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Abstract. Peripheral displays allow continuous awareness of information while
performing other activities. Monitoring such a display while performing a cen-
tral task has a cognitive cost that depends on its perceptual salience and the dis-
traction it causes, i.e. the amount of attention it attracts away from the user’s
primary action. This paper considers the particular case of peripheral displays
for interpersonal communication. It reports on an experiment that studied the
effect of peripheral communication pace on subjects’ allocation of attention in a
dual-task situation: a snapshot-based peripheral monitoring task where partici-
pants need to assess the presence of a remote person, and a central
text-correcting task against the clock. Our results show that the addition of the
peripheral task caused a drop in the success rate of the central task. As the pace
of snapshots increased, success rate decreased on the peripheral task while on
the central one, success rate remained the same but failures to reply in time
occurred more frequently. These results suggest that the increase in pace of
snapshots caused participants to change their strategy for the central task and al-
locate more attention to the peripheral one, not enough to maintain peripheral
performance but also not to the point where it would affect central performance.
Overall, our work suggests that peripheral communication pace subtly influ-
ences attention allocation in dual-task situations. We conclude by discussing
how control over information pace could help users of communication systems
to adjust their local distraction as well as the attention they draw from remote
users.

Keywords: Computer-mediated communication, peripheral communication, at-
tention allocation.

1 Introduction

Specific characteristics of interpersonal communication technologies have been stud-
ied for quite a while. Studies of video-mediated communication revealed few objec-
tive advantages of adding video to audio for focused problem solving tasks [1], for
example, but they also showed the value of video for creating shared workspaces and
assessing the availability of others. Media space studies particularly demonstrated this
last role, emphasizing the importance of long-term and always-on connections and
promoting the concept of peripheral awareness of each others’ activities [2, 3]. Many
of today’s communication systems build on these notions of constant accessibility and
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peripheral awareness. A few additionally support the transformation of a peripheral
communication into a primary activity. As an example, instant messaging applications
not only provide constant information about people’s presence and availability but
also support the rapid exchange of text messages. Yet, managing users’ transitions
between background and foreground activities remains a key challenge of modern
communication system design. In Weiser and Brown’s terms, the challenge is to cre-
ate calm technologies that engage both the center and the periphery of our attention
and move back and forth between the two [4].

Monitoring a peripheral communication while performing another task has a cogni-
tive cost that depends on the perceptual salience of the communication and the dis-
traction it causes. Minimizing this cost is usually desirable and even necessary in
situations like car driving where the ability to keep a communication in the back-
ground can be critical. But what appears as a cost might quickly turn into a benefit as
one starts focusing on the peripheral communication and placing it at the center of
attention. This paper considers the particular case of peripheral displays for interper-
sonal communication. We conducted a quantitative experiment to determine the effect
of a snapshot-based peripheral monitoring task on subjects’ attention in a dual-task
situation. Our results suggest that peripheral communication pace subtly influences
attention allocation in this situation. The paper is organized as follows. After intro-
ducing some related work, we describe the quantitative experiment that we conducted,
summarize our results and conclude with a discussion.

2 Related Work

Attention is defined by psychologist William James as “the taking possession by the
mind, in clear and vivid form, of one out of what seem several simultaneously possible
objects or trains of thought” [5]. James further explains: “Focalization, concentration,
of consciousness are of its essence. It implies withdrawal from some things in order to
deal effectively with others, and is a condition which has a real opposite in the con-
fused, dazed, scatterbrained state which in French is called distraction”. As we said,
a key challenge of modern communication system design is to create systems that do
not monopolize user attention but can fade into the background and be promoted on
demand to the foreground.

2.1 Fading into the Background: Peripheral Awareness

Communication systems designed to fade in the background avoid explicit interaction
with users to prevent distraction. They instead resort to presets and automatic capture
to determine the information to be communicated. Images, sounds and other auto-
matically captured data can provide numerous awareness cues in this context, but at
the cost of introducing privacy concerns. Filtering techniques have been proposed to
help users mitigate these concerns by altering the data to be transmitted [6, 7, 8] or by
abstracting it to communicate higher-level information [9, 10, 11].

Peripheral information displays also impose constraints on information rendering.
As reported by Pousman and Stasko [12], numerous researchers have investigated
ways to create systems that “aim at presenting information in a way that is not
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distracting but aesthetically pleasing and tangible to varying degrees”. Information
salience plays an important role in this context, defined as “the distinct subjective
perceptual quality which makes some items in the world stand out from their
neighbors and immediately grab our attention” [13]. Lights, haptics, scent and
adapted everyday objects have been used to create low-salience ambient devices that
blend into the user’s environment [14, 15, 16]. Outside the specific domain of com-
puter-mediated communication, studies have also investigated how to design periph-
eral displays so that they provide the most information while having the least impact
on the user’s performance on a primary task [17, 18, 19]. These studies particularly
showed the ambivalent role of animations and the importance of physical characteris-
tics of the display such as its size, position and orientation.

As illustrated by the previous examples, there is a substantial body of literature de-
scribing ambient communication devices or ambient information systems that might
be used for communication. But creating systems that do not monopolize user atten-
tion addresses only the first part of the calm technology challenge. These systems
should also be capable of promoting on demand interaction to the foreground. Unfor-
tunately, the systems designed for background use can rarely be used for focused
interaction, and conversely.

2.2 From Background to Foreground

A number of studies have investigated ways to help people maintain awareness of
backgrounded tasks and facilitate their resumption [20]. Peripheral displays are
known to help both interrupters to time communication and interruptees to handle
interruptions [21, 20]. But the transition of background tasks to the foreground re-
quires that the displays incorporate mechanisms for drawing users’ attention. A too
low salience might lead them to miss important information or opportunities for more
focused interactions, compromising coordination mechanisms. It has thus been sug-
gested that systems should support different degrees of salience [9] and could increase
the one of incoming messages that may deserve immediate attention [22]. People’s
attentional focus is known to be vulnerable to certain kinds of stimuli [23], and nu-
merous techniques have been proposed that take advantage of this for getting users’
attention [20].

The initiation of a communication is a gradual process that involves negotiation be-
tween parties [24]. This idea of gradual and negotiated engagement is also one of the
most interesting aspects promoted by early media space studies [25, 26]. As noted by
Birnholtz et al., “paying attention to someone is itself a communicative act — an im-
plicit request for interaction” and “interest in interaction on the part of the initiator is
expressed by paying attention to his or her target in progressively more intrusive
ways” [27]. Yet, relative little effort has been made to explore ways to actually sup-
port this gradual intrusion and the overall collaborative process of contact negotiation
[28, 26], Community Bar [29, 30] and OpenMessenger [27, 31] being two notable
recent exceptions.

Prior research has shown the value of peripheral displays as ways to maintain
awareness of backgrounded tasks and facilitate their resumption. But monitoring a
peripheral display while performing another task has a cognitive cost that system
designers need to carefully take into account. The cost should be generally low, so
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that the display can fade into the background, but not too low to preserve its function.
At times, a higher cost might be beneficial to get user’s attention or in response to his
or her increased interest as (s)he wants to promote the background task to the fore-
ground. But how can we measure the resources used by a peripheral task?

2.3 Measuring Attention

The attentional cost of a particular task cannot be measured directly. Psychology
studies of divided attention have thus mainly focused on dual-task situations in which
participants share their limited attention between a main (or central) task and a pe-
ripheral one. When execution of at least one of the tasks deteriorates if they are per-
formed simultaneously rather than separately, the tasks are said to interfere with each
other: their combined attention requirements exceed resource capacity and execution
deterioration in one can be used as a measure of the attentional cost variation of the
other. Task execution deterioration is generally measured as a performance decrease,
but can also be measured as an error rate or response time increase.

The idea that attention is sharable and limited was introduced by Kahneman, who
also suggested that humans change their allocation policy over time [32]. According
to his theory, although attention capacity is limited, it fluctuates according to arousal
levels for internal causes (e.g. effort and motivation) and external ones (e.g. saliency
of environment stimulation). Studies showed that motivational variables do not neces-
sarily correlate with performance [33, 34]. Other studies have illustrated the impor-
tance of three other factors on dual-task performance: task difficulty [35, 36], practice
[37, 38] and task similarity [39]. Overall, these studies suggest that the similarity,
novelty and complexity of two tasks greatly contribute to the fact that they compete
for the same attentional resources.

Studies of peripheral displays have often used the dual-task paradigm to measure
their attentional cost by comparing single and dual task execution. Our motivation for
this work was a bit different. Having a significant experience in the design of video-
mediated communication systems, we were interested in attention allocation when
peripherally monitoring regularly updated snapshots of a distant person. To our
knowledge, the attentional cost of this task had never been formally evaluated. We
were of course interested in measuring it, but we were more particularly interested in
studying the effect of display richness on attention management. Dabbish and Kraut
had already shown that monitoring an information-rich display imposes a substantial
attentional cost and that an abstract display provides similar benefit with less distrac-
tion [40]. The information richness of regularly updated snapshots being somewhat
difficult to control, we decided to focus on the pace of the update.

3 Experiment

We conducted a dual-task experiment with the following goals:

- (intermediate goal) determine the cost of adding a snapshot-based peripheral moni-
toring task to a central one;

- (main goal) determine the effect of varying the pace of snapshots on attention allo-
cation.
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Measuring peripheral attention requires the peripheral and central tasks to be suffi-
ciently novel, complex and similar to interfere with each other. The nature of the
central task does not really matter as long as it interferes enough with the peripheral
one. To test whether our two tasks indeed interfered and to formally evaluate the
attentional cost of adding the snapshot-based peripheral monitoring task to the central
one, we decided to compare single and dual task execution. Assuming that increasing
the pace of snapshots would make the peripheral monitoring task more difficult, we
were expecting the allocation of more attention to it and possibly the deterioration of
the execution of one or both tasks. To precisely determine this effect, we decided to
compare two different pace conditions and to measure execution deterioration in
terms success, fail and timeout rates. Our hypotheses were the following:

- the addition of the snapshot-based peripheral monitoring task to a central one

would have an effect on central task execution;
- varying the pace of snapshots would have an effect on the execution of both tasks.

3.1 Tasks

Participants had to simultaneously monitor a peripheral display while performing a
central task. The central task and the peripheral one appeared on two separate screens.
Inspired by the one used by Maglio and Campbell in a similar experiment [17], our
central task was a text correcting exercise. This task involved mainly linguistic capa-
bilities associated to decision making. To make the cognitive load adjustable, we
introduced a time limit per sentence. By limiting the time available to read and de-
cide, we turned the task into a “race against the clock” similar to the Tetris game used
by Bartram et al. [41]. The top-right image of Fig. 1 shows the text correcting display.
The sentence to correct is shown highlighted. At the top of the screen, a progress bar
shows the time left to answer. At the bottom, two “correct” and “incorrect” buttons
can be clicked with the mouse to provide the answer. Each text correction trial of the
experiment, i.e. each sentence, had one among three outcomes: participants either
clicked one of the buttons or didn’t click any in time. The text used for the correcting
task consisted in French articles with similar readability levels taken from a popular
newspaper (Kandel and Moles measure [42] ranging from 48 to 52). Errors of two
types were created by hand: syntax errors based on word inversions, and gender or
number agreement errors. Zero, one or two errors were randomly introduced in each
sentence of the articles presented to the participants.

For the peripheral task, we decided to simulate the peripheral awareness of distant
people through an image-based communication system. Still pictures showing a desk
and either a person or an empty chair were displayed for a random period of time on a
separate screen, four seconds fade-in transitions being used between pictures (Fig. 1).
We chose a monitoring rather than awareness task so that it would be sufficiently
demanding and thus induce a dual-task performance trade-off. We also made this task
more difficult in two ways: participants received instructions that emphasized the
priority of the peripheral task over text correction, and changes in the remote person’s
presence as well as interruptions were very frequent. During the experiment, partici-
pants were randomly interrupted and both displays suspended at frequent times, i.e
every 4 to 12 seconds. To measure monitoring performance in dual-task conditions,
participants were then prompted to recall the presence state of the remote person by
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Fig. 1. Experiment tasks and apparatus

pressing the Return or Backspace key on a keyboard. To avoid introducing a bias
when performing text correction alone, participants were also randomly interrupted in
the single task condition, but simply had to press a key to resume it.

3.2 Design

The experiment was constructed as a one factor within subject design with a slow
update pace condition, a fast update pace condition and a single task condition. Snap-
shots update pace ranged from 5 to 8 seconds in the fast condition, and from 17 to 21
seconds in the slow one. Executions of both tasks were compared across the update
pace and single task conditions. Participants performed the single task condition as a
control for the two dual-task conditions. The single task consisted in correcting a text
document on a central screen with no peripheral task, while the dual-tasks included
monitoring the presence of a remote person through snapshots displayed on a periph-
eral screen. Each participant performed both dual-task conditions and the single task
condition.

The presentation order of conditions was balanced across two groups of partici-
pants (Fig. 2). The presentation order of articles in the text correction task was also
balanced across participants. Dual-task trials were grouped in two blocks of 75 trials
each, one for the fast condition and the other for the slow one. The single task condi-
tion was divided into three short blocks of 25 trials: before, between and after each
dual-task condition block.
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Fig. 2. Presentation order of dual-task condition blocks were counterbalanced in two groups, A
and B. Single task blocks were interleaved with slow and fast blocks.

For presence monitoring, success rate (i.e. the percentage of correct recalls) was
measured as a dependent variable. For text correction, each trial outcome was classi-
fied into one of three categories: correct, incorrect or failure to reply in time. Three
dependent measures were then collected for each participant:

- success rate: the percentage of correct answers among all text trials;
- fail rate: the percentage of incorrect answers among all text trials;
- timeout rate: the percentage of failure to reply in time among all text trials.

3.3 Procedure and Participants

The experiment procedure included several phases: training, calibration, test and a
post-test questionnaire. The task was orally briefly described, and detailed written in-
structions were displayed. These instructions emphasized the priority of monitoring the
distant colleague over the text correction task. Participants then performed the three
conditions during a training phase of 10 minutes. During this training, a visual feedback
was displayed helping the participants learn the different error types. After the training
phase, as text correction speed differed among participants, a speed calibration test of 15
minutes was performed. During this test, we varied the time per sentence to determine
the appropriate speed for each participant to correctly perform the text correction. After
calibration, the time limit was introduced and the test started. The participants per-
formed the single task and dual-task blocks. After completing all blocks, participants
answered a post-test questionnaire in two parts: participants had first to estimate their
linguistic and visual abilities, and then to describe their subjective perception of the
differences between the conditions and the strategies they employed in multitasking.

Twelve adult native French speakers were recruited for the experiment, ten males
and two females aged from 22 to 30 (26 on average). All had normal or correct-to
normal vision acuity and perimeter (more than 175°), six of them wearing lenses or
glasses. The experiment apparatus consisted of two screens, a computer, a mouse and
a keyboard. A distance of 20 cm separated the screens, two 1280x1024 LCD monitors
(177 for the central and 15” for the peripheral), as seen at the bottom of Fig. 1. The
software was implemented in Java 1.4 on a 3,4 GHz Pentium 4 computer running
Microsoft Windows XP Pro. Snapshots were 512 pixels wide by 384 pixels tall,
scaled down from pictures taken at a resolution of 2560x1920 pixels. The text to cor-
rect was displayed using the Lucida Grande font in 13 points.

3.4 Results

Data was analyzed to determine the effect of adding the peripheral task to the central
one and the effect of varying the pace of snapshots on both tasks. We compared
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success rate differences in peripheral monitoring under the two dual-task conditions
(slow and fast) using a repeated measures analysis of variance (ANOVA). The test
shows a significant difference of the success rate in the monitoring task between the
slow and fast conditions (F=22.02, p<.0001%). In the slow condition, this rate was at
an average of 96,85%, while in the fast one, it fell to 92,78% (Fig. 3). We also looked
at differences in the central task dependent variables under the three conditions (sin-
gle, slow and fast) using ANOVA. We found a significant effect of condition on the
success rate (F=9.53, p<.0001*) and timeout rate (F=12.82, p<.0001*), but not on the
fail rate (Fig. 3). Concerning the success rate, the test shows a significant difference
between single and dual-task conditions (F=9.35, p=.0023%*), but no difference was
found between the two pace conditions. For the timeout rate, we found no difference
between the slow and single conditions, but the test shows a significant difference
between the slow and fast conditions (F=12.8, p<.0001%*).

Participants reported in the post-test questionnaires that they continued to learn
multitasking and each task after the training period. We thus conducted a post-hoc
analysis to evaluate learning, tiring, order and group effects on text correction. We
found no significant difference in the success rate of the text correction task between
the three single condition blocks. We also compared the first dual-task block with the
second one for differences in text correction and monitoring success rate. The test
shows significant differences between the two dual-task block for success rate of both
the correction (F=5.53, p=.0188%) and the monitoring (F=5.19, p=.0227%*) tasks. From
the first to the second dual-task block, correction success rate rose from 69% to 74%,
while monitoring success rose from 94.0% to 95.9%. Additionally, to evaluate order
and group effect, we compared groups A and B in dual-task conditions for differences
in success rate on both tasks. But we found no significant difference in the success
rates, neither for correction nor for monitoring. We also compared groups A and B in
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Fig. 3. Text correction and monitoring performance across the three conditions. Error bars
represent standard error.
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Table 1. Two by two comparison across all conditions using ANOVA test of the dependant
variables: monitoring success rate, success and text correction timeout rate

Conditions Monitoring success Correction success Correction timeout rate
slow vs. fast F=22.02, p<.0001* no difference F=12.8, p<.0001*
single vs. fast - F=18.71, p<.0001* F=24.37, p<.0001*
single vs. slow - F=8.46, p=.0037*  no difference

dual-task first vs.
second blocks F=5.19, p=.0227*  F=5.53, p=.0188* F=4.42, p=.0355*
single task blocks - F=8.46, p=.0037*  no difference

the single task condition and did not find any significant difference in the success rate
of the correction task.

Table 1 summarizes the results of our tests comparing success rate in the monitor-
ing task, and success and timeout rates in the text correction task. The upper part
shows the results of the comparison of the slow, fast and single conditions and illus-
trates the effect of pace variation and peripheral task addition. The lower part shows
the results of the comparison of dual-task and single task blocks and illustrates the
learning effect.

3.5 Results Analysis

Our results show that the addition of the peripheral monitoring task caused a drop in
the success rate of the central task. Subjective data gathered from the post-test ques-
tionnaires showed that participants perceived this negative effect. While we found no
significant difference in the success rate of the central task between the slow and fast
conditions, the timeout rate increased with the pace of snapshots. Four participants
reported through the questionnaires that they adapted their text correction strategy
according to their free time and tried to schedule their glances towards the peripheral
display so as to minimize performance loss on the central task. Overall, these results
suggest that increasing the pace of snapshots caused participants to subtly change
their text correction strategy. The increase of the timeout rate with the pace of snap-
shots suggests that participants allocated more attention to the peripheral monitoring
task, although not to the point where it would have significantly affected central per-
formance.

Increasing the pace of snapshots led to a significant drop in the success rate of the
peripheral task. Data from the questionnaires further indicates that this performance
drop was not perceived by seven out of the twelve participants. This suggests that
participants did not allocate enough attention to the peripheral task in the fast condi-
tion. Combined with the fact that no significant difference was found in the success
rate of the central task between the slow and fast conditions, this suggests that partici-
pants did not observe the peripheral task priority emphasized in the instructions they
received; although the attention required by the peripheral task increased with the
pace of snapshots, participants contained this task at the periphery.

Results of the tests on group and order show no effect on both tasks, suggesting
that groups A and B are not intrinsically different. Comparison of blocks in the dual-
task conditions shows a significant positive change in the success rate of the central
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task over time, which suggests a learning effect. Participants indeed reported through
the questionnaires that they continued to learn how to perform both tasks and to mul-
titask them after the training period. However, comparison of the blocks in the single
condition doesn’t show any change in the success rate of the central task, which sug-
gests that the learning effect observed on the central task was probably related to
better multitasking and not better task performance. Comparison of blocks in the dual-
task conditions also shows a significant positive change in the success rate of the
peripheral task over time. But in this case, it is unclear whether participants learned to
better perform the monitoring task or again benefited from improved multitasking
skills.

4 Discussion

“When our periphery is functioning well we are tuned into what is happening
around us, and so also to what is going to happen, and what has just happened.
(...) The periphery connects us effortlessly to a myriad of familiar details.”

M. Weiser and J. S. Brown, The coming age of calm technology, 1996

“There ain’t no such thing as a free lunch”
P. Dos Utt, TANSTAAFL.: a plan for a new economic world order, 1949

As far as snapshot-based peripheral displays are concerned, our experiment contra-
dicts Weiser and Brown’s dream of an effortless connection to the periphery and
rather support Dos Utt’s idea: the addition of the peripheral monitoring task caused a
drop in the success rate of the central task. This corroborates in the particular case of
social awareness the findings of Maglio and Campbell who also saw a negative effect
on the performance of a central task when adding a peripheral one [17], and contra-
dicts the results of Plaue and Stasko who saw no effect on their central task execution
[43]. But as explained by McFarlane and Latorella, understanding human perform-
ance with interruptions is a complex problem [20]. As an example, Mark et al. re-
cently showed that interrupted work can sometimes be performed faster, at the cost of
a higher workload, more stress, higher frustration, more time pressure and effort [44].
It was not the case in our experiment. More work is certainly needed to better under-
stand the induced costs and benefits of the various kinds of peripheral displays.

Training has long been known as a way to reduce the negative effects of interrup-
tions [45]. As we explained, participants of our experiment reported that they contin-
ued to learn how to perform both tasks and to multitask them after the training period,
the latter being confirmed by our quantitative results. This corroborates the results of
Wickens and Damos that indicated that timesharing skills improve with practice,
reducing the interference between the peripheral and the central task [37]. The cogni-
tive resources involved in the peripheral task can also modulate its effects. As an
example, the peripheral task used by Maglio and Campbell [17] was a ticker memori-
zation task, and no difference was found among the displays (tickers) in memorabil-
ity. In our case, the success rate of the peripheral task was indeed affected by the pace
of the snapshots. A third factor that can also modulate the effects of the peripheral
task is the interaction modalities it uses, which can more or less conflict with those of
the central task [46, 20]. In our case, both tasks were intrinsically visual.
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We believe the effects we observed of peripheral update pace on attention alloca-
tion are not limited to our experimental conditions. These effects can probably be
generalized to other conditions, like awareness tasks rather than monitoring tasks.
According to McCrickard et al. [18], an awareness question consists in asking partici-
pants to recall some information that had been displayed, as in our task. Plaue and
Stasko explain that motivation makes the difference between awareness and monitor-
ing tasks [43]. In that sense, our peripheral task was a (motivated) monitoring task.
But we argue that in both motivated and non-motivated situations, the effort required
to maintain peripheral attention is influenced by the update rate of the display. As we
said, according to Kahneman [32], motivation is an important factor that influences
attention capacity and allocation policy. In the case of (non-motivated) awareness, the
peripheral task might simply be ignored by participants in which case no noticeable
interference on the central task would probably be found.

Results from our experiment show that increasing the pace of snapshots increased
the attentional cost of the peripheral task. Reducing the pace should reduce distraction
and thus help keep the task in the background. However, it is unclear whether further
increasing the pace would end up promoting the peripheral task to the foreground, or
whether users would manage to contain it at the periphery, at the price of lowering
performance. Future studies should investigate this. In any case, from a broader per-
spective, precise control over the update rate of a peripheral display might be a good
way of both ensuring that the associated task remains in the background and, at times,
initiate a gradual attention shift.

5 Conclusion and Future Work

Monitoring a peripheral display while performing another task has a cognitive cost.
This paper reported on a quantitative experiment that we conducted to determine the
effect of a snapshot-based peripheral monitoring task on subjects’ attention in a dual-
task situation. Our results show that the addition of the peripheral task caused a drop
in the success rate of the central task. They also suggest that the increase in pace of
snapshots caused participants to change their strategy for the central task and allocate
more attention to the peripheral one, not enough to maintain peripheral performance
but also not to the point where it would affect central performance. Overall, our work
suggests that peripheral communication pace subtly influences attention allocation in
dual-task situations.

While Romero et al. suggest that communication systems designers should strive
for a better balance between distraction, awareness, and screen resources [30], we
believe that users should be given the opportunity to negotiate this balance together.
Deliberately raising the cognitive cost of a communication can be interpreted as an
increased interest in it. By varying the pace of a communication, a user might hope
gaining remote people’s attention more easily and inciting them to engage a little
further. As pointed out by Tang [28], current communication systems leave very little
room for this kind of negotiation. Our work suggests that systems should allow the
initiator to decide how important and salient a communication is, and not only the
recipient. Pousman and Stasko also suggested that designers might start building
systems supporting a range of notification levels and not just one [12]. We plan to
create new communication systems prototypes to further explore these design spaces.
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