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ABSTRACT 
In this paper we investigate effects of the content of interruptions 
and of the time of interruption delivery on mobile phones. We 
review related work and report on a naturalistic quasi-experiment 
using experience-sampling that showed that the receptivity to an 
interruption is influenced by its content rather than by its time of 
delivery in the employed modality of delivery – SMS. We also 
examined the underlying variables that increase the perceived 
quality of content and found that the factors interest, 
entertainment, relevance and actionability influence people’s 
receptivity significantly. Our findings inform system design that 
seeks to provide context-sensitive information or to predict 
interruptibility and suggest the consideration of receptivity as an 
extension to the way we think and reason about interruptibility. 

Categories and Subject Descriptors 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

General Terms 
Human Factors. 

Keywords 
Receptivity, content, interruption, experience-sampling, push vs. 
pull, context, mobile, SMS, empirical study, quasi-experiment 

1. INTRODUCTION 
The spread of ubiquitous computing goes hand in hand with a rise 
of ubiquitous access to information. A recent study found that the 
number of people accessing news and information daily on their 
mobile devices in the U.S. more than doubled in the last year [5]. 
As applications mature away from the desktop, so does the 
potential of unintended side effects such as ‘information overload’ 
and the ‘attention economy’ [14], whereby information resources 
compete for the individual’s attention and it becomes crucial to 
filter out irrelevant information.  

Proactive information push is a controversial instance of resources 
competing for attention. On the one hand, it is clearly becoming a 
core challenge in context-aware computing to provide the user 
with the right type of information at the right time [13]. On the 
other hand, it is especially information pushed through such 
channels as email, instant messengers and the mobile phone that 
causes distractive interruptions and that fragments interactions 

across media [22]. The work presented here is relevant and related 
to both the positivistic field of context-aware computing and the 
problem-driven work that investigates effects of interruption, 
interruptibility and interruption management.  

Research in context-aware systems seeks to model the user’s 
context in terms of “location, identity and state of people, groups 
and computational and physical objects” [10]; for example, in 
order to provide the user with information that is relevant to her 
context [32]. If this information is pushed to the user, it may be 
perceived as a disruptive interruption, depending on the 
obtrusiveness of the delivery method. Effects of interruption 
during tasks [1, 8, 9, 16, 31] and the prediction of interruptibility, 
for instance with sensors in office settings [3, 15] have been 
studied widely.  

Whereas the prediction of interruptibility is more interesting from 
a technical systems-oriented perspective, e.g. as a trigger to an 
action, receptivity is a related concept that anticipates a user’s 
subjective overall reaction to an interruption, which may 
encompass both interruptibility and experience of the interruption. 
Indeed, even though a message may be interruptive, people can be 
receptive to it if the content justifies the interruption, e.g. “It’s a 
boy!”. For the purpose of this study, the more inclusive and user-
centered notion of receptivity is preferred to the more system-
centered notion of interruptibility. 

2. INTERRUPTIONS IN CONTEXT 
We begin by reviewing key concepts in interruption studies. We 
follow the idea that interruptions are an inevitable constituent of 
the ways we communicate [28], therefore we posit that the most 
promising intervention for context-aware systems for interruption 
management is to optimize the timing of the interruption 
according to the predicted interruptibility or receptivity, rather 
than to let systems make the decision to hold back interruptions 
entirely. The interest in timing then becomes twofold: first, what 
is the impact of interruptions at different times? Second, how can 
we predict opportune moments for an interruption? The impact of 
timing has been studied in laboratory studies in order to inform 
systems design by operationalising timing in terms of the 
individual’s position in the primary task [1, 8, 9, 16, 31]. Due to 
research in cognitive psychology the phases of task processing are 
fairly well understood [20].    

However, the finding that opportune moments for interruptions lie 
at the breakpoints between phases of cognitive task processing [1] 
can only be turned into design recommendation for systems that Copyright is held by the author/owner(s). 
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can monitor the user’s current task. Whereas this may be feasible 
in relatively controlled settings such as offices by installing both 
software sensors (e.g. to log desktop interaction) and hardware 
sensors (e.g. cameras and microphones to monitor social 
situations or first person activity away from the computer), it 
would appear to become difficult in mobile settings and would 
require the users to wear sensors to detect physical activity [13]. 

In this paper, we attempt to explore the impact of interruptions at 
different times on receptivity in a mobile setting.   

2.1  Local and relational contextual factors 
What are the factors that influence a person’s receptivity to an 
interruption? It depends on the situated interplay of a whole host 
of psychological and environmental factors. For example, Ho and 
Intille [13] identify at least 11 factors from related work that 
influence a person’s interruptibility such as “activity of the user”, 
“utility of the message”, “emotional state of the user”, “modality 
and frequency of interruption”, “task efficiency rate”, “previous 
and future activities”, “social engagement of the user”, and 
“history and likelihood of response”.    

We go on to contrast the characteristics of local contextual factors 
that are traditionally looked at in studies of interruptions with 
contextual factors that accommodate a relational perspective [12]. 

The contextual factors that have been studied for their influence 
on receptivity or interruptibility mostly account for the local 
context of the person independently of the interruption itself.  

Local contextual factors have been roughly distinguished into two 
categories: cognitive and social factors [12] (even though other 
local contextual factors related to physical activity or body 
position and environmental factors such as physical affordances of 
the environment are missing from these categories). Social factors 
have been studied to discern the impact of the social surrounding 
on the interruptibility of the interrupted person, e.g. the presence 
of other people [2], or the impact of specific organizational or 
cultural norms of the place where the person is interrupted on how 
interruptions are managed [14, 28]. Cognitive factors that have 
been studied include the interrupted person’s mental workload 
when interrupted [1], or the person’s current activity [2]. 

Whereas local contextual factors describe the individual’s context 
at the moment of the interruption, relational factors take into 
account properties of the interruption itself. We suggest that 
relational factors should be taken into account in addition to local 
contextual factors when trying to estimate a person’s receptivity. 
For instance, out of the 11 factors identified by Ho and Intille 
[13], only one takes into account the relation between properties 
of the content of the interruption and the user (“importance of the 
message to the user”).  

As it is the process of transmitting information that fundamentally 
causes an interruption, we take on a perspective inspired by 
communication theory. In order to gauge a person’s relational 
context for each interruption, we could analyse the answer/s to 
Lasswell’s famous formula of communication [18], which 
summarises concisely what we mean by relational factors: 
Who says what to whom in what channel with what effect? [18] 

At first sight, this question focuses solely on the process of the 
transmission of a message and seems to lack psychological and 
environmental factors. However, inspecting its parts closely, each 
of them inherit more factors and most importantly, they always set 
the individual receiver (to whom) in relation to the factors.  

First the receiver’s social relation to the sender (who) is important 
[12]. Trust, credibility, authority, and familiarity of the sender 
probably will influence how receptive the receiver will be to the 
message. For instance, a study has found the identity of the sender 
to be the main factor in call handling decisions [12]. The 
receiver’s receptivity may also be influenced by the sender’s 
known or anticipated local context [12].  

Next, the content (what) of the interruption may play a significant 
role in how receptive the receiver will be. Studies that take 
properties of the content of an interruption into account have 
manipulated the interruption content to be relevant to the current 
task, and the content of others to be irrelevant [9, 17, 31]; and 
some found significant effects for relevance [9, 17]. A study of 
interruption in the home also discovered that the “urgency” of a 
message is a stronger predictor of the acceptance of an 
interruption than the people’s current engagement in activities 
[30]. Studies of acceptance of mobile advertising in China and 
Taiwan found “informativeness”, “entertainment” and 
“credibility” to be the most important factors of the advertisement 
message that influence the consumers’ acceptance; and 
“irritation” to have a negative effect [29, 25]. Whereas the former 
study [30] used fictional messages with varying implied urgency 
for the recipient (e.g. “the fire alarm in the shed has detected 
smoke”), the latter studies [29, 25] were based on questionnaires.  

Furthermore the characteristics of the channel the interruption is 
delivered in (in what channel) may impact receptivity or the 
management of the interruption. For example, whereas a ringing 
phone may act as a summons [23], chat in instant messengers may 
be ignored until a convenient later moment [21].  

Lastly, what effect the interruption may have is not only 
interesting to observe, for instance how interrupted people 
manage their social accountabilities [28], anticipating the effect 
could also be an important factor in predicting receptivity.  

2.2 Motivation 
The absence of a “relational perspective” such as the 
consideration of the who (sender/source) and the what (content) of 
interruptions in most of the interruption research has previously 
been noted [12]. This is reflected in experimental methods: 
instead of sending genuine content most of the studies that 
investigate interruptibility interrupt their participants only with a 
request to confirm their interruptibility either on a scale [15]; or 
they ask how much time the interrupted would have for an 
interruption [14]; or they use generic types such as “how receptive 
are you to a ‘phone call’ or a ‘reminder’?” [13].  

Despite that the content and the timing of interruptions have been 
acknowledged as cognitive characteristics of the interruption [31, 
17], these authors operationalise content somewhat narrowly as 
the relevance of the interruption content to the current task and 
the timing of an interruption is operationalised in terms of the 
temporal position in the current task. However, we argue that one 
can be receptive to an interruption even though the content is not 
relevant to the current task. Also, these operationalisations inherit 
a requirement to control the current task; thus calling for a 
controlled laboratory study, which makes it difficult to transfer the 
methods to a more naturalistic mobile setting. This also holds for 
the finding that opportune moments for interruptions lie at the 
breakpoints between phases of cognitive task processing [1].   
Mobility of work and life is arguably a definitive characteristic of 
our culture today, and thus it may be desirable to study the 
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accompanying characteristics of interruption in a mobile setting, 
rather than, for example in a setting where the occurrence of the 
interruption is limited to one room, such as an office setting.  

No study was found that interrupted participants with real 
messages containing genuine content in mobile settings. 
Therefore, in line with the relational perspective, this study 
employs a method where participants were interrupted with real 
messages with genuine content on their mobile phones in order to 
examine how manipulation of interruption content and time of 
delivery affects receptivity in situ. 

3. RESEARCH QUESTIONS AND 
HYPOTHESES 
The mobile phone seems to be an ideal vehicle to study mobile 
interruptions. It is probably the single technological instance we 
are most used to get interrupted by anywhere, anytime. With 
timing of interruptions being the key intervention by systems for 
interruption management we also wanted to explore the impact of 
a preliminary operationalisation of timing outlined below. To 
evaluate the impact of a relational factor on receptivity we chose 
to look at content.  

• RQ: How do the interruption content and the time of 
delivery impact receptivity to pushed information on 
mobile devices? 

Furthermore, what properties of the content make people more 
receptive to information pushed to their personal mobiles? In line 
with the relational perspective, rather than properties of the 
content per se, these are investigated as relations people have to 
the content; namely, how people relate to what is said, to how it is 
said, and to the effect of the message. The factors we chose to 
study as probable underlying factors of receptivity are interest in 
the content of a message (what) and actionability of a message 
(effect) in addition to the factors relevance and entertainment 
(how) identified by previous research as outlined above [9, 25, 29, 
30, 31, 17]. Actionability is understood to be the likelihood to 
influence the recipient’s future actions. We hypothesize the 
factors to be strong indicators of receptivity. The study therefore 
builds on the following two major hypotheses:  

H1: Interest in content is a predictor of receptivity: People are 
more receptive to “good content” than to “bad content”, based on 
their individual interest ratings. 
H2: Interest in content, perceived entertainment value, relevance 
and actionability of a message’s content are all valid factors that 
influence people’s receptivity.  

The perception of the timing of an interruption may depend on the 
nature of the delivery method (asynchronous vs. synchronous). 
Some delivery methods are inherently more disruptive than others 
and the interruption is more immediate. A ringing phone, for 
example, is inherently immediate and can be understood as a 
summons [23].  In contrast, asynchronous modes of delivery such 
as email, SMS or instant messengers do not demand attention in 
such an immediate way. They even afford plausible deniability 
[21], in that it is socially acceptable not to respond immediately. 
Presumably, the cost of ignoring an incoming interruption that 
was delivered in an asynchronous way is less as its content can be 
tended to at a convenient later moment whereas the content of a 
missed phone call may be lost indefinitely. Hence, the timing of 
interruptions in an asynchronous channel may be evaluated more 
liberally than in a synchronous channel. The asynchronous nature 
of SMS effectively enables the individual to tend to the 

interruption at a convenient moment – even if it is just seconds 
after the interruption was noticed, it effectively becomes a self-
selected attention shift rather than a forced attention draw. As the 
modality of delivery in this study is SMS, we expect that the 
perceived timeliness of the interruptions do not differ significantly 
between times individuals predict they are especially receptive to 
interruptions and other times.  

We decided to study receptivity in a naturalistic mobile setting 
where participants do not have to carry additional equipment and 
wanted to test if we could simply operationalise timing as time of 
day of delivery (henceforth called time of delivery). As a control 
measure, we compare the participants’ self-reports of timeliness at 
participant-selected good times for interruption with random other 
times, where times are specific clock-times, e.g. 11:15am.  

4. EXPERIMENT DESIGN  
In a 2x2 within-subjects design, we manipulated type of content 
(good and bad content) and time of delivery (good and other time). 
We employed both the experience-sampling method (ESM) [7] 
and a diary method over a period of 10 working days. Six text 
messages were delivered each day to the participant’s mobile 
phone. Participants were asked to rate their receptivity to the 
content, utilizing an experience-sampling approach whereby 
participants assess experience in situ [6]; i.e. with the instruction 
to reply with a rating ASAP.  

As the levels of the variables “good” and “bad” are subjective, it 
is important to stress that the messages were different for each 
participant. The messages had in common only that their 
respective content categories were rated highly (for “good” 
content) or lowly (for “bad” content) by the participants in the 
setup interview.  

The daily survey was set up to unpack what factors of the content 
make people more receptive, i.e. it looked at relational qualities 
of the content. We stated in our initial hypothesis H2 that we 
believe that interest, perceived entertainment, relevance and 
actionability all influence the receptivity. Are the receptivity 
ratings correlated with how interesting and entertaining they find 
the content, with how relevant and actionable a message is 
perceived?  

The fact that people’s daily information consumption routines 
differ individually and the fact that we conducted repeated 
measures calls for a within-subjects analysis approach of the data.  

4.1 Everyday information consumption  
The goal for the content categories we presented to the 
participants was that all of the participants were interested in some 
and not interested in other categories. To arrive at the content 
categories we conducted interviews to study the everyday 
information consumption behavior of the sample. 

In a preliminary set-up study, we carried out informal interviews 
with 10 co-workers to find out about their information 
consumption habits. We asked them to itemize what categories of 
information they consumed frequently, if it was on a regular or on 
an irregular basis and if they consumed the information out of 
general interest or out of a situational need. As information 
categories consumed out of general interest, they named news, 
sports, hobby/leisure-related and work-related information (“to 
stay on top of what’s happening”1). Information tied to the co-
                                                                    
1 All quotes by participants unless stated otherwise.  
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workers’ situation was named more often and the category terms 
seemed more specific, e.g. information on traffic, weather, 
movies, products and places to go. Even though the categories 
were diverse, what they shared was that they had an immediate 
impact on the interviewee’s situation and may have influenced 
subsequent actions. For example, weather reports were followed 
to inform what to pack for a future travel; movie reviews were 
read to see if there was anything worth watching and eventually 
leisure plans for the weekend may have been influenced by this; 
product reviews and prices were compared to inform a buying 
decision.  

 
Figure 1: The sample’s content preferences (mean + SD) as 

collected in the setup procedure.  
On a broad level, our set-up study identified two modes of 
information consumption. The first is general interest or 
serendipity in information consumption, having no immediate 
impact on activities. The second is situationally directed 
information use that explicitly informs future actions. For a more 
detailed explication of information needs see [26].  

Since it would be an ambitious technical project in its own right to 
predict and cater to situational information needs, our limited 
systems development resources restricted us to choosing general 
interest information categories which were easier to serve to 
volunteers for our study. 

4.2 Participants and individual preferences  
Individual diversity in the ways people relate to information made 
us realize that we could not send the same types of information to 
every participant. In order to compare the impact of the factor 
content we needed a constant across participants’ relation to the 
content. As we selected information presumed to be of general 
interest, a straightforward way to introduce a constant was to ask 
them how interested they were in the particular content category, 
and thereby inform what type of information they would get as 
good and as bad content throughout the study.  

Based on the findings from the set-up study interviews augmented 
with what we found to be feasible to provide from RSS feeds on 
the web, we developed a fairly extensive list of 28 general content 

categories. The list was offered to our main study participants to 
allow them to express both interest and disinterest in different 
categories (see content categories in figure 1).  

We recruited 11 co-workers as participants (3 female and 8 male). 
None of them were involved in or knew details about the study. 
As part of the setup process we asked the participants to rate their 
interest in the 28 content categories provided on a scale from 1 
(not at all interested) to 7 (very interested) (see fig. 1). According 
to their ratings, we then chose 3 categories they rated highly (6-7) 
to provide the “good content”. Another 3 categories they rated 
lowly (1-2) were chosen to provide the “bad content”. Figure 1 
shows the mean interest ratings of the 11 participants, with the 
content categories ordered according to descending interest rating.  

In addition, we asked them to give us a general time window of 
10hrs during the day where they would be willing to receive 
messages on their mobile phones. Within this window, we asked 
them specifically to provide three times where they thought they 
would be receptive to messages. These 3 times would serve as 
“good times”. In addition, we chose three “other times”, whereby 
we attempted to create an even distribution of messages 
throughout the specified 10hr window.  

4.3 Framing receptivity: gut reaction and 
perceived timeliness 
In our study, we sent text messages and then asked for an 
immediate reply with a rating of their receptivity (via a text 
message reply). The challenge was to instruct the participants in a 
way that the ratings reflected their perception of receptivity. We 
chose to ask the participants to rate their gut reaction to the 
message on a scale from 1 (low) to 7 (high), because the concept 
it refers to is both subjective and situated in the particular time it 
occurs and is tied to the circumstances of the situation. We 
explicitly instructed the participants to include such guidelines in 
the assessment of their gut reaction as the initial feeling towards 
the content of the message at that particular time; how the 
interruption of the incoming SMS felt; the particular 
circumstances of the environment such as appropriateness of 
location or who else is present.  

Because of the aforementioned anticipated limitations of the 
validity of the factor time of delivery, i.e. an inherent uncertainty 
if the participants’ chosen good times really represented good 
times, we also asked them to provide a control rating of the 
perceived timeliness of the time of delivery on the same scale of 1 
(low) to 7 (high).  

4.4 Procedure 
An SMS server was set up to deliver the text messages according 
to a daily schedule for each individual participant. When a time to 
send a message was detected in the daily schedule, a task was 
performed that looked up the RSS feed that provided the content 
according to the individual preferences for each participant. For 
each participant, three content categories provided the good 
content and three categories provided the bad content. They were 
randomly rotated in their assignment to the three good times they 
said they would be receptive and three other times we chose for 
them, so that participants would not always get the same type of 
message at the same time of day. This rationale was informed by 
the goal to get a sufficient number of ratings for each of the 
possible 2x2 factor combinations for a within-subjects analysis. 
With six messages per day sent for 10 days and 4 different 
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combinations of the factors, each participant would get an average 
of 15 messages per combination.  

Table 1: distribution of the independent variable across 
messages that received a response.  

 Good time Other time Total  

Good content  98 (23.4%) 107 (25,6%) 205 (49%) 

Bad content  108 (25.8%) 105 (25.2%) 213 (51%) 

Total  206 (49.2%) 212 (50.8%) 418 (100%) 

4.5 Daily survey 
We did not want to overload participants by asking them to send a 
whole host of ratings by text, so a web-based survey was set up to 
reveal the role other factors play in receptivity. At the end of each 
day, an online survey presented each of the six messages as a 
reminder. For each message, the participants were asked to 
provide a rating of their interest and entertainment value of the 
content on a scale of 1 (low) to 7 (high). Furthermore, they were 
asked to pick categories that best describe the relevance and 
actionability of each message.   

4.6 Exit interviews 
Finally, participants were interviewed to learn about their 
experience during the study. Semi-closed or open ended questions 
were asked to get an overall picture of the experience, looking at 
change over time, specific moments, e.g. particularly good or bad 
timing of messages. Also, we asked if and how the messages ever 
impacted the recipients’ activity or were relevant to it, and 
investigated their general receptivity to information pushed to 
their mobile phones, and possible alternatives, e.g. information 
“pull”. 

5. EXPERIENCE-SAMPLING RESULTS 
The 11 participants received a total of 641 text messages (56 pp 
on average) over a period of 10 working days. The intended 60 
messages pp were not quite achieved due to technical difficulties 
with message delivery. We received 418 (38 pp on average) 
responses in total (i.e. to 65.2% of the messages we sent). Table 1 
shows the distribution of the independent variables content and 
time of delivery among the messages that received a response.  

5.1 Gut reaction 
The mean gut reaction to all of the 418 messages sent was slightly 
below neutral with a mean rating of 3.42 on a 7-point Likert scale, 
the median was 3, the SD was 1.8.  
To perform a within-subjects ANOVA we aggregated the gut 
reaction scores on the individual level by averaging per condition 
(see table 2); a common approach for dealing with unequal 
amounts of repeated measures per individual [13, 27]. The dataset 
that was derived in this manner comprised one averaged score of 
gut reaction for each of the four conditions per participant. 
Inspection of Q-Q plots showed that deviation from normality was 
tolerable and skewness (.253) showed that the distribution was 
still approximately symmetric, according to a widely used rule of 
thumb [4].  

A within-subjects ANOVA showed that content had a significant 
effect on gut reaction, with F (1, 10) = 30.95, p < .001. Partial eta 
squared = .76, which is a large effect.  
 

 Table 2: Gut reaction descriptives between subjects by 
independent variable conditions. 

IV conditions Frequencies Mean Std. Deviation N 

 

Good content, 
good time 

 

3.85 1.84 98 

 

Good content, 
other time 

 

4.21 1.82 107 

 

Bad content, 
good time 

 

2.85 1.55 108 

 

Bad content, 
other time  

2.84 1.62 105 

 

 
Figure 2: Boxplots of gut reaction by 2x2 factors content and 

time of delivery. 
The mean gut reaction for good content (3.96) was significantly 
higher than for bad content (2.86) (see fig. 2). The factor time of 
delivery (good vs. other time) did not lead to significant 
differences in the gut reaction (F (1, 10) = 2.8, p = .125); and there 
was no significant interaction of content and time of delivery (F 
(1, 10) = 1.93, p = .195). Table 2 and fig. 2 show the means and 
SDs of gut reaction across the conditions. 
The finding that content has a significant effect on people’s gut 
reaction supports our hypothesis that people are more receptive to 
content they have expressed higher interest in (H1). Furthermore, 
the findings suggest that we can predict receptivity by studying 
individual information consumption behavior, as the manipulation 
of the factor content was informed by the previously collected 
interest ratings in the content categories. 

5.2 Perceived timeliness 
The control measure perceived timeliness revealed that the 
perceived timeliness for good times was not significantly different 
than for other times. A within-subjects ANOVA done in a similar 
manner as for gut reaction above showed that neither content (F 
(1, 10) = .92, p = .36) nor time of delivery (F (1, 10) = 2.82, p = 
.12) had a significant effect on perceived timeliness. The 
interaction was also not significant, with F (1, 10) = .65, p = .44. 

10 
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The fact that the perceived timeliness does not differ between 
predicted good times and randomly selected other times may 
mean that time of delivery in an asynchronous medium such as 
SMS is less important as messages can be tended to later. It is 
equally plausible that people are simply bad at predicting the 
times when they are receptive and thus the validity of the factor 
time of delivery is limited in that the levels “good” vs. “other“ are 
not different from each other.    

5.3 Discussion with qualitative findings  
To review the statistical findings above, we found that when 
pushing content to people’s cell phones, their gut reaction to 
content they had previously expressed interest in was significantly 
higher than to bad content. The fact that participants’ gut reaction 
to good content was significantly higher than to bad content 
shows that content matters.  

Furthermore, the fact that significant effects were found for 
content and not for time of delivery indicates that interest in 
content is a more stable predictor of the gut reaction to a message 
than the time of delivery. As one participant so poignantly put it: 
“Content really trumps the timing.” 
This is widely echoed throughout the interviews. When asked 
directly, 8 participants said that content was more important to the 
gut reaction than time of delivery; one said that both were 
important and two said that timing was more important – however 
one of these last two immediately qualified his statement in an 
interesting way:  

“Timing first, content second, I mean, well, it’s interesting…I 
never got a message while I was holding my phone, it was always 
while I was doing something else. So the first problem is, that I’m 
doing something else, that’s why timing is the first part, and then I 
look at the message, and then if the content is not important to 
me… it was not a good moment to interrupt me with that. But 
I’m likely to be a little bit more forgiving if the content is 
interesting to me.” 

On the one hand, the participant suggests that the timing is more 
important than content; on the other hand, he mitigates his 
assertion by what he says in the highlighted area about his 
receptivity. This statement points to a notable quality: the 
assessment of the timing of an interruption is related to the 
content of the interruption and presumably other factors. Even if 
the timing is bad, to use the participant’s words, we are likely to 
be more forgiving if the content adheres to certain qualities; in 
this case, interest. The notion that the appropriateness of an 
interruption is evaluated by its content rather than by its timing is 
even more clearly illustrated by the following statement from 
another participant, which nicely emphasizes how timeliness of an 
interruption is assessed through its content.   

“Sometimes it was OK to be interrupted, but not with that 
particular kind of snippet…depending on what the interruption 
is, it is a good time or it’s not a good time.” 
Through statements such as these, we see that the impact of an 
interruption is assessed ad hoc via its content. This echoes 
Dourish’s insight that contextuality cannot be determined a priori; 
“It is an emergent feature of the interaction, determined in the 
moment and in the doing” [11]. Research on interruption 
management has put a lot of effort into predicting the user’s 
interruptibility by sensing their local context [15, 13]. The 
implication of the finding that the impact of an interruption is 

assessed by its content rather than its mere time of delivery is that 
the prediction of interruptibility has to take into account the 
content of the interruption.  

Since all participants provided us with supposed good times to 
interrupt, the nonexistent statistical effect of time of delivery on 
the participant’s perceived timeliness suggests that people are bad 
at predicting the times at which they will be receptive to messages 
and shows that time of delivery is an incomplete operationalisation 
of timing – not that timing doesn’t matter. In the exit interview, 
when asked about the times he had said he would be receptive, 
one participant replied:  

“[…] Those are basically times where I thought I wouldn’t be too 
engaged in things – it turns out that most of the times I actually 
was engaged with things.” 

The participants picked these times without complaining about the 
difficulty of this task and with some care, which can be seen by 
the fact that, at the end of the study, only one participant didn’t 
remember the times he said he would be receptive to messages. 
Only 5 participants said in the interviews that the majority of 
messages were delivered at a bad time (as opposed to 9 that 
disliked the content of the majority of the messages). This further 
supports the finding that in the participants’ perception content 
trumps timing:  
“When the content was bad, I felt annoyed, when the timing was 
bad, I just let it go.” 
This “letting it go” in this participant’s statement points to a key 
quality of interruption specific to the SMS medium. This is that, 
perhaps unlike some modes of communication, receipt of a 
message on one’s mobile phone can be ignored. It can be equally 
well tended to later – at a convenient time.  

That interruptions can be ignored when we focus on the task at 
hand has been acknowledged as a property of being engaged in 
“task-driven processing” [20]. And with SMS content delivery, 
the majority of our participants appeared to be able to stay in that 
mode with little disruption from an incoming item as was echoed 
in numerous quotes: 

“Timing…I mean, if it’s a little bit off, it’s OK, because I can 
always push it off ‘til later. The thing buzzing or beeping once 
doesn’t bother me too much.” 

 “When I wasn’t available I could just not look at it. And that’s 
fine.” 

“There were plenty of times, where the timing was not good, but I 
just ignored it, it’s not like I really disliked it. The thing came 
in…the timing was not good, so I didn’t look at it.”  

“Timing wise… you don’t have to look at it immediately, you can 
go back to it later. Phone allows that, so timing is probably less 
important than interest. I like the flexibility of that, text messages 
come in, they are lightweight, you don’t have to respond. If you do 
have to respond, the person will probably phone you.” 

The quality of SMS communication this person describes as 
“flexible” and “lightweight” in that “you don’t have to respond” 
alludes to the existence of plausible deniability [21] in SMS 
communication.  

6. LOOKING CLOSER AT CONTENT  
We now present and discuss the results from the web-based daily 
survey. In order to reveal possible underlying factors of 
receptivity, participants were asked to rate their interest in the 
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content, how entertaining they thought the content was, and the 
relevance and actionability of the content for each message.  

Participants completed the daily survey for only 268 messages 
they responded to (out of 418 in total). A reason may have been 
that the web-based survey could only be accessed for the current 
and the previous day. Despite the fact that a reminder was sent out 
every evening surveys were often forgotten, and each omission 
meant that 6 messages at once were without survey responses. 

6.1 Content factors 
6.1.1 Interest 
The median interest rating was 3 (mean: 3.24) on a 7-point Likert 
scale. A within-subjects ANOVA showed that participants were, 
unsurprisingly, significantly more interested in good content than 
in bad content, with F (1, 10) = 21.09, p = .001. Interest ratings 
for good content (M=3.97) were significantly higher than for bad 
content (M=2.53). This finding supports our hypothesis that 
interest is a predictor of receptivity (H1). Also, this strengthens 
the validity of the factor content: content in the good content 
categories really was significantly more interesting than content in 
the bad content categories. Again, time of delivery did not have a 
significant effect (F (1, 10) = .083, p = .779), nor did the 
interaction of content and time of delivery, with F = .115, p = 
.742.  

6.1.2 Entertainment 
The median for entertainment was 2 (M=2.41) on a 7-point Likert 
scale. Even though good content (M=2.74) was rated slightly 
more entertaining than bad content (M=2.09), a within-subjects 
ANOVA showed that the differences were not significant, with F 
(1, 10) = 3.39, p = .095. Time of delivery was not a significant 
factor, nor was the two factors’ interaction. 

6.1.3 Relevance 
The majority of messages rated (66.4%) was not relevant to the 
participants, 29.5% of the messages were rated as being generally 
relevant regardless of the time read, and 4.1% of the messages 
were rated as being relevant at the time read or soon after. 

6.1.4 Actionability 
Actionability referred to the likelihood that the receiver of the 
message would subsequently take action or alter his or her actions 
in some way informed by the content of the message. 
Actionability is an ordinal variable. In the daily survey, the 
participants were asked: To what extent did/will the content of the 
message change/influence your actions?  
Participants rated an overwhelming majority of 75% of the 
messages as unlikely to influence their future actions, and just 
19.4% to be somewhat likely to influence future actions. Only 
4.5% of the messages were rated as being very likely to influence 
future actions, while only 3 messages (1.1%) were rated to have 
already influenced their actions. 

6.2 Underlying factors of receptivity 
We have already shown that individually perceived good content 
fosters significantly higher receptivity than does bad content. But 
what makes good content good? To shed light on this, the 
interrelation of the factors measured in the daily survey and the 
participant’s gut reaction was studied. How much do people’s 
interest in the content, its perceived entertainment value, the 
relevance and actionability of the content influence people’s 
receptivity?   

A word of caution is probably appropriate here. The reader should 
keep in mind that the content factor ratings were collected in a 
different context (web-based, at the end of the day) than the gut 
reaction ratings that form the main part of the study (mobile, 
throughout the day). Furthermore, the chosen factors do probably 
not conclusively explain the latent factors that underlie 
receptivity. 

Table 3: Mean gut reaction scores and within-subject effects 
by factors. Values before averaging shown in brackets. 

Factor 

Levels 
Mean 
Gut 

react 

Std. 
Deviation N χ2(2) Exa

ct p 
Kendall’s 

W 

Low (1-2) 2.512, 3 1.09 (1.2) 11 (138)    

Medium (3-5) 3.871, 3 .82 (1.1) 11 (113) 18.7 .000 .851 

Interest 

High (6-7) 6.041, 2 .57 (.78) 11 (48)    

Low (1-2) 2.972, 3 1.09 (1.6) 11 (190)    

Medium (3-5) 3.931, 3 1.44 (1.4) 11 (87) 16.2 .000 .738 

E
ntertain-

m
ent 

High (6-7) 6.281, 2 .27 (.86) 11 (22)    

Not relevant  2.302, 3 1.05 (1.6) 11 (199)    

Currently rel.  4.171 .34 (.81) 11 (12) 17.6 .000 .802 

R
elevance Generally rel. 4.831 1.54 (1.7) 11 (88)    

Unlikely 2.872, 3 1.02 (1.6) 11 (228)    

Somewhat 
likely 4.441, 3 1.69 (1.8) 11 (56) 19.6 .000 .890 

A
ction-

ability 

Very likely 6.041, 2 .64 (1.5) 11 (12) 
   

1 The mean difference to the first level is significant at the .05 level.  
2 The mean difference to the second level is significant at the .05 level.  
3 The mean difference to the third level is significant at the .05 level.  
 
To unpack the interrelations, we averaged the gut reaction for 
each participant per each level of the content factors. In order to 
be able to compare the effect size of each factor, we collapsed 
interest and entertainment from 7 into 3 levels. The binning 
introduces unequal variance between the levels (see the 
differences in the SD-column in table 3), so we conducted 
nonparametric Friedman tests for ordinal repeated measures (k-
related samples) suitable for non-normally distributed populations 
for the four factors. To analyze the differences among the factor 
categories, pair-wise comparisons were conducted by means of a 
Wilcoxon test for 2 related samples. We report Kendall’s W as a 
measure of effect size.  

The Friedman tests showed that differences in gut reaction across 
different levels of the four factors were all significant at the .01 
level. Furthermore, pair-wise comparison indicates that the mean 
gut reaction increased along with rising factor levels. For the 
ordinal variables interest, entertainment and actionability, the pair 
wise comparison shows that the mean gut reaction differs 
significantly for each level at the .05 level. Table 3 depicts the 
mean gut reaction per level of factor, including pair-wise 
comparisons and effect size (Kendall’s W).  

6.2.1 Discussion 
The analysis supports our hypothesis (H2) that interest, 
entertainment, relevance and actionability of the content are all 
valid underlying factors of receptivity. This finding implies that 
qualities of the content influence receptivity in a substantial way 
and need consideration when studying interruptibility.  
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Interest was found to be a strong factor to influence receptivity; it 
proves to be the valid predictor of receptivity that we 
hypothesized it to be. This is also supported by the many 
statements of “interesting” content leading to a high rating of gut 
reaction apparent in the interviews, as seen in the discussion of 
the experience-sampling results above. 
The fact that content did not have a significant effect on the 
participants’ rating of entertainment showed that the content we 
used was not well distributed on the scale of entertainment, i.e. 
just not that entertaining. However, it proved to have a significant 
effect on the participant’s gut reaction, indicating that the 
entertainment factor of content does play a significant role in the 
receptivity to the content, as suggested by earlier work [29, 25]. 

Only 79 out of 268 messages (29.5%) were rated as relevant (of 
which only 55 were classified as good content). Note that the 
average gut reaction for messages that people considered being 
generally relevant (4.83) is higher than their average gut reaction 
to good content (4.02). Therefore, the provision of content from 
categories people said they would be interested in does not 
necessarily imply that the gut reaction is always good, but if you 
manage to say something relevant, chances are higher that people 
will be more receptive, i.e. have a better gut reaction. In the 
interviews, some views about receiving irrelevant messages 
emerged: “I found it annoying to get messages that were 
irrelevant”, or “…content that was irrelevant to me I have no 
interest in getting pushed to me.” This is complementary to the 
finding that relevant interruptions are less disruptive [8].  

Regarding the actionability of content, the fact that the majority of 
messages were classified as unlikely to influence future actions 
indicates a low signal-to-noise ratio of our content. So, while the 
data tentatively suggests that achieving high actionability may be 
a good predictor of receptivity (it had the largest effect), chances 
to deliver a message with likelihood to influence the recipient’s 
actions are low, at least with general content categories such as we 
used in this study.  

Anecdotes from the interviews exemplify situations where the 
participants’ activities actually were influenced by a message. 
Messages that influenced the person’s activities often coincided 
with high gut reaction ratings of the messages. As a result of a 
message, one participant shared the content with his friends and 
thus used it as a “conversation starter”. Two mentioned the 
weather report in this context: “I think the weather thing let me 
form my plans differently a couple of times” and “Influenced in a 
way that it confirmed that I could do something, the weather 
ones”. Most commonly, five participants reported to have looked 
up the content of the news story, a movie or a music review online 
as a result of the message.  

7. LIMITATIONS OF THE METHOD 
The experience-sampling method is challenging in that the 
researcher has to deal with an incomplete description of the 
experience. Almost never can a response rate of 100% be 
achieved. The problem is intensified by the fact that we are 
investigating timing. A critique of the design may be that the 
factor time of delivery is biased, as it may well be the case that 
non-responses are simply a result of bad times of delivery. Thus, 
we looked at the distribution of the independent variables among 
the 223 messages that were not responded upon. An almost equal 
amount of non-responded messages was sent at good times (112) 
and at other times (111). A chi-square goodness-of-fit test showed 
that the distribution of the frequencies was not biased towards 

good or other times, with χ2 (1) = .004, exact p = 1.0. This shows 
that non-responded messages were not systematically biased 
toward bad times of delivery.  

Likewise, the distribution of non-responded messages between 
good content (117) and bad content (106) is not significant; A chi-
square goodness-of-fit test showed no significant bias towards 
good or bad content, with χ2 (1) = .543, exact p = .503. 

7.1 Response time 
The ESM is particularly designed to be an ad hoc method by 
which the quality of an experience is assessed in the moment. We 
looked at the time participants took to respond to the prompts to 
elicit if the reaction of the participants actually happened in situ.  

The distribution of response time was encouraging in terms of 
timeliness of response: 50 % of the messages were responded to 
within 373 seconds (6.21 mins), 76.1% were answered within 40 
minutes after reception, and still 90% of the messages got 
responded to within 2 hrs. A within-subjects ANOVA did not 
yield any significant differences in average log-normalised 
response time for perceived timeliness (F (6, 12) = .31, p = .92) 
and gut reaction (F (6, 6) = 2.56, p = .16).  

Different practices with data exceeding a certain response time are 
common; a lag of 30 minutes has been suggested as a boundary 
for valid data [24]. If we filter out all data points that exceed 
30mins response time, our results do not change in a significant 
way. A within-subjects analysis on the basis of the 298 messages 
that were responded to in less than 30mins does not change the 
fact that content is a significant factor for gut reaction (F (1, 10) = 
21.02, p = .001) and time of delivery is not (F = .01, p = .915).  

8. DISCUSSION  
8.1 Push vs. Pull 
Even though a comparison of modes of delivery as in “push vs. 
pull” was not the focus of this study, questions about the general 
receptivity to pushed information in the interviews inevitably led 
to the discussion of alternatives.  

Also, the purpose of this study was not to evaluate an 
“information push system”, as we deliberately delivered 
uninteresting content to the participants – obviously a property 
strongly discouraged in the design of a “real” system. Therefore, 
participants’ negative reactions towards getting content pushed to 
their mobile phones did not come as a surprise.    

Two participants developed strong aversion against getting 
content pushed to them; one even said that she “…grew to really 
dislike hearing my phone tell me a text came in”. The other one 
said that he realized within three messages he disliked it: “the 
phone is only for keeping in touch with my own, close personal 
network”. This supports the notion that the delivery of content to 
mobiles might potentially be perceived as very intrusive, 
breaching the owner’s privacy [19]. Interestingly, the other person 
with strong negative feelings also mentions her close social 
network when describing her disappointment: “I was just not 
excited about receiving the texts. I get excited from texts from 
friends and family, but not these.” It seems that the expectation 
that a device is for the sole purpose of communication with a 
close personal circle influences the acceptance of it as a provider 
of other services. Only three participants mentioned that they 
prefer to get content pushed, as opposed to pull it themselves on 
demand. Six out of our 11 participants prefer to pull content, and 
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frequently use explanations such as that they favour being in 
control of what kind of content they consume at what time.   

However, they often qualified under which conditions information 
push would be acceptable. Information push seems to have its 
merits too, one participant said: “I like it pushed, because it frees 
myself from having to remember to go pull for it”. Example 
content that participants see fit to be pushed to them includes 
reminders, event-driven news, information with high priority or 
urgency, and alerts of unpredictable events such as a rain. A sense 
of control seems important here as well, examples given are either 
on the side of explicit user feedback, such as mechanisms for the 
user to subscribe to certain content or signal unavailability, or on 
the implicit system side, such as algorithms that learn the user’s 
content preferences. Asked if he prefers information push or pull 
one participant said:  

“Pull it, absolutely. Although, if it says, here is something new for 
you, pick it up when you’re ready, that would be something 
different than getting a text message with an alert.” 
This participant’s statement points out that information push is 
acceptable under the condition that its delivery is not interruptive 
and that the content can be accessed on demand. This is certainly 
not a new paradigm of information delivery and has for instance 
been realized in subscribe and consume-on-demand RSS 
technology. However, it is interesting that many of our 
participants describe this kind of system as the ideal solution after 
taking part in the study. 

All in all, the experience with an information push system from 
the study did not put our participants off the idea of information 
push in general, quite to our surprise. Instead, it seemed to lead 
them to conclude that an ideal system would be a hybrid between 
push and pull, a system that proactively provides smart and 
individually pre-filtered content unobtrusively and lets users 
consume content on demand at their own pace. 

8.2 Receptivity vs. Interruptibility 
The concepts of receptivity and interruptibility have often been 
treated synonymously in related work. However, we argue for a 
subtle but important difference. Interruptibility is the more 
prevalent concept that seems to be mostly informed by the 
rationale to predict an opportune moment when to interrupt 
someone [e.g. 2, 13, 15]. Hence, it is a concept that focuses on 
helping the sender of a message by reasoning about the receiver’s 
local contextual factors, such as current activity. Receptivity on 
the other hand has been defined as “one’s willingness to be 
interrupted” [3]. We extend this notion by saying that receptivity 
adds an important quality to the study of the interruption process: 
it places the anticipation of the receiver’s experience of the 
interruption into the focus of attention, i.e. it is inherently a 
concept related to the relational contextual factors as outlined 
above. Note that the goals of the two approaches remain the same: 
to ease some of the burden of inevitable interruptions. We prefer 
the concept of receptivity, as it is more user-centered in that it 
includes and anticipates the subjective and inherently uncertain 
and hard to predict experience of and reaction to the interruption.  

9. CONCLUSIONS 
The results from our study show that the content of a message 
plays an important role in influencing people’s receptivity. The 
participants’ gut reaction to good content was significantly better 
than to bad content. Also, our results show that interest, 
entertainment, relevance and actionability of the content all have a 

significant effect on the gut reaction, giving some evidence that 
they are important informational qualities that influence people’s 
receptivity. 

9.1 Content trumps time of delivery  
The main finding from the study is that in the context of the 
asynchronous delivery method SMS, content trumps the time of 
delivery. We arrive at this finding mainly by contextualizing the 
results from the statistical analysis with the participant’s 
qualitative responses from the interviews. Furthermore, people’s 
comments from the exit interviews suggest that content can also 
dominate other operationalisations of timing more generally than 
our time of day of delivery operationalisation. Not only does the 
content influence people’s gut reaction, it appears that the content 
of an interruption also seems to outweigh its timing when people 
assess its appropriateness. This finding may inform any endeavour 
of understanding interruption management and building context-
aware systems. Interruptibility is not a fixed property of time. The 
timing of an interruption is assessed by evaluating local and 
relational contextual factors including, but not limited to, the 
content of the interruption. 
This finding implies that we must attend to properties of the 
content of an interruption when trying to assess someone’s 
interruptibility in addition to other local and relational context 
factors. For example, we have to consider the following kinds of 
questions: Is the content interesting to the interrupted? Is it 
relevant or actionable to the interrupted? And is it urgent or does 
it have a high priority for the interrupted? 

9.2 Dealing with timing 
However, by no means does the finding that content trumps time 
of delivery imply that the timing of an interruption can be 
neglected. The fact that time of delivery was not a significant 
factor shows that people are bad at predicting the times they are 
receptive, not that timing in general doesn’t matter. The control 
measure perceived timeliness also showed that our attempt to 
operationalise timing did not validly represent good and other 
times for people, they were just other times. In future work we 
need to address the problem of finding appropriate ways to 
manipulate the timing of interruptions in mobile settings validly, 
in order to accommodate for the situated uncertainty of timing. 

Another reason why in our study we did not find the time of 
delivery to have an impact on the gut reaction may be that we 
found most of our participants to be well-trained in ignoring the 
interruption caused by the incoming message. People are 
accustomed to dealing with interruptions in their everyday lives; 
they have developed methods to cope with them [28]. An 
incoming message is not necessarily perceived as an interruption; 
the disruptiveness of an interruption is determined not only by the 
timing of a signal, the pressure to respond seemed to be more 
interruptive. Also, the medium of delivery plays an important role. 
Whereas the disruptiveness of a synchronous medium such as an 
incoming phone call is undoubted, SMS is an asynchronous 
medium, where messages can be tended to later with little or no 
decrement in convenience.  

Nevertheless, the qualitative responses suggest that the timing of 
an interruption does influence people’s receptivity. Good timing is 
more variable and complex to predict as it is mediated by the local 
context of the recipients, such as their situated engagement in 
ongoing activities and their social surroundings. In order to make 
any sense of this immediate context, it would be necessary for a 
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system to do a great deal of detailed sensing and advanced 
inferencing about the recipient’s surroundings and current state of 
engagement. Conversely, properties of the content as discussed in 
this paper are far more stable and straightforward predictors of a 
person’s receptivity. 
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