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Abstract 

Purpose: The goal of this research is to study the acceptability of notifications delivered to older 

adults by technology-based assisted living services. Because computing systems are now ubiquitous, 

interruption management has become an important issue. It has been previously shown that the 

acceptability of interrupting notifications delivered by technology-based assistive services is 

influenced by their level of urgency and intrusiveness. However, these studies have mostly been 

focusing on younger adults and fall short of showing the role played by the nature of the interrupted 

user’s activity. 

Methods: This article presents an experimental study that involved older old adults (M = 82) placed 

in different fictional situations of interruption by a notification during an activity of daily living (ADL).  

Results: The level of both urgency and intrusiveness influences the acceptability of notifications. 

More interestingly, both the nature of the ADLs (basic/instrumental) and the main resources 

engaged in the activity (cognitive/physical) influence the acceptability of notifications. Notifications 

are less accepted if the interrupted ADL is an instrumental one that mainly engages cognitive 

resources.  

Conclusions: These findings provide important clues to demonstrate that assistive services should be 

context-aware, at least for this population. Before delivering a notification, the assistive system 

should be aware of the type of activity the user is performing and decide whether the time to notify 

the user is appropriate, or whether the notification should be postponed. 

Keywords 

Interruption management, activities of daily living, context awareness, urgency, intrusiveness. 
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1. Introduction 

Because computing systems are now ubiquitous, interruption management has become an 

important issue for modern workplaces, which involve more and more multi-task activities [18], as 

well as for daily life activities [32]. Users must manage interruptions by notifications of any kind from 

typical computing systems such as smartphones or tablets, but also from other connected objects in 

the home, such as thermostats or household appliances [11]. 

These systems are no longer used only by younger people at their best. They are more and more 

used in a context of assistance towards people with special needs [10]. In particular, aging in place 

often involves systems which have to be used by older people, including the old oldest ones [6, 13, 

15, 38]. There is a range of such platforms and devices for assisted living that have been developed 

for older adults, see [8, 24, 25] for examples of surveys. Areas of assistive services include 

family/peer interaction [2] (e.g., PeerCare [26], Message Center [37], email applications [7]), 

monitoring daily activities (e.g., Digital family portraits [27], DigiSwitch [4]), and monitoring health-

related activities (e.g., medication taking [23, 28]). 

It has been widely shown in the literature that being interrupted while performing a task may be 

disruptive for an individual. Not only can it have a negative impact on the performance of the task, 

but it can also degrade the well-being of the individual. In the literature, the concept of interruption 

management refers to a user or an operator performing a primary task, being interrupted by an alert 

for a secondary task, and eventually returning to the interrupted task, see [30] for a review. 

Interruption management has mainly been studied in domains where problems of primary task 

resumption can have serious consequences. For example, previous studies investigated interruption 

management by air and maritime traffic regulation operators [19, 29], car drivers [21], and 

healthcare clinicians or nurses [5, 36]. 

Interruption management mainly involves task switching abilities, as well as prospective and working 

memory capacities of the user [14, 30]. In case of disruptive interruption, the performance of the 
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primary task may be impaired in terms of amount of time of completion, amount of time of 

resumption, number of errors made, and even abandonment of the task. Furthermore, the 

disruption may impair the affective state of the individual, by increasing feelings of stress and 

frustration. 

Interrupting daily life activities may be less impacting when situations are not critical and when 

individuals are younger adults who have sufficient cognitive capabilities to cope with task switching. 

In contrast, consequences could be more serious for users with low or declining cognitive abilities, 

such as older adults. Task switching abilities and working memory capacities can be very limited in 

older adults, see [3] for a review. Indeed, a major consequence of cognitive decline in older adults is 

the progressive loss of the ability to perform activities of daily life (ADLs) [17]. At a minimum, a poor 

management of task interruption may decrease the acceptance of the technologies responsible for 

these interruptions, causing their rejection or abandonment. But more importantly, the users’ safety 

and health could be at risk. 

Recent studies in human-computer interaction investigated how technology should be designed to 

improve the acceptability of interruptions by notifications in ADLs. They argue that the most effective 

lever for improving notification systems is to make them context-aware. Notifications should be 

delivered at the most appropriate time, with a level of intrusiveness related to its level of urgency 

[1]. Empirical studies of context-aware notification systems support the fact that their acceptability is 

influenced by the level of urgency and intrusiveness of notifications, e.g., [31, 32], even when 

targeting users with sensory impairments and using multimodal interactions [34, 35]. However, these 

studies fall short of showing the role played by the nature of the user activity being interrupted by a 

notification. We conjecture that this situation is due to the fact that they have mostly been focusing 

on younger adults. Specific empirical studies are needed to measure the acceptability of notifications 

delivered to older adults while they perform ADLs. 
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In this paper, we present an experimental study on the acceptability of notifications delivered to 

older adults by technology-based assisted living services. Our goal is to show that, because older 

adults tend to have limited task switching and working memory capacities, their acceptance of 

notifications is influenced by the levels of urgency and intrusiveness of the notifications and the 

nature of the activity being interrupted by a notification. In this experiment, older adults are placed 

in different fictional situations of interruption by a notification during an ADL. Each situation varies in 

terms of key parameters of acceptability of notifications, namely, the level of urgency (critical/non-

critical content), the level of intrusiveness of the notifications (loud/soft tone), the nature of the 

ADLs (basic/instrumental), and the main resources engaged in these activities (cognitive/physical). 

Participants’ acceptability of notifications was assessed for each situation with a multi-dimensional 

questionnaire. 

Basic ADLs correspond to physical self-care tasks, such as dressing and toileting [20]. Instrumental 

ADLs entail more cognitively complex tasks, including meal preparation or medication management 

[22]. Non-critical notifications are the ones that do not need to be immediately attended by the user; 

they announce a situation or an information. In contrast, critical notifications correspond to 

situations of assistance that may involve safety or security; the user’s attention is thus requested. 

Vastenburg et al. [32] have shown in their user study that notification acceptance depends also on 

whether the level of intrusiveness of a notification is related to its level of urgency. This finding leads 

us to introduce two tones to announce notifications in the fictional situations: a soft tone (sound of 

carillon) for non-critical notifications and a loud tone (sound of ambulance siren) for critical 

notifications. 

The present study takes place in the framework of technology acceptance. According to the main 

models, such as the “Technology Acceptance Model” [12] or the “Unified Theory of Acceptance and 

Use of Technology” [33], the perceived usefulness and perceived ease of use are predictors of the 

attitude towards using, which is then a predictor of intention to use and, ultimately, actual use. 
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These models highlight the role played by the subject’s preexisting perceptions and beliefs on the 

technology acceptance as well as actual or future technology-use behaviors. As a result, an user-

centered technology involves an upstream design phase where user's perceptions are taken account 

regarding future technology-use scenarios. Specific models of technology acceptance for older 

people, such as the “Senior Technology Acceptance Model” [9], rely also on the same general 

principle. Studying the level of acceptability of notifications can be done at each of these steps of the 

models. By using fictional situations of interruptions by a notification, the present study aims to 

investigate acceptability in terms of attitude towards using such a technology. 

We formulated two hypotheses. Hypothesis 1 was that the level of both urgency and intrusiveness 

influences the acceptability of notifications. This hypothesis is in conformance with previous studies. 

We expected that notifications are less acceptable if their content is perceived as non-critical. This 

hypothesis should even be more easily verified if the notification tones are perceived as intrusive. 

Hypothesis 2 was that the nature of the ADLs and the main resources engaged in the activity 

influence the acceptability of notifications. We expected that notifications are less acceptable if they 

interrupt an activity highly demanding cognitively. 

 

2. Method 

2.1. Participants 

A total of 17 older old adults (15 females and 2 males) aged 82.4 on average (SD = 7.0) has been 

recruited from public home services. Older old adults were selected in the present study because 

they are the main targeted end users of the technology-based assisted living services for aging in 

place. Also, the mean age of loss of autonomy and need of assistance for older adults living in Europe 

and North America is about 80 years old. The participants underwent a clinical interview for 

exclusion criteria; they were excluded if one of the following conditions was reported: History and/or 
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presence of alcohol, substance abuse, and neurological and psychiatric disorders. The older 

participants were screened using the Mini-Mental Status Examination (MMSE) [16] and had a score 

greater than 27/30 (the mean score of the group was 28.24). This research complied with the tenets 

of the Declaration of Helsinki (WMA, 2008), and was approved by the ethics committee of the 

University of Bordeaux. Informed consent was obtained from each participant. 

2.2. Material 

Four kinds of material were designed in the present study: messages of the notifications, tones of the 

notifications, scenarios of the fictional situations of interruption by notifications, and a multi-

dimensional questionnaire. 

Table 1 displayed the four different messages that were designed on the basis on typical notifications 

in a connected home. They were printed in black on white sheets of paper with classic fonts (Arial, 

48pt). They were pre-categorized within two levels of urgency (critical/non-critical). 

 

Table 1. Notification messages used in the experiment. 

Type of message Message 

Critical Warning: the stove has been left on a long time. Fire hazard! 

Critical Warning: the front door was left open. Risk of intrusion! 

Non-critical Reminder: You have an appointment with your caregiver tomorrow at 4:00 pm. 

Non-critical Reminder: Your electricity bill must be paid before the end of the week. 

 

To announce a notification to the participant, a tone was played for 2 seconds using a laptop 

speaker: carillon for non-critical notifications and ambulance siren for critical ones. Four fictional 

scenarios of daily activities were designed, according to the nature of the interrupted activity (basic/ 

instrumental). Two scenarios concerned basic ADLs (dressing and watching TV). The other two 

scenarios concerned instrumental ADLs (doing the laundry, doing the books). The scenarios were 

designed according to the level of physical or cognitive resources engaged by the older adult in the 

activity. Two scenarios mainly engaged physical resources (dressing, doing the laundry). The other 
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two scenarios mainly engage cognitive resources (watching TV, doing the books). The scenarios were 

given orally to the participants by the experimenter. The texts of the scenarios are detailed in Table 

2. 

 

Table 2. Scenarios of interrupted activities used in the experiment. 

Nature of 

the activity 

Main resources 

engaged 

Text of the scenario  

Basic Cognitive You are now sitting in your living room and watching a relaxing 

program on TV. A tone is played to announce a notification. 

Basic Physical You are now in your bedroom, getting dressed. A tone is played 

to announce a notification. 

Instrumental Cognitive You are now in your kitchen, sitting at the table doing the 

books. A tone is played to announce a notification. 

Instrumental Physical You are now in your laundry room, putting clothes in the 

washing machine. A tone is played to announce a notification. 

 

A questionnaire composed of 6 statements was used to assess the acceptability of notifications for 

each situation (Table 3). The design of this questionnaire was partially based on that used by 

Vastenburg et al. [32]. The topics of these statements address the general acceptability of 

notifications (1 item), the perceived intrusiveness of the notification tones (2 items), the perceived 

urgency of the notification messages (1 item), and the perceived activity interruption (2 items). For 

each statement, a 5-point Likert scale was proposed to collect the responses of the participants (from 

1 = Strongly Disagree to 5 = Strongly Agree). 

 

Table 3. Items of the questionnaire of acceptability used in the experiment. 

Item number Statement 

1 Receiving this notification disrupted me. 

2 Hearing the notification tone was intrusive. 

3 The notification tone should have been less intrusive. 

4 The notification message was urgent. 

5 The interrupted activity was urgent. 
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6 The time at which I was interrupted was appropriate. 

 

2.3. Design and procedure 

The experimental design was a 2 × 2 × 2 × 2 design with the levels of urgency (critical/non-critical 

content) and intrusiveness (loud/soft tone) of the notifications, as well as the nature of the 

interrupted activities (BADL/IADL) and the main resources engaged in them (cognitive/physical) as 

factors. These factors were manipulated within participants. The combination of these factors 

resulted in 16 experimental conditions. Each condition was repeated twice with two different 

messages per condition. The total number of experimental trials (different situations) was 32. The 

order of presentation of these trials was randomized for each participant. Each trial was composed of 

the same steps. First, the experimenter read the fictional scenario of home activity to the participant. 

The participants were asked to imagine they were actually performing the situation in their own 

home. Second, once the text was read, the notification tone was displayed. Third, the content of the 

notification message was (visually) displayed and the participant was asked to read the message. 

Fourth, the participant answered to the 6-item questionnaire (Table 3). 

2.4. Dependent measures 

The six measures used in the present experiment were the six subjective ratings given by the 

participants in the questionnaire of acceptability for each trial. These variables were analyzed using 

two sets of factorial repeated measures ANOVAs. Each set was linked to each hypothesis. The first 

set of ANOVAs was performed with the levels of urgency and intrusiveness of the notifications as 

within-participants factors. The second set of ANOVAS was performed with the nature of the 

interrupted activities and the main resources engaged in their performance as within-participants 

factors. 
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3. Results 

3.1. General acceptability of notifications (Item 1) 

Figure 1 shows that the level of urgency impacted the general acceptability of notifications (F = 

67.53, p < .001, η2
p = .81). Receiving critical messages is more acceptable than receiving non-critical 

messages. The level of intrusiveness also impacted the general acceptability of notifications (F = 5.22, 

p < .05, η2
p = .25), and the interaction between these two factors was significant (F = 7.27, p < .05, η2

p 

= .31). The level of intrusiveness had an impact only when messages were non-critical. In this case, 

receiving non-critical messages is less acceptable when notifications are intrusive (with loud tone) 

than when they are not intrusive (with soft tone). 

 

 

Figure 1. Box-plots of the perceived disruption of the notification according to the levels of both 

notification urgency and intrusiveness. The vertical axe ranges from 1 (low) to 5 (high). Circles denote 

outliers, stars denote extreme values. 

 

Figure 2 shows that the interaction between the nature of the interrupted activities and the main 

resources engaged in them was significant (F = 5.15, p < .05, η2
p = .24). Being interrupted during 
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IADLs that mainly engage cognitive resources is less acceptable than during IADLs that mainly engage 

physical resources. There was no significant difference between both BADLs activities, or between 

IADLs and BADLs activities.  

 

 

Figure 2. Box-plots of the perceived disruption of the notification according to the nature of the 

interrupted activity and the main resources engaged in its performance. The vertical axe ranges from 

1 (low) to 5 (high). Circles denote outliers, stars denote extreme values. 

 

3.2. Perceived intrusiveness of the notification tones (Items 2 – 3) 

Regarding Item 2 of the questionnaire, Figure 3 shows that the level of notification intrusiveness (F = 

36.32, p < .001, η2
p = .69) and the level of message urgency (F = 15.06, p < .05, η2

p = .49) impacted the 

perceived intrusiveness of the notification tones. The interaction between these two factors was also 

significant (F = 11.59, p < .01, η2
p = .42). Perceived intrusiveness was higher when notifications were 

intrusive (loud tone) than when they were not (soft tone). This difference was even higher when 

messages were non-critical. 
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Figure 3. Box-plots of the perceived intrusiveness of the notification tones according to the levels of 

both notification urgency and intrusiveness. The vertical axe ranges from 1 (low) to 5 (high). Circles 

denote outliers, stars denote extreme values. 

 

Results were similar for Item 3 of the questionnaire. The level of notification intrusiveness (F = 24.21, 

p < .001, η2
p = .60) and the level of message urgency (F = 44.07, p < .001, η2

p = .73) impacted the 

preferred level of intrusiveness of the notification tones. The interaction between these two factors 

was also significant (F = 13.52, p < .01, η2
p = .46). In the conditions where messages were critical, a 

less intrusive tone was more preferred when notifications were intrusive (M = 2.09, SD = .99) than 

when they were not (M = 1.45, SD = .66). This difference was even higher when messages were non-

critical (M = 3.85, SD = 1.11 for intrusive notifications; M = 2.21, SD = 1.14 for non-intrusive 

notifications). 

For both items, there was no significant simple effect or interaction of the factors related to the 

interrupted activity (nature of the activity and the main resources engaged). 

3.3. Perceived urgency of the notification messages (Item 4) 

The level of message urgency impacted the perceived urgency of the notification messages (F = 

87.29, p < .001, η2
p = .84). Perceived urgency was higher when messages were critical (M = 4.84, SD = 
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.24) than they were none-critical (M = 2.45, SD = 1.05). There was no significant effect of the level of 

intrusiveness, nor interaction between both factors. 

There was no significant simple effect or interaction of the factors related to the interrupted activity 

(nature of the activity and the main resources engaged). 

3.4. Perceived activity interruption (Items 5 – 6) 

Regarding the perceived urgency of the interrupted activity (Item 5), Figure 4 shows that the nature 

of the interrupted activities had an impact (F = 8.71, p < .001, η2
p = .35). IADLs were perceived as 

more urgent than BADLs. There was also an interaction between the nature of the interrupted 

activities and the main resources engaged in them was significant (F = 20.03, p < .001, η2
p = .56). The 

mainly cognitive activity was perceived as more urgent than the mainly physical one in the case of 

IADLs. In contrast, the mainly physical activity was perceived as more urgent than the mainly 

cognitive one in the case of BADLs. 

There were no significant simple effects or interaction of both levels of notification intrusiveness and 

message urgency. 
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Figure 4. Box-plots of the perceived urgency of the activity according to the nature of the interrupted 

activity and the main resources engaged in its performance. The vertical axe ranges from 1 (low) to 5 

(high). Circles denote outliers, stars denote extreme values. 

 

Regarding the perceived appropriateness of the time of interruption (Item 6), the level of message 

urgency had an impact (F = 57.19, p < .001, η2
p = .78). Appropriateness was higher when messages 

were critical (M = 4.21, SD = .89) than when they were non-critical (M = 2.49, SD = .70). There was no 

significant effect of the level of notification intrusiveness, nor interaction between both factors. 

As shown in Figure 5, there was an interaction between the nature of the interrupted activities and 

the main resources engaged in them (F = 4.58, p < .05, η2
p = .22). In the case of IADLs, 

appropriateness was lower when the activity mainly engages cognitive resources than when physical 

resources are mainly engaged. There was no difference between BADLs.  
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Figure 5. Box-plots of the perceived appropriateness of the time of interruption according to the 

nature of the interrupted activity and the main resources engaged in its performance. The vertical 

axe ranges from 1 (low) to 5 (high). Circles denote outliers, stars denote extreme values. 

 

4. Discussion 

Hypothesis 1 stated that the level of both urgency and intrusiveness influences the acceptability of 

notifications. This hypothesis was verified by our experiment. As expected, notifications are less 

acceptable if their content is perceived as non-critical; this is even more pronounced if the 

notification tones are perceived as intrusive. Results about general acceptability of notifications (Item 

1 of the questionnaire) show that participants judged less acceptable to be interrupted by 

notifications with non-critical content than notifications with critical content. Furthermore, when the 

content of the notifications is non-critical, the interruption was judged even less acceptable when the 

tone was loud than when the tone was soft. Results about the perceived intrusiveness of notification 

tones (Items 2-3) and the perceived urgency of notification messages (Item 4) also support 

hypothesis 1. First of all, the perceived levels of both intrusiveness of the tones and urgency of 

content by the participants were in line with our pre-categorizations. Notifications with loud tone 

were judged more intrusive than notifications with soft tone. Notifications with critical content were 
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judged more urgent than notifications with non-critical content. Then, results showed that the 

difference of perceived intrusiveness of the notification tones was greater when the messages were 

non-critical than when they were critical. In fact, the participants would have preferred a less 

intrusive tone when the tone was intrusive (loud tone). This preference was even more pronounced 

when messages were non-critical. 

These results are in conformance with previous studies that investigated acceptability of notifications 

for home with younger adults, e.g., [32]. The levels of both urgency and intrusiveness of notifications, 

as well as the relation between them, influence their acceptability in a similar way for younger and 

older adults. 

Hypothesis 2 stated that the nature of the ADLs and the main resources engaged in the activity 

influence the acceptability of notifications. Our experiment also supported this hypothesis. Although 

there was no simple effect of the nature of the interrupted activity (BADL or IADL) or the main 

resources engaged in them, we observed an interaction of these two factors on notification 

acceptability. Results about general acceptability (Item 1) showed that participants judged less 

acceptable to be interrupted by a notification when they are engaged in an IADL that mainly involves 

cognitive resources than when they are engaged in other types of activities. In other words, 

notifications are less acceptable if they interrupt an activity highly demanding cognitively. This 

pattern of results meets the results observed for the perceived level of urgency of the interrupted 

activity (item 5) and the appropriateness of the time of interruption (item 6). Putting them together, 

these results showed that notifications are judged less acceptable when they interrupt urgent 

activities (cognitive IADLs in the present study) than when they interrupt less urgent activities. 

These results are in conformance with previous literature about interruption management in the one 

hand and older adults limited cognitive abilities in the other hand. The disruption triggered by an 

interrupting task on the ongoing task performance can be higher if the ongoing task is cognitively 

highly demanding. Then, returning to the ongoing task may be more difficult for the user. In the 
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present study, returning to doing the books is perceived as more difficult than returning to watching 

TV. For younger adults, the difference of difficulty may have no significant impact on acceptability of 

the interrupting notification. However, as explained earlier, older adults have limited task switching 

abilities and working memory capacity [3]. Returning to the ongoing task in an effective way requires 

an amount of cognitive resources that may not be compatible with older adults’ capabilities. The 

consequence is that the acceptability of interrupted notifications is impacted, especially when the 

ongoing task is cognitively highly demanding. 

4.1. Limitations 

There were some limitations in this experiment that could attenuate these findings. First, we 

designed fictional situations only. By using fictional situations of interruptions by a notification, the 

present study aimed to investigate acceptability in terms of attitude towards using such a 

technology. According to user-centered design approach focusing on user’s technology-related 

expectations and perceptions, this choice is appropriate for a very first study on the topic, and it 

provides reliable and consistent results with our assumptions. Such findings could be replicated in an 

ecological setting, with participants placed in real situations of activity interruption, i.e. in situations 

of actual use of the technology. This kind of study could take place in a lab or in the participants’ 

home. The validity and the power of subjective acceptability would be improved. Furthermore, 

measures of task performance (e.g., completion time, resumption time, number of errors made) 

could provide objective data about the influence of the nature of ongoing activities on their 

interruption by notifications. 

Second, the number of scenarios was limited to four; there was only one scenario for each 

experimental condition of activity (nature × resources). Further studies should vary the manipulated 

activities in order to confirm that the observed effects are really due to the manipulation of the 

nature of the activities or the resources engaged in them, and not due to the activity itself. 
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4.2. Practical implications 

The findings provide important clues about the implication for technology-based assistive services 

that support ADLs of older adults. They seem to demonstrate that, at least for this population, 

assistive services should be context-aware. Before delivering a notification, the assistive system 

should be aware of the type of activity the user is performing and decide whether the time to notify 

the user is appropriate, or whether the notification should be postponed. For example, we found in 

the present study that, if the older adult is performing a cognitively highly demanding task, the 

notification should be postponed. Furthermore, the intrusiveness must be related to the level of 

urgency of the notification content. We believe that designers of assistive living technology for older 

adults should use these findings as design principles. 

5. Conclusion 

The goal of the present research was to study the acceptability of notifications delivered to older old 

adults by technology-based assisted living services. An experiment was designed in which older old 

adults were placed in different fictional situations of interruptions by a notification during an ADL. In 

line with previous literature, notifications were judged less acceptable if their content was perceived 

as non-critical; this was even more pronounced if the notification tones were perceived as intrusive. 

More interestingly, the participants judged less acceptable to be interrupted by a notification when 

they supposed to be engaged in an IADL that mainly involves cognitive resources than when engaged 

in other types of activities. This research provided important clues to demonstrate that assistive 

services should be context-aware, at least for this population. Nevertheless, by using fictional 

situations, the present study aimed to investigate acceptability only in terms of attitude towards 

using such a technology. These findings should be replicated in an ecological setting, with 

participants placed in real situations of activity interruption, i.e. in situations of actual use of the 

technology. 
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