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Summary

Interruption management systems have as a goal to defer interruptions to a
moment of low workload for the user, minimizing the costs of interruptions, and
reducing risks. In this research we have explored whether eye-data can serve as a
basis for such a decision. Exploring multiple datasets and paradigms we found that
such a system is feasible, assuming alterations in workload are not too rapid. The
most successful classifier is based on the boosted tree algorithm, leading to a
classification accuracy of 74%. In order to further increase accuracy, we need to

personalize the classifier by adding online training.
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Introduction

The goal of this project was to investigate which methods and data sources
are the most promising to build an interruption scheduling system. An interruption
scheduling system intends to help users to defer interruptions if they arrive at a
moment where an interruption is undesirable. This may be because it is too
dangerous to be interrupted (in driving, piloting and air traffic control), or because
an interruption leads to serious interruption costs (in terms of time) in the main task.
A desirable property of the system is that it is independent from the task. With this
we mean that the algorithm does not require any knowledge of the task that is
performed. This means that it does not need to be tailored to the particulars of the
application that it is used with, and that the application itself does not need to be

modified in order to be used in conjunction with the interruption system.

What is a good moment to switch between tasks? According to the literature,
the best moment for an interruption is a moment of low workload (Borst, Taatgen &
van Rijn, 2015; Igbal & Bailey, 2005; Katidioti & Taatgen, 2014; Monk, Boehm-Davis
& Trafton, 2004). The problem with this notion is that workload is typically
considered as a variable that gradually increases and decreases in time, but is
otherwise not well defined. In several experiments in which subjects had to
alternate between multiple tasks, we found that the key disrupting factor is the
extent to which both tasks need to store temporary information, in other words,
whether they use working memory. If no more than one task needs working
memory, alternation between tasks is often without extra costs, even if the tasks

involved are complex. However, if two tasks both need working memory, alternating
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tasks is costly and prone to errors, even if the tasks involved are simple (Borst,
Taatgen & van Rijn, 2010; Nijboer, Borst, van Rijn & Taatgen, 2016). This means we
cannot just take the perceived workload of one task and add it to another to get a
combined workload measure. Instead, the overlap in working memory requirements
determines multitasking disruption. Therefore, in order to determine moments at
which a person can be interrupted without incurring unreasonable costs, we have to
detect moments where working memory is not engaged.

To detect when working memory engagement is low — and thus when an
opportune moment for an interruption occurs — we have found that an excellent
source of information is the eye, in particular the size of the pupil (Katidioti, Borst,
Bierens de Haan, Pepping, van Vugt & Taatgen, 2016). The pupil size varies with
working memory load: when a task requires no working memory, the pupil is
generally smaller or decreased in size compared to when the task requires working
memory. Ideally, the system should only interrupt the user if there is no load on
working memory.

The challenge of building such a system it has to monitor the eye online, and
therefore has to deal with a signal that is quite a bit more noisy than what the data
look like when they are averaged. In addition, individuals differ in their pupil

response.

Methods and Results
To achieve the goals outlined in the introduction, we have investigated two

datasets in which the pupil size varied with working memory load. Each of the

datasets was entered into several machine learning algorithms in order to
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investigate how well the resulting classifier was able to discriminate a low-workload

from a high-workload phase in the task.

Simulated Air Traffic Control
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Figure 1. (A) Screenshot of the Air Traffic Control Task. Airplanes would post requests for
altitute changes offering two choices (36 and 28 in the example). The subjects had to pick the
altitude that had not been used before in a previous request. (B) Pupil dilation during task
performance. Each vertical dotted line is an altitude request. The goal of the systems was to
differentiate between the periods with and without requests (High-Low). (C) Performance of
the final classifier: blue bars are successes, orange bars failures of the system.

The first dataset concerned a simulated Air Traffic Control task. In the experiment,
subjects had to respond to requests made by airplanes. Subjects alternated between a high-
load phase, in which they had to make decisions every four seconds, and a low-load phase,
where airplanes would continue to move on the screen but in which no requests were made.

Figure 1A shows a screenshot of the task. Figure 1B shows to average pupil size over the
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course of a single block, in which low- and high-workload phases were alternated. It is clear
that the pupil size was larger on average in the high-workload phases, and increased within
that phase as the working memory load increases with each decision.

The next step was to determine the best type of classifier and the best set of features
to feed into that classifier. Eventually we chose 11 features, five based on the pupil size
(e.g., median over the last four seconds, maximum), and six based on eye-movements (e.qg.,
number of saccades, distance travelled, area covered). These features were fed into a
logistic regression classifier, a random forest classifier (with 200 or 300 trees), and a
gradient boosted tree classifier (also with 200 or 300 trees). We used leave-one-out cross
validation to calculate the performance of the classifier, which means that we train the
classifier on all but one subject, and then predict the load for the remaining subject (and so
this for all subjects). This is the most conservative measure, because it means we do not
know anything about the subject we are testing on.

The logistic regression classifier performed worst, with only 63.5% correct
classifications. Next was the random forest, with a performance of 70.4%. The gradient
boosted tree gave the best performance: 74.3% (the number of trees did not matter).

If we would have used this classifier in an interruption management system, it would
have made decisions about when to allow an interruption, and when to defer it (and to what
moment it would be deferred). We could still determine this based on the data. The results of
this are shown in Figure 1C. It shows that 78% of the cases where the experiment is in a low
workload phase, the system would have correctly allowed an interruption. However, in the
remaining 22% it would have postponed the interruption to a high-load moment, which is, of
course, a bad decision. On the other hand, if the experiment is in a high-workload phase, the
system defers them to a low-load phase in 77% of the cases. In the remaining 23% it still
allows the interruption.

This results shows that the system is far from perfect, but do lead to better

interruptions. One thing we cannot be completely sure of is whether a high-workload periods
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is actually experienced as such by the subject. This means that the classifier may still be

correct in allowing an interruption.

Email task

The second dataset was from an experiment in which subjects had to answer emails.
To answer an email, they had to look up information in a simulated web browser. While they
are searching, they have to maintain information in their working memory until the search is
done, after which there is a brief moment without memory load. They then had to type the
answer, during which they need to remember the information to put into the email. Figure 1
illustrates the pupil dilation in this task. As already indicated, there were clear high and low
working memory load moments in this task (red and green labels), but depending on the
previous state of the pupil it was not always easy to identify what the current load is (i.e. the

‘Mail select’ moment following ‘Mail reply’).
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Figure 2. Pupil size during the email task (Katidioti, Borst, Bierens de Haan, Pepping, van Vugt
& Taatgen, 2016).
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To determine the best classifier, we used the same approach as in the simulated air
traffic control, except that we trained a Support Vector Machine instead of a random forest
classifier. Unfortunately, the classification was not very accurate, with the Support Vector
Machine and logistic regression tying for the best accuracy at 59%.

The problem in this task is that high- and low workload periods alternate relatively
quickly. This problematic because a change in workload is only visible in the pupil after

approximately one second.

Discussion and Conclusions

The results show that it is possible to improve the timing of interruptions on the basis
of the pupil size. A constraint is that low- and high workload periods should not alternate too
quickly. In many practical situations this will fortunately be the case. We also see that the
system is yet far from perfect. We may expect some improvement with further calibrations of
the technique, but for a significant improvement we will need to personalize the classifier.
This requires a system that uses a general classifier as a baseline, but calibrates this on the
basis of user feedback (e.g., if the user manually defers an interruption, this is a learning
signal that the interruption decision was wrong).

Another factor to consider is that we may have underestimated the accuracy of the
classifier because we assume on the basis of the task characteristics that workload is either
high or low. This may not be accurate for all circumstances and all subjects. Therefore a
period that we think has a high workload may really be low workload for some subjects,
meaning that an interruption may be valid at that time.

To conclude, managing interruptions on the basis of eye-data is a promising
technique that will require further investigation to develop into a system that can be used in

practical applications.
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