA for group without the hover
effect showed that notification type had an effect
only on RT, F(4.84) = 13.30, p < .001, np2 = .31.
The pairwise comparisons demonstrated that RT
were significantly different for the fourth type of
notification from others (all p <.001).

A one-way RM ANOVA for the group with the hover
effect showed a significant effect of notification type
on CD, F(4.104) =7.28, p <.001, np2 = .01, and FA,
F(4.104)=14.45,p<.001,np2 =.25. According to the
pairwise comparisons, FA was significantly different
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under the second type of notification condition from
others (all p <.001).

The paired samples the Wilcoxon test (Wilcoxon
signed-rank test) was used to compare parameters
before and after notification (see Figure 15). For
the group without the hover effect there were no
significant differences in FA, V =338.5, p> .30, r =
.08. However, CD, V = 5209, p < .01, r = .24, and the
execution rate, V = 1209, p <.001, r = .64 (before: M
=0.37; after: M = 0.58), was different before and after
notification. For group with the hover effect analyses
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Fig. 13. Results of Experiment 4 for false alarms (FA) in groups without and with the hover effect. /
Puc. 13. Pe3ynomamel sxcnepumenma 4 no xonuvecmay noxcHolx mpeeoe (FA) 6 epynnax 6e3 a¢h-
¢hexma nasedenus u ¢ s¢ppexmom nageoerus.

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner, WN — trials without notification. / [Ipumeuanus. Tunel anumayuu
yeedomnenuil: 1 — nocmenenno nosgnaoujeecs (MedjleHHOe 03HUKHOBEHUE C OBUNCEHUEM B8EDX);

2 — pop-up (8He3antoe 803HUKHOBEHUE Oe3 KAKUX-TUOO OONOTHUMENbHBIX O8UdCeHULL); 3 — Mepya-
1owee (nociie nosigIeHUs cogepulaen HepeyisipHyio cepuro ObICMpbIX OBUNCEHUU, MHO2OKPAMHO NO-
ABNAACH U UCYe3As), 4 — noasiAoujeecs yepes CHUNCeHUe nPo3pavHocmu (HOCmenesHo CIMmaHo8umcs
BUOUMBIM U OMYUEMNUBLIM); 5 — NOAGIAIOUEECs 8 HUNCHEN YaCmU IKPAHA 8 YeHmpe C nepemelyeHu-
eM 8 npaegwlil y2oi (6He3anHoe B03HUKHOBEHUE, KAK 8 YCII08UU POP-UD, HO 8 HUMCHEU U YeHMPAIbHOU
yacmu IKpaua, 3amem nepemeujaemcs K npagomy yeny);, WN — npobwl 6e3 ysedomieHuil.

showed significant differences in CD, V = 572.5, p <
.001, r=.77, and rate of execution, V =733, p <.001,
r=.74 (before: M = 0.39; after: M = 0.49), but not FA,
V =2007.5,p>.87,r=.03.

Discussion of Experiment 4

Experiment 4 replicated the results of Anufrieva and
Gorbunova [Anufrieva, Gorbunova, 2025]: the hover
effect had no effect on attention shifting. Only RT was
sensitive to the presence of the hover effect, similar
to the results for sustained attention — notifications
closed faster in its presence. Also, differences between

trials with and without notifications were found only
for the second type (pop-up) in the group with the
hover effect in the FA context. Thus, the mere presence
of notifications did not generally affect the accuracy of
the task. Additionally, the same interactions between
animation type and the presence of the hover effect
were observed as in the attention sustainability task
(Experiment 1). Finally, measures of the number of
CDs before and after changed — it increased in the
group with the hover effect and decreased in the group
without it. This may suggest that after distraction,
the hover effect facilitates retrieval. However,
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Fig. 14. Results of Experiment 4 for reaction time (RT) in groups without and with the hover effect. /
Puc. 14. Pezynomamol sxcnepumenma 4 no epemenu peaxyuu (RT) 6 epynnax oe3 a¢hgpexma nasede-
HUsL U ¢ 3¢hhekmom HageoeHus.

Notes. Notification types: 1 — An appearance of slow upper-movement, 2 — An appearance of a
pop-up manner, 3 — An appearance of the window followed by flickering, 4 — An appearance of the
window through a reduction in transparency, 5 — An appearance at the bottom of the screen center,
then moves to the right corner. / [lpumeuanus. Tunvl anumayuu ygedomnenuii. 1 — nocmeneHHo
noseaaoueecs (MeoleHHoe B03HUKHOBEHUE C 0BUNCEHUEM 86epPX); 2 — pOop-up (6He3anHoe 803HUK-
HOBeHUe 6e3 KaKux-1ub0 OONOIHUMENTbHbIX 08UNCEHUL); 3 — Mepyaroujee (nocie nossieHus cogep-
wiaem HepezyNApHYIO cepuio ObICMPbIX 0BUNCEHUTL, MHO2OKPAMHO NOABIAACL U Uc4e3ds); 4 — noss-
JiAIoujeecs uepes CHUNCeHue npo3pavyHoCcmu (HOCMenenHo CMAaHo8UMCcs 6UOUMbBIM U OMYEMIUBBIM),
5 — nossnaoweecs 6 HUNCHeU YACMU IKPAHA 8 YeHmpe ¢ nepemeujeruem 8 npaswlil y2oi (6HesanHoe
B03HUKHOBEHUE, KAK 8 YCIIO8UL POP-UD, HO 8 HUMCHEU U YeHMPATbHOU YACmU IKPAHA, 3amem nepeme-
waemcs K npagomy yeny).

this contradicts the results and interpretation in procedure are equal to Experiment 4. The difference is
Experiment 1. An analysis of the comparison between only in adding the content to notifications by analogy
the results of the two experiments is presented in the ~ with Experiment 2.

General Discussion.

Participants
Experiment 5. Attention shifting: hover The principle of subject recruitment and data exclusion
effect, notification and content (with call  is the same as in Experiment 4. The final data analysis
to attention ) included 60 participants (age: M = 22.5, SD = 2.1,

The purpose of Experiment 5 was to explore the sex: 43 female) per 30 in the group.

influence of content in notifications on attention Design

shifting. The concepts, experimental design, and The experimental design was the same as in
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Fig. 15. Results of Experiment 4 for correctly detected slots (CD) and false alarms (FA) before and
after notifications. / Puc. 15. Pe3ynomamul sxcnepumenma 4 no koiuuecmey 6epHo HauOeHHbIX Cl0-
mog (CD) u nosicHvix mpesoe (FA) 0o u nocie ygedomneruil.

Experiment 4. There were 5 types of notifications, 15
trials for each type, and among these 15 trials, 5 were
notifications with a call to attention, 5 were with the
distractor, and 5 were empty.

Results

A one-way ANOVA was used for trials without
notification. The analysis showed that the group factor
had no significant effect on any of the measures: CD,
F(1.58)=10.76,p > .48, np2 = .01, FA, F(1.58) =3.21,
p > .17, p2 = .05, rate of execution, F(1.58) = 0.68,
p>.41,np2 =.01.

For the group with the hover effect, a significant
difference between trials with and without notifications
was found only between the third and WN (p <.014)
in the context of CD. For the group without the hover
effect, a significant differences emerged between
conditions the first and WN (p < .002), the third and
WN (p <.001), and the fifth and WN (p < .002), also
in the CD rate. All pairwise comparisons were non-
significant.

In the analysis of trials with notifications, nine
participants were excluded because they systematically

failed to close notifications of the fourth type: eight
from the group without the hover effect and one from
the group with the hover effect. Consequently, the
final analysis included 51 participants. No violations
of homogeneity were detected (p > .05). According
to the results of a three-way mixed ANOVA, where
group was the between-group factor and notification
type and content were within-group factors, it was
found that the group factor only influenced RT,
F(1.49) = 12.3, p < .00, np2 = .18. Notification type
influenced FA, F(4.196) = 3.21, p < .03, np2 = .01,
and RT, F(4.196) = 39.02, p < .00, np2 = .15. The
content had an impact on CD, F(2.98) =4.29, p < .02,
np2 =001, execution rate, F(2.98) =5.23, p <.01, np2
=. 001, and RT, F(2.98) = 3.34, p < .04, np2 = .01.
Interactions between notification type and content
were found for CD, FA, and RT (all p <.01).

A two-way ANOVA for the group without the hover
effect showed a significant impact of notification type
on RT, F(4.84)= 36.42, p < .001, np2 = .304. The
content also had an effect only on RT, F(2.42) = 5.02,
p <.001,mp2 =.01. In addition, there was a significant
interaction between notification type and content for
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RT, F(8.168) = 2.18, p < .04, np2 = .03. The pairwise
comparisons showed that the RT was significantly
different for the fourth type of notification (all p <
.001). But no differences were found between content
levels (all p>.11).

A two-way ANOVA for the group with the hover
effect showed a significant impact of notification
type on FA, F(4.112) = 6.02, p < .001, np2 = .03,
and RT, F(4.112) = 6.43, p < .01, np2 = .05. But
there was no significant impact of the content (all p
>.13). Significant interactions between content and
notification type were found for CD, F(8.224) = 3.18,
p <.01,mp2 = .01, and FA, F(8.224) =5.38, p < .01,
np2 = .18. The analysis of the pairwise comparisons
for the showed that FA differed significantly for the
second type of notification as well as for the presence
of a distractor in the content (all p <.001). Also, RT
differed for the fourth type (all p <.001).

The paired samples the Wilcoxon test (Wilcoxon
signed-rank test) was used to compare parameters
before and after notification. For the group without
the hover effect, it showed that CD, V = 53623, p <
.001, r = .24, and execution rate, V = 9697, p <.001,
r = .69, were significantly different but not FA, V =
3450.5, p=0.49, r = .05. For the group with the hover
effect, significant differences in CD, V = 11346, p <
.001, r = .65, and execution rate, V = 32030, p <.001,
r = .83, were found, but no in FA, V =4856, p > 0.76,
r=.07.

Discussion of Experiment 5

The iteration replicated the pattern of Experiment 4.
These findings emphasise the stability of the impact of
interface elements (the hover effect and notifications)
on attention shifting. Regarding the effect of content,
only the interaction between the second type (pop-
up), content (distractor), and the group factor (the
hover effect) was found. This interaction replicates
the results of Experiment 2 and 3. Regarding the
occurrence of attentional errors (FA), there was no
increase for both groups.

Summary of Experiments 4—5

By analogy with the discussion of the sustained
attention experiments, the analysis of achieved
statistical power for Experiments 4-5 on attentional
shifting is presented first. A mixed ANOVA revealed
a significant main effect of group on RT (np? =
.09), with relatively low achieved power (=34%),
indicating limited sensitivity for detecting small-to-
medium effects. The main effect of notification type
was significant for FA (np? =.04) and RT (np?=.13).
The corresponding achieved power was low for FA
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(=16%), reflecting a small effect size, and moderate
for RT (=51%), indicating improved sensitivity
for larger effects. Regarding the Wilcoxon signed-
rank tests assessing performance before and after
notification presentation, significant differences in
the group without the hover effect were observed for
CD (r = .24), with moderate power (=61%), and for
execution rate (r = .64), with high power (<99%). In
the group with the hover effect, large effects were
observed for both CD (r = .77) and execution rate (r
= .74), with correspondingly high achieved power
(=99%). In Experiment 5, a mixed ANOVA revealed
a significant main effect of group on RT (mp? = .18),
with moderate achieved power (=56%). The main
effect of notification type was significant for FA (np?
=.01) and RT (np? = .15), with low power for FA
(=6%) and moderate power for RT (=46%), again
reflecting differences in effect size. Significant effects
of content were observed for CD, execution rate, and
RT (mp*=.01), all of which were associated with very
low achieved power (below 6%), indicating that these
statistically significant effects were small and detected
with limited sensitivity. In the group without the hover
effect, significant effects were found for CD (r = .24),
with moderate power (=58%), and for execution rate
(r = .69), with high power (=99%). Regarding the
Wilcoxon signed-rank tests assessing performance
before and after notification presentation, large effects
were observed in the group with the hover effect for
both CD (r = .65) and execution rate (r = .83), each
associated with high achieved power (=99%). Thus,
similarly to the power analysis for Experiments 1-3,
the experimental design and sample size employed
in Experiments 4-5 were sufficient primarily for
detecting large effects. This once again highlights
the necessity of replication with larger samples and
modifications to the experimental design to increase
sensitivity to small effects.

The experimental data presented in this section
demonstrated a high degree of consistency. No effect
of the hover effect on task accuracy or execution rate
was observed either in trials without notifications or
in trials with notifications. However, reaction times to
notifications were consistently shorter in the presence
of the hover effect. Stable interaction effects were also
observed: in the condition without the hover effect, the
notification appearing through transparency reduction
(the fourth notification type) was associated with
the longest reaction times, whereas in the condition
with the hover effect, the pop-up notifications (the
second notification type) produced the greatest
number of false alarms. Furthermore, across both
experiments, the presence of notifications did not
lead to a significant increase in errors or a decrease in
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accuracy compared with trials without notifications.
The number of correctly detected targets consistently
increased following distraction by notifications. At
the same time, comparisons between trials with and
without notifications did not reveal a stable decline
in performance under notification-present conditions.
The consistency of the findings across Experiments
4-5 indicates the stability of the observed effects for
attentional shifting. Overall, within the attentional
shifting task, no evidence was found that notifications
induced errors, whereas the interaction between the
hover effect and notifications demonstrated a pattern
of influence similar to that observed in the sustained
attention task.

General Discussion

First and foremost, the answer should address
the research question regarding the possibility of
attentional errors after notifications. This study showed
that the presence of notifications during tasks does not
lead to an increase in the average error rate compared
to performing these tasks without notifications.
However, attentional errors occur immediately after
being distracted by notifications, but only on a website
with the hover effect and in an attention sustainability
task (Experiments 1-3). Nevertheless, along with
the increase in errors, there is also a rise in correctly
found items, which limits the possibility of concluding
that distraction by notifications has an exclusively
detrimental effect. A possible explanation can be
found within Anufrieva’s [Anufrieva, 2025] model.
The hover effect serves as an exogenous perceptual
cue that aids in the selection and maintenance of
attention during task execution. However, this leads
to a strategy of relying on this external cue instead of
investing one’s own endogenous efforts of attention
in retaining information in WM and monitoring the
search space. Being distracted by the notification,
attentional resources are spent on inhibiting
and reactivating the main task schema through
endogenous attention mechanisms [Nguyen et al.,
2020]. It is likely that at this moment, the information
in the WM, which is already weakly retained, fades
away or interferes (in the case of distractors in
notifications), leading to a situation where the subject
continues to search for some targets correctly, while
«confusingy the rest. The results for attention shifting
task may support this explanation (Experiments 4-5).
When comparing the sustainability and shifting tasks,
we can note differences in their complexity. The
sustainability task requires holding three activated
targets simultaneously and matching each slot with

each of them for verification, both before and after
notification. In the shifting task, only one target is
activated at a time, and then it is replaced by another
when an audible signal occurs, without requiring
further searching. In other words, during the tasks,
the subject holds one fewer target with each signal.
Thus, the shifting task can be considered easier in
terms of cognitive load. It may not require an external
cue, which could explain why the presence of the
hover effect has no effect on performance, as shown
in Experiments 4 and 5 that replicated the results of
Anufrieva and Gorbunova [Anufrieva, Gorbunova,
2025]. Thus, the hover effect serves as an attentional
cue in complex tasks. However, this reliance on the cue
reduces the effort devoted to retaining and monitoring
information. When a task becomes more difficult due
to distraction, attentional resources are first depleted,
and information in WM may then fade or interfere,
resulting in reduced accuracy. In relatively simple
tasks, the hover effect has no significant impact
because cognitive resources are optimally distributed.
Yet, as task difficulty increases under distraction,
attentional resources become exhausted, and the
hover effect begins to function as a cue that facilitates
further searching. Therefore, there is a variation in
the impact of interface elements on performance
under different combinations of cognitive load (as an
intrinsic cognitive load; [Sweller, 2024]) and demands
for attentional resources. This reasoning highlights
the intricate relationship between attention and WM
[Unsworth et al., 2021] and supports the DETOUR
model’s view of the key role of attention in distraction
[Couffe, Michael, 2017]. Alternative explanations also
emphasise the connection between attention and WM.
According to the theory of perceptual load [Lavie,
Tsal, 1994], the condition with the hover effect can
be considered more perceptually rich. Consequently,
earlier perceptual filtering occurs, which reduces
cognitive load but consumes executive attentional
resources. When distraction by a notification further
consumes these resources, attentional capacity
becomes depleted. This depletion can increase
cognitive load, which in turn leads to poorer task
performance [Lavie, Dalton, 2014]. Finally, the
findings can be interpreted within the framework
of the two-stage model of visual search [Maxfield,
Zelinsky, 2012]. Visual search consists of a guidance
stage and a verification stage. In the presence of the
hover effect, perceptual cues may enhance target
guidance. However, when a distractor appears during
the verification stage, a criterion shift may occur —
a decision to click is made even when the stimulus
bears only a slight resemblance to the target retained
in WM (or activated long-term memory) [Wolfe,
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2021]. Such a shift in filtering criteria may result
from the depletion of attentional resources caused
by distraction. Overall, in response to the research
question placed within this work, attentional errors
due to distraction by notifications appear to arise only
when a high cognitive-load task coincides with the
presence of the hover effect on the website where the
notification occurs.

In addressing the second research question of the
present study, several interactions between the hover
effect and notifications were found. First, across all
iterations (Experiments 1-5), an advantage was found
in the time it took to close notifications on a website
with the hover effect. This indicates the influence of the
hover effect on selective attention mechanisms. The
hover effect is designed to indicate the interactivity
of an interface element — to signal the potential for
interaction to perform a function, acting as a signifier
[Norman, 2008]. Perceptually, this is accompanied by
a change in the state or colour of the element when
interacting with it or moving the mouse over its active
area, which can cause a sensation of movement. It
can therefore be assumed that the acceleration of
the RT to notifications is due to their appearance,
which is accompanied by movement (animation).
This acts as relevant information in a situation
where movement is already present due to the hover
effect. This is consistent with studies that show that
it is easier to detect the movement of an object in a
moving environment (e.g., [Takemura, 2010]). It also
corresponds to studies of the banner blindness effect,
where it was reduced in cases where the information
on the website and banner was relevant [Sapronov,
Gorbunova, 2022]. An alternative explanation for
the advantage in detecting notifications on a website
with the hover effect may involve the auxiliary
function of the hover effect: in its presence, sustained
attention is facilitated, which can conserve resources
for responding to emerging stimuli. This explanation
is supported by execution rate results — the rate is
higher on the website with the hover effect than
without it. It can be assumed that under the condition
without the hover effect, participants found the task
more difficult, so they were more focused and spent
more resources on performance. Consequently, the
notification was harder to notice due to the focus on
the task itself (narrowing of focus) or due to a lack
of resources for detection (depletion of attentional
resources). Further research using an eye-tracker, as
well as measurements of cognitive load or fatigue, is
needed to clarify this issue.

Another result in favour of the idea of facilitating
notification detection through the hover effect is
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that, in the absence of the hover effect and with the
notification appearing through reduced transparency,
the longest RT was obtained in most of the experiments
(Experiments 1-5). These results are consistent with
Wilson’s study [Wilson, 2006], where the slow-
growth notifications were noticed later. Thus, the
slower a notification appears, the more difficult it is
to detect. In the absence of movement on the website,
this becomes even more difficult, as evidenced by the
fact that the results of the 8—12 subjects were excluded
because they missed this notification in most trials on
the website without the hover effect. Another example
of the interaction between the hover effect and
notification animation is that the greatest number of
errors occurred when pop-up notifications appeared
on websites with the hover effect (Experiments 1-5).
This can be explained by the capture of attention
due to a suddenly occurring object, which requires
substantial resources for immediate attention
reallocation [Anderson, 2021]. Nevertheless, this type
of notification did not benefit RT — it was not closed
faster. It might be assumed that there was a chunking
behaviour [Cutrell et al., 2000] when participants
noticed the notification but postponed closing it. This
assumption can be tested by adding an eye-tracker for
further analysis of gaze behaviour in future studies.
The fact that such interaction occurred only in the
case of a website with the hover effect supports the
idea of facilitating detection through the relevance of
movement information — pop-up notifications are
comparatively easier to notice [Wilson, 2006], and
their visibility may increase in the presence of the
hover effect. At the same time, such attention capture
not only causes a waste of resources for reallocation
but also requires more resources to inhibit an
immediate reaction to complete the current subtask
within the main task.

Finally, results showed that adding content neutralises
the exogenous influence of the hover effect on
attention sustainability (Experiments 2-3). It is
noteworthy that the advantage in RT remains. Based
on the results of Experiment 2, it was assumed that
content such as a call for attention is the reason for the
disappearance of differences due to the activation of
endogenous mechanisms, which, when activated, are
generalised across all trials. It seemed that this type of
content led to an increase in concentration, similar to
the study by Chen and Huang [Chen, Huang, 2013].
However, testing this assumption in Experiment 3,
where this type of content was absent, did not lead to
the hover effect influence. It can be assumed that the
mere presence of content in notifications within the
experimental procedure leads to increased alertness
and concentration. Since the content in this study
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varied according to a within-subject design, unlike in
Chen and Huang [Chen, Huang, 2013], the activation
of endogenous attention was not limited to a single
trial. It is also noteworthy that the average number
of errors was highest and significantly different only
in the case of content with a distractor in pop-up
notifications on a website with the hover effect, both
in the sustainability task (Experiments 2—3) and in the
shifting task (Experiment 5). As discussed above, this
type of notification presumably captures attention,
but there is a «braking of the closing reaction» to
complete the ongoing activity (chunking behaviour).
When distractor content is added to such notifications,
the text is automatically read, leading to interference
between the target stimuli and the distractor word. As
a result, a significant increase in errors occurs. Thus,
the presence of the hover effect facilitates the detection
of notifications, while pop-up notifications, which
are the most attention-grabbing on their own, induce
additional distraction when they contain distractor.
At the same time, probably due to the within-group
design, in trials without such content but with the
same type of animation, it was relatively easier, and
the appearance of such an empty notification did not
lead to an increase in errors, as was observed earlier
(Experiments 1 and 4).

In response to the question about the nature of the
influence of the combination of hover effects and
notifications, the following can be noted. The hover
effect facilitates the detection of notifications; however,
the appearance of notifications themselves leads to an
increase in errors. This, however, is true only in the
case of a relatively complex task: in a simple task, the
hover effect facilitates target detection after distraction
by notifications. Moreover, interactions are observed
between the type of animation and the presence of the
hover effect, as well as a reduction in the influence
of the hover effect when the notifications contain
content. Consequently, it is not possible to describe
the combination of the hover effect and notifications
as having a purely overloading or guiding effect on
attention. This highlights the need for further research
to reveal the mechanisms underlying the interaction
and influence of all these factors (task complexity,
notification animation and content).

Limitations

The main limitation of this study is the relatively low
achieved statistical power of the analyses, resulting
from the exclusion of participants who did not close
notifications of certain types, as well as the overall
complexity of the design, which was not sufficiently
sensitive to detect small-to-medium effect sizes.
Therefore, direct replications with a larger sample

size are required to increase both statistical power
and sensitivity. In addition, conceptual replications
are needed in which the design is modified by
manipulating the presence of notifications and their
content in a between-subjects manner. This would
help to avoid potential generalisation effects of
exposure to notifications, their animations and content
across all trials. The conclusions are also limited
by the fact that the observed patterns were obtained
using the example of a scanning task. As Czerwinski
[Czerwinski et al., 2000] points out, other types of
tasks may not be as sensitive. First, this highlights
the need for further research using other types of
tasks. Second, the significance of the task itself once
again emphasises that its structure and complexity
are factors that must be explicitly considered when
planning, conducting, and interpreting data on the
impact of interruption. Another limitation related to
the generalisability of the conclusions is that this study
did not use interactive notifications. In everyday life,
notifications usually contain a piece of information,
the full version of which can be found by clicking
on the notification. Also, notifications often contain
a call to action, enticing the user to visit a website or
service. This study did not consider such notifications
and mechanics. This could be a logical continuation
of this study with the aim of assessing the separate
influence of the notification itself and the fact of
switching to another website and returning to the task.

Conclusion

According to the findings, an overloading effect by
notifications appears to depend on a combination of
factors, including task complexity and the presence
of the hover effect on the website. The probability of
attentional errors also increases when a notification
appears abruptly (i.e., as a pop-up) and contains
distracting content on a website with the hover effect.
These results highlight the complex interplay between
the hover effect, the characteristics of notifications, and
the complexity of the task. Specifically, the presence
of the hover effect was found to facilitate the detection
of notifications, enhance attention sustainability
when notifications did not contain content. However,
the presence of content may activate endogenous
attention mechanisms, increase concentration and
thereby neutralise the exogenous influence of the
hover effect. Future research should aim to clarify the
mechanisms underlying these effects, considering not
only exogenous factors (interface elements), but also
task-related variables such as type and complexity, as
well as the potential increase in attentional focus due
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to prior exposure.
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