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Figure 1: We used vignettes to immerse participants in different work-related roles such as air traffic controller, programmers,
or communications officers but also private situations such as watching TV with friends. Participants rated the importance of
various Attention Management System features considering these roles. Source: Getty Images, Shutterstock, Freepik.

ABSTRACT

Notifications and interruptions have shown to significantly im-
pede task performance while causing stress. Attention management
systems aim at mitigating these negative effects, for example, by
delaying interruptions to task boundaries or times of low mental
load. However, while the theoretical benefits of such an approach
are well-documented, it is quite unclear how holding back infor-
mation from users is accepted, especially in times of the “always-
on-mentality”. Thus, we conducted an online vignette experiment
with N=163 participants, who were presented hypothetical private
and work-related scenarios where interruptions are delayed by
attention management systems. Participants rated how long they
would allow particular interruptions to be delayed, as well as which
data collection methods a system could use to perform these deci-
sions. Our results show that interruption management is desired
by potential users, provided they feel in control. We conclude with
recommendations for the design of attention management systems.
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1 INTRODUCTION

Due to the ubiquitous presence of digital technology and smart
devices, our attention is strained more than ever in human history.
We constantly have to deal with interruptions and notifications
(according to Pielot et al. [29], on average, more than 50 times per
day), and we frequently fail to manage our response in an intelligent
way. Imagine that while you are reading this introduction, you
are receiving a notification from a short message service (such
as WhatsApp or Signal) from a friend. Since such services affect
autonomy and privacy, and blur the boundaries between work
and private contexts [24] you will likely react or even respond.
Afterward, you may continue reading this paragraph, but you have
to re-attend the task mentally (i.e., freeing cognitive resources)
and physically (i.e., putting away the smartphone). Overall, the
detrimental effects of frequent task switches on human performance
and comfort are well documented [6]. What if your friend’s message
had been managed more “attentively”, for example, the notification
could have been postponed until you finished reading this section
or even the entire paragraph?
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Unfortunately, most notifications and interruptions we receive
are unmanaged, i.e., they are communicated to the user as soon as
they appear. As a consequence, many users deactivate notifications
from a wide range of apps or frequently put their devices into silent
mode when they do not want to get disturbed [25]. Nevertheless,
the calls for more intelligent management of users’ attention date
back to the origins of the “ubicomp vision” [3, 42], and it has been
shown that interruptions work best at task boundaries or phases
of low mental workload. Especially deferring interruptions is a
powerful feature, since holding them back “for a short time, i.e.,
Just a few seconds, can lead to a large mitigation of disruption” [6].
This is also frequently reflected in design guidelines. For example,
Horvitz [19] argued to “consider the status of a user’s attention in the
timing of services [...] while considering costs and benefits of deferring
actions”, and also in the more recent design guidelines on human-AI
interaction by Amershi et al. [2] it is emphasized to “time when to
act or interrupt based on the user’s current task and environment”.
Still, times and users have changed since the original proposals
of attention management systems. Today, many users follow the
“always-on mentality” and deliberately expose themselves to multi-
ple conversations and media content simultaneously [41]. Further,
despite the negative effects of multitasking, users may suffer the
“fear of missing out” and query social media and messaging apps
even without notifications [14]. Although we believe that it is more
than urgent to develop suitable attention management systems for
smart devices, we think it is also time to evaluate which associated
features are valued and accepted by potential users.

Consequently, we have investigated these issues in an online
vignette study. Since interruption receptivity is strongly based on
context [3], we created multiple scenarios where attention manage-
ment systems (AMSs) could be put into place (different workplace
and private situations with varying risks and multitasking aspects)
and evaluated the potential of AMS features. Specifically, we asked
(a) how long different types of notifications (i.e., work and private-
related) could be comfortably deferred in these scenarios, as well
as (b) which observation parameters (such as screen recordings
or physiological measurements) are accepted in these settings to
optimize interruption delivery. Additionally, we asked our partici-
pants about acceptance and doubts regarding relevant AMS features.
Our results show that many potential users welcome systems that
better manage interruptions for them, as long as they feel in con-
trol of such systems. Finally, we contribute with a thorough set of
recommendations for future AMSs.

2 BACKGROUND & THEORETICAL
IMPLICATIONS

Cognitive science research has extensively examined the impact of
interruptions on multitasking [7, 9, 10, 12, 18, 20, 23, 31]. According
to Okoshi et al. [26] through Anderson et al. [3], an interruption
is an “introduction to a new task or tasks on top of the ongoing
activity, often unexpectedly, resulting in conflicts and loss of atten-
tion on the current activity, failing to resume the work where it
was interrupted.” Studies have consistently demonstrated that inter-
ruptions disrupt cognitive processes and can lead to performance
decrements and increased error rates [6, 37, 45]. When individuals
are interrupted from a primary task to engage in a secondary task,
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their cognitive resources are divided between the tasks, leading to
decreased performance. Interruption costs are influenced by factors
such as task complexity, interruption frequency, duration, and the
nature of the secondary task [10, 12, 18]. Resumption lags — the
time taken to return to the interrupted primary — also impact per-
formance. The transition between the secondary and primary tasks
during resumption requires cognitive resources for task-switching
and reactivation of relevant information.

The Threaded Cognition theory [8] offers insights into these
interruption-related phenomena. According to this theory, cogni-
tive processes are not isolated but interconnected threads that can
operate in parallel [34]. Resources execute processes exclusively in
service of one task thread at a time. Interruptions can disrupt these
threads, resulting in conflict for cognitive resources. The theory
suggests that the cognitive system dynamically allocates resources
to various threads, adapting to task demands and priorities [33].
When an interruption occurs, the cognitive system must shift re-
sources from the primary task thread to the secondary task thread.
Resuming the primary task requires the reallocation of resources
back to the original thread, which involves cognitive effort and po-
tential delays. Longer interruption and resumption lags can lead to
interference between threads, resulting in performance decrements.

Delaying the delivery of notifications between subtasks as a
potential solution draws upon cognitive psychology and theories
related to attention management and multitasking. The core idea be-
hind this approach is to strategically time notifications to minimize
interruption costs and enhance overall task performance. Multiple
studies revealed that it is better to be interrupted between (sub)tasks
[1, 21, 32, 44] than in the middle of a task. One of the explanations
comes from the Memory-for-problem-states theory, suggesting that
individuals are more likely to have an active problem-solving state
during the middle of a task, but not between distinct tasks [10].

To counter the negative effects of task switching, researchers
have proposed to implement so-called “Attention Management
Systems” or “Attentive User Interfaces” [3, 40]. Those can be defined
as systems that “computationally seek to balance a user’s need for
minimal disruption and the application’s need to efficiently deliver
information” [6]. Anderson et al. [3] conducted a comprehensive
evaluation of AMSs in ubiquitous computing environments. They
summarize that an AMS consists of components for sensing (data
from diverse sources), processing (to extract patterns), inferring
(concepts from features), modeling (interruptibility), and managing
(the attentional user states).

In exploring ways to enhance user experience, scholars have
suggested two key improvements: (1) refining interruption timing
based on user receptiveness (interruptibility), and (2) reconfigur-
ing interfaces to make returning to tasks more straightforward. A
wealth of studies has focused on pinpointing the perfect moments
for notifications [48], employing sensors and machine learning to
determine when users are most open to interruptions [17, 22, 30, 47].
Solutions extend beyond mere timing, proposing the display of user
availability [46, 47] and tools that ease the transition back to tasks
after an interruption occurs [38].

With respect to supporting task transitions, evidence shows
that well-arranged interfaces facilitate smoother task resumption
through cues [27]. These cues, aiding users in re-engaging with
their tasks, can be explicit (giving precise task details) or implicit
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(nudging user focus without direct instruction). They can be com-
municated before, during, and after interruptions using different
modalities [35].

3 METHOD AND RESEARCH QUESTIONS

To gain additional insights, we have set up a study to investigate
relevant features and parameters of AMS systems in multiple sce-
narios. In particular, we focus on the following aspects:

¢ Notification deferral times, where distinguish between
work-related and private interruptions. In addition, we split
between perceived critical- and non-critical work interrup-
tions, as well as important and everyday interruptions emerg-
ing from private life.

e Data collection methods: AMS systems require complex
(and potentially privacy-invasive) information about users
and their behavior to work properly [3]. Thus, we want to
know how comfortable participants feel when an AMS sys-
tem uses (1) operation system parameters like opened and
foreground applications, (2) screen content recordings includ-
ing page views, mouse click locations, etc., (3) physiological
measurements such as heart rate, body temperature, activity,
(4) eye-tracking to determine where a user looks and how
concentrated/distracted they are, and (5) video recordings of
the user interacting with the system.

o General AMS Features, including but not limited to ones
defined in [3]; (a) delaying notifications from private and
work contexts in general, (b) emergency options/contacts
not included in deferral, (c) assessment of the relative im-
portance of interruptions based on context, (d) modifying
the order of multiple notifications based on urgency, and
(e) aids/interfaces helping to quickly reengage in a before
suspended task.

To test these features and parameters, we conducted a vignette
study. Vignettes are short descriptions of situations representing
a characteristic or a combination of characteristics. They are used
as an elicitation tool that facilitates the discovery of subjects’ re-
sponses to presumptive situations [43]. Over the last 50 years, the
vignette technique has found application across numerous disci-
plines [11]. It boasts a rich history in the exploration of various
phenomena within the realms of behavioral, social, and health
sciences, both in quantitative and qualitative research [15, 16]. Ac-
cording to Atzmiiller and Steiner [4], the method is well-suitable
“for investigating respondents’ beliefs, attitudes, or judgments”. Be-
sides their immersive quality, vignettes provide the opportunity
to combine different sets of factors and levels to define the deter-
mining variables of the outcome [4, 5, 39]. Due to the nature of
measured variables, we wanted to see how the answers vary de-
pending on different factors of the vignettes. Thus, three factors
with two levels each were defined: work/private environment,
high/low risk and high/low multitasking demand (see Table 1 and
section 3.1). The “level of multitasking demand” was only included
for the well-defined work-related scenarios, as we cannot control
potential users’ levels in their private life situations. Driven by this
approach, we have created six presumptive scenarios to assess the
corresponding set of factors. To confirm the vignettes’ validation, in
the analysis, we report both - the comparison of the scenarios as a
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standalone story and the comparison of the effect of each factor/set
of factors on the dependent variables. Using an online survey, we
wanted to answer the following research questions:

e RQ1: What are the accepted notification delay times con-
sidering (a) the scenario context (work vs. private, high vs.
low risk, and multitasking demand) and (b) the notification
context (urgent vs. non-urgent and work vs. private)?

e RQ2: What are the data collection methods an AMS is ac-
cepted to use, considering the scenario context (work vs.
private, high vs. low risk, and multitasking demand)?

e RQ3: Which AMS features are most valued by potential
users, and how is this influenced by demographic variables?

Table 1: The six scenarios were presented as vignettes to study
participants. We systematically created different situations
to assess the varying requirements for AMSs.

Work Scenario Private Life Scenario
Air Traffic Controller

(high multitasking demand)

High Risk Automated Driving
Staff Nurse
(low multitasking demand)
Communications Officer
(high multitasking demand)
Low Risk Home/Living Room

IT Programmer
(low multitasking demand)

3.1 Materials and Measurements

The vignettes for the six dedicated scenarios contained both an
image (see Figure 1) and a verbal description to let participants
immerse themselves in the situation. Those were explained in the
vignettes (slightly shortened) as follows (starting with “Imagine
you are a/an”):

e Air Traffic Controller: Your tasks include directing the
movement of aircraft on the ground & in the air, issuing
plane takeoffs & landings, etc. using tools such as radios,
radars, and computers. While some tasks can be planned,
others require immediate attention. You typically handle
multiple aircraft simultaneously - for example, by providing
weather information while directing another through its
landing approach.

o Staff Nurse: Your duties include recording details of pa-
tients’ health. Aside from administering medication, you
supervise nursing assistants and trainees. You have to re-
act to emergencies and often you are the first person in a
critical situation. Typically, you are notified when your help
is needed. Often, this can happen while you are busy with
other tasks and patients.

e Communications Officer: Your work is to navigate the
news and monitor market updates. While developing com-
munication and brand strategies, you also define channels,
organize press events, plan promo campaigns, and budget.
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You handle media inquiries, write content for social net-
works, manage reputational crises, and serve as a coordinat-
ing point between different departments. Multitasking is a
part of your job because you have to be efficient and react
quickly.

e IT Programmer: You create code and most of your work
communication happens online. You do many concentration-
demanding tasks (like programming), but also exchange up-
dates with your team and react to various issues. For this,
your team uses messengers, a professional task-tracking sys-
tem, and online meetings. It is important to receive updates
and be notified about problems.

e Home/Living Room: You have an active life both at work
and in private, and you try to always be in touch and don’t
miss quality time with people you like. Sometimes you can
feel overwhelmed by the amount of messages and notifica-
tions you receive. You may feel FOMO (Fear Of Missing Out)
that doesn’t let you fully relax. To have a chilled evening,
you and your friends typically meet for dinner or watch a
TV series together.
Automated Driving: Imagine you have a highly automated
vehicle. You are currently driving autonomously on a high-
way, and you have to take the next exit, which you will reach
in roughly 5 minutes. At some point before the exit, the car
has to inform you to take over control manually. In the mean-
time, you are reading an article in your favorite newspaper
on your smartphone.

All scenario descriptions were followed by an introduction of an
AMS system (“Tmagine an Attention Management System integrated
into your workflow. You have used the system for some time and it
seems to work as intended. Instead of interrupting you immediately,
the AMS delays the notification. The system considers the urgency of
the request, but interrupts you soon enough so that no negative side
effects can occur.”) This text segment was accompanied by an exam-
ple of the tasks in each scenario, i.e., issuing starting permission for
a plane, taking blood samples for a patient, email communication,
meeting request, short message from a friend, and in-vehicle notifi-
cation, where it was always argued that this behavior allows the
user to complete a task or sub-task before being interrupted. The
vignettes (description and images) were integrated into an online
survey (using the LimeSurvey platform).

After reading the vignette, the respondents faced the question
block regarding accepting different data collection methods under
the presented circumstances (scenario). Each of the data collection
methods was assessed on a 7-point Likert scale from 1 (completely
uncomfortable) to 7 (completely comfortable). Further, we asked
about appropriate delay times for critical/non-critical work-related,
as well as important/everyday private notifications/interruptions
on a 6-point Likert scale with the answering options: should not be
delayed at all; up to several seconds; up to several minutes; up to
one hour; up to several hours; should not be received at all.

Finally, we included a set of general features for AMSs at the end
of the survey, independent of the particular scenarios. Participants
rated each of these features (see Section 3) on a 7-point Likert scale
from 1 (not needed at all) to 7 (very much needed).
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3.2 Participants and Procedure

In total, N=163 participants were included in the analyses. To ac-
quire a diverse sample, we collected participants from two sources:
(1) by email newsletters, social media, etc., and (2) through the sur-
vey platform Prolific. Participants provided demographic data and
were briefly introduced to the concept of AMS systems. Afterward,
they were presented with the scenarios (vignettes). After each sce-
nario, we assessed the AMS features of notification deferral times
and data collection methods. Completing the survey took about 20-
30s minutes per participant. All data were collected over the course
of two weeks. Two hundred sixty-five (N=265) individuals partici-
pated in the vignette study by answering three randomly selected
vignettes. Since data quality is a serious issue in online studies [36],
we put a high emphasis on getting reliable responses and included
multiple attention-check questions (explicitly instructed response
items). We considered only those participants in our final evalu-
ation who successfully passed all attention checks (2-3 attention
checks were randomly assigned per a set of vignettes). This left
us with 163 participants (83 male, 75 female, 5 other genders, age
18-55 M=29.3, SD=7.6 years). Most participants live in or originate
from Europe (82%) and have at least Bachelor level of education
(68%). Respondents’ places of residence hold different population
levels, starting from <200,000 inhabitants to cities with more than
1,000,000 inhabitants. Slightly more than 15% of the sample (N=25)
do not have children, >35% do not have and do not plan to have
one (N=59), and >40% want to become parents in the future (N=70).
Nine (9) respondents preferred not to share this information.

4 RESULTS

In the following, we present the results with respect to the indi-
vidual research questions. For statistical analyses, we conducted
Ordinal Logistic Regression with Cumulative Link Mixed Model
(CLMM) to accommodate the ordinal nature of the data (Likert-
scale) [5] and the random effects of different vignettes and individu-
als, see [4]. The CLMM analysis discerns potential differences in the
odds ratios (OR). The ORs indicate the odds of choosing a higher
response category on the Likert scale for each target item/question
relative to the reference item/question. Upon completing the analy-
sis for each research question, we established reference levels using,
where relevant, the following criteria: readability (ensuring ORs are
directed in one way for simpler understanding), logical structure
(e.g., representing “child-free” individuals as one and “parents” as
the other end of the scale), and/or sequencing (e.g., alphabetical
order in binary categories). The analysis was conducted using the
“ordinal” [13] package within the R programming environment. Ta-
ble 2 shows the descriptive statistics (mean, median, mode) of the
delay times and data collection methods.

4.1 Comfortable Delay Times

Critical work-related notifications got the biggest number of “Should
not be delayed at all” scores, followed by the important notifications
from private contacts. Respondents tend not to delay important
notifications at all or not more than for several minutes (93% for
work-related and 83% for private), while for everyday notifications,
there is a high proportion of votes for delaying from an hour up
to several hours - or not receiving at all (40% for work-related and
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Table 2: Descriptive Statistics for the comfortable delay times and data collection methods assessed in the individual scenarios.

MZfl((SI]()g)R) Air Traffic Staff Comm. IT At Auto. Overall
Controller Nurse Officer Progr. Home Vehicle
Mode
Comfortable Delay Times
Critical work-related 1(1) 1(1) 1(1) 2(2) 1(2) 1(2) 1(1)
1 1 1 1 1 1
Non-critical work-related 3(2) 3(2) 4(1) 4(1) 4 (1.75) 3(2) 3(1)
3 3 4 3 3 3
Important private 2(1.75) 2.5(1) 2(2) 3(2.5) 2(2) 2(2) 2(2)
2 3 3 1 1 1 1
Everyday Private 4(2) 4(2) 4(1) 4(2) 4(2) 3(1) 4(2)
5 4 5 4 3 4
Data Collection Methods
4.85(1.6) | 4.2(1.73) | 433 (1.91) | 433 (1.77) | 3.84 (1.99) | 4.32 (1.67) | 4.3 (1.8)
Op. system params 5(2) 4(3) 5(3) 4(3) 4(3) 4(3) 4(3)
6 3 3 5 4 6
4.15 (1.8) | 3.98 (1.81) | 3.58 (1.84) | 3.84 (1.78) | 2.93 (1.74) | 3.84 (1.84) | 3.71 (1.83)
Screen content recordings 4(3) 4(4) 3(3) 4(2.5) 3(3) 3(3) 3(3)
3 6 5 1 3 3
455 (1.77) | 4.75 (1.87) | 4.4 (2.03) | 4.16 (2.04) | 3.82 (1.96) | 4.91 (1.71) | 4.44 (1.93)
Physio. measurements 5(3) 5(3) 5(3.5) 5(3) 4(3.75) 5(2) 5(3)
5 5 6 2 6 6
429 (1.73) | 3.81(1.9) | 3.52(1.95) | 3.81(1.97) | 3.15 (1.73) | 4.39 (1.98) | 3.81 (1.92)
Eye tracking 5 (2.75) 4(3.25) 3(3) 4(3) 3(2) 5(4) 4(3)
5 4 5 3 5 3
33(1.62) | 3.1(1.64) | 2.62(1.73) | 2.85 (1.58) | 2.54 (1.84) | 3.2 (1.78) | 2.93 (1.72)
Video rec. of user 3(2) 3(2) 2(2) 3(2) 2(2) 3(3) 3(3)
3 3 3 1 3 1

62% for private, depending on context). The distribution of answers
is shown in Figure 2. Due to the ordinal structure of the data, we
provide only medians and modes in Table 2.

The CLMM analysis revealed notable differences in odds ratios
among all the questions. As stated above, the ORs indicate the odds
of choosing a higher response category on the Likert scale for each
target question relative to the reference question. In our case, this
means “reversed” grading: “up to several hours” and “should not
be received at all” are noted with 5 and 6, while “should not be
delayed at all” and “up to several seconds” with 1 and 2. All ORs
exhibit significant differences from the reference. Thus, everyday
notifications from private contacts, non-critical work-related tasks,
and important notifications from private contacts are 57.3, 20.4, and
4 times more likely, respectively, to be delayed for longer. The ORs
and corresponding CIs (95%) are summarized in Table 3.

We explored pairwise differences of estimated marginal means
(EMM) in coefficients between the questions with post-hoc Tukey
analysis. The findings reveal significant coefficients’ differences
(p<.001) among all the question pairs, indicating distinctness in
participants’ responses across the questions. As expected, everyday
notifications from private contacts demonstrated the largest (-4.05,
SE=0.17) coeflicient difference from the reference (critical work-
related notifications), indicating that participants were more likely
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to delay longer everyday private notifications relative to critical
work-related ones. Interestingly, important messages from private
contact demonstrate a significant but relatively low coefficient
difference from the non-critical work-related tasks compared to the
opposite pair (critical work-related vs. everyday private) described
above. The coefficients for compared pairs are presented in the
second part of Table 3.

Ordinal regression analysis was further applied to each of the
questions separately to define the factors that influence the odds of
higher scores (longer delays). We analyzed three variations/layers of
each question: scenario variation (treating each presented scenario
as a standalone story rather than a combination of factors within a
vignette), factors set variation (exploring the impact of three factors
- high/low risk, high/low multitasking, and private/working envi-
ronment - on the question’s final score), and demographic variation
(investigating how participants’ traits may influence the score). The
Air Traffic Controller scenario was selected as a reference level for
scenario variation (which is a risky working environment with a
high level of multitasking load). For the factors set variation, we
chose an opposite set combination as reference levels: low risk, low
multitasking private environment. In demographics measurements,
reference levels were: childless individuals without the intention
of becoming a parent, female, with a residence place of <200,000



MUM ’23, December 03-06, 2023, Vienna, Austria

Talypova, et al.

Critical work-related  93% 7%
Non-critical work-related  60% 40%
Important private . 83% 17%
Everyday private 38% 62%
100 50 0 50 100

. Should not be delayed at all
. Up to several seconds

. Up to several minutes

Percentage

Up to one hour .

Up to several hours

Should not be received at all

Figure 2: Distribution of answers on a 6-point Likert scale on the question “How long do you think the AMS should delay the

following interruptions?”

Table 3: Ordinal Regression with CLMM for Comfortable Delay Times.

Questions OR 95% CI
(ref.) Critical work-related — —
Everyday from private contacts 57.3*** | 41.5,79.1
Non-critical work-related tasks 20.4*** 15.2, 27.5
Important from private contacts 4.00"** | 3.03,5.27
Contrast (EM means pairwise comparisons) Coef. SE
Critical work-related Everyday from private contacts | -4.05"** | 0.17
Critical work-related Important from private contacts | -1.39*** | 0.14
Critical work-related Non-critical work-related tasks | -3.02*** | 0.15
Everyday from private contacts  Important from private contacts | 2.66*** | 0.14
Everyday from private contacts ~ Non-critical work-related tasks | 1.03*** | 0.13
Important from private contacts ~ Non-critical work-related tasks | -1.63*** | 0.13

inhabitants. See Table 4 for the summarized results of different
variations regression analyses with ORs and correspondent Cls.

Critical work-related notifications. Ordinal regression analysis
with an independent variable as scenario revealed significant differ-
ences in odds ratios (p<.05) from the reference scenario (Air Traffic
Controller) with all the scenarios with the exception of Staff Nurse
(the latter belongs to the high-risk*working environment just like
Air Traffic Controller). The remaining scenarios showed signifi-
cantly bigger odds of choosing longer delays (responses “up to
several hours/should not be received at all”) than the reference one,
with the biggest OR (7.16, p<.001) in the IT Programmer scenario.
Analysis conducted for factors set variations confirmed the findings
on the scenario layer: interaction of high risk and working environ-
ment predict significantly (p<.001) lower odds to get longer delayed
answers (i.e., participants are more likely to choose no/short delays)
compared to a combination of lower risk in the private environment.
Notably, each factor alone (risk or environment) does not have a
significant effect. Lastly, demographic factors analysis showed that
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males have significantly (p<.001) lower chances (OR=0.18) of choos-
ing longer delays for critical work-related notifications compared
to females. In other words, males are less prone to postpone critical
work messages than females.

Important notifications from private contacts. Both “At Home”
and “Autonomous Vehicle” scenarios showed significantly (p<.05)
lower ORs for the higher response category compared to the refer-
ence. That is, in these scenarios, participants are prone to receive
important private messages sooner compared to scenarios at work.
Since both scenarios have a characteristic of a private environment,
this result could be due to respondents’ association that private
messages should be left for after-work time. The factors set model
repeated the results from the scenario layer findings: people with
the working environment conditions have 3.22 (p<0.05) higher
chances to choose longer delays for important private messages.
Demographic data did not manifest significant findings (p<.05);
however, males again showed lower chances (OR=0.39) of giving a
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.. Important from Non-critical Everyday from
Critical work-related . .
private contacts work-related private contacts
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Questions’ variables
Vignettes
Air Traffic Controller | — - - - - - - -
Staff Nurse | 1.15 0.48, 2.76 1.1 0.55,2.23 | 0.87 0.44,1.73 | 1.35 0.68, 2.68
Communications Officer | 3.65** 1.54, 8.67 0.8 0.39, 1.65 | 2.2* 1.11,435 | 1.4 0.71, 2.79
IT Programmer | 7.16***  2.96, 17.3 1.22 0.57,2.59 | 2.66™* 1.29,5.47 | 1.09 0.54, 2.23
At Home Scenario | 3.73** 1.50, 9.33 0.38**  0.17,0.82 | 2.28" 1.10, 4.75 | 0.59 0.29, 1.23
Autonomous Car | 3.83" 1.55,9.48 0.39*"  0.18,0.83 | 0.94 0.46,1.92 | 0.49 0.24, 1.01
Factors
Risk
(ref) Low | — - — - — - — —
High | 1.18 0.36, 3.90 1.14 0.41,3.20 | 0.36" 0.13,0.96 | 1.12 0.41, 3.00
Environment
(ref.) Private | — — — — — — — —
Work | 1.92 0.85, 4.32 3.22**  1.47,7.07 | 1.17 0.57,2.41 | 1.85 0.90, 3.81
Multitasking
(ref.) Low | — — — - — — - -
High | 0.51 0.24, 1.09 0.66 0.32,1.35 | 0.83 0.42,1.62 | 1.28 0.65, 2.55
Risk * Environment
high risk * work | 0.14™**  0.04, 0.45 0.79 0.27,2.29 | 091 0.34,2.48 | 1.11 0.41, 3.01
Risk * Multitasking
high risk * high multi | 1.71 0.54, 5.41 1.38 0.50,3.77 | 1.38 0.52,3.64 | 0.58 0.22, 1.52
Respondents’ variables
Age 1.03 0.94,1.13 1.01 0.91,1.12 | 1.04 0.95,1.14 | 1.18"" 1.06, 1.31
Children
(ref.) No, and don’t plan to have | — — — — — — — —
No, but plan to have | 1.09 0.37,3.19 1.55 0.52,4.62 | 1.18 0.45,3.11 | 0.85 0.29, 2.53
Yes | 2.81 0.39, 20.3 3.45 0.49,244 | 1.01 0.18,5.76 | 1.25 0.18, 8.75
Gender
(ref.) Female | — - — — — — — —
Male | 0.18"** 0.07,0.47 0.39’ 0.15,1.02 | 0.53 0.23,1.23 | 0.52 0.20, 1.34
Population
<200,000 inhabitants | — — — — — — — —
<500,000 inhabitants | 2.42 0.55, 10.6 0.7 0.16,3.08 | 0.65 0.18,2.40 | 0.64 0.15, 2.79
<1,000,000 inhabitants | 1.61 0.37, 6.94 1.07 0.24,4.72 | 0.42 0.11, 1.62 | 0.23’ 0.05, 1.03
>1,000,000 inhabitants | 1.62 0.51,5.15 0.39 0.12,1.26 | 0.74 0.26,2.10 | 0.37 0.12, 1.21
Age*children
age * No, but plan to have | 0.86 0.72,1.02 0.99 0.83,1.18 | 0.91 0.78,1.06 | 0.75***  0.62,0.89
age * Yes | 0.81° 0.66, 1.00 0.9 0.74,1.11 | 0.94 0.78,1.12 | 0.82* 0.66, 1.00

higher score (bigger delays), although the p-value slightly exceeded
the conventional threshold (p=0.055).

Non-critical work-related notifications. In the context of non-
critical working notifications, non-risky scenarios obtained sig-
nificant differences (p<.05) with the reference level of high risk: we
found that “Communications Officer”, “IT- Programmer”, and “At
Home” scenarios have more than two times higher chance of get-
ting “more delayed” answer score compared to reference scenario
“Air Traffic Controller” (and other risky scenarios - Staff Nurse and
Autonomous Car - did not show a significant difference to the refer-
ence). As predicted, the high-risk level demonstrated a significantly
lower OR (0.36, p<.05) for bigger delays compared to the low-risk
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level. The rest of the factors did not show any significant findings.
We also did not detect any significant results in the demographic
data.

Everyday notifications from private contacts. For this question,
no significant effects that influence delay score were found be-
tween scenarios or scenarios’ (vignettes’) factors. Yet, we revealed
a significant correlation between respondents’ age as well as the
interaction between age and parental status/attitude. The OR for
age centered around the sample mean (M = 29.3) was found to be
1.18. The findings indicate that for each year change, holding other
variables constant, the odds of the “more delayed” score increase by
approximately 18%. In other words, we could say that the older are
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participants the more they tend to delay everyday private messages.
Interesting is the effect of the combination of age and parental
status. Thus, parents and those who want to have children in the
future, with increasing age, have respectively 18% (p<.05) and 25%
(p<.001) lower odds of choosing a higher response category (longer
delays) than those without plans of having children in the future.
Still, the model did not reveal any significant result for parent status
alone but only with the interaction with age.

4.2 Data Collection Methods Acceptance

Regarding potential parameters of AMSs, video recordings (of the
user) got the biggest number (71%) of negative scores across dif-
ferent scenarios, with the smallest number (19%) of positive (com-
fortable) scores. At the same time, the physiological measurements
question got the biggest number of above-neutral scores (55%). The
distribution of answers is shown in Figure 3 (left). From modes in
Table 2, we can define three groups of (un)comfortable data col-
lection methods: operation system parameters and physiological
measurements have mode 6 (mostly comfortable), screen content
recordings and eye tracking have mode 3 (slightly uncomfortable),
while video recordings get the most common score 1 (completely
uncomfortable).

Since this type of response category is frequently treated as con-
tinuous in Likert-scale surveys, we additionally report the means.
Figure 3 (right) illustrates the scores’ means distinguished per ques-
tion and scenario. It visualizes similarities and differences of the
average participant’s path through all the questions in each sce-
nario. Additionally, symbols differentiate high-risk from low-risk
scenarios. Hence, the graph demonstrates similar overall prefer-
ences among data collection methods as described at the beginning
of the section. The “At Home” scenario has the lowest mean scores
among all the questions, while the rest of the scenarios have more
elaborate ratings depending on the question. At the same time,
high-risk scenarios tend to be assessed higher (or not lower) in
the comfort scale among all the questions. To assess the relevance
of these first findings, we conducted ordinal regression analysis
following the same principle as in the “Comfortable Delay Times”
section: comparisons of questions’ differences, then scenario varia-
tion, factors set variation, and demographic variation to estimate
whether these variables determine the final score. Table 6 summa-
rized the results of different variations regression analyses with
ORs and correspondent Cls.

CLMM compared the ordinal responses obtained from 5 Likert-
scale questions with the reference level of “Operation system pa-
rameters”. The analysis demonstrated no significant differences
in odds ratios between reference level and physiological measure-
ments (p=0.15), while all other questions got significantly lower
(p<.001) ORs. Hence, the regression analysis result confirmed our
intuitive first findings. Post-hoc Tukey analysis of pairwise differ-
ences in EMMs revealed significant coefficients’ differences (p<.001)
among all the question pairs, besides the above-mentioned pair of
“Operation system parameters” - “Physiological measurements” as
well as “Screen content recordings” - “Eye Tracking” - again, in line
with the previous observations of the descriptive data. Other pair
comparisons also confirm our comfortable methods’ rating derived
from the modes. The ORs and corresponding Cls (95%) from CLMM,
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as well as coefficients with SEs for compared pairs, are summarized
in Table 5.

Operation system parameters. Ordinal regression analysis with
scenario as an independent variable revealed that the reference
scenario (Air Traffic Controller) had significantly higher odds ratios
for choosing a higher score in the operation system (OS) parame-
ters question among all, i.e., OS tracking is perceived to be more
comfortable in Air Traffic Controller context compared to the rest
scenarios. The exception is the Communications officer scenario
with a p-value of 0.055. Surprisingly, divergent trends emerged
when we delved into factors set variations and demographic data.
In these analyses, the anticipated significant trends did not materi-
alize. This could be due to the interplay of other hidden variables
not covered in the model since our scenarios do not totally re-
semble classical vignettes with minimum variations in the texts.
However, another explanation is the absence of a two-level multi-
tasking private environment to conduct a full comparison. Digging
deeper, post-hoc Tukey analysis highlighted specific scenarios of
interest. Two specific factor combinations stood out prominently:
low-risk low-multitasking private environment (corresponds to “At
Home” scenario) and high-risk high-multitasking private environ-
ment (corresponds to “Autonomous Car” scenario). These factor
combinations showcased notably reduced coefficients when con-
trasted with the high-risk high-multitasking working environment
(corresponds to the “Air Traffic Controller” scenario), exhibiting co-
efficient differences of -1.38 (SE = 0.37, p < 0.01) and -1.13 (SE = 0.36,
p < 0.05), respectively. Upon closer examination through post-hoc
pairwise comparisons with the application of Tukey correction, the
distinction among scenario variations initially noted by CLMM was
reaffirmed exclusively for the “Autonomous Car” and “At Home”
scenarios. Briefly, the “Air Traffic Controller”-“Autonomous Car”
and “Air Traffic Controller”-“At Home” scenario pairs sustained
their significance in terms of odds ratios after accounting for Tukey
correction.

Screen content recordings. CLMM results indicated that all sce-
narios had significantly lower ORs of selecting a higher comfort
category in “Screen content recordings” compared to the reference
level (Air Traffic Controller). The lowest OR was for the “At Home”
scenario and was equal to 0.13 (p<.001). The factors set model addi-
tionally revealed that scenarios with a working environment had
almost three (2.85) times higher chances of getting a higher comfort
score than the private environment, holding other variables con-
stant. Demographic variables did not demonstrate any significant
findings.

Physiological measurements. We found that the Staff Nurse sce-
nario (high-risk low-multitasking working environment) had signif-
icantly (but not drastically) higher odds (9% higher chance) of get-
ting a more comfortable response for physiological measurements
compared to the reference level (high-risk high-multitasking work-
ing environment). While Communications Officer, IT Programmer,
At Home scenarios (all are low-risk scenarios) revealed significantly
lower chances of getting high comfort scores. Autonomous car sta-
tistics did not reach significant results. Comparing odds on factors
set variation confirmed that high-risk scenarios had 3.14 higher
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Table 5: Ordinal Regression with CLMM for or Data Collection Methods Acceptance: “Please rate how comfortable you are with

the system to use..”

Questions OR 95% CI
(ref.) Operation system parameters — —
Screen content recordings 0.48"** 0.37, 0.60
Physiological measurements 1.2 0.94, 1.53
Eye Tracking 0.54*** 0.42, 0.69
Video recordings 0.17*** 0.14, 0.23
Contrast (EM means pairwise comparisons) Coef. SE
Operation system parameters ~ Screen content recordings 0.743*** | 0.123
Operation system parameters  Physiological measurements | -0.181 0.125
Operation system parameters  Eye Tracking 0.617°** | 0.123
Operation system parameters  Video recordings 1.744™** | 0.129
Screen content recordings Physiological measurements | -0.925"** | 0.124
Screen content recordings Eye Tracking -0.126 0.121
Screen content recordings Video recordings 1.001*** | 0.125
Physiological measurements  Eye Tracking 0.799"** | 0.124
Physiological measurements ~ Video recordings 1.925"** | 0.131
Eye Tracking Video recordings 1.127*** | 0.125

Table 6: Ordinal Regression with CLMM for Data Collection Methods Acceptance: scenarios, factors sets and demographic data

Operation system parameters | Screen content recordings | Physiological measurements Eye Tracking Video recordings
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Questions’ variables
Vignettes
Air Traffic Controller — — — — — — — —
Staff Nurse 0.39%* 0.20, 0.76 0.5" 0.26,0.98 | 1.09"** 1.08, 1.09 0.43*  0.22,0.84 0.58 0.29,1.14
Communications Officer 0.52 0.27,1.01 0.3"* 0.15,0.60 | 0.84*** 0.83,0.84 | 0.33** 0.17,0.66 | 0.27"** 0.14, 0.55
IT Programmer 0.43* 0.21, 0.86 0.36"" 0.18,0.72 | 0.49%** 0.49,0.49 | 0.38* 0.19,0.78 | 0.33** 0.16, 0.68
At Home Scenario | 0.25"** 0.12,0.51 | 0.13*** 0.06, 0.26 | 0.32*** 0.19,0.54 | 0.2*** 0.09,0.40 | 0.13"** 0.06, 0.28
Autonomous Car | 0.32** 0.16, 0.65 0.36"* 0.18,0.74 0.94 0.54, 1.63 0.89 0.43,1.82 0.51" 0.25,1.03
Factors
Risk
(ref)) Low — — — — — — — —
High 0.5 0.19, 1.30 1.46 0.57,3.75 3.14* 1.19, 8.31 1.94 0.73,5.12 2.23  0.83,6.04
Environment
(ref.) Private — — — — — — — —
Work 1.71 0.85,3.44 | 2.85** 1.42,5.74 1.53 0.76, 3.08 197" 0.97,4.01 2.55* 1.21,5.36
Multitasking
(ref)) Low — — — — - — — —
High 1.21 0.62, 2.35 0.85 0.44, 1.65 1.7 0.86, 3.35 0.86 0.43,1.72 0.82 0.41,1.65
Risk * Environment
high risk * work 1.81 0.69, 4.76 0.96 0.37, 2.52 0.7 0.26, 1.85 0.57 0.21, 1.55 0.78 0.28,2.13
Risk * Multitasking
high risk * high multi 2.12 0.83, 5.46 2.35 0.91, 6.02 0.55 0.21,1.44 | 2.71* 1.02,7.16 2.11 0.80, 5.57
Respondents’ variables
Age 0.96 0.88, 1.05 0.98 0.90, 1.06 0.9" 0.81, 1.00 1 091,111 0.97 0.88, 1.06
Children
(ref.) No, and don’t plan to have — — — — — — — —
No, but plan to have 1.08 0.43,2.71 1.35 0.56, 3.23 1.01 0.34, 2.96 1.02  0.35,2.95 1.46 0.54,3.97
Yes 1.29 0.25, 6.70 1.61 0.33,7.81 0.78 0.11, 5.55 0.42  0.06, 2.84 2.72  0.45,16.4
Gender
(ref.) Female - - — — - — - -
Male 0.92 0.41, 2.04 0.92 0.43,1.97 0.91 0.35, 2.33 1.54 0.61,3.91 1.74 0.73, 4.16
Population
<200,000 inhabitants — — — — — — — —
<500,000 inhabitants 0.59 0.17, 2.07 2.29 0.69, 7.63 2.19 0.50, 9.70 29 0.68,123 3.49 0.89,13.7
<1,000,000 inhabitants 0.82 0.23, 2.90 1.4 0.42, 4.69 1.32 0.30, 5.82 1.61 0.37,6.91 | 10.8*** 2.70, 43.0
>1,000,000 inhabitants 0.6 0.22, 1.64 0.56 0.22, 1.46 0.55 0.17,1.79 0.93 0.29,2.93 2.05 0.69, 6.08
Age*children
age * No, but plan to have 0.9 0.78, 1.05 0.95 0.83, 1.10 0.88 0.74, 1.05 0.86 0.73,1.02 1.07 0.91,1.25
age * Yes 1.09 0.92, 1.30 1.07 0.91, 1.27 1.2 0.97, 1.47 1.11 091, 1.36 1.07 0.89,1.29
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Figure 3: Data Collection Method Acceptance: “Please rate how comfortable you are with the system to use..”. Distribution of
answers on a 7-point Likert scale (left) and average participant’s “path” through questions in each scenario (right). Each point
is the mean per each question and scenario. Colours distinguish scenarios; symbols mark the level of risk in each scenario.

chances of getting a high comfort score on physiological measure-
ments than those of low risk. The age variable revealed a reversed
correlation with the score. With each year increase, holding other
variables constant, the odds of the “comfort” score decrease by 10%.

Eye Tracking. Like in physiological measurements, for eye track-
ing, the Autonomous car scenario did not reveal significant dif-
ferences in ORs for getting a high comfort score compared to the
reference level (both are high-risk high-multitasking scenarios).
The rest of the scenarios had significantly lower chances of getting
a higher score. Ordinal regression analysis of the factors set con-
firmed the result. We estimated that the interaction of high-risk and
high-multitasking levels, holding other variables constant, got a
171% higher chance of the eye tracking comfort score compared to
low-risk and low-multitasking scenarios. We did not find significant
OR differences for any recorded demographic factors.

Video recordings. Video recordings got the lowest comfort scores
according to descriptive statistics. With the help of CLMM, we
found that the Communications Officer, IT Programmer, and At
Home (all low-risk context) scenarios got significantly lower ORs
compared to the reference level (Air Traffic Controller). The “At
Home” scenario obtained OR=0.13 (p<.001), making it again the
scenario with the lowest odds of getting the high comfort score.
Factors set variation manifested the work/private environment to
be a significant factor in predicting the score in video recordings.
Therefore, work scenarios have 2.55 higher odds of getting a high
score on the scale. The unexpected result showed the model with
the demographic data. Respondents with a place of residence with
a population between 500,000- 1,000,000 inhabitants have almost
11 times higher chances (p<.001) of rating video recordings with
high scores of comfort.

4.3 General AMS Features

The distribution of answers is shown in Figure 4 (left). The emer-
gency option for the close ones and “Reminding where I left my
task” got the biggest number of scores above neutral (88% and 86%,
respectively). Interestingly, notification delays (both for work and
private life) got the smallest number (48% and 52%). Still, all fea-
tures have scores above neutral. That said, the overall value of the
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presented features is meaningful and should be taken into consid-
eration in future system development. The bar chart with means
and their confidence intervals (conf. level = 0.95) illustrates the
potential differences in each feature assessment (Figure 4, right).
The bar chart gives the first intuition regarding the preferences for
valuable features.

By applying ordinal regression to compare features’ values, we
found no significant differences between the reference level “Re-
minding where I left my task” and “Emergency option for boss or
colleagues”. “Emergency option for close ones” has a significantly
higher OR (2.2, p<.001), indicating more than two times bigger
chances of getting a high-value score. The rest of the features have
significantly lower ORs than the reference one, with the lowest for
notification delay for work-related tasks (OR=0.12, p<.001). Further
conducted a pairwise comparison with Tukey correction confirmed
the first assumptions from the mean comparison illustrated in the
bar chart (Figure 4, right): no significant differences between no-
tifications delay for work-related tasks and from private life, no
significant differences between “Reminding where I left my task”
and “Emergency option for boss/colleagues”, no significant differ-
ences between arranging the order of the notifications and emer-
gency option for boss/colleagues, and no significant differences
between emergency option for closed ones and boss/colleagues. At
the same time, both features, “Reminding where I left my task” and
“Emergency option for close ones”, have the biggest ORs to get a
high-value score, while notifications delay per se showed the small-
est odds relative to the other features. See Table 8 for summarized
results.

Demographic factors as features’ value predictors. Lastly, we found
interesting results on how demographic characteristics predict the
final value score of different features. Thus, for the “Notifications
delay from private life” feature, it is almost five times (OR=4.76, 95%
CI [1.29, 17.9], p<.05) bigger chance of having a higher score value
if the respondent has children than if he/she does not and does
not plan to have. In the emergency option for private life, there
is a slight but significant difference in odds with the changes in
age. With each increasing year, the chances of valuing this option
in the higher response category decrease by 8% (OR=0.92, 95% CI
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Figure 4: AMS Features: “Please rate the following features of the AMS based on their value for you.” Left: Distribution of
answers on a 7-point Likert scale. Right: bar chart with means per each feature and their confidence intervals (conf. level = 0.95)

Table 7: Descriptive Statistics for the AMS Helping Features.

Valued Features M (SD) | Med (IQR) | Mode
Reminding where I left my task 5.73 (1.29) 6(2) 6
Notif. delay for work-related tasks 4.18 (1.58) 4(2) 5
Notif. delay from private life 4.28 (1.64) 5(3) 5
Assessing the importance of the message 4.92 (1.6) 5(2) 5
Arranging the order of the notif. based on the urgency/importance | 5.36 (1.41) 6 (1) 6
Emergency option for your closed ones 6.09 (1.34) 7(1) 7
Emergency option for your boss/ colleagues 5.44 (1.65) 6(2) 7

Table 8: Ordinal Regression with CLMM for or Data Collection Methods Acceptance: “Please rate the following features of the

AMS based on their value for you.”

Questions OR 95% CI
(ref.) Reminding where I left my task — —

Notif. delay for work-related tasks 0.12%** 0.08,0.18
Notif. delay from private life 0.14** 0.09, 0.22
Assessing the importance of the message 0.32"** 0.21, 0.49
Arranging the order based on the importance 0.54™* 0.36, 0.82
Emergency option for your closed ones 2.27%* 1.40, 3.46
Emergency option for your boss/colleagues 0.71 0.46, 1.10
Contrast (EM means pairwise comparisons) Coef. SE
Reminding where I left my task Notif. delay for work-related tasks 2.130"** | 0.222
Reminding where I left my task Notif. delay from private life 1.961"** | 0.221
Reminding where I left my task Assessing the importance of the message 1.130** | 0.217
Reminding where I left my task Arranging the order based on the importance | 0.614° 0.214
Reminding where I left my task Emergency option for your closed ones -0.788" 0.231
Reminding where I left my task Emergency option for your boss/colleagues 0.339 0.339
Notif. delay for work-related tasks Notif. delay from private life -0.169 0.206
Notif. delay for work-related tasks Assessing the importance of the message -1.000"** | 0.21
Notif. delay for work-related tasks Arranging the order based on the importance | -1.516*** | 0.213
Notif. delay for work-related tasks Emergency option for your closed ones -2.919"** | 0.239
Notif. delay for work-related tasks Emergency option for your boss/colleagues -1.792*** | 0.224
Notif. delay from private life Assessing the importance of the message -0.831** | 0.211
Notif. delay from private life Arranging the order based on the importance | -1.347*** | 0.213
Notif. delay from private life Emergency option for your closed ones -2.750"** | 0.239
Notif. delay from private life Emergency option for your boss/colleagues -1.623*** | 0.224
Assessing the importance of the message Arranging the order based on the importance | -0.516 0.211
Assessing the importance of the message Emergency option for your closed ones -0.918*** | 0.233
Assessing the importance of the message Emergency option for your boss/colleagues -0.791** | 0.22
Arranging the order based on the importance ~ Emergency option for your closed ones -1.402*** | 0.229
Arranging the order based on the importance  Emergency option for your boss/colleagues -0.275 0.219
Emergency option for your closed ones Emergency option for your boss/colleagues 1.127 0.236
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[0.85, 0.98], p<.05). There were no other significant findings for
demographic factors among all other features.

5 DISCUSSION

We have examined various aspects of designing an intelligent At-
tention Management System with a specific focus on delaying no-
tifications based on the incoming messages, the user’s cognitive
load, and external context, obtained through data tracking methods.
However, before implementing such a system, numerous (human)
factors need to be considered. Our analysis revealed pivotal insights
that inform the design of effective AMSs. Considering delays, there
are different comfortable minimum/maximum thresholds for them.
Critical and urgent notifications require considerably shorter delay
times in both work and private settings compared to less time-
sensitive notifications. Intriguingly, the likelihood of individuals
desiring timely delivery of work-related notifications surpasses
that of important notifications pertaining to private matters. Fur-
thermore, the gap between the urgency of work-related critical
notifications and routine private notifications is more pronounced
than the reverse scenario. In other words, individuals are more
inclined to tolerate slightly longer delays for important private mes-
sages than they are for non-critical work-related messages. This
highlights the modern work-oriented tendency toward a nearly
immediate response to critical work-related issues RQ1b. Beyond
notification content, the context in which individuals engage with
the AMS also plays a role. High-risk work environments correlate
with an increased likelihood of tolerating notification delays, even
for critical work notifications. Similarly, the work context alone
increases the chances of accepting delays for important private
messages by more than three times. Individual traits also play a role
in appropriate delay times RQ1a. Notably, males have significantly
lower chances of accepting longer delays for critical notifications
in both work and private contexts. Additionally, parental status and
aspirations influence delay tolerance for routine private messages;
with increasing age, parents and individuals desiring parenthood
are less likely to tolerate prolonged delays than those who do not
plan to have children. We could try to explain it by the friends- and
family-oriented nature of the former groups, while individuals with
“child-free” views may have different priorities, for instance, careers
where disturbance of routine messages may be less desirable RQ1.

To understand the suitable delay range, it is important for AMSs
to know the external context as well as the urgency of the noti-
fication. More contextual data enhance prediction precision. Our
findings in the “Data Collection Methods” section impart subtle
nuances of the interaction of the variables. Users are mostly com-
fortable being tracked through operation system parameters and
physiological measurements, while screen content recordings and
eye tracking evoke slightly uncomfortable feelings, with video
recordings at the bottom of the ranking with the most popular
opinion that this method is completely uncomfortable. Nonetheless,
contextual nuances can increase method acceptance. Thus, respon-
dents have almost three times higher chances of tolerating screen
content recordings and 2.55 video recordings when collected in
a work context. There is also a 171% higher chance of tolerating
eye-tracking surveillance if it is needed to navigate in high-risk,
high-multitasking situations. While the home environment emerges
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as the least comfortable for applying any data collection methods
RQ2. Regarding valuable AMS features, our findings indicate posi-
tive ratings for most presented features and should be considered in
the development. The highest-rated features include an emergency
option for close contacts and hints about where the task was left.
However, the assessment of the notification delay function is only
slightly above neutral, indicating that its value could be intertwined
with additional features RQ3.

In summary, our study provides insights crucial for the devel-
opment of an AMS centered on notification delays. We emphasize
the significance of considering the context of the future application
and the problems the AMS should help navigate. Smartly choosing
accompanying features in the AMS design, such as appropriate
adjustable delay times and toleratable data collection methods, an-
ticipates enhancing user experience and future acceptance of the
technology.

5.1 Limitations & Future Work

Although our study provides valuable findings about people’s opin-
ions on the characteristics of AMS, some limitations deserve recog-
nition. The study declared as a vignette method has a form different
from the classical one (combination of factors) and has elements
of a story used in qualitative methods studies, which gives much
more freedom in interpretations and possible hidden variables. The
study’s findings are contingent on the specific scenarios and con-
texts examined. Broader generalizations should be made with cau-
tion, considering potential variations in user preferences and re-
quirements across diverse real-world situations. Also, we focused
on a particular combination of demographic factors for our analy-
sis, and other factors (such as users’ occupations or professional
backgrounds related to the scenarios) should be addressed in future
studies. Finally, the vignette method per se has its limitations. The
study primarily focuses on user preferences and perceptions with-
out directly testing AMS in a dynamic context. Further research
could delve into close-to-real user experiences (see [28] for “do not
disturb challenge” in the real office). Additionally, a comprehensive
qualitative exploration of human opinion - especially considering
human personality traits and attitudes - would be of great value.

5.2 Summary and Recommendations

Based on the findings elucidated in our study, we present practi-
cal recommendations that can guide the development of effective
and user-friendly Attention Management Systems centered around
notification delays:

o Customizable Delay Thresholds: Recognize the variabil-
ity in comfortable delay times for different types of notifi-
cations and contexts. Our results indicate that many users
accept longer delays for private messages than for job-related
ones, especially in the working environment. High-risk work-
ing notifications should be timed with particular caution,
and people tend to be highly wary of postponing working
notifications at high-paced jobs. Allow users to customize
delay settings according to their specific preferences.

e Account for Individual Traits when determining delay
times, features, and data collection methods. Take into ac-
count demographic factors such as gender, family status, age,
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and other parameters. That is, our study revealed that men
are less tolerant of notification delays, especially if messages
are related to work. Additionally, with increasing age, people
tend to accept longer delays in private messages.

e Data Collection Methods: In private environments, focus
on less intrusive methods like operation system parame-
ters and aim for a compromise between privacy and system
performance. Also, physiological measurements from de-
vices such as smartwatches are widely accepted. Excessive
surveillance (for example, including video feeds of the screen
contents or the user interacting with the system) should (de-
pending on the particular context) be limited to high-risk
and/or working environments.

o Feature Emphasis: Prioritize features that resonate most
with users. Recognize that notification delay per se is per-
ceived as more valuable when bundled with additional fea-
tures that enhance task management and user control. For
example, develop emergency options for close contacts to
bring back control to the user, and aim at developing useful
resumption cues to ease resuming a before-interrupted task.

e User-Centric Design: Align the AMS design with the con-
text and challenges users encounter. Emphasise features that
address specific user needs, ensuring the system not only
adapts to users’ mental load but also assists them in man-
aging interruptions effectively. For example, the feature “re-
minding where I left my task” was highly valued in our
feature evaluation. Conduct thorough usability testing to
evaluate user interactions with the AMS. Gather user feed-
back and insights to continuously refine the system and
ensure its effectiveness in real-world scenarios.
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