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Abstract—In recent years, more and more students are
willing to choose courses on online learning platforms, such as
MOOC. However, the online learning platform cannot capture
the learning status of students, and cannot give real-time
feedback when students’ attention is out of learning. The
lack of feedback mechanisms mainly leads to a staggering
dropout rate of MOOC. Therefore, engagement detection
is very important for online learning platforms. Nowadays,
many researchers have focused on engagement detection which
are based on pictures. This method of selecting pictures is
through random selection or repeated selection after short
interval of time. However, both of these methods may lead
to the problem of inaccurate samples or heavy identification
workload. In this paper, we propose to introduce Key Frames
that can more accurately represent the engagement level of
the online learning personal video in the sample selection
stage. Experimental results show that our proposed method
has better results.

Index Terms—engagement detection, Key Frame, Local
Directional Pattern, expression similarity, online learning

I. INTRODUCTION

There are growing evidences prove that students’ en-
thusiasm and engagement are closely related to students’
academic performance [1], [2]. Scholars have different
conceptual definitions of engagement. Chapman [3] offers a
possible definition: students’ cognitive investment in, active
participation in and emotional commitment to their learning.
The Australian Council of Educational Research(ACER)
proposes another: students’ participation with activities and
conditions may generate high quality learning [4]. We
accept both definitions, because they both highlight the
importance of high engagement for student learning.

In the past few years, online learning courses have
grown significantly and are still growing [5]. More and
more students are willing to choose online learning courses
because it saves students’ costs and has no time and
space limitations. With the upgrading of software and

979-8-3503-4655-8/22/$31.00 ©2022 IEEE
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hardware equipment and the rapid expansion of online
teaching resources, online education has an unprecedented
momentum of development. In the next few years, the
number of online learning users will continue to grow.
However, many existing online learning platforms lack a
feedback mechanism for students’ learning status. Lacking
of feedback mechanism is also one of the important reasons
for the high dropout rate of online learning platforms, such
as MOOC [6].

In the traditional way of education, teachers and students
communicate face to face. Teachers’ friendly smiles, humor-
ous language and elegant gestures can all increase students’
interest and participation in the classroom. When students
encounter difficult or unintelligible content in learning,
teachers can help students solve problems one-on-one to
avoid the accumulation of problems which leads to neg-
ative learning emotions. In addition, teachers can observe
students’ attention in class from their facial expressions and
body movements in time. When a student is drowsy, talking
or in a daze, the teacher can immediately take activities to
attract and encourage students to be more involved in the
classroom.

In the online learning method, students mainly study
independently. The course is composed of static content and
students can find answers to questions through the Internet
or other forms of communication (such as mailing teachers
or classroom forums). These exchanges usually take longer
to receive answers. Due to the delayed feedback, students’
problems cannot be solved in time, and the content of the
course is not fully grasped. Over time, students’ interest in
the course is reduced and the students can’t concentrate on
the course. Then a large number of students gave up the
course, leading to a high dropout rate on online learning
platforms.

One of the ways to bridge the gap between offline
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teaching and online teaching is to add feedback mecha-
nisms about student status to online learning platforms.
The current sensor equipment and computer technology are
sufficient to realize the real-time feedback mechanism of
the online learning system. The online learning platform
can obtain the behavioral state of learners through the
camera, and analyze the level of engagement and make
timely interventions for students who are not sufficiently
focused.

Because facial expressions are directly related to the
participation of online learners, and the current facial ex-
pression recognition technology is relatively successful. In
this paper, we mainly identify the concentration of students
through the analysis of facial expressions. Our goal is to
apply engagement detection to different online learning
environments, to ensure the active participation of students,
improve student learning effects, and reduce the dropout
rate of online learning systems.

In the previous literature, most authors randomly select
a frame from the video for recognition, but a person’s ex-
pression can change in a short period of time, so randomly
extracting a frame is not accurate enough, and some authors
selects a frame through a time window, but the size of
the time window is difficult to grasp, too large is easy
to be inaccurate, and too small increases the workload of
recognition. Therefore, in this paper, we propose a model
that can select frames based on the similarity of expression
features. When the expression changes significantly, more
frames are selected, and when the expression changes not
obviously, fewer frames are selected. We extract the features
of different facial expressions using Local Directional Pat-
tern (LDP) [7], use Principal Component Analysis (PCA)
a to reduce the dimensionality of the feature data, and use
the Cosine Similarity algorithm to calculate the similarity
between expressions in each frame of the video. We select
a frame from each video clips where each frame is similar,
then take the selected all frames as the Key Frames of the
video, use the engagement recognition model (CNN and
SVM) to identify the engagement level of the Key Frame,
and use the statistical analysis method to determine the
overall engagement level of the video.

The rest of this paper is arranged as follows. In section 2,
we describe existing related work in the field of engagement
detection. Section 3 explains the proposed architecture of
engagement detection. Section 4 discusses the experimental
results, and Section 5 draws conclusions.

II. LITERATURE REVIEW

There is a large amount of relevant literature that focuses
on the engagement detection of learners in online and
traditional teaching environments [8], [9]. The research
methods are mainly divided into three categories: self-
report physiological and engagement tracing, and automated
measurements.
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Self-report is a questionnaire where students report their
own level of engagement, distraction, excitement or bore-
dom [10]. self-report method does not necessarily directly
indicate the degree of learner’s engagement, but take the
engagement as a descriptive latent variable, and use factor
analysis to determine the degree of concentration [11].
Self report is favored by many researchers because it can
easily obtain useful information, but it also has many
shortcomings. For example, students may hide their true
thoughts in the questionnaire [12], and different students
have different definitions of engagement.

Engagement tracing. The performance of the learner is
evaluated based on the learner’s reaction time and accuracy
to some practice questions and test questions [13]. For
example, the very short response time to simple questions
indicates that the learner did not participate, but gave
random answers effortlessly.

Automated measurements. The methods in the automatic
category are divided into log file analysis, sensor data
analysis, and computer vision based methods. In the log file
analysis, concentration detection is performed based on the
learner’s behavior stored in the log file [14], mainly using
machine learning and data mining approaches. Cocea and
Weibelzahl [15] monitor learners’ behavior (such as average
time spent on pages, number of tests attended, number
of correctly answered tests) to predict disengagement. In
sensor data analysis category, physiological and neural
sensor readings are used to detect engagement. Chaouachi
[16] believes that engagement is usually equal to the level
of arousal or alertness and the level of EEG, blood pressure,
heart rate or galvanic skin response.

The third method of automatic engagement recognition
is based on computer vision, which is also the method used
in this paper. Computer vision-based methods provide a
variety of ways to measure learner engagement by inves-
tigating clues from gestures and postures [17], [18], eye
movements [19] , and facial expressions [20]. Gravesgaard
[21] analyzed the gestures and postures in the computer-
mediated tutorial dialogue, and studied the relationship
between the learner’s posture, gestures, dialogue and the
tutor. Aslan [22] uses an eye tracker to detect the user’s
line of sight, and combines this information with statistical
facial features and depth information. Ekman and Friesen
[23] proposed the Facial Action Coding System (FACS),
which is a widely used method for describing facial muscle
action units (AU) and corresponding expressions.

At present, most researches are mainly focused on iden-
tifying the level of engagement from pictures [8], [24].
But the expression at a certain moment is not enough to
represent the concentration of the current time period. For
example, if the eyes are closed at a certain moment, it will
be considered as sleeping, but it may actually be blinking.
The aim of this study is to evaluate the engagement of an
online learning video.

Authorized licensed use limited to: Southwest University. Downloaded on September 21,2023 at 03:44:27 UTC from |IEEE Xplore. Restrictions apply.



Key Frame 1 Key Frame 2 Key Frame 3
All frames

of a video

-

_

represent the
expression in this
period

represent the
expression in this
period

represent the
expression in this
period

Fig. 1. An example of a Key Frames.

III. THE PROPOSED APPROACH

Definition 1 Key Frame: We calculate the facial expres-
sion similarity of each frame, and select the frame with
large difference as the Key Frame. Each Key Frame can
represent the expression of the learner in a video clip. An
example of a Key Frames is shown in Fig. 1.

The framework we proposed for engagement detection
of online learners is shown in Fig. 2. Our work is mainly
divided into three parts: A. Find Key Frames, B. Classifi-
cation, C. Statistical Analysis.

In part A, we first extract the face of each frame in the
video, use LDP to obtain the facial features, and then use
the Cosine Similarity algorithm to calculate the similarity
between the facial expressions, and finally extract the frame
with large differences as the Key Frame. In Part B, we
used CNN and SVM models to identify the engagement
level of Key Frames, which are divided into engaged and
disengaged. In part C, we use the engagement of the Key
Frame as the engagement of the left and right intervals of
the Key Frame, and perform statistical analysis to obtain
the overall engagement of the video.

C. Statistical Analysis
a. The overall engagement of the video

Ll [ [ JoToTo]

C. Statistical Analysis

:

-

C. Statistical Analysis

B. Classification

Engagement recognition model

CNN
or SVM

b. Th
expression changes

 §
A. Find Key Frames - Key Frames

quency of facial

Calculate the
frequency
based on
Key Frames

Select:
Use LDP and the Cosine Similarity algorithm to extract the frame with large differences as the Key Frame

All frames
of a video

Fig. 2. The framework of the method we proposed.

A. Find Key Frames

First, we extract the face of the same person from each
frame of the video, and then generate the Local Directional
Pattern (LDP) codes for the whole face. LDP is a robust
and person independent feature extraction technique [7], it
calculates edge response values in different directions and
uses these values to encode image textures. Because the
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Fig. 3. Kirsch edge masks in all eight directions.

edge response is less sensitive to light and noise than the
intensity value, the resulting LDP features describe local
primitives in a more stable manner, including different types
of curves, corners, and intersections, and retain more infor-
mation. LDP assigns an eight-bit binary code to each pixel
of the input image. Each pixel of the image has a local 3x3
neighborhood pixel gray value, and the pixel is in the center
of the neighborhood. Use Kirsch mask [25] to calculate
the 8 directions of the pixel to get the eight-directional
edge response values{m;}, ¢ = 0,---,7. These masks
are shown in the Fig. 3. The response value is not equally
important in all directions, because the presence of corners
or edges in a specific direction shows a high response value.
Therefore, we need to find the most prominent k directions
to generate LDP. Set these k directions to 1,we empirically
set k=3 and the remaining directions to 0. Finally, LDP can
be obtained by the following formulas:

7
LDP, = b; (m; —my) x 2! (1)
=0
1, a>0,
bi(“):{ 0, a<0 @

Where m; is the most prominent k directions response.
The LDP bit positions is shown in Fig. 4.

by [ by | b
by [P | by
bs | bs | by

Fig. 4. The LDP binary bit positions.

After computing all the LDP code for each pixel, we
divide the entire image into 4 regions: left eye, right eye,
nose and mouth (see Fig. 5), and divide the 4 regions
into 9, 9, 9, 18 blocks respectively then calculate the LDP
histograms of each blocks respectively. The input block I
of size MxN is represented by an LDP histogram H, using

M N
B(i) =YY" f(LDP(r,c),i) i

1 1

r=1c=
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1, a=1,

f(“’i)_{ 0, a+i,

Where i is the LDP code value, 1 is the number of
histogram bins, we set | = 32. Connect the histogram of
all blocks in each area as the histogram of the current area,
represented by H k (k=1,2,3,4). Finally, create a histogram
of the entire image by placing all the histograms of the four
regions side by side, as shown below:

“)

H = (H'H*H’H") 3)

H is a high-dimensional data, in order to better ana-
lyze it, we use PCA for dimensionality reduction. In this
paper, we propose Cosine Similarity algorithm to calcu-
late the expression similarity between different faces. The
formula for Cosine Similarity algorithm is given below,
A= (x1,29,...,2,), B = (y1,Y2,...,yn) is the feature
vector of two faces, then cosine similarity can be defined
as,

Z?:1 (xz : yi)

A-B
SR RV DD DI

cosf =

(6)

Left eye

e

Right eye

Nose

Mouth

Fig. 5. Divide the entire face into 4 regions.

We process each frame of the face of the video to obtain
the feature vector of each frame, then take the first frame of
the video clip as the reference, and calculate the similarity
in sequence with each frame after the time of the reference
face. When the similarity result is less than -0.5, we think
that the expression of the current frame has changed a
lot compared with the reference face. Using this face as
a benchmark, continue to calculate backwards until the end
of the last frame of the video. Finally, all reference faces
are selected as the Key Frames of this video for subsequent
processing.

B. Classification

Convolutional Neural Network: We use the convolutional
neural network (CNN) model as our engagement classifica-
tion model. The model contains three convolutional layers
(Conv.), followed by one max pooling layer and two average
pooling layers with stride 2, and two fully connected (FC)
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layers, respectively. A rectified linear unit (ReLU) activation
function is applied after all Conv. and FC layers. The last
step of the CNN model includes a softmax layer, which
consists of two neurons indicating engaged and disengaged.

Support Vector Machine: We also use the histogram fea-
tures obtained in the previous part and linear support vector
machine (SVM) to train a method as another engagement
detection model. SVM is a machine learning technology
that can be used to classify facial expressions. In this article,
we use it to perform engagement detection, and also obtain
two classifications, engaged and disengaged classes.

C. Statistical Analysis

1) The overall engagement of the video: Use our
classification model to identify the selected Key Frames.
The result of recognition is used as the type of all
frames between two moments, the middle moment
between the current Key Frame and the previous
Key Frame, and the middle moment between the
current Key Frame and the next Key Frame. The
analysis process is shown in Fig. 6. We use a tuple
index = (KFy,KFs,---,KF,,) to record the position
of the selected Key Frame, where m is the number of Key
Frames, the intermediate moments between Key Frames,
starting and ending position are recorded with position =

(KFl,[WW oo [KFm kKB 1) where

J 2
KF; is the starting position and the value is equal
to 0, and n is the number of frames the video contains,
results = (R1, Ra, -+, Ry,) record the recognition results
of the Key Frames, the result value is 0 (disengaged) or
1(engaged). The engagement level of the video is calculated

by the following formula:

Zle (position ; — position 1—1) x results ;_;

B n
(N
Where L is the length of tuple position, and V is the
overall engagement level of online learning video.

Fig. 6. The analysis process of video engagement.

2) The frequency of facial expression changes: In a class,
the expressions of the students who focused on listening to
the class are very varied, indicating that the content of the
teacher’s teaching materials is very exciting.
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3) Visualization of engagement: In order to better use the
engagement recognition results in the classroom feedback
system, we display the results visually, and teachers can
judge the change trend of students’ engagement in real time
through color changes.

IV. EXPERIMENTS AND RESULTS
A. Evaluation Metrics

In this paper, we use two performance metrics including
classification accuracy and F1 measure. Classification accu-
racy specifies the number of positive (engaged) and negative
(disengaged) samples which are correctly classified and are
divided by all samples.

B TP+TN
 TF+FP+TN+FN
where TP, TN, FP, and FN are true positive, true negative,

false positive, and false negative, respectively. F1 measure
is calculated by following formula:

®)

Accurancy

pXT
p+r

F1=2x 9

Where p is precision defined as 7575 and r is recall

TP
defined as TPTFN

B. Implementation Details

In order to evaluate the engagement of online learners,
our experiment uses the Dataset for Affective States in E-
Environments (DAISEE [26]). This dataset includes 112
individuals, where 80 male and 32 female. And it con-
tains 9068 video clips in 6 different locations (such as
dormitories, crowded laboratory spaces, libraries, etc.) and
3 different lighting settings (bright, dark and neutral); each
video clip is 10 seconds long. This dataset consists of labels
for four affective states related to user engagement, viz.,
engagement, frustration, confusion, and boredom, and each
of the affective states is defined at four levels: (1) very
low (2) low (3) high and (4) very high. The advantage of
the aforementioned 4-level annotation of the emotional state
related to the intensity value is that it can be changed to any
other n-level engagement (for example, 2-levels or 3-levels
or more) when required by a given application.

In our experiment, the engaged face images with the
intensity values lower than 1 are given the label disen-
gaged; or The face images with labels bored, confused, and
frustratedand intensity values higher than 2 are given the
label disengaged; other faces are labeled as engaged. Some
sample faces of the DAISEE dataset after the new label is
assigned are shown in Fig. 7.

In the selection of Key Frames, first, we detect the face
from each frame of the video and set the size to 200%200
pixels, then divide the face into 4 blocks, obtain the LDP
feature code of each region, and create a 32-bit histogram,

(@) (b) (©) (d)

(e) ® (8 (h)

Fig. 7. Some sample faces of the DAISEE dataset: (a)-(d) Faces with
labels engaged; (e)-(h) Faces with labels disengaged.

so that 4 regions get a total of 32*(9+9+9+18) =1140 high-
level data, and the dimension of this data is 200 after using
PCA. The Cosine Similarity algorithm is used to calculate
the expression similarity. On average, 3 Key Frames are
selected for each video, then scale the face to a common
size of 48x48 pixels.

C. Results

1) The overall engagement of the video: The results of
our model on the videos is shown in table 1.In addition, we
randomly select a face as a representative from all frames
of the video, use CNN and SVM models to predict, and
then use the same statistical analysis method to get the
concentration level of each video. Repeat ten times, and
the average effect obtained is shown in Table 2.

TABLE I
RECOGNITION PERFORMANCE OF OUR PROPOSED METHOD
Classification model Accurancy F1
SVM 0.7384 0.8420
CNN 0.7848 0.8595
TABLE 11
RECOGNITION PERFORMANCE OF RANDOMLY SELECTING FACES
Classification model Accurancy F1
SVM 0.6805 0.8045
CNN 0.7301 0.8089

2) The frequency of facial expression changes: The
frequency of facial expression changes sample is shown
in Fig. 8. In Fig. 8(a), we can see that the student’s
expression changes very drastically, reaching the threshold
twice within a period of time and extracting 3 Key Frames,
while Fig. 8(c) changes relatively smoothly.

3) Visualization of engagement: We identified the en-
gagement of each frame of a video, and visually displayed
it to form a spectrogram of the engagement. We can see the
engagement spectrogram in Fig. 9. As time progresses, the
engagement of each frame is mapped to color and displayed
in the spectrogram. The closer the recognition result is to
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Fig. 8. The frequency of facial expression changes.

0, the more engaged it is, and the closer the color in the
spectrogram is to blue; the closer the recognition result is
to 1, the less engaged it is, and the closer the color in the
spectrogram is to red.

Fig. 9. The engagement spectrogram.

V. CONCLUSION

In this paper, we propose a model to identify the en-
gagement level of online learners, and solve the problem
of how to select Key Frames in the video in engagement
recognition. It can be seen from the experimental results
that the model we proposed is better than the traditional
method. In the future, we can analyze the engagement of
students in a certain course for one semester to predict the
students’ final exam results; analyze the engagement of all
students different teaching processes to judge whether the
teacher’s teaching materials and methods can capture the
attention of students. Our method can also be well applied
to offline learning environments, and accurately detect the
engagement of the face captured by the camera.
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Abstract: In recent years, more and more students are willing to choose courses on online learning platforms, such

as MOOC. However, the online learmning platform cannot capture the learning status of students, and cannot give
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