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The goal of this study is to automatically recognize the level of engagement
of the user of an e-learning system based on video data. If the system can recognize the decrease
in level of engagement, it may be possible to support the user appropriately.

In this research, we showed that the level of engagement is reflected in the eye movements. In
particular, the frequency of blinking and the duration of blinks are found to be negatively
correlated with the level of engagement , and the aspect ratio of the eye and the distance between
the eye and the screen are found to be positively correlated with the level of engagement. We
modeled the relationship between the level of engagement and eye movements, and proposed a
probabilistic method for automatic estimation of the level of engagement. It was shown that as the
level of engagement increased, so did the model-based estimate of the probability of engagement.
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The focus of this research is e-learning systems, which gain considerable
attention in the recent decades. Particularly due to the rapid proliferation of
mobile devices such as smart phones and tablets, students as well as life-long
learners started to use a wide variety of e-learning tools to support their
practice.

Despite their numerous advantages, the sense of remoteness and lack of
interaction emerges as a significant challenge of e-learning systems. In that
respect, most systems use adjustments such as rewards, badges, or levels, but
they lack an accurate evaluation of learners’ internal state (i.e. motivated,
tired, confused, etc). In that respect, the learners, which cannot focus on the
task, cannot benefit from these adjustments and it is necessary to have an
accurate assessment of learners’ level of engagement.
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The goal of this research is to automatically estimate the level of engagement
of e-learning system users in an objective, accurate and fast way.
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First of all, for observing e-learners’ behavior, we
designed a set of experiments, recruited several
participants from a diverse background and

- StUdied the ecological data. We designed three
sorts of tasks such that each one exerts a
different level of load or requires a different skill
as (i) passive, (ii) semi-active and (iii) active.

Specifically, in the passive task, the participants
watch a slide show of images, which are selected from a benchmark saliency
data set. The subjects are told that they will be given a memory test
afterwards as a motivation to attend the images but no test is given. This task
is considered to be similar to passive online learning and on-demand tools.

In the semi-active task, the participants listen to the narration of a story in
English accompanied by illustrations, requiring listening comprehension and
inference skills. At the end of each story, a small quiz is given. We consider the
narration part of this task to be passive, where the participants need to
comprehend the information, and the quiz to be active, which requires
reasoning, deduction, and inference.

The active task is Wisconsin card sorting, which is a common tool in
neuropsychology for examining the functioning of the frontal lobe. The test
requires users to match a stimulus with one of the four options based on an
undisclosed rule, which changes at uneven steps. This task requires strategic
planning and organized search skills, as well as utilization of feedback,
modulation of impulsive response, and directing behavior toward a goal.

The ground truth for the level of engagement is obtained by manual
annotation. Namely, two licensed teachers (i.e. coders) watched video clips
recorded from the e-learners as they carry out the aforementioned tasks. The
coders evaluated the clips according to the apparent level of engagement of
the participants. The coders assigned each clip an engagement label e on a
Likert scale from 1 to 5, where e = 1 denotes “disengaged” and e = 5
represents “engaged” 7. We carried out a methodological analysis quantifying



the degree of agreement between the coders and confirmed that they have a
sufficient level of agreement.

In the analysis phase, we derived
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| blink patterns. In blink detection,
we employ the simple and yet
powerful real-time blink detection
method proposed by Soukupova
and Cech (2016). Specifically, this method is based on the changes in aspect
ratios of the right and the left eye. An SVM classifier on sample blinking and
non-blinking patterns from several data sets and the blinks are identified from
the average aspect ratio of the two eyes.

Subsequent to the detection of ocular landmarks and blinks, we define a set of
four features derived thereof as duration of blinks, frequency of blinks, average
aspect ratio for open eyes, and interocular breadth.
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We employed polyserial correlation coefficient to assess the relevance of the
four features from the standpoint of engagement. Computing polyserial
correlation coefficient p for duration and frequency of blinks, we demonstrate
that they have a -mild- negative correlation with engagement. This finding is in
line with the previous works in literature, which state that blinking helps
humans disengage from the outside stimuli, in favor of the other cognitive
processing (i.e. mind wandering); as well as the fact that increased workload
causes a higher blinking rate in the long term. On the other hand, based on
polyserial correlation coefficient, the interocular breadth and eye aspect ratio
are shown to have a somewhat stronger positive correlation with the apparent
level of engagement. In other words, as the level engagement increases,
interocular breadth and normalized eye size increase as well. This indicates
that when the user is concentrated on the task, his/her face is closer to the
screen and; he/she looks at the screen with eyes wider open.

Subsequent to verifying that the proposed features present credible correlation
with the assigned levels of engagement, we proposed a method to
probabilistically assess the level of engagement. To that end, we derived
probability density function (pdf) of the features from their respective empirical
observations. In doing that, we utilize kernel density estimation (KDE), which is
one of the most popular non-parametric methods in estimating the underlying
pdf of a set of observations. However, in practice, multivariate kernel density
estimation is usually restricted to 2-D due to the curse of dimensionality. In
order to tackle with this issue, we proposed employing a set of 4 1D
distributions, after certifying the conditional independence of feature
distribution. Based on relative entropy distance, we inferred that there is a
reasonable degree of independence between all pairs and that the curse of
dimensionality can be overcome using a decomposition of individual density
distributions.
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First of all, for evaluating the effectiveness of each particular feature, we
applied the probabilistic approach to individual features. Next, by applying the
estimation method on the set of all features, we determined the potentially
optimum performance.

The below figure demonstrates the probability of being engaged (p_e) based
on each of the four features. From this figure, it is clear that probability of
being engaged is monotonically increasing for growing values of ground truth
label (1~5) for all features, although the rate of increase varies between the
features. Nevertheless, the overall tendency still presents supporting evidence
for the efficacy of the proposed features, particularly for interocular distance
and the eye aspect ratio, which are in line with the conclusions based on
polyserial correlation values.
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As presented in the figure below, by integrating the information from all the
features, we obtained a clear improvement in estimation of engagement. As
expected, the values of probability of being engaged (p_e) obtained by the
integration of all features is monotonically increasing. Also, it yields a clear
separation between values of p_e relating e € [1, 2] (i.e. disengaged or poorly
engaged) and e € [4, 5] (i.e. moderately engaged to fully engaged). In
particular, we see that if the user is not engaged, then p e is 0, whereas it
increases steeply to around 0.90 as e = 4. These findings suggest that by
estimating p_e with the proposed method and setting a threshold at some
value around 0.50, we can detect the engagement levels below average and
above average with a satisfactory accuracy.
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