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The quantified-self movement has brought us a multitude
of tracking devices mostly focused on physical activities.
But healthy user habits go beyond the physical realm, such
as cognitive activities, learning and reading. For installing
healthy reading habits we built a wordometer using smart
eyewear for tracking online and offline reading activities
throughout the day. Besides providing reading statistics at
the end of the day we propose a number of real-time interventions to support reading in-situ: adjustable text that
takes into account users’ current cognitive state, such as
attention span, visual fatigue and comprehension levels. In
this paper we report insights from our in-the-wild reading
tracker and explore various intervention techniques with the
goal of supporting user attention, focus, and comprehension in reading tasks.
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Introduction
"Reading is thinking with someone else’s head instead of
one’s own" Albert Schopenhauer once stated. It opens up
new perspectives by taking the reader on a mental journey
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for information gain and pleasure. Reading informs, builds
vocabulary and even benefits the ability to judge and argue
[17]. Especially in today’s information age, the skill to efficiently consume, absorb, and evaluate information is more
crucial than ever. Throughout our day we constantly engage with written text, be it in the morning newspaper, on
car displays, billboards, our desktop computer, cellphone, or
smartwatch. It would appear that by instilling healthy reading habits we can help readers be more effective throughout
their day.
Acquiring or changing habits is one of the claimed goals of
the quantified-self movement. Fitness and sleep trackers,
for example, allow us to gain insights into our daily habits
in order to be able to take action against unhealthy behavior. However, most of the commercial products and also
most of the efforts of the research community have so far
focussed on tracking physical activities. Only a handful of
proponents have suggested the tracking of cognitive acitvities [11], which can entail attention, mental fatigue, or
stress levels. In our work we focus on using eye movements
to track reading behavior throughout the day and deriving
attention levels during reading.
Schopenhauer’s statement above also contains the notion
of guiding the reader. By being able to track reading activities throughout the day, we can design systems to better
take into account the reader’s current level of attention or
fatigue. Reading interfaces can process this information in
real-time and adjust their presentation to meet the reader’s
current cognitive state, such as her general receptiveness.
By doing so we create in-situ interventions with the goal of
increasing reading efficiency. In this paper we describe our
approach to track reading throughout the day and across
different mediums and start exploring the notion of reading
interventions. We believe that interventions can be staged
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Figure 1: A screen shot image of web based dashboard to look
back volumes of reading in everyday.

in such a way that we can
1. facilitate reading tasks,
2. support associated cognitive processes, such as
comprehension and recall, and
3. instill healthy reading habits.

Related Work
The strong relationship between reading and eye movements is very well explored in cognitive science and psychology [16, 8]. For example, Kligel et al. investigate correlations of eye fixations with cognitive tasks related to reading [10]. Rayner provides a good summary of eye tracking
research [15].

SESSION: EYEWEAR
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In a series of works, Biedert et al. studied ways to enhance
the reading experience of the user. They presented EyeBook [1] and Text 2.0 [2] a reading interface that observe
which part of the text is currently being read by the user
and that generate appropriate effects (e.g. playing sounds).
However, they don’t evaluate what suitable interventions
are to increase users enjoyment, comprehension or attention. Xu et al. apply eye movement analyzes for document
summaries, yet the environment is very controlled, e.g. the
users need to rest their chin on a support when performing
the reading task [18].
Several researchers also focus on increasing reading speed
minimizing the loss of comprehension [4, 9]. To this end, we
evaluated several speed reading techniques and stimuli [5].

Figure 2: J!NS MEME hardware
on top and the positions of three
electrodes and formulas to
calculate EOG vertical and
horizontal component.

There are also some efforts to infer the users expertise, language skill and other higher level cognitive activities using
eye tracking [12, 14, 3, 6, 7]. Most of the research focusing
on second language learners or infants as improvements
can be easier tracked using indirect measurements (questionnaires etc.). Our current investigation into reading interventions continues our strand of research looking at how to
quantify reading [13].

The Wordometer
One of the metrics to understanding reading habits is volume of reading. We quantify the number of read words as
the volume of reading and show them on the visualization
as shown in Figure 1. Each bar represents the number of
words users read in one minute. From the visualization,
users can understand how much they read and when they
especially focused to read in segments.
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Figure 3: Overview of EOG sensor signal in one-minute recording

Figure 4: EOG sensor signal during reading. Circle and triangle
markers are forward/backward saccade detection’s outputs.

Word Counting Algorithm
The word counting algorithm consists of three processes,
obtaining a user’s eye gaze, detecting forward/backwardsaccades, and estimating the number of words he/she read.
To obtain a user’s eye gaze, we use J!NS MEME which
is connected to a smartphone with Bluetooth low energy.
These are affordable technologies and good for long-term
recordings. As shown in Figure 2, one reference and two
active electrodes are equipped on J!NS MEME. EOG vertical component is calculated as an average of two electrodes, and EOG horizontal component is calculated as a
difference between them.
Figure 3 shows an overview of EOG horizontal component
in one-minute recording that includes reading activity. Negative values represent eye movement right to left, and positive values represent eye movement left to right. Regular
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patterns of eye movement will appear during reading activity because of line breaks.

Figure 5: A user reading on a
tablet with J!NS MEME.

Subject
a
b
c
d
e
Ave.

Error rate
14 %
24 %
15 %
15 %
12 %
16 %

STD
1.6 %
2.1 %
1.8 %
1.7 %
1.4 %
1.7 %

Table 1: Estimation results on
user-dependent approach

We detect these saccades to forward and backward from
sensor signals as shown in Figure 4. For forward-saccade
detection, we filter the sensor signal with median filter to
remove noises. After filtering, we apply peak detection algorithm to detect forward-saccades. Backward-saccade is detected if the sensor value is lower than a threshold which is
decided dynamically. The threshold is calculated as the difference between mean value and variance value of sensor
values in a small window (the window size is one second).
The number of words a user read is estimated by linear
support vector regression. Four features are calculated
for the regression, the total count of forward-saccades,
mean EOG signal value of forward-saccades, the total
count of backward-saccades, and mean EOG signal value
of backward-saccades.
Evaluation
As an initial evaluation before long-term recording, we evaluated our word counting algorithm with a dataset on fixed
condition. We recruited 5 participants to read English essays on iPad wearing J!NS MEME (see Figure 5). Every
subject read 38 paragraphs during the recording. So the
total amount of paragraph in the dataset was 190 (minimum: 27, maximum: 120, average: 60 words in one paragraph). The sampling frequency of EOG signal from J!NS
MEME was 11 Hz. Training and testing were done on both
user-dependent and user-independent approach. On an
user-dependent approach, data from each subject are used
as training for his/her reading. On the user-independent
approach, all data from all subjects are used as training.
Evaluations were done with 10-fold cross validation.
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Table 1 shows the estimation errors and standard deviations on user-dependent approach. The average error of
five participants was 16% (9.6 words in 60 word’s paragraph). The estimation error on user-independent approach
was 18% with 1.7% STD. Reading recognition and quantification is the first step towards building applications dealing
with this type of data. One of the focuses of our future work
now is the creation of reading interventions based on the
assumption that reading is tracked in real-time and underlying text is dynamic, such as on tablets.

Reading Interventions
There is a multitude of information the tracking of eye movements can give us about the cognitive state of readers. For
example, blinking rates give us insight into visual fatigue
levels [15]. So as readers are getting more tired their eye
blinking rate rises. Such fatigue is often temporary and can
be met with a distraction task, such as standing up, putting
down the book and stretch for a few minutes. Also getting
some fresh air or water could be one of the recommendations to regain the ability to concentrate. In the following we
will describe potential interventions:
For one, we can aim at increasing comprehension: nudge
readers to pause after stretches of reading to reflect on
what has just been read. Such behavior further fosters later
recall of that content.
On similar note, pupil dilation corresponds to engagement
and attention levels. This can be used in two ways: 1) as
summary metric where text that was read with high attention level might be summarized with more detail than text
that was comparatively less intensely attended to (assuming that attention correlates with the reader’s interest in the
content) and 2) as feedback mechanism to authors and
publishers to refine their content according to readers’ at-

SESSION: EYEWEAR

tention (this could also comprise ads being priced higher to
reach people with high attentiveness).
Regressions - i.e. re-reading of words, sentences, or entire
passages - account for about 15% of the reading time. Although being helpful for comprehension, it often turns into
a habit that slows down the reading process. Simply being aware of regressions through a feedback mode could
encourage readers to keep going forward through text and
thereby increasing their reading speed. In-situ reading stimuli can be applied in order to encourage users to keep or
increase their reading pace [5].

Experiments
To test and assess the effects on reading we are planning
a series of user studies based on the reading intervention
techniques presented. Therefore, we are currently developing a synchronization feature that pairs the eye tracking
data from J!NS MEME glasses with the reading application
running on a tablet device. That way we can stage interventions visually, through haptic feedback as well as through
audio cues. In lab studies we will collect subjective user
feedback and reading metrics to single out useful interventions. For long-term assessment we will hand out devices
to study participants over longer periods of time where we
will collect data in the wild about people’s reading habits
throughout the day, but also about their experience with
reading interventions when being used in combination with
our complementing app.

Conclusion
In this paper we presented an extension of our initial Wordometer technology (detecting how many words a user
reads) to a wearable, unobtrusive eye wear (J!NS MEME)
and outlined a couple of reading interventions suitable for
this setup. In the intermediate next steps we need to ex-
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tend our experimental setup to a larger, controlled set to
evaluate our basic technology more. As outlined in the previous section we plan to study reading in the wild to first of
all understand what are healthy reading habits and then to
improve them.
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