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Machine Learning and Eye-tracking Framework to
Detect Engagement in Online Learning

Yogalakshmi Chandrasekar
x20221665@student.ncirl.ie

1 Introduction

The report is aimed to outline the steps involved in the implementation of the research
thesis ’Machine Learning and Eye-tracking Framework to Identify Engagement in Online
Learning’. The configuration manual covers every step that is carried out in the entire
project life cycle of this engagement detection research. This research study is targeted
to identify participants engagement in a digital learning ecology. It is a framework that
combines the machine learning algorithms and the data extracted from the SMI eye
tracking device and retrieved from a BeGaze software in a machine readable form. There
are totally three experiments conducted with 3 different sets of features and having the
same dependent variable named ’Median split’. The data extracted from the Begaze
software, Scores from the MCQ were used to classify the participants into two groups,
and the data from the personality questionnaire. The report is structured into following
sections, detailed below:

• Section 2 describes the specification computational resources. This section briefs
about the tools used, the software and the hardware specifications of the machine
employed.

• Section 3 describes the equipment used for conducting the primary experiment for
the research.

• Section 4 details the data acquisition procedure and steps.

• Section 5 discusses the data pre-process that is done for the research with the data
collected to make it ready to apply the machine learning models on the data-sets
and the code snippets.

• Section 6 details the specifics of the three experiments that is done to identify the
engagement and the code snippets.

• Section 7 provides the list of machine learning algorithm that is employed and the
code snippets.

• The report concludes with section 7 with the overall summary of the document.
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2 Computational Resource Information

The device configuration of the machine used in this research are below:

Figure 1: Device specifications

Figure 2: Windows Specifications

To implement the machine learning models Jupyter notebook is used as an integ-
rated development environment (IDE) and Python coding language is used. The version
information are below:

Figure 3: Integrated Development Environment

Figure 4: Language and Libraries

3 Experimental Equipment

The experiment for this research is conducted on 26 participants 20 male participants and
6 female participants. Age of the participants ranged between 19 and 52. The participants
involved in the experiment is asked to fill out a personality questionnaire in an online
google form. They are posted with questions about their gender, age, behavioural pattern,
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current mood with the help of Stanford Sleepiness Scale (SSS), and Karolinska Sleepiness
Scale (KSS). After filling out the pre-experiment questionnaire they are asked to wear an
eye tracking device to listen to an online video lecture on android development. Finally,
they are asked to answer a few questions based on the tutorial to measure the score and
the highest point is set to 15.

Figure 5: SMI eye tracker

A machine which is exclusive for functioning the BeGaze software is used specifically
to store the raw data generated from the eye tracking experiment. The data for each
video is stored inside a folder which contains audio, video, gaze collected, calibration and
annotations details. The folder is saved under the participants name provided in the
software at the beginning.

To extract the data in a machine readable format the entire folder must be opened
via BeGaze software from the menus option.

Figure 6: BeGaze Software

Below figure shows the glimpse of how the metric export environment in BeGaze
software looks like. Once the video is processed Gaze point option must be clicked and
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metrics must be exported from the metrics option in the tool. Event statistics and trail
summary are extracted and stored. The trial summary statistics is used in this research
project.

Figure 7: Metrics Export Environment

4 Data Acquisition

Below table provides the list of metrics that is generated by the BeGaze software with
the help of the data captured by the SMI eye tracker.
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Figure 8: Features (Metrics) from BeGaze software

5 Data Pre-process

This section of the report would detail every step involved in handling the data gathered
through the eye tracking experiment.

5.1 Preparation

Most of the steps of data cleaning and preparation are done programmatically. The trial
summary collected for each participants are stored in a ’txt’ format. Ideally, the summary
generated are a record for each participants but in some experiments it generated more
than a record and they are included in the experiment. So final data set contains 45
records.
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Participants’ were classified in to two group according to median split results. Records
that has score equal to or above the median is considered enagaged and given the value
’1’ and remaining trials are classified under disengaged and to represent it the value given
is ’0’. Each record is given a unique serial number in order to make the concatenation
across the dataframe possible.

Figure 9: Loading the raw data to Pandas Dataframe

5.2 Transformation

Each record has participants’ name under 2 columns ’stimulus’ and ’participant’ they
were dropped.

Figure 10: Removing personal information of the participants

A variable named ’perclose’ is calculated to measure the number blinks within the
total time.
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Figure 11: Calculating Perclos

The personality questionnaire is pulled using python code and the values in the gender
column are transformed in to ’0’ if the value is ’Woman’ and ’1’ for ’Man.

Figure 12: Personality Questionnaire Dataset Transformation

Finally, all the records are joined as a single dataset and exported to CSV.
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Figure 13: Final Dataset for Experiment 3

5.3 Storage

The raw data of eye tracker is retrieved and stored in organization’s one drive cloud
solution which could be helpful for future researchers. The masked and fully transformed
data-sets are stored in a github repository and it made available publicly after removing
the sensitive information and as well as the Jupyter notebook is uploaded in the same
location if future researchers want to replicate it.

5.4 Data Exploration and Visualisation

The variables are checked for their correlation and whichever feature had high correlation
were removed from the model application.
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Figure 14: Pearson Correlation
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6 Experiments

This section explains the three different experiments carried out in this research project
and the rationale of each. In all the three experiment the target variable is ’Median split’.

6.1 Experiment 1

This experiment has included all the metrics extracted from the BeGaze software that
showed no to less correlation between each other.

Figure 15: Features included in the first experiment and test-train split

6.2 Experiment 2

This experiment has included all the metrics extracted from the BeGaze software that
showed no to less correlation between each other and the calculated ’perclose’ from the
metrics blink count and total time interval .
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Figure 16: Features included in the second experiment and test-train split

6.3 Experiment 3

This experiment has included all the metrics extracted from the BeGaze software that
showed no to less correlation between each other and the data collected from the person-
ality questionnaire.
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Figure 17: Features included in the Third experiment and test-train split

7 Model Implementation

7.1 Support Vector Machine

SVM algorithm is applied across all the experiment and below is the code snippet for the
model application and the model evaluation validation through confusion matrix.
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Figure 18: Implementation of Support Vector Machine

7.2 Logistic Regression

Logistic regression algorithm is applied across all the experiment and below is the code
snippet for the model application and the model evaluation validation through confusion
matrix.

Figure 19: Implementation of Logistic Regression
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7.3 K-Nearest Neighbour

KNN algorithm is applied across all the experiment and below is the code snippet for the
model application and the model evaluation validation through confusion matrix.

Figure 20: Implementation of KNN

7.4 Decision Tree

Decision Tree algorithm is applied across all the experiment and below is the code snippet
for the model application and the model evaluation validation through confusion matrix.

Figure 21: Implementation of Decision Tree

14



7.5 Adaboost

Adaboost algorithm is applied across all the experiment and below is the code snippet
for the model application and the model evaluation validation through confusion matrix.

Figure 22: Implementation of Adaboost

8 Conclusion

To summarise, this report illustrates step by step procedure of this research project. The
sections are divided chronologically and each step is explained in full length. The entire
code and the data-sets are available on the github repository
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