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Abstract. The growing use of mobile devices that are available everywhere can 

blur the boundaries between life domains work and life. The increasing number 

of notifications on smartphones leads to interruptions that might be unrelated to 

the current life domain and task and are therefore disruptive. Despite some tools 

there is a gap between the preferred and the actual separation of life domains. In 

this paper we show how concepts from the field of boundary management can 

be applied for notification management on mobile devices. We present a formal 

model of the semantic structure of life domains, which is based on the concepts 

of integration and segmentation from boundary theory. We introduce an app for 

the management of notifications on Android smartphones that leverages on this 

formal model. In a field study we evaluated the app with real-life notifications. 

The results show a significant reduction of the gap between actual and preferred 

boundary management.  

Keywords: Boundary Management, Notifications, Formal Model, Android 

App. 

1 Introduction  

The increasing use of ubiquitous technologies makes the separation of life domains 

such as work and life more difficult. For instance, smartphones users are constantly 

reachable for their contacts independent of their personal as well as their contacts’ 

current life domain. Boundary management has become relevant for research in hu-

man-computer interaction and computer-supported cooperative work [12, 34, 45, 59]. 

Current trends contribute to the blurring of boundaries between life domains—for 

instance, home office, and bring your own device.  

Home office work increases the work-related communication outside of the con-

fines of the employer. Employers often provide laptops and mobile devices to their 

employees allowing them to work from home and be reachable at home. Business 

smartphones make employees available for work anytime and anyplace. Dual-SIM 

smartphones can be equipped with private and business SIM cards in one device and 

make it unnecessary to carry two devices. Sales for dual-SIM smartphones increased 

by eight percent recently [9].  

Bring your own device (BYOD) where employees use their private devices for 

business purposes is booming. BYOD leads to increased satisfaction and flexibility of 
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employees [41, 57]. The development of rules and security standards for the use of 

employees’ private devices is being researched, which will eventually make BYOD 

possible for more and more employees [4, 56]. Choose your own device (CYOD) is a 

related concept where the employees can choose the hardware on which they want to 

work and where the company pays and owns the hardware [7]. Often the employees 

are allowed to also use the hardware for private purposes.  

Such trends bring advantages but also entail challenges. Users are often confronted 

with different life domains that blur on devices [23]. This makes the separation more 

difficult.  

Overall the number of apps on mobile devices that push notifications to users is in-

creasing. Notifications in general, and notifications from life domains and tasks that 

are currently not relevant to the respective user, can lead to disruptions and stress 

[36]. Interruptions and their negative consequences for users have been an important 

research topic of human-computer interaction [37]. Current research shows that 

blocking disruptions can have a positive effect on task focus and productivity [35]. 

However, the total blocking of notifications is often not possible, since it might mean 

that users might miss important and relevant information and that users might damage 

social connections [54].  

In social science there is a great body of knowledge on boundary management—

that is, how humans effectively establish borders between their life domains and how 

they efficiently organise passages between life domains. It is based on roles and tasks 

as a basis for structuring and organising life domains [8, 16, 31].  

In this paper we show how essential insights of boundary management from social 

science can be transferred to the design of concepts for managing life domains with a 

smartphone app. As the literature on boundary management is multifarious domains 

[8, 16, 31], it is necessary to distil essential insights and to use them as input for re-

quirements for our new concepts. We introduce a formal model on the semantic struc-

ture of life domains, which is based on the concept of integration and segmentation 

from boundary theory [8, 43]. Central building blocks of the formal model are life 

domains, persons, availability, interruptions, and notifications. The formal model 

served as the foundation of and Android app. The app was used in a multi-day field 

study with real users.  

2 Background and Related Work  

Modern technologies are a two-edged sword—they are disrupting and make boundary 

management necessary, but at the same time they offer support for boundary man-

agement [10, 16, 34]. Solutions from notification management reduce the number of 

disruptions caused by notifications on smartphones or other devices. Still, the bounda-

ry management in practice does not always life up to the requirements and needs of 

users, which can lead to conflicts between life domains, especially between work and 

life [55].  
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2.1 Notification Management  

Notification management follows two paradigms: the automatic detection of oppor-

tune moments for the presentation of notifications based on users’ current contexts, 

and the manual specification of user-defined rules for filtering notifications.  

The paradigm of automatic detection of opportune moments is based on sensor da-

ta to infer on the user’s context [20, 30, 61, 65]. Often machine learning is used to 

carve out the most relevant features from the sensor data in order to detect the user’s 

context [13, 38, 50, 51, 53, 58]. Detecting breakpoints—that is, moments after a user 

has finished an activity or task and before they start a new one—is promising and has 

been vastly researched [21, 26, 27, 44, 46-48]. However, their disadvantages are that 

in general the users do not get any information as to how the system has detected the 

breakpoints, if and when the system presents notifications. Also, typically users are 

not in control as to incoming notifications. This reduces the users’ acceptability of 

those systems [40]. Furthermore, these systems only consider measurable sensor data 

and not the internal state of the users.  

The user-centred paradigm requires users to manually specify rules to filter incom-

ing notifications. Users can decide on the relevancy of notifications and the timing 

and presentation depending on their respective use context and notification contents 

[3, 14, 29].  

The receptivity of notifications for a recipient and therefore the relevance of the 

message causing the notification strongly depend on the contents of the message as 

well as the relation between message sender and recipient [11, 39, 40, 52, 60]. In the 

case of messages from a messenger app, which are the biggest share of daily notifica-

tions [52], it is often enough to see the name of the sender in order to infer the rele-

vancy to the current situation [29].  

A further factor that influences the personal receptivity of notifications is the rele-

vancy of its contents for the task at hand [1, 18, 22, 62]. For instance, if a message 

notification is from a working colleague and relevant to the current task, it is more 

likely that the recipient has a stronger preference to see the notification and the mes-

sage than for other notifications.  

2.2 Boundary Management  

The research on boundary management has also been dealing with interruptions—

especially those caused by technical devices—in different life domains. A life domain 

is a conceptual category that originates from mental and physical boundaries around 

persons, things, and a part of the self (e.g., work, or family) [43].  

Cross-domain interruptions have an origin outside of a person’s current domain, 

whereas within-domain interruptions originate from within [2].  

A person’s interruptibility for cross-domain interruptions strongly depends on their 

boundary management style—that is, whether a person prefers to segment, or inte-

grate life domains [31]. Segmentation refers to an inflexible and impermeable mental 

and physical boundary [16], and to the lack of a conceptual overlap between the life 

domains [31]. Integration refers to the opposite with neither clear boundaries between 
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nor clear distinction of life domains’ members, thoughts, and intellectual as well as 

emotional approaches [8]. The boundaries are flexible and permeable [16], conceptu-

ally, a continuum connects complete segmentation and complete integration, and 

humans can be on any position of this continuum.  

Boundary work refers to the concreate tactics that a person applies for realising 

their boundary management style. Those tactics serve the maintenance of boundaries 

for segmentation, or alternatively the switching between life domains for integration 

[43].  

Technology plays an important role in executing the tactics. For instance, in asyn-

chronous communication tools such as email users can maintain their segmentation by 

just reading sender names and subjects and decide if the person and contents fits into 

the current life domain [33].  

In our approach, which we present in detail below, we leverage on the user-centred 

specification of life domains and the automatic adaptation of notifications from notifi-

cation management. Users can specify of each of their life domain its permeability—

that is, its interruptibility preferences for within-domain and cross-domain interrup-

tions. Also it provides a categorisation for each notification, so users can make an 

easy choice whether to ready and reply to messages immediately or later after switch-

ing to a different life domain. Our approach and our implementation contribute a 

blueprint for a notification management approach that is based on users’ interaction 

with the system and allows exploring users’ preferences and behaviour, which is 

complementary to other approaches that automate the management of notifications.  

3 Within-Domain and Cross-Domain Interruptibility  

The multifarious nature of existing boundary management theories makes it very 

difficult to transfer the structure of life domains and their components directly into a 

system. Therefore, we introduce a formal model that distils relevant concepts into 

components and connections and dependencies that serve as a basis for a future sys-

tem.  

3.1 Fundamental Boundary Management Concepts  

The main criterion for identifying concepts was their relevancy with respect to the 

effective management of boundaries and the efficient transitions across boundaries. 

We put a special focus on the factors that influence the interruptibility for notifica-

tions and their mutual connections.  

In order to detect the interruptibility with respect to a specific notification it is first 

of all necessary to identify the life domain of the originator of the notification (mostly 

the sender of a message behind the notification). Assigning a life domain to a contact 

is not always unique (e.g., two working colleagues might also share a hobby, and so 

mutually be in the life domain work, but also leisure). In practice different techniques 

are used that make it possible to assign a single contact to multiple life domains—for 

instance, multiple address books [42], but also distinct domain-specific contact chan-
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nels (e.g., using a contact’s private email address in one life domain, and the work 

email address in another). The more the boundaries between life domains are blurring, 

the more difficult it gets to assign notifications to specific domains. The use of dis-

tinct contact channels has proofed helpful here [34]. Additionally, the interruptibility 

can depend on the person’s current social context—that is, the other persons that are 

currently with the focal person and their life domain. The role and behaviour of a 

person as well as the expectations of others towards that person might change accord-

ing to the current life domain, and so might their interruptibility [31].  

3.2 Formal Modelling in Human-Computer Interaction  

In human-computer interaction formal models have been developed for diverse pur-

poses such as for modelling the problem domain, the interaction, or the system. For-

mal models provide great benefits when developing concepts and systems: they 

stimulate the developers to develop a very clear model of the world and force them to 

clarify all diverse aspects in detail. In discussions among developers they are a great 

vehicle to foster and focus discussions. As such models are widely used in computer 

science and mathematics and many other formal areas of research, they aim to pro-

vide—also in the HCI domain—a precise documentation of the concepts. They have 

similar purposes such as other representations (e.g., design patterns), but compared to 

other representations provide far more precision sometimes at the cost of effortless 

readability. Overall we belief that besides other models they provide considerable 

added value and the benefits by far outweigh the cost.  

 

Fig. 1. Types of formal models. 

Formal models have different levels of abstraction. Abstract formal models de-

scribe the problem without any relation to the system that is to be developed (e.g., 

DSML [28, 63]). Concrete models specify the structure of the systems (e.g., UML [6] 

or Z [64]). Between those abstract and those concrete models are models that describe 

the user interaction with the system without details of its implementation (e.g., PiE or 
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TAG [15, 49]). Figure 1Error! Reference source not found. summarises different 

types of formal models in human-computer interaction and the realms they model.  

3.3 Formal Models of Interruptibility  

In our conceptual model we describe the mental structure of humans concerning a 

specific domain. We completely separate this step from later interaction and applica-

tion development. The advantage is that the model is independent and can be used in 

different systems, no matter how they are implemented or which architectures they 

use. What we are modelling is a problem domain that is not physically tangible and 

cannot be observed from outside. It describes a mental concept.  

As we want to formally describe our understanding of a specific concept in real 

world instead of notating the functionality of a system in the first step, we do not use 

an implementation-related notation. Instead we decided to use simple set theory, ba-

sics of first-order logic and n-ary relations. Set theory allows explaining the possible 

assignment of instances to a set including constraints and particularities of this as-

signment as well as relations between the instances of objects in a concise manner 

with only a few simple and short formulas [5, 25]. The advantage of this approach is 

that we have a clear definition of our assumptions about users’ mental concepts con-

cerning their life domains [64].  

Person. P is the set of all persons in the world. P cannot be empty (𝑃 ≠ ∅). Per-

sons have a name and several types of contact information (e.g., email addresses, 

phone numbers). Other attributes of humans are disregarded in our model. In the 

model we refer to one focal person who is the interruptee and element of PI. As we 

only regard one focal person, PI is a singleton. All other persons, the fellow persons, 

build the subset PF. 

 

𝑃 ≔ 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑒𝑟𝑠𝑜𝑛𝑠  
𝑃 ≠ ∅ 

𝑃 ⊆ 𝑁𝑎𝑚𝑒 × 𝔓(𝐶𝑜𝑛𝑡𝑎𝑐𝑡𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛) 
𝐹𝑜𝑐𝑎𝑙 𝑃𝑒𝑟𝑠𝑜𝑛: 𝑃𝐼 ⊆ 𝑃 

#𝑃𝐼 = 1 
𝐹𝑒𝑙𝑙𝑜𝑤 𝑃𝑒𝑟𝑠𝑜𝑛𝑠: 𝑃𝐹 ≔ 𝑃 − 𝑃𝐼 

 

Domain. D is the set of all domains. D cannot be empty (𝐷 ≠ ∅). A domain con-

sists of the role a focal person has in the domain, the specific behaviours and rules 

imposed by the domain, its communication channels, its objects, the physical borders 

given by locations and times, and its channels used for communication. A validity 

timestamp makes it possible that domains can change over time. The foreground do-

main is an element of D and is the domain where the focal person is currently situated 

in. Background domains are all his/her other domains. The relation 𝑜𝑤𝑛𝑠 specifies 

which person possesses the domain (i.e., the focal person).  

 

𝐷 ≔ 𝑠𝑒𝑡 𝑜𝑓 𝑑𝑜𝑚𝑎𝑖𝑛𝑠 
𝐷 ≠ ∅ 
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𝑇𝑖𝑚𝑒: 𝑇 = ℕ 
𝐷 ⊆ 𝑅𝑜𝑙𝑒 ×  𝔓(𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑢𝑟)  ×  𝔓(𝑅𝑢𝑙𝑒) ×  𝔓(𝐶ℎ𝑎𝑛𝑛𝑒𝑙) × 𝔓(𝑂𝑏𝑗𝑒𝑐𝑡)

×  𝔓(𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛)  ×  𝔓(𝑇𝑖𝑚𝑒) × 𝑇 
𝑜𝑤𝑛𝑠 ⊆ 𝑃𝐼 × 𝐷 

𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑𝐷𝑜𝑚𝑎𝑖𝑛𝑠: 𝐷𝐵 ⊆ 𝐷 
𝐹𝑜𝑟𝑒𝑔𝑟𝑜𝑢𝑛𝑑𝐷𝑜𝑚𝑎𝑖𝑛𝑠: 𝐷𝐹 ⊆ 𝐷   

#𝐷𝐹 = 1 
 

Assigned Persons. The relation 𝑖𝑠𝐴𝑠𝑠𝑖𝑔𝑛𝑒𝑑𝑇𝑜 shows the fellow persons that a fo-

cal person assigns to life domains (e.g., one’s family members in the domain family). 

The set 𝑃𝑑,𝑝,𝑡 is defined as the subset of P containing all persons that are assigned to 

one domain d belonging to focal person p at time t. Fig. 2 shows an example on how a 

graph accompanies our model containing the defined subsets.  

 
𝑖𝑠𝐴𝑠𝑠𝑖𝑔𝑛𝑒𝑑𝑇𝑜 ⊆ 𝑃𝐹 × 𝑇 × 𝐷 

𝑃𝑑,𝑝,𝑡 ⊆ 𝑃𝐹 
𝑃𝑑,𝑝,𝑡 ≔ {𝑞 ∈ 𝑃𝐹: 𝑜𝑤𝑛𝑠(𝑝, 𝑑) ∧ 𝑖𝑠𝐴𝑠𝑠𝑖𝑔𝑛𝑒𝑑𝑇𝑜(𝑞, 𝑡, 𝑑)} 

 

 

Fig. 2. Example of focal person A’s life domains and assigned fellow persons at a given mo-

ment ti.  

Current Situation. The relation 𝑠𝑖𝑡𝑢𝑎𝑡𝑒𝑑𝐼𝑛 shows the relationship between per-

sons and domains depending on time t. At one point in time, persons can be physical-

ly situated in one of the focal person’s domains. 𝑆𝑑,𝑡 is defined as the subset of per-

sons that is located in the same domain d at time t (see example in Fig. 3).  

 

𝑠𝑖𝑡𝑢𝑎𝑡𝑒𝑑𝐼𝑛 ⊆ 𝑃 × 𝑇 × 𝐷 

∀𝑝∀𝑡∀𝑑 ((𝑝 ∈ 𝑃𝐼 ∧ 𝑡 ∈ 𝑇 ∧ 𝑑 ∈ 𝐷 ∧ 𝑠𝑖𝑡𝑢𝑎𝑡𝑒𝑑𝐼𝑛(𝑝, 𝑡, 𝑑)) → 𝑑 ∈ 𝐷𝐹) 

𝑆𝑑,𝑡 ⊆ 𝑃 
𝑆𝑑,𝑡 ≔ {𝑝 ∈ 𝑃: 𝑠𝑖𝑡𝑢𝑎𝑡𝑒𝑑𝐼𝑛(𝑝, 𝑡, 𝑑)} 
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Fig. 3. Example of life domains and persons’ current situation at a given moment ti.  

Availability. Availability is the relation that describes the readiness of the focal 

person for interruptions by a fellow person. The availability depends on the focal 

person’s preferences, the domain of the interruption, the currently active domain 

where the focal person is located in, the time, the persons situated in the currently 

active domain (e.g., availability can differ if the individual in the current domain is 

alone, together with domain members, or together with domain non-members), and 

the communication channel of the interruption.  

 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝐴 ⊆ 𝑃𝐼 × 𝐷 × 𝐷𝐹 × 𝑇 × 𝔓(𝑃𝐹) × 𝐶ℎ𝑎𝑛𝑛𝑒𝑙  
 

Interruption. Interruptions relate to the person that is interrupted, the person that 

is interrupting, the time of occurrence, the channel of the interruption, and the content 

of the interruption.  

 

𝐼𝑛𝑡𝑒𝑟𝑟𝑢𝑝𝑡𝑖𝑜𝑛: 𝐼 ⊆ 𝑃𝐹 × 𝑃𝐼 × 𝑇 × 𝐶ℎ𝑎𝑛𝑛𝑒𝑙 × 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 
 

Interruptions’ Domain. The relation 𝑟𝑒𝑓𝑒𝑟𝑠𝑇𝑜 maps cross-domain interruptions 

to the concerned domain. We assume that for each interruption from a known person, 

there exists a unique domain the interruption refers to (even if the interrupter and the 

interruptee share multiple domains), which can be determined using the sender, the 

channel and the content of the interruption.  

 

𝑟𝑒𝑓𝑒𝑟𝑠𝑇𝑜 ⊆ 𝐼 × 𝐷 
∀𝑖∀𝑝∀𝑡 

(𝑖 ∈ 𝐼 ∧ 𝑝 ∈ 𝑃𝐹 ∧ 𝑡 ∈ 𝑇 ∧ ∃! 𝑑(𝑑 ∈ 𝐷 ∧ 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑𝑇𝑜(𝑝, 𝑡, 𝑑) ∧ 𝑟𝑒𝑓𝑒𝑟𝑠𝑇𝑜(𝑖, 𝑑))) 

 

Notification. According to the availability for a certain domain, the notification of 

an interruption can differ. The attributes of notifications are the presentation modality 

(e.g., visual, auditory), the concrete layout of a notification (e.g., type of sound), and 

the timing (e.g., immediately or diverted to a later point in time).  

 

𝑁𝑜𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛: 𝑁 ⊆ 𝑀𝑜𝑑𝑎𝑙𝑖𝑡𝑦 × 𝐿𝑎𝑦𝑜𝑢𝑡 × 𝑇𝑖𝑚𝑖𝑛𝑔 
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Those are the entities we defined in our model. If an interruption appears, we can 

conclude the focal person’s current availability for this interruption and an appropriate 

notification can be chosen to present to the focal person.  

The model is formal and therefore concise—with only a few statements we de-

scribe all relevant concepts. The formal model can be used for later system related 

notations in order to specify the implementation of the entities of the formal model. 

The structure of the formal model can alternatively be represented in other forms such 

as UML. However, in UML diverse structural models would be needed for cover all 

the information of the formal model.  

4 NotificationManager  

We built the NotificationManager Android app for managing notifications according 

to these entities of the formal model. While the formal model was developed thor-

oughly and based on many years of experience with developing such systems, we still 

wanted to verify it through the implementation of a real system. Fig. 2 depicts how 

the entities of the formal model were transferred into a UML class diagram and how 

the classes of the NotificationManager are embedded into the Android operating sys-

tem.  

  

Fig. 4. NotificationManager as UML Class Diagram (simplified; without attributes and meth-

ods).  
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We decided for Android as the platform, because it enables intercepting and modi-

fying notifications. With notifications we refer to the information snippets shown in 

the status bar and the notification drawer of Android (esp. version 7). .  

The app allows users to configure their life domains and the interruptibility in each 

of them for within-domain and cross-domain interruptions. Furthermore, it provides 

meta-information on notifications (esp. the life domain of their origin) in order to help 

users in deciding whether to read a notification immediately or later.  

For notifications created by the NotificationManager, the standard behaviour of 

Android notifications was adapted as much as possible. Notifications are kept in the 

drawer until the user either accesses the notification or opens the NotificationManager 

app to see all received notifications in the Notification Log. In the current implemen-

tation of the NotificationManager, all notifications are kept persistently in a local 

database. A clean up mechanism for old notifications after a specific amount of time 

could be easily integrated.  

Users can set up their life domains consisting of a name and an icon and assign 

contacts, group chats, locations, and times to them. Contacts represent persons and all 

their information can simply be picked from the smartphone’s address book. Commu-

nication channels that are currently supported by the NotificationManager are phone 

calls, SMS, email, messages from messengers (e.g., WhatsApp, Telegram), and social 

media (e.g., Facebook). Users can either assign a contact with all their communication 

channels to one domain, or have more fine-grained assignments with a high degree of 

segmentation by associating a contact’s distinct communication channels to life do-

mains (e.g., one contact’s office phone number to work domain and private phone to 

family domain). Group chats can facilitate the communication with all contacts of a 

specific life domain. Times can be specified as intervals with a start time and end time 

for each individual day of the week (e.g., 9-17h from Monday to Friday for work).  

In order to balance the users’ wish for fine-grained specifications versus user effort 

the app supports multiple modes to specify one’s interruptibility and presentation of 

notifications. In the simple mode we distinguish available from not-available. If the 

user is available, all notifications are shown in the notification drawer. If the user is 

not-available no notifications are shown in the drawer, but users can open the respec-

tive app to see the notifications later. In the advanced mode we distinguish three lev-

els of interruptibility (high, middle, and low) for all with-in and cross-domain notifi-

cations. In the app high interruptibility is green, middle is yellow, and low is red (cf. 

Fig. 5 left side). Users can specify their preferences for the intensity of the presenta-

tion of the notifications for each level. All three levels offer default notification inten-

sities that can be changed according to the user’s will. When the user first starts the 

app it does not have life domains, but it already filters according to notifications relat-

ed to their contacts in the Android address book, notifications from unknown persons, 

and notifications from the system.  
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Fig. 5. Specification dialog for cross-domain notifications in the domain work (left side); exec-

utive summary of notifications according to life domains in the notification drawer (right side).  

Notifications can be completely suppressed and hidden, or they can be presented in 

an executive summary that the NotificationManager generates in real-time. Summar-

ies can be compiled according to diverse criteria—both semantics and time. For in-

stance, users can get one summary across all their life domains or a summary for each 

life domain. Summaries can be presented on an hourly basis, or once a day at a specif-

ic time. The NotificationManager suppresses all individual notifications to keep dis-

ruption to a minimum. Yet, via the summaries users rest assured that they do not miss 

notifications. Furthermore, all notifications, those presented and those not presented, 

are collected in a notification log inside the application, so no information gets lost 

and the user can browse through the logs and the individual notifications they contain 

when they please. Logs are ordered by domain and time so previous notifications can 

easily be found again.  

Whereas in standard Android notifications in the drawer carry the icon of the re-

spective app (e.g., WhatsApp), in the NotificationManager they carry the icon of the 

respective life domain for better priorisation of the user (cf. Figure 5, right side).  

Users can also specify the modality of the presentation (e.g., sound, vibration, LED 

lights). The number of options and level of detail depends on the hardware capabili-

ties of the respective smartphone (e.g., some smartphones feature LED lights with 

multiple colours, in which case colours can express semantics, such as life domains).  

The NotificationManager provides options for automatically activating a life do-

main and its interruptibility settings—for instance, when entering a specified location, 

or during specific time intervals (via the Google Geofencing API and the JobSched-

uler in the background). The system then automatically compares the current life 
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domain, checks the interruptibility levels for all other life domains, and adapts the 

presentations accordingly.  

The application was implemented for Android SDK 28 and runs on Android 7.0 or 

higher. The system configuration as well as the notifications are stored in a SQLite 

database. For capturing and modifying the original notifications we implemented a 

Notification Listener Service. It was developed using Android Studio 3.3.1 

on MacOS X Version 10.11.6. For testing we used a Samsung Galaxy Note 8 with 

Android 8 and a Nokia 6 with Android 9.  

5 Evaluation  

A field study was carried out to find out if users can effectively and efficiently organ-

ise their life domains with the NotificationManager.  

Before the main study we conducted a pilot-test with our prototype, our study pro-

cedure, and our questionnaires. We decided to use the participants’ own devices to 

test the application on a variety of smartphones and Android OS versions. In this pi-

lot-study ten participants used the application for two days and revealed some usabil-

ity and functionality issues, which were fixed before our main user study started. Also 

the process of introducing the participants to the application and the questionnaires, 

which the participants had to fill in, were checked and slightly revised. The main field 

study then was much longer—participants used the app for one week.  

5.1 Participants 

In the main user study 15 participants were invited by personal contact to use the 

application for one week. From those 15 in the beginning we excluded 4 due to tech-

nical issues. The remaining 11 participants were between 23 and 47 years old 

(M = 33.55, SD = 8.32). 5 of them were female and 6 male. 8 participants stated to 

use their smartphone for both private and for work communication, 3 stated that they 

use it only for private communication. 9 participants were employees, 1 was self-

employed, and 1 was student. 2 participants said they use their smartphone 10-25 

times a day, 5 participants 26-50 times a day, and 4 participants 50+ times a day.  

5.2 Procedure  

After being briefed and signing a consent form, each participant received a detailed 

introduction including a video demonstration of the app and individual guidance. We 

used pre-task and post-task questionnaires, all of which contained questions about 

both the separation of work from life, and life from work. Before usage, they filled in 

an online pre-task-questionnaire measuring the users’ preferred and actual segmenta-

tion and asking for additional demographical data and information about their 

smartphone usage behaviour. In a post-task questionnaire the users again answered 

questions concerning actual segmentation to measure changes of behaviour. Addi-

tionally, we did post-task interviews via telephone or personal contact to get informal 



13 

feedback on the participants’ boundary management, but also the usability and stabil-

ity of the app. The participants had only some minor usability issues and reported on 

small bugs.  

The task for the participants was that they could configure and use the Notifica-

tionManager as they liked, but we recommended using a minimum of two domains 

(work, and life). All participants had at least the two domains work and life. Some 

participants added also other domains (e.g., for specific hobbies, especially if they 

involved groups of people and communication with them, such as a sports club, or a 

big band). The post-task questionnaire was—for comparability reasons—standardised 

and asked questions about the two core domains work and life.  

5.3 Measures  

Since we were interested in the influence of the app use on the actual boundary man-

agement behaviour (eventually even during the week of use in our study), we asked 

for the actual segmentation before and after the use of the app. We assumed that pref-

erences do not change in such a short time, so we measured preferred segmentation 

only in the pre-task questionnaire.  

We measured preferred boundary management style using Kreiner et al.’s scale for 

preferred segmentation of the work domain from life domain (PSWL) [32]. As the 

items only refer to one direction—separating work issues from life—we adapted them 

for the other direction—separating life issues from work (PSLW). For measuring 

actual segmentation we used Powell et al.’s scale and again replicated those items in 

the other direction (ASWL, ASLW) [55].  

Finally, we added a specific question about the communication behaviour from 

Kossek et al. [31]. The participants were asked to rate the statements on a seven-item 

Likert scale (1 = “strongly disagree”, 7 = “strongly agree”).  

5.4 Results  

The results show that for participants there is a discrepancy between the preferred 

segmentation and the actual segmentation of their life domains (cf. Fig. 6). The results 

confirm that this discrepancy shrank during the use of the NotificationManager. We 

also found that the participants’ segmentations were not symmetrical between their 

work and life domains.  

Starting with the latter we found that preferred segmentation of work from life 

PSWL was stronger (M = 6.11, SD = 0.95) that that for life from work (PSLW) 

(M = 4.48, SD = 1.18) that is based on a Wilcoxon signed rank test statistically signif-

icant (p < .01). The actual segmentation of work from life (ASWL) was also stronger 

(M = 4.07, SD = 1.56) than that for life from work (ASLW) (M = 3.66, SD = 1.60), 

but is based on a Wilcoxon signed rank test not statistically significant (p = .237). In 

the post-task results, the distance between actual segmentation of work from life 

(ASWL) (M = 5.25, SD = 1.23) and life from work (ASLW) (M = 4.57, SD = 1.45) 

increased, but is based on a Wilcoxon signed rank test not statistically significant 

(p = .153).  
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Fig. 6. Results of all comparisons of Work-Life (WL) versus Life-Work (LW) for preferred, 

actual pre-task, and actual post-task segmentation with * for a significance of p < .05 and ** 

for p < .01. 

We compared preferred and actual segmentation from the pre-task questionnaire 

using a Wilcoxon signed rank test on the preferred and actual values. The results re-

vealed that there is a statistical difference between PSWL and ASWL in our sample 

with p < .01. In contrast, regarding the other direction, the difference between PSLW 

and ASLW is smaller and not significant with p = .185.  

In order to evaluate whether our app improves boundary management we tested if 

the discrepancy or delta between preferred and actual segmentation decreased 

throughout the use of our app (i.e., from the pre-task to the post-task). The pre-task 

delta between preferred and actual segmentation of work from life (PSWL-ASWL) is 

(M = 2.05, SD = 1.60) and more than twice as large as the post-task delta (M = 0.86, 

SD = 1.60) and the results are according to a Wilcoxon test statistically significant (p 

< .05). The pre-task delta between preferred and actual segmentation of life from 

work (PSLW – ASLW) is (M = 0.82, SD = 1.86) disappeared during post-task (M = –

0.09, SD = 1.69) and the results are according to a Wilcoxon test statistically signifi-

cant (p < .05).  

5.5 Discussion  

The statistical evaluation revealed a significant difference for preferred segmentation 

between the directions work from life and life from work. This confirms that borders 

between domains are configured differently depending on the direction of crossing. 

Such asymmetrical preferences have been found in the boundary management litera-
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ture before. However, to the best of our knowledge, they have not been shown in the 

practical use of tools yet. After usage, the distance was greater compared to the pre-

task values and thus more asymmetric than before, but not significantly.  

Between preferred and actual segmentation, a significant difference could only be 

found for segmentation of work from life but not for life from work. Thus, our partic-

ipants seemed to be more satisfied with the separation of life issues from work and 

need more support in separating work from life. After using our app, the distance 

between preferred and actual segmentation decreased significantly for both directions. 

This is an indication that our application successfully supports users to get closer to 

their boundary management preferences.  

6 Conclusions  

We showed how insights from boundary management literature in social science can 

be used to reduce the burden of users of smartphones with the increasing number of 

notifications on their technical devices. In a multi-day field test we could demonstrate 

that the NotificationManger app helps users to reduce the gap between preferred and 

actual segmentation of their life domains and to experience fewer disruptions.  

The app suppresses and hides notifications, but this was accepted by the users since 

the configuration mechanisms are transparent and understandable.  

In future work the app could be extended. The participants of the study provided 

some stimuli for further development of functionality for the NotificationManager. 

The configuration effort could be reduced by repeatedly asking short questions about 

their preferences and adapting the system behaviour accordingly.  

The experience sampling method [17, 19] could be used to better understand the 

user behaviour and to optimise the default settings of the NotificationManager in 

order to minimise the configuration effort.  

Another possibility is to include the senders of messages—they might add subjects 

and urgencies to their messages which can be fed into the algorithms for assigning 

notifications to life domains and forms of presentation [24].  
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