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Abstract

A wearable computer equipped with a head-mounted
display allows its user to receive notifications and advice
that is readily visible in her field of view. While needless in-
terruption of the user should be avoided, there are times
when the information is of such importance that it must de-
mand the user’s attention. As the user is mobile and likely
interacts with the real world when these situations occur, it
is important to know in what way the user can be notified
without increasing her cognitive workload more than neces-
sary. To investigate ways of presenting information without
increasing the cognitive workload of the recipient, an ex-
periment was performed testing different approaches. The
experiment described in this paper is based on an existing
study of interruption of people in human-computer interac-
tion, but our focus is instead on finding out how this applies
to wearable computer users engaged in real world tasks.

1. Introduction

As time goes by, wearable computers can be made
smaller, increasingly powerful and more convenient to
carry. When such a computer is network enabled within a
pervasive computing environment, its user is able to ac-
cess a wide range of information while at the same time al-
lowing herself to be notified over the network. Such
notification can either be expected like in a conversa-
tion, or it can come unexpectedly in which the recipient has
no way of anticipating the information — neither its con-
tent nor its time of arrival. While interrupting the user need-
lessly should be avoided in general, this latter kind of no-
tification can be exemplified by emergency situations in
which the user must be notified about an issue and re-
solve it, yet still be able to continue functioning in doing
real world tasks.

For example, a medical doctor at an emergency site or a
fire fighter in a disaster area may need to perform their nor-
mal work in the real world, but at the same time they must
also be kept informed about the progress of other workers
and possibly assist with guidance through a wearable com-
puter. Since both of these tasks are viewed as important by
the user, it is vital to assess how the virtual task can be pre-
sented for a user while minimizing interference with her real
world task.

Furthermore, since the wearable computer is meant to
act as an assistant for its user in everyday life, (e.g. as ex-
emplified by the remembrance agent[9] and the shopping
jacket[8]), it is important to increase the knowledge on how
interruption of users should be done. As wearable comput-
ers become more common it is important to develop tools
to capture data for usability studies [4]. This should be done
so that the future design of wearable computers can go from
building complex and specialized hardware to developing
user interfaces that support the interaction with the user.

The research question this brings forward is how to in-
terrupt the user of a wearable computer without increas-
ing her cognitive workload more than is absolutely neces-
sary. Considering a wearable computer built out of standard
consumer products with basic video and audio capabilities,
what ways are there to present information to the user? In
what ways can a user be notified that new information ex-
ists and needs to be dealt with, and which is the most prefer-
able method for doing so?

Our main hypothesis is that the type of notification will
have a disparate impact on the user’s workload, and that the
performance will be affected differently depending on how
the user is allowed to handle the interruptions.

The organization of the paper is as follows. Section 2
presents the experiment with the tasks and treatments used.
Section 3 discusses the method used for conducting the ex-
periments, and section 4 presents the results. Finally, sec-
tion 5 concludes the paper together with a discussion of fu-
ture work.
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1.1. Related Work

In [7], McFarlane presents the first empirical study of all
four known approaches to the problem of how to coordinate
user interruption in human-computer interaction and multi-
ple tasks. His study is done with respect on how to interrupt
the user within the context of doing computer work with-
out increasing that person’s cognitive workload. A more de-
tailed description of this study is given in [6].

The study presented in our paper repeats the experiment
done in [7], but focuses instead on the interruption of a
wearable computer user involved in real world tasks. We
are thus able to compare the results from both studies to see
whether they differ and how the user is affected by perform-
ing the tasks in a wearable computing scenario.

In [3], the use of sensors in order to determine human in-
terruptibility is presented. While this is most certainly use-
ful and would be highly valuable to have in a wearable com-
puter environment, our study instead focuses on when the
interruption is of such importance that it cannot be post-
poned. That is, regardless of how involved the person is in
real world tasks, the interruption must still take place even
if that would be intrusive and may affect performance neg-
atively. As an example of when this would occur, imagine
having two tasks of equal importance, where one task can-
not be put on hold for a very long time at the expense of the
other.

In [2] an experiment is presented where a person asks
questions to a user playing a game, thereby interrupting him
and forcing him to respond before continuing playing. The
study shows what happens if the asker is given clues about
the user’s workload, as that should allow him to ask ques-
tions at more appropriate times and withhold them during
critical periods in the game. In a wearable computer en-
vironment, this information could be conveyed by sending
live video and audio streams from the wearable computer
user to a person at a remote location. However, there are
privacy concerns with this approach, and it may also be the
case that the interruption is not initiated by a person be-
ing able to assess the situation — it may be machine initi-
ated or triggered by events beyond human control. For such
occasions, we believe interruption will still occur even dur-
ing critical periods of time, and thus it is still desirable to
know what methods of interruption will disturb the user the
least.

A related study is Maglio’s study of peripheral
information[5] where the user’s cognitive workload is mea-
sured when working on one task while getting unre-
lated peripheral information. The study does not con-
sider the use of wearable computers but is interesting as the
use of peripheral information could be a good way to no-
tify users of such computers. In contrast to our study, the
users did not act on the notification given.

The study made by Brewster[1] shows that sound is im-
portant in single tasks when the visual capabilities of the de-
vice are restricted. Our study also investigates the effect of
sound but in a scenario with dual tasks.

2. Experiment

The experiment addresses how different methods of in-
terrupting the user of a wearable computer will affect that
person’s cognitive workload. The interruption in this case
originates from the wearable computer and calls for the user
to interact and then carry on with the real world task as be-
fore. In order to measure the user’s performance in both
types of tasks, these must be represented in an experimental
model. This section describes the general idea of each task
and how they are combined in the experiment, the setup is
based on that used in [7].

2.1. Real World Task

The experiment has a real world task represented as
a trivial yet challenging computer game1 which the user
plays on a laptop computer. The objective of the game is to
bounce jumping diplomats on a stretcher three times so that
each diplomat lands safely in a truck. A screenshot from the
game can be seen in figure 1.

Figure 1. The bouncing diplomats game.

For simplicity, each diplomat jumps and bounces in an
identical trajectory so that the stretcher needs only be placed
in any of three fixed positions. If the user misses a diplo-
mat that person is lost and cannot be saved. The number of
saved and lost diplomats is recorded during the game in or-
der to get statistics about user performance.

1 Original code by Dr. Daniel C. McFarlane.
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The total number of jumping diplomats in a game is held
constant, and they appear randomly throughout the game.
As the time for each game is kept constant as well, this ran-
domness means that at times there may be few or no diplo-
mats while at other times there may be several of them that
need to be saved. Thus, the user gets a varied task that re-
quires attention and is difficult to perform automatically.

2.2. Interruption Task

The interruption task consists of a matching task2 shown
in the user’s semi-transparent head-mounted display. When
the task appears, the user is presented with three objects of
varied colour and shape as shown in the example screenshot
in figure 2. The top object is used as reference and the user is
informed by a text in the middle of the screen to match this
object with one of the two objects at the base. The match-
ing can be either by colour or by shape, and only a single
object will match the reference object.

As the colour and shape is determined at random, the
user should not be able to learn any specific pattern or order
in which they will appear. No feedback is given to the user
after selecting an object regardless of whether the match-
ing is correct or wrong, in order to avoid additional stress
and distraction for the user.

Figure 2. The matching task.

2.3. Combining the Tasks

While the user is playing the bouncing diplomats game,
he will be interrupted by matching tasks appearing at ran-
dom intervals. The tasks are either presented without user
intervention or announced by use of visual or audible no-
tification. For the announced tasks, the user negotiates and
decides when to present them. When a task is shown, the
user may choose to respond to it by selecting an object or
ignore it while continuing with the game. If the task is not

2 Original code by Dr. Daniel C. McFarlane.

handled fast enough, new matching tasks will be added to
a queue (hidden from the user) which must eventually be
taken care of.

To prevent the user from deliberately ignoring the in-
terruption task throughout the entire game, the user is in-
formed in advance that both tasks are of equal importance
from an experimental standpoint. Although personal opin-
ions about the importance of tasks may differ — e.g. saving
the jumping diplomats may be perceived as being more im-
portant than matching objects — pilot testing did not reveal
any such bias in our case.

2.4. Treatments

In order to investigate the different methods of interrupt-
ing the user, five different treatments were used where each
of them tests a certain aspect of the interruption.

1. Game only Control case where only the bouncing diplo-
mats game is played for a given period of time. The
user will never be interrupted in this treatment.

2. Match only Control case where only the matching task
appears at random during a given period of time, the
length of it identical to that for Game only. The user
will not be presented with the bouncing diplomats
game during this time.

3. Negotiated visual User plays the bouncing diplomats
game. Matching tasks are announced visually by flash-
ing a blank matching task for 150 ms in the head-
mounted display. The user can choose when to present
and respond to it, and also to hide it again e.g. in case
of a sudden increase in workload in the game.

4. Negotiated audible Identical to Negotiated visual but
the matching tasks are announced audibly by playing
a bell-like sound for about half a second each time a
new matching task is added.

5. Scheduled User plays the bouncing diplomats game.
Matching tasks are accumulated over a period of time
and the entire queue is presented at regular intervals.
The user can not negotiate when the matching tasks
are presented, and neither can they be hidden once they
have appeared. The only way for the user not to have
the tasks presented is to respond to every task in the
queue, after that there will be no interruption until the
next interval round.

It should be noted that in [7], six different treatments
were used; in addition to the two control cases (Game only
and Match only) and the Scheduled treatment were Imme-
diate, Negotiated and Mediated. Due to the nature of what
this study tests those treatments were abandoned or modi-
fied because of the following reasons:
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• Immediate presents the matching task immedi-
ately when it appears, forcing the user to respond to it
as the game is replaced with the matching task. How-
ever, as the user is involved in real world tasks there is
no such enforcement as he can simply choose to ig-
nore the matching task while continuing in the real
world. Thus, the treatment is reduced to a vari-
ant of Negotiated, and therefore it was abandoned.

• Negotiated was extended so that an audible announce-
ment was added in addition to the visual announce-
ment, thus splitting up the treatment in the two sepa-
rate treatments Negotiated visual and Negotiated audi-
ble. These treatments are identical to the original Ne-
gotiated treatment, with the exception that the game
is still playable even when a matching task is present.
Since some wearable computers can only notify the
user through audio[10], it is important to see if there
exists a difference between audio and visual notifica-
tions when considering the user’s cognitive workload.

• Mediated measured the workload based on the number
of diplomats currently being bounced. For real world
tasks the workload may depend on numerous factors
which can be difficult to take into account outside of a
lab environment, so a better approach is then to moni-
tor the user’s response to the workload. Since a wear-
able computer is used, biometric data (e.g. heart and
eye blink rate) can be retrieved to derive the user’s fo-
cus and stress level. However, this is in itself a com-
plex study outside the scope of this paper, and there-
fore the treatment was abandoned.

The two control cases, Game only and Match only, pro-
vide a baseline for the performance of the user. For the
remaining treatments, Negotiated visual, Negotiated audio
and Scheduled, they will all interrupt the user and may
thereby affect the performance.

3. User Study

A total number of 20 subjects were recruited among stu-
dents and a larger testbed called “Testbed Botnia”
(http://www.testplats.com) where the user study was an-
nounced together with a set of questions. Individuals wish-
ing to partake in the study responded to the questions to
express their interest. Based on their answers, a hetero-
geneous group of 16 males and 4 females aged between
12 and 39 years were selected for participation. As mem-
bers of the testbed the participants receive points for each
study they partake in and can later exchange those points
for merchandise. Due to the test session’s length of 90 min-
utes, they were also given a cinema ticket as compensation
for their participation in the study. They were also in-
formed they would receive this ticket unconditionally

even if not completing the full study for some rea-
son.

Upon arrival, each subject was informed by a test leader
about the purpose of the study and how it would be per-
formed. Each treatment was described in general terms,
much like the description in section 2.4, but the exact num-
ber of diplomats or matching tasks was not disclosed. The
instructions for a specific treatment were also repeated in
the pause preceding each of them. Pilot studies indicated
this repetition was useful as it served to remind the sub-
ject of what to expect before proceeding. It also seemed
to help in making the atmosphere in the lab environment
less strict and not as tense, thereby making the subjects feel
more comfortable and willing to comment on the experi-
ment.

Before the test, the subject was asked to fill in a question-
naire with general questions about their computer skill and
ability to work under stress. Demographic questions about
their age, gender, education and whether they were color
blind were also given; the latter being relevant since the
matching task depends on being able to match correspond-
ing colours. Two colour blind subjects participated in the
study, but they had no problems differentiating between the
colours used in the matching task.

Just before the experiment was started the subject put on
the head-mounted display. As the display is rather sensi-
tive to the viewing angle, a sample image was shown in the
display to help the subject align it properly. The same im-
age was also shown in each pause in the test session so as
to give the subject a chance to adjust it further if needed.

After the test, the subject filled in another questionnaire
with questions about the test, e.g. how they had experienced
the treatments and their rating of them in order of pref-
erence. They were also given highly subjective questions,
such as which treatment (excluding the control cases) was
the least complex one to perform, even though the number
of matching tasks and jumping diplomats were kept con-
stant in all treatments.

3.1. Test Session

The test is a within subjects design with the single fac-
tor of different treatments used as independent variable. The
participants were randomly divided into 5 groups; in each
group, the order in which the treatments were presented dif-
fered to avoid bias and learning effects. The order of the
treatments in the different groups was chosen to comply
with a Latin square distribution.

The test session consists of each round of treatments be-
ing done twice; one practice round and one experimental
round. During the first round the subject is given a chance
to learn about the five treatments — the data from this round
is not included in the final results. At the end of the practice
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round, each subject is sufficiently trained for the experimen-
tal round; here the five treatments are done once more but
this time the data will be included in the final results.

Session Length. Pilot studies indicated that subject learn-
ing had stabilized after about 4.5 minutes, so during the
first round each treatment was done only once. Even though
learning stabilized early, the subjects were still required to
practice each of the five treatments in order to learn them in
detail. The total effective length of a treatment is 4.5 min-
utes, when including the pause the actual length becomes
about 5 minutes. The practice round with five treatments
thus takes 25 minutes to complete; adding 5 more minutes
for questions makes the practice round take about 30 min-
utes in total.

In the experimental round, each treatment is done twice
so as to get enough statistically valid data. Each treatment
is divided in two with a short pause in between to give the
user time to relax and get rid of fatigue. Thus, each treat-
ment takes 2 * 4.5 = 9 minutes to complete, with pauses in-
cluded the time is about 10 minutes in total. The experimen-
tal round will thus take 50 minutes to complete all five treat-
ments. Adding 10 minutes for the subject to be instructed
and fill in the questionnaires before and after the test makes
the entire session take about 90 minutes to complete.

Number of Diplomats and Matching Tasks. During the
practice round a total of 38 jumping diplomats and 40
matching tasks were used per treatment. In the experimen-
tal round, these numbers were raised to 59 diplomats and
80 matching tasks per treatment. The numbers were cho-
sen to be the same as in [7] to allow for direct compar-
isons between the studies. None of the subjects expressed
any negative opinion about this increase; on the con-
trary it seemed the added difficulty served as extra motiva-
tion.

3.2. Apparatus

The apparatus used in the experiment consists of a Dell
Latitude C400 laptop with a 12.1” screen, Intel Pentium III
1.2 GHz processor and 1 GB of main memory. Connected
to the laptop is a semi-transparent head-mounted display
by TekGear called the M2 Personal Viewer providing the
user with a monocular full colour view in 800x600 resolu-
tion. In effect, this head-mounted display gives the appear-
ance of a 14” screen floating about a meter in front of the
user’s eye. As the display is semi-transparent the user can
normally look right through it without problems, but when
the interruption task is presented the view with that eye is
more or less obscured.

The bouncing diplomats game is shown on the laptop’s
12.1” screen in 800x600 resolution, while the matching task
is shown in the head-mounted display in 800x600 resolu-
tion. The actual screen space taken up by the game and

matching task is 640x480 pixels, the rest of the area is
coloured black.

User input is received through an external keyboard
connected to the laptop. In the game, the user moves the
stretcher left and right by pressing the left and right arrow
keys, respectively. The matching task is controlled by press-
ing the “Delete” key to select the left object, and “Page
Down” to select the right object. In the Negotiated treat-
ments, pressing the up arrow presents a matching task un-
der condition the queue is not empty, while pressing the
down arrow hides any matching task currently presented.
As shown in figure 3, the natural mapping of keys as they
appear on an ordinary keyboard should make control fairly
intuitive for the user.

Left
object

Right
object

Move
left

Hide

Show

Move
right

Figure 3. Keys for controlling the tasks.

The laptop was elevated 20 cm over the table so that the
subject when sitting down faces it approximately straight
ahead. By elevating the laptop the head-mounted display
was also more naturally aligned so that the laptop’s screen
would be covered, this was done intentionally in order to
try and force the user to look through the head-mounted
display at all time. Although an option is to let the head-
mounted display be positioned below or above the user’s
normal gaze, the enforcement of looking through it was
chosen because such situations are assumed to occur in real
life with this kind of display. Our pilot studies also indi-
cated the chair and external keyboard allowed the subject
to sit comfortably and control the tasks without strain. Fig-
ure 4 shows the complete setup.

Figure 4. User study setup.
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4. Results

The measurements chosen were the same as in [7], in or-
der to allow for an easy comparison between the two sets of
results. The graphs in figure 5 show the average value, to-
gether with one standard error, of the measurements below.

Diplomats saved. Number of jumping diplomats saved.

Matched wrong. Number of matchings answered wrong.

Percent done wrong. Percentage of matching tasks done
answered wrong.

Matches not done. Number of matching tasks not an-
swered before treatment ended.

Average match age. Length between onset of matching
task until it was responded to.

The original study also measured the number of times
the subject changed between game and matching task. How-
ever, as the user in our study can switch mentally between
tasks without using the keyboard, this measurement is not
valid unless other equipment (e.g. gaze tracking) is used.

When doing measurements on the same variables and
the same subject under different conditions it is important
to accomodate for this in the analysis. A repeated measures
ANOVA was therefore used on the data to see if any signif-
icant differences were present between the treatments. The
results of these tests can be seen in table 1, indicating that
the means for the measurements are not all equal.

Measurement P-value
Diplomats saved <0.0001
Matched wrong 0.0022

Percent done wrong 0.0014
Matches not done 0.0003

Average match age <0.0001

Table 1. Repeated measures ANOVA.

4.1. Comparison with Base Cases

When performing a post-hoc statistical paired samples
t-test comparing the two base case treatments, Game only
and Match only, with the remaining three treatments, a num-
ber of significant differences were shown to exist. This as-
serts the assumption that interrupting the user will have a
detrimental effect on that person’s performance. In table
2, a summary of these comparisons is shown, indicating
whether there is a significant difference between the base
cases and treatments. To accomodate for multiple compar-
isons, a Bonferroni adjusted alpha value of 0.008 (0.05/6) is
used when testing for significance.

The only measurements which were not significantly dif-
ferent from the base case was “Matches not done” for the

(a) Diplomats saved. (b) Matched wrong.

(c) Percent done wrong. (d) Matches not done.

(e) Average match age.

Figure 5. Average measurements.

two Negotiated treatments, and “Matched wrong” together
with “Percent matched wrong” for the Scheduled treatment.
The reason for the former is that the subjects often com-
pleted roughly the same number of matching tasks as in the
base case treatment. This suggests that allowing subjects to
negotiate when to present the matching task does not cause
it to be omitted more than what would have been the case
had the matching task been the only task present. The lat-
ter indicates that in Scheduled, the subject can better con-
centrate on the matching tasks. The significant difference
for “Matches not done” compared to the Scheduled treat-
ment is most likely caused by matching tasks being queued
but not presented before the treatment is over.

4.2. Pairwise Comparison of Treatments

The three treatments Negotiated visual, Negotiated au-
dible and Scheduled were compared to each other using a
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Measurement Base Vis. Aud. Sched.
case

Diplomats saved Game <0.0001 0.0013 0.0012
Matched wrong Match 0.0021 0.0014 0.0671

Percent done wrong Match 0.0011 0.0013 0.0406
Matches not done Match 0.1408 0.4189 0.0072

Average match age Match 0.0074 0.0020 <0.0001

Table 2. T-tests of base cases vs. treatments.

paired samples t-test. Table 3 shows a summary of this indi-
cating whether a significant difference exists between each
pair of treatments. A Bonferroni corrected alpha value of
0.008 is used when testing for significance.

Measurement Vis. / Aud. / Sched. /
Aud. Sched. Vis.

Diplomats saved 0.2152 0.4131 0.1952
Matched wrong 0.1256 0.2315 0.0286

Percent done wrong 0.0959 0.3575 0.0464
Matches not done 0.0471 0.0002 <0.0001

Average match age 0.1258 <0.0001 <0.0001

Table 3. Pairwise t-tests of treatments.

As shown in table 3, there were no significant differ-
ences in terms of diplomats saved or matching tasks done
answered wrong. This means that our test was not sensitive
enough to uncover any differences, if such exists, between
the treatments for these measurements. However, the “Av-
erage match age” measurement is significantly different be-
tween the Scheduled and the two Negotiated treatments. For
the two Negotiated treatments, the difference is not signifi-
cant enough (p = 0.1258). Nevertheless, the performance of
certain subjects together with their comments indicate that
there may still be an underlying difference that was not fully
uncovered by our study. When relating to what is shown
in the graph in figure 5(e); the average age of a matching
task is less for Negotiated audible than for Negotiated vi-
sual. Thus, the use of sound may be a stronger reminder
that there are matching tasks to perform, compared to us-
ing a visual signal. Furthermore, the graph in figure 5(d)
shows that the number of tasks not done is also less for Ne-
gotiated audible than for Negotiated visual. While it is not
marked as significant in the table (p = 0.0471), it still sug-
gests that a difference may exist. This strengthens the indi-
cation that sound can have a higher impact on subjects when
it comes to reminding them to perform the matching tasks.

As an audible announcement seems to be stronger than
a visual one, it is of interest to know how this affects the
number of diplomats saved. Referring to the graph in fig-
ure 5(a), there is a minor advantage of audio over visual
with nearly one more diplomat saved in Negotiated audible,
but this difference is not significant enough (p = 0.2152) to
draw any conclusions from. Also, referring to the graphs in

figures 5(b) and 5(c) shows an advantage of audio over vi-
sual when it comes to reducing the number and percentage
of matching tasks answered wrong, but these are also not
significant enough (p = 0.1256, p = 0.0959). Further stud-
ies are needed to see whether the advantage of audible over
visual announcements have a positive effect also for these.

The Scheduled treatment left significantly more match-
ing tasks undone at the end of a treatment compared to the
negotiated treatments. The reason is that when tasks are pre-
sented just before the end of the treatment, a large number
of them may be in the queue and are not answered before the
time runs out. The other measurements were, however, bet-
ter in Scheduled than in the negotiated treatments. This sug-
gests that our decision to skip the Immediate condition was
erroneous, and that it is likely to have exhibited the bene-
fits of Scheduled without the drawback of high average age.

4.3. Comparison with Original Study

In general, the subjects’ in our study scored better results
than in in the original study[7]. This is most likely caused by
the different setting in which our study was done; as the two
tasks could run simultaneously without the matching task
blocking input for the game, the user could quickly switch
mentally back and forth between them. The user could an-
swer the matching tasks while still seeing the game in the
background, and could thus more easily detect when the
game task needed attention. The number of diplomats saved
was around 10% higher for Game only, and one third higher
for our two Negotiated treatments. This did not, however,
affect the matching task negatively; the number of tasks
answered wrong was around 45–55% less, suggesting our
setup was less prone to leave subjects making wrong deci-
sions. The number of tasks not done was 40–72% less for
both negotiated treatments in our study, while in Scheduled
it was 56% higher. Likely the subjects in the original study
were more cautious to switch to the matching task, while
in Scheduled they had to finish answering them before pro-
ceeding with the game. In our study they could switch freely
between the dual tasks, explaining this difference. Our aver-
age match age was 2 seconds higher for Match only, 5 sec-
onds higher for Negotiated visual, yet only 1 second higher
for Negotiated audible. For Scheduled, the average age was
26 seconds higher since the subjects could still play the
game while the queue of tasks was present.

Audio notification was not used in the original study, but
appeared to give a slightly better result than for visual, sug-
gesting that the type of notification can be significant.

4.4. Subjective Comments

In addition to the quantitative data presented in the pre-
vious sections, there is also some qualitative data of inter-
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est. This data was given either by word of mouth or as writ-
ten comments in the questionnaires the subjects filled in.

Three subjects reported that the use of sound in Negoti-
ated audible lost its meaning when it was played at the same
time as a diplomat was bounced. The sound was merely in-
terpreted as a “bouncing sound” and not as an indication
that there was a new matching task to perform, even though
participants were fully aware of the actual meaning of the
sound. This suggests that for certain tasks, care must be
taken not to let the sound coincide and relate to the task
— especially if the two tasks are meant to be disjoint.

Two subjects reported that hearing a sound was more dif-
ficult to relate to in a temporal sense compared to seeing a
visual flash. At times the subjects made an attempt to show
the matching tasks, only to realize that no new tasks had
been added. Apparently the chronological order of when a
sound is played can be more difficult to determine compared
to when a visual flash is shown, at least when the task to be
informed about is also done in the visual domain. Whether
the same situation would occur for a task in the audible do-
main remains an open question.

5. Conclusions

We have presented a study investigating the interrup-
tion of a wearable computer user, some of the methods to
achieve this and what effects they will have on the user. The
results indicate that the scheduled treatment gave the best
results, with the drawback of a considerably higher average
age before tasks were answered. The negotiated treatments,
where the user could decide when to handle the interrup-
tions, were more useful when considering the overall per-
formance of the user; they had a much shorter average task
age with only slightly worse performance compared to the
scheduled treatment. It was suggested that an audible no-
tification increased the performance of the matching tasks,
while at the same time not affecting the game task nega-
tively compared to the visual treatment. However, a more
detailed study is required to assert the significance of this
observation. All in all, this indicates that both hypotheses
posed in the introduction are true; a user’s performance is
affected by how interruptions are allowed to be handled, and
the type of notification used will have a further impact.

5.1. Future Work

As the user has no direct feedback about the number of
interruption tasks currently in the queue, it may be interest-
ing to investigate how such feedback would affect the re-
sults. Would the user appreciate seeing this number to plan
ahead or would it merely have a detrimental effect?

In the experimental setup, the subjects were enforced to
look through the head-mounted display. An alternative is to

have the display placed to either side, above or below the
subject’s normal gaze. By not obscuring the game it should
be easier to selectively focus on either task, but on the other
hand that may make one task easier to ignore.
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