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Abstract

As users of wearable computers are often involved in
real-world tasks of critical nature, the management and
handling of interruptions is crucial for efficient interaction
and task performance. We present a study about the impact
that different methods for interruption have on those users,
to determine how interruptions should be handled. The
study is performed using an apparatus called “HotWire”
for simulating primary tasks in a laboratory experiment,
while retaining the properties of wearable computers be-
ing used in mobile, physical, and practical tasks.

1. Introduction

In stationary computing users concentrate mainly on one
task to be performed with the computer. Wearable comput-
ing, however, typically expects users to accomplish two dif-
ferent tasks. A primary task involves real world physical
actions, while the secondary task is often dedicated to inter-
acting with a wearable computer. As these two tasks often
interfere, studying interruption aspects in wearable comput-
ing is of major interest in order to build wearable user inter-
faces that support users during work with minimized cogni-
tive load.

1.1. Motivation

Limitations of human attention have been widely stud-
ied over decades by psychological science. What we com-
monly understand as attention consists of several different
but interrelated abilities [5]. In wearable computing we are
particularly interested in divided attention, i.e. the ability of
humans to allocate attention to different simultaneously oc-
curring tasks. It is already known that divided attention is
affected by different factors such as task similarity, taskdif-
ference, and practice [3]. The question of when to interrupt

a user can be decided by estimating human interruptabil-
ity [4], while the question of how depends on the methods
used. Although studying divided attention has already pro-
vided detailed findings, applying and validating them for
wearable computing is still a challenging issue. Once ap-
proved, they can be used in wearable user interface design
to adapt the interface to the wearer’s environment and task.
Furthermore, being able to measure such attention enables
the specification of heuristics that can help to design the in-
terface towards maximal performance and minimal invest-
ment in attention [8]. Here, however, a major problem is the
simulation of typical real world primary tasks under labo-
ratory conditions. Such simulation is needed to analyze co-
herence between attention on a primary task and user per-
formance in different interaction styles.

In this paper we present a study of different ways to in-
terrupt a user performing a physical task. We will investi-
gate the correlations between cognitive engagement, inter-
ruption type, and overall performance of the users.

1.2. Outline

The remainder of the paper is structured as follows: Sec-
tion 2 reviews related work to the presented interruption
study. Then, in section 3 we describe the experiment con-
ducted including the different interruption methods tested.
Section 4 explains the user study itself and the apparatus
used for primary task simulation. The results are discussed
in section 5, while the apparatus itself is evaluated in 6. Fi-
nally, section 7 concludes the paper.

2. Related Work

In [6], McFarlane presents the first empirical study of all
four known approaches to coordinate user interruption in
human-computer interaction with multiple tasks. The study
concerns how to interrupt users within the context of doing
computer work without increasing their cognitive load. The
method applied in the laboratory experiments was based



on a simple computer game that requires constant user at-
tention, while being randomly interrupted by a color and
shape matching task. As a continuation of McFarlane’s orig-
inal interruption study for the scope of wearable comput-
ing, in [2] a head-mounted display (HMD) was used to dis-
play the matching tasks. It was found that the scheduled ap-
proach gave the best performance, while using notifications
came second although with shorter response time. As wear-
able computers are closely connected to the user, perfor-
mance is not the only factor to be considered — the user’s
preferences on interruption also need to be taken into ac-
count. In [7] it was found that audio notification appeared
to give slightly better performance although users consid-
ered it more stressful, compared to visual signals that on
the other hand were more distracting for the primary task.
Although the mentioned work was able to relate human-
computer interaction findings to wearable computing, the
conducted laboratory experiments only use virtual primary
tasks in form of computer games. This does not entirely en-
compass the properties of wearable computers being used in
mobile and physical tasks, indicating that a follow-up study
is needed to complement the earlier studies.

3. Experiment

The experiment addresses how different methods of in-
terrupting the user of a wearable computer affects that per-
son’s cognitive workload. The scenario involves the user
performing a primary task in the real world, while interrup-
tions originate from the wearable computer and call for the
user to handle them. By observing the user’s performance
in the primary task and in the interruption task, conclusions
can be drawn on what methods for handling interruptions
are appropriate to use. In order to measure the user’s per-
formance in both types of tasks, these must be represented
in an experimental model. This section describes each task
and how they are combined in the experiment.

3.1. Primary Task

The primary task needs to be one that represents the
typical scenarios in which wearable computers are being
used. Primary tasks in wearable computing are often phys-
ical tasks, i.e. tasks that require users to work with their
hands on real world objects while being mobile (e.g. as-
sembly or inspection tasks). For the purpose of our study,
the task has to be easy to learn by novice users to reduce er-
rors in the experiment caused by misunderstandings or lack
of proficiency. The time to make the user proficient and
fully trained should also be short enough to make a prac-
tice period just before the actual experiment sufficient, so
that the user’s performance will then remain on the same
level throughout the experiment. To simulate such a task in

Figure 1. The HotWire apparatus used.

a controlled laboratory environment, we decided to use the
“HotWire” experimental setup [9].

The HotWire apparatus was developed for simulating
primary tasks that satisfy the requirements discussed above.
It is based on a children’s game commonly known as “The
Hot Wire”. It consists of a metallic wire bent in different
shapes that is mounted on both ends to a base plate, plus
a special tool with a grip and a metallic ring. The idea of
the game is that a person has to pass the ring from one end
of the wire to the other end without touching the wire it-
self. If the wire is touched with the ring while being on the
track an acoustic feedback indicates an error. For our appa-
ratus, shown in figure 1, we constructed the bent metallic
wire out of differently shaped smaller segments each con-
nected via windings to another segment. This allows the dif-
ficulty or characteristic of the primary task to be varied by
replacing or changing the sequence of connected segments.

3.2. Interruption Task

The secondary task consists of matching tasks presented
in the user’s HMD. An example of this is shown in figure 2.
Three figures are shown of random shapes and colors, and
the user must match the figure on top with either the left
or the right figure at the bottom of the display. A text in-
structs the user to match either by color or by shape, mak-
ing the task always require some mental effort to answer
correctly. There are 3 possible shapes (square, circle, trian-
gle) and 6 colors (red, yellow, cyan, green, blue, purple),
allowing for a large number of combinations. Tasks are cre-
ated at random so that on average a new task appears every
five seconds, and if the user is unable to handle them soon



Figure 2. Matching task presented in HMD.

enough they will be added to a queue of pending tasks.

3.3. Methods for Handling Interruptions

The methods used for managing the interruptions are
based on the four approaches described in McFarlane’s tax-
onomy in [6]. During all of these methods, the user per-
forms the HotWire primary task while being subject to in-
terruption. The methods used are as follows

• Immediate: Matching tasks are created at random and
presented for the user in the instant they are created.

• Negotiated: When a matching task is randomly cre-
ated, the user is notified by either a visual or audible
signal, and can then decide when to present the task
and handle it.

• Scheduled:Matching tasks are created at random but
presented for the user only at specific time intervals of
25 seconds, typically this causes the matching tasks to
queue up and cluster.

• Mediated: The presentation of matching tasks is with-
held during times when the user appears to be in a dif-
ficult section of the HotWire. The algorithm used is
very simple; based on the time when a contact was last
made with the wire, there is a time window of 5 sec-
onds during which no matching task will be presented.
The idea is that when a lot of errors are made, the user
is likely in a difficult section so no interruption should
take place until the situation is better.

In addition to these methods, there are also two base
cases included serving as reference. These are as follows

• HotWire only: The user performs only the HotWire
primary task without any interruptions, allowing for a
theoretical best case performance of this task.

• Match only: The user performs only the matching
tasks for 90 seconds, approximately the same period
of time it takes to complete a HotWire game. This al-
lows for a theoretical best case performance.

Taken together, and having two variants — audio and
visual notification — for the negotiated method, there are
seven methods that will be tested in the study.

4. User Study

A total of 21 subjects were selected for participation
from students and staff at the local university — 13 males
and 8 females aged between 22–67 years (mean 30.8). The
study uses a within subjects design with the method as the
single independent variable, meaning that all subjects will
test every method. To avoid bias and learning effects, the
subjects are divided into counterbalanced groups where the
order of methods differs. As there are seven methods to test,
a Latin Square of the same order was used to distribute the
21 participants evenly into 7 groups with 3 subjects in each.

A single test session consists of one practice round where
the subject gets to practice the HotWire and matching tasks,
followed by one experimental round during which data is
collected for analysis. The time to complete a HotWire
game naturally varies depending on how quick the subject
is, but on average pilot studies indicated it will take around
90–120 seconds for one single run over the wire. With 7
methods of interruption to test with short breaks between
each, one practice and one experimental round, plus time
for questions and instructions, the total time required fora
session is around 40–45 minutes.

4.1. Apparatus

The apparatus used in the study is depicted in figure 3,
where the HotWire is shown together with a user holding
the ring tool and wearing a HMD. The HotWire is mounted
around a table and approximately 4 meters in length. To
avoid vibrations because of its length, the wire was stabi-
lized with electrically isolated screws in the table. An open-
ing in the ring allowed the subject to move the ring past the
screws while still staying on track. To follow the wire with
the tool, the user needs to move around the table over the
course of the experiment. The user may also need to kneel
down or reach upwards to follow the wire, furthermore em-
phasizing the mobile manner in which wearable computers
are used. Figure 4 illustrates the variety of body positions
observed during the study.

In the current setup, the user is not wearing a wearable
computer per se, as the HMD and tool is connected to a sta-
tionary computer running the experiment. However, as the
wires and cabling for the HMD and tool are still coupled to
the user to avoid tangling, this should not influence the out-
come compared to if a truly wearable computer had been
used. In particular, we also used a special textile vest the
users have to wear during the experiment that was designed
and tailored to unobtrusively carry a wearable computer, as



Figure 3. Experiment performed by a user.

well as all needed cabilings for a HMD without effecting the
wearers freedom in movement. For having an even more re-
alistic situation we put a OQO micro computer in the vest
to simulate also the weight a wearable computer equipment
would have outside the laboratory environment.

The matching tasks are presented in a non-transparent
SV-6 monocular HMD from MicroOptical. A data-glove
used in earlier research [1] is worn on the user’s left hand
serving as the interface to control the matching tasks. To en-
sure maximum freedom in movement of the user, the data-
glove uses a Bluetooth interface for communication with the
computer. By tapping index finger and thumb together, an
event is triggered through a magnetic switch sensor based
on the position of the user’s hand at the time. Using a tilt
sensor with earth gravity as reference, the glove can sense
the hand being held with the thumb pointing left, right or
upwards. When the hand is held in a neutral position with
the thumb up, the first of any pending matching tasks in
the queue is presented to the user in the HMD. When the
hand is turned to the left or to the right, the correspond-
ing object is chosen in the matching task. For the negoti-
ated methods, the user taps once to bring the new match-
ing tasks up, and subsequently turns the hand to the left or
right and taps to answer them. For the immediate and me-
diated methods where matching tasks appear without notifi-
cation, the user need only turn left or right and tap. Because
of the novelty of the interface, feedback is required to let
the user know when an action has been performed. In gen-
eral, any feedback will risk interfering with the experiment
and notifications used, but in the current setup an audio sig-
nal is used as it was deemed to be the least invasive. In order
not to confound the user, the same audio signal was used re-
gardless of whether the user answered correctly or not.

(a) Standing (b) Kneeling (c) Bending

Figure 4. Different body positions observed.

5. Results

After all data had been collected in the user study, the
data was analyzed to study which effect different methods
had on user performance. For this analysis, the following
metrics were used

• Time: The time required for the subject to complete
the HotWire track from start to end.

• Contacts: The number of contacts the subject made
between the ring and the wire.

• Error rate: The percentage of matching tasks the sub-
ject answered wrong.

• Average age:The average time from when a matching
task was created until the subject answered it, i.e. its
average age.

The graphs in figure 5 summarizes the overall user per-
formance by showing the averages of the metrics together
with one standard error.

A statistical repeated measures ANOVA was performed
to see whether there existed any significant differences
among the methods used. The results are shown in table
1. For all metrics except the error rate, strong significance
(p<0.001) was found indicating that differences do exist.

Metric P-value

Time <0.001
Contacts <0.001
Error rate 0.973

Average age <0.001

Table 1. Repeated measures ANOVA.

To investigate these differences in more detail, paired
samples t-tests were performed comparing the two base
cases (HotWire only and Match only) to each of the five in-
terruption methods. The results are shown in table 2. To ac-
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Figure 5. Averages of user performance.

comodate for multiple comparisons, a Bonferroni corrected
alpha value of 0.003 (0.05/15) was used when testing for
significance.

Metric Vis. Aud. Sch. Imm. Med.

Time <0.0001 <0.0001 <0.0001 0.0002 0.0003
Contacts <0.0001 <0.0001 0.0022 <0.0001 0.0004
Error rate 0.7035 0.1108 0.0668 0.8973 0.4979

Average age 0.0012 0.0001 <0.0001 0.0194 0.0046

Table 2. Base case comparison t-tests.

All of these differences are expected; the completion
time will be longer when there are matching tasks to do
at the same time, and the error rate is likely to increase be-
cause of that reason. Also, the average age is expected to
be longer than for the base case since the user is involved
with the HotWire when matching tasks appear, and both the
scheduled and mediated methods will by definition cause
matching tasks to queue up with increased age as a result.
That no significant differences in the matching tasks’ er-
ror rate was found was unexpected, intuitively there should
be more mistakes made when the subject is involved in a
primary task. However, when looking at the data collected,
most subjects answered the tasks as good in the interruption
methods as they did in the base case of match only. Since
there was nothing in the primary task that “forced” the sub-
jects to make mistakes, as e.g. imposing a short time limit
on the tasks would certainly have done, the subjects mainly
gave accurate rather than quick and erroneous answers. All
in all, this comparison of methods with base cases shows
that in general, adding interruptions and a dual task sce-
nario with a physical and mobile primary task will be more
difficult for the subject to carry out successfully.

Following, the five interruption methods were then com-
pared to each other using a paired samples t-test, the re-

Time Vis. Aud. Sch. Imm. Med.

Vis. - 0.6859 <0.0001 0.0001 <0.0001
Aud. 0.6859 - 0.0003 <0.0001 <0.0001
Sch. <0.0001 0.0003 - 0.9773 0.8157
Imm. 0.0001 <0.0001 0.9773 - 0.7988
Med. <0.0001 <0.0001 0.8157 0.7988 -

Contacts Vis. Aud. Sch. Imm. Med.

Vis. - 0.9434 0.0002 0.1508 0.0006
Aud. 0.9434 - <0.0001 0.0240 0.0002
Sch. 0.0002 <0.0001 - 0.0038 0.4217
Imm. 0.1508 0.0240 0.0038 - 0.0031
Med. 0.0006 0.0002 0.4217 0.0031 -

Error
rate Vis. Aud. Sch. Imm. Med.

Vis. - 0.2744 0.4335 0.9041 0.8153
Aud. 0.2744 - 0.5258 0.3356 0.1039
Sch. 0.4335 0.5258 - 0.5852 0.6118
Imm. 0.9041 0.3356 0.5852 - 0.7668
Med. 0.8153 0.1039 0.6118 0.7668 -

Average
age Vis. Aud. Sch. Imm. Med.

Vis. - 0.5758 0.0001 0.0470 0.2180
Aud. 0.5758 - <0.0001 0.0170 0.1411
Sch. 0.0001 <0.0001 - <0.0001 0.3256
Imm. 0.0470 0.0170 <0.0001 - 0.0061
Med. 0.2180 0.1411 0.3256 0.0061 -

Table 3. Pairwise t-tests of methods.

sults of which is shown in table 3. As can be seen, a number
of significant differences were found between the interrup-
tion methods. We will now analyze each of the metrics in
turn to learn more about the characteristics of each method.

5.1. Time

With regards to the completion time, the interruption
methods can be divided into two groups; one for the two
negotiated methods (visual and audio), and one for the re-
maining three methods (scheduled, immediate and medi-
ated). There are strong significant differences between the
two groups, but not between the methods in the same group.
The reason for the higher completion time of the negotiated
methods is because of the extra effort required by the user
to present matching tasks. As this additional interaction re-
quired to bring the tasks up is likely to slow the user down,
this result was expected. An important finding was, how-
ever, that the overhead (24.8 seconds higher, an increase of
26%) was much higher than expected. A lower overhead
was expected, considering the relative ease — in theory —
of holding the thumb upwards and tapping thumb and fin-
ger together to present the matching tasks, but in practice
the subjects found this to be difficult when doing it simulta-
neously as the HotWire primary task. The data-glove itself
accurately recognizes the desired gestures when done right,
but the problem is that the subjects experience problems be-
cause their sense of direction is lost when doing the physi-



cal task, something we noticed when watching videos of the
subjects in retrospect. Relating to our findings in [2], where
the primary task was less physical as the user sat in front of a
computer and interacted using a keyboard, we see that even
seemingly simple ways to interact can have a much higher
impact when used in wearable computing scenarios. There-
fore, we argue that using a more physical primary task can
increase the validity of user studies in wearable computing.

5.2. Contacts

Looking at the number of contacts between the ring
and the wire, i.e. the number of physical errors the subject
made in this primary task, we can discern three groups for
the methods. The two negotiated methods form one group,
where the additional interaction required to present match-
ing tasks also cause more contacts with the wire. The sched-
uled and mediated methods form a second group with the
lowest number of hotwire contacts. The immediate method
lies in between and significant differences for this method
were only found for the scheduled and mediated methods.
It is of interest to know what causes these differences, if it
is interference with the subject’s motorical sense becauseof
the dual tasks, or some other underlying factor.

As can be seen, there is a correlation between the com-
pletion time and error rate, which can be interpreted as in-
dicating that the number of contacts made depends mainly
on the time spent in the HotWire track, and is not affected
by the different interruption methods per se. To analyze this
further, the rater of contacts over time was examined.

r =
contacts

time

When comparing this rate between all interruption meth-
ods, no significant differences were found. This can be ex-
pected because of the correlation between time and contacts
made. However, since there are both easy and more diffi-
cult sections of the HotWire, such a naive way of comput-
ing the overall contact rate risks nullifying these changes
in track difficulty. To examine the error rate in detail and
take the HotWire track itself in account, assuming the user
moved the ring with a constant speed on average, we di-
vided the track in 20 segments (see figure 6(a)) and com-
pared the rateri per segmenti between the methods1. How-
ever, no significant differences could be found here either.
This suggests that our experiment was unable to uncover the
impact of the interruption method as a whole, if such an ef-
fect exists, on the amount of contacts made in the HotWire.

Assuming that solely the appearance of matching tasks
in the HMD cause more contacts being made, we decided

1 To get a more accurate segmentation, the ring’s position onthe track
would need to be monitored over time, something our current appara-
tus does not yet support.
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Figure 6. Segmenting the track for analysis.

to test this hypothesis. The contact rates were divided in two
categories;r0 indicated the rate of contacts over time when
no matching task was present in the HMD, whiler1 indi-
cated the rate of contacts over time with a matching task vis-
ible (see figure 6(b)). The ratesr0 andr1 then underwent
a paired samples t-test for each of the interruption meth-
ods, to see whether the means of these two kind of rates dif-
fered. According to the hypothesis, having a matching task
present in the HMD should increase the contact rater1 com-
pared to the rater0 when no matching task is present. Sur-
prisingly, no significant difference was found. This can be
taken as indication that either no difference exists, or more
likely, that the number of contacts made by our HotWire
apparatus is too random so that the smaller underlying ef-
fects of having a matching task present become lost in this
noise. As our initial version of the HotWire apparatus [9]
could reveal these differences with stronger significance in
pilot studies, it suggests the version used in this larger study
simply became too difficult. Since the user now needed to
walk around the track and change into different body posi-
tions, this would cause more random contacts being made
than with a version where the user stands still, thereby caus-
ing so big variance in the data collected that small differ-
ences caused by the matching task or interruption method
cannot be found.

To determine whether the methods influence the subject
overall and make him or her more prone to make errors,
we compared first the rater1 between different methods,
and thenr0 in the same manner. Forr1, when there was
a matching task shown, the mediated interruption method
had the lowest contact rate (0.38) while immediate had the
highest rate (0.69), yet with p=0.04 this is not significant
enough to state with certainty when Bonferroni correction is
applied. Forr0, however, the mediated interruption method
still had the lowest contact rate (0.33), while the two ne-
gotiated methods had the highest (both 0.48), and this dif-
ference was observed with significance p<0.003 confirm-
ing the hypothesis that the mediated method will help re-
duce this number. This finding shows that the algorithm we
used for the mediated method can make the user perform the
primary task slightly better in between interruptions, com-
pared to letting her negotiate and decide for herself when to
present the matching tasks.



5.3. Error rate

The error rate for the matching tasks exhibited no signif-
icant differences regardless of method. One reason for this
is likely that a majority of the subjects answered all match-
ing tasks correctly, (the median was zero for all methods
except negotiated), while four subjects had very high con-
sistent error rates (20∼70%) through all methods, including
the base case, that contributed to a high variance. In other
words, the matching task may be a bit too easy for most peo-
ple, while some can find it very difficult to perform.

A difference found compared to [2] is that the error rates
for negotiated audio and visual have been exchanged so that
audio, rather than visual, now exhibits worse performance.
Although this cannot be said with statistical certainty in ei-
ther case, it may indicate that differences do exist between
subjects and their preference, and likely also by the kind of
primary task being done.

5.4. Average age

Naturally, the average age is expected to be the high-
est for the scheduled method, since the matching tasks are
by definition queued for an expected 12.5 seconds on aver-
age. This was also found with strong statistical significance
(p<0.0001) for all methods but mediated. With an average
age of 13.5 seconds on average, and an expected age of 12.5
seconds, this means the user only spends on average 1 sec-
ond to respond to the queued matching tasks. Comparing
this to the immediate (4.1 sec) and negotiated (6.5 and 7.1
sec) methods, this is significantly (p≤0.0002) faster, likely
because the need to mentally switch between primary and
matching task is reduced because of the clustering.

Mediated on the other hand exhibited such high variance
in its data, about an order of magnitude larger than for the
other methods, so no real significant differences could be
shown. The reason for this high variance is because the me-
diated algorithm was based on a fixed time window, and for
some users who made errors very frequently this time win-
dow was simply too large so that the queued matching tasks
showed up very seldom.

6. Evaluating the apparatus

Since the HotWire is an apparatus for evaluating wear-
able user interfaces, it is important to determine how suit-
able it is compared to other laboratory setups. In [2] a com-
puter game and keyboard was used in a non-mobile setting
where the user sat still during the course of the study, and
we will use this as reference setup for the comparison.

The task of matching was the same in both studies, with
minor differences in the frequency of appearance and the
HMD used to present them in, as well as the physical means

to interact with the task. As can be seen, the metrics that are
comparable across the studies — the error rate and the av-
erage age — had a better significance in the former study.
This would indicate that our current setup is less likely to
uncover differences, if such exist, compared to the former
non-mobile setup. Reasons may be that our study used a
shorter time span for each method and that a novel inter-
action method was used, thereby increasing the variance of
the data collected and diminishing the significance by which
differences can be observed.

The primary task cannot easily be compared across stud-
ies; in the former study the number of errors was bounded
and time was kept constant, whereas in our new study both
errors and completion time are variable and unbounded.The
former study thus had the errors as the only metric, whereas
the HotWire offers both errors and time as metrics of per-
formance. However, what can be seen is that in the former
study no real significant differences could be found for the
error metric between methods. With the HotWire, strong
significant differences were observed in a majority of the
tests for both the error and time metrics. This shows that dif-
ferences do indeed exist between the interruption methods,
and that these can more easily be uncovered by the appara-
tus we used. Therefore, as the HotWire apparatus is more
mobile, physical, and more realistically represents a wear-
able computing scenario, we argue that using this in favour
of the stationary setup is better for evaluating and study-
ing wearable user interfaces.

Considering the fact that very few significant differences
could be observed when looking into closer detail on the
errors over time, as discussed in section 5.2, this basically
indicates that there are more factors that need to be taken
in account for research in wearable interaction. Ease of in-
teraction, mobility, walking, changing body position, using
both hands to handle the dual tasks — all of these factors
cause errors being made in the primary task, while the ef-
fects of interruption and the modality used have less impact.
Thus, we argue that the HotWire can aid in focusing on the
problems most relevant in wearable computing interaction,
as details that are of less importance in the first stages are
clearly not revealed until the important problems are dealt
with. In our study, we used a data-glove that is conceptu-
ally simple to operate — the user can select left, right, or up
— yet even this was shown to be too difficult when oper-
ated in a more realistic wearable computing scenario.

7. Conclusions

The recommendation when implementing efficient inter-
ruption handling in wearable computing scenarios is to ex-
amine the needs of the primary and secondary task, and
choose the method which best adheres to these as there are
specific advantages and drawbacks with each method. The



HotWire study both confirms and complements the findings
in [2] and [7] applied in a wearable computing scenario.
Overall, the scheduled, immediate, and mediated methods
result in fewer errors than the negotiated methods. Sched-
uled and mediated methods cause a slower response to the
matching tasks, whereas immediate allows for quicker re-
sponse at the cost of more errors in the primary task. The
algorithm used in the mediated method was, despite its sim-
plicity, able to reduce the error rate in the primary task
in between the matching tasks compared to the negotiated
method. Therefore, it can in certain situations be better to
utilize context awareness and take the primary task in ac-
count, rather than explicitly allowing the user to decide
when matching tasks should be presented. The new met-
ric of completion time indicates that a significant overhead
on the primary task is imposed when subjects get to nego-
tiate and decide when to present the matching tasks, which
also results in a larger number of errors being made. The
cause of this was unforeseen difficulties in the interaction,
even though a conceptually simple data-glove was used to
control the matching. This suggests that efforts should pri-
marily be focused on improving the interaction style and
ease of use, while the actual methods used for interruption
is of secondary importance.

The architectural implications of the different methods
will still be relevant to consider in any case. Assuming the
wearable computer is part of a more complex system where
interruptions originate from elsewhere, the immediate and
negotiated methods both require continuous network access
so that the task to handle can be forwarded to the user im-
mediately. On the other hand, the clustering of tasks that re-
sult from the scheduled and mediated methods may only re-
quire sporadic access, e.g. at wireless hot-spots or certain
areas in the working place with adequate network coverage.

The HotWire apparatus itself demonstrated that many
findings from non-mobile interruption studies could be con-
firmed, while also pointing out that there are inherent differ-
ences in wearable computing due to mobility and perform-
ing physical primary tasks. These differences cause some
findings to stand out stronger than other, and as the appa-
ratus more accurately resembles a realistic wearable com-
puting scenario, this will better help guide research in wear-
able interaction to the areas where most focus is needed in
the first stages of development. Since this represents a com-
pelling (and worst case) scenario involving very high cog-
nitive and physical workload, the results can likely be appli-
cable in application domains with more relaxed constraints
such as business and consumer use.

7.1. Future Work

For more accurate and in-depth analysis of the data col-
lected from the HotWire, the user’s position around the

track would need to be monitored to know where contacts
are being made and what causes them. This would show
if the contacts are primarily caused by difficult sections on
the track, or from the interruption task or interaction device
used. Furthermore, the algorithm in the mediated method
was able to demonstrate benefits despite being trivial. It
would therefore be interesting to evaluate different algo-
rithms for this kind of context awareness, that through very
simple means can be applied in real life scenarios and still
have a positive effect.
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nology. We thank Dr. McFarlane for providing us with the
source code to his original experiments and giving us per-
mission to modify it for our studies.

References

[1] M. Boronowsky, T. Nicolai, C. Schlieder, and A. Schmidt.
Winspect: A case study for wearable computing-supported
inspection tasks. In5th IEEE International Symposium on
Wearable Computers (ISWC’01), 2001.

[2] M. Drugge, M. Nilsson, U. Liljedahl, K. Synnes, and
P. Parnes. Methods for Interrupting a Wearable Computer
User. InProceedings of the 8th IEEE International Sympo-
sium on Wearable Computers (ISWC’04), November 2004.

[3] M. W. Eysenck and M. T. Keane.Cognitive Psychology: A
Student’s Handbook. Psychology Press (UK), 5th edition,
2005.

[4] N. Kern, S. Antifakos, B. Schiele, and A. Schwaninger. A
Model for Human Interruptability: Experimental Evaluation
and Automatic Estimation from Wearable Sensors. InPro-
ceedings of the 8th IEEE International Symposium on Wear-
able Computing (ISWC’04), November 2004.

[5] N. Lund. Attention and Pattern Recognition. Routledge, East
Sussex, UK, 2001.

[6] D. C. McFarlane. Coordinating the interruption of people in
human-computer interaction. InHuman-Computer Interac-
tion - INTERACT’99, pages 295–303. IOS Press, Inc., 1999.

[7] M. Nilsson, M. Drugge, U. Liljedahl, K. Synnes, and
P. Parnes. A Study on Users’ Preference on Interruption When
Using Wearable Computers and Head Mounted Displays. In
Proc. of the 3rd IEEE International Conference on Pervasive
Computing and Communications (PerCom’05), March 2005.

[8] T. Starner. Attention, memory, and wearable interfaces. IEEE
Pervasive Computing, 1(4):88–91, 2002.

[9] H. Witt and M. Drugge. Hotwire: An apparatus for simulat-
ing primary tasks in wearable computing. InCHI ’06: Ex-
tended Abstracts on Human Factors in Computing Systems,
April 2006.


