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Abstract 
Exploration of eye tracking data from a number of perspectives can enlighten the human cognition 

as well as human interaction. In this eye tracking study, we intended to bring potentiality of data insights 

through prominent and effective regression analysis techniques. At first, we set up experimentations and 

collected eye tracking data of participants. Next, we preprocessed the data for precision and optimization 

of data products in terms of resultant outcomes. Finally, the statistical techniques of regression analysis 

were engaged in the context analytically and resultant data were interpreted for comprehension of visual 

perception. 
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1. Introduction and background 
 

As the eye tracking has leaped and scaled for better understanding of visual perception and the 

dynamics of human mind, an extensive range of methodologies and treatments are exercised and 

developed for attempting numerous and unknown problems in this area of eye tracking researches. 

Further, eye tracking has become one of the sophisticated and significant research studies of this modern 

world. In recent times, commercial eye tracking products and advanced researches are being acquainted 

with the latest tools and techniques of data science and machine learning to improve the quality of data 

as well as to predict better the unknown problems with a view to cognitive comprehension [1-5]. 

In the eye tracking experimentations, human eyes shift their gazes and visual focus moves for intended 

specific purposes to retrieve information. The fixations and saccades are two basic activities within every 

eye movements. The tendency for information seeking and gaining visual attention and visual perception 

are the processes that are continuously dominating along with other cognitive and metacognitive 

processes, like flow of analogical thoughts, associative relevancy and cognitive stimulus, decision- 

making processes, etc. The movements of eyes are recorded by eye tracking systems. Such recorded 

tracking of eye movements gives crucial insights about the undergoing and underlying processes that get 

involved during scene viewing [6-23]. 

Moreover, these underlying processes generate crucial interrelations that create resultant patterns of 

eye fixations. Therefore, it is essential to estimate and measure the existing relationships and parametric 

dependency and variability within these generated and collected data of eye tracking. Further, it is the 

measurement of eye activities in terms of human cognition, especially visual perception that can be 

applied to visualization, eye tracking analysis as well as iris detection. [6-23]. 

Multiple regression analysis is the study of establishing relationships among variables and the 

multiple regression techniques are employed in data for better insights of relevant outcomes. In other 

word, multiple regression analysis can be considered as a method of measuring the relations among two 

or more facts. Multiple regression analysis includes many techniques for modeling and analyzing 

numerous variables. These regression techniques are the best fit for the scenarios when the emphasis is 

on the relationships among a dependent variable and one or more independent variables. These 

independent variables are also called as predictors or explanatory variables. The dependent variables are 

also known as criterion variables [24-37]. 

Specifically, multiple regression analysis facilitates to identify how the distinctive value of the 

dependent variable varies when a set of independent variables are modified. Here, we are interested in 

investigating more than one independent variable of our dependent variable. The motive behind these 

arrangements is to find out whether the presence of added independent variables directs towards 

augmented expectation of the resultant variable. The techniques and analysis of regression have become 

de facto in providing solutions to the complex problems of numerous sciences and interdisciplinary 

sciences [24-37]. 
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2. Present study plan 
 

By the current research study, we investigate the eye tracking data collected from participants’ eye 

tracking. The data is analyzed quantitatively using the multiple regression analysis techniques. The 

multiple regression analysis approaches that are engaged on the eye tracking data can illustrate and 

elucidate the characteristics and relationships among various variables of eye tracking data and their 

interdependencies. 

With the tools of multiple regression analysis, we detect and estimate the best-fit model of multiple 

regression among various variables of eye tracking data. These measurements are essential part of this 

research work. By analyzing the data, we can explore the data insights that are significant for establishing 

the inherent mechanism of cognitive processes and the dynamics of visual perception. Therefore, the 

modeling of multiple regression predicts the dependencies of processes associated with visual attention 

and visual perception. 

The multiple regression analysis produces a number of data insights statistically that are interpreted 

and elaborated in accordance with the underlying mechanism and processes of visual attention and visual 

perception. The analyzed outcomes and existing relationships among the variables in terms of numeric 

quantities and statistical indicators are resilient facts that reflect the undergoing phenomena of human 

cognition and visual perceptions. By mentioning these values and interpreting their meanings through 

data interpretations, we can establish a consolidated pitch for our research findings. 

In other words, we examine how multiple independent variables or predictors can be used to model a 

dependent variable or response variable. This approach is a generalized and extended method of simple 

linear regression model that are used to study of statistically significant relationship between two 

variables. Here, in our study, we have a set of complex variables of eye tracking data. Hence, we use this 

multiple regression analysis and modeling techniques which are the most suitable and exact approach to 

handle the current research problem. 

In the most simplified form and linear representation, we can write the multiple regression model as 

below. 

 

Y = β0 + β1 X1 + β2 X2 + ............. + βp Xp + ε 
 

where, the dependent variable or response variable is denoted as Y, the number of independent 
variables is represented as p, the independent variables are indicated as (X1, X2, … , Xp), coefficients 

(parameters) are denoted as (β1, β2, … , βp), the error term is depicted as ε which is N(0, σ2), and σ is known 

as the standard deviation of the population. 

 

The schematic diagram of eye tracking system and present research study plan as process that 

involved during eye tracking experimentation are represented in Figure 1. 

 
 

Figure 1. Present research study process. 
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3. Experimental setup and procedure 
 

At first, we selected an artistic scenery, Green Hills, for our experimentation. The reason to choose 

this artistic scenery was having numerous cognitively built in human emotions and feelings that were 

our utmost agenda to trace or record these cognitively generated human activities during eye tracking of 

the Subjects, i.e. participants. 

The experimental setup consisted of eye tracking system that was used for recording of eye tracking. 

In eye tracking system, the system illuminated infrared light for tracking the eye tracking. The camera, 

connected to the system, captured the location of viewer’s eyes in terms of tracking during 

experimentation time. As the viewer moved his/her eyes to look a new location of the scene, the camera 

recorded new tracking also. This process of recording continued subsequently. The system-generated 

eye tracking trails and heat maps using the captured data that was utilized for further analysis. 

The schematic diagram of eye tracking system and basic processes involved during eye tracking 

experimentation was represented in Figure 2. 
 

Figure 2. Operational processes of eye tracking system with Green Hill scenery. 

 

In our experiments, we studied track of eye tracking as the sequenced gazing of viewer’s eye tracking, 

which was generated by the system, during scene viewing. These were the dynamic shifts of eye gaze in 

scene viewing. By these eye fixations, tracking pattern was generated by eye tracking system that records 

the human eye tracking. 

 
4. Method and data collection 

 

We selected 40 participants from a number of fields randomly, aging from 19 years to 45 years. 

Further, we assigned these participants (Subjects) to view selected famous artistic scenery (Object). 

Their eye tracking were closely monitored as they viewed 32 bits full-color artistic scenes. The 

Objects, the scenes were displayed on a computer monitor. We have shown the scenery at a resolution 

of 1280 × 1024 pixels and subtended 15 degree horizontally by 10 degree vertically at a viewing distance 

of 75 centimeter. Eye position was sampled from an Eye Tech Digital Systems TM3 16 mm Eye Tracker, 

and tracking data was parsed into sequenced gazing with circles of concentration. 

The Subjects’ heads were held steady in advance prior to experimentation. Prior to the first trial, 

Subjects completed a procedure to calibrate the output of the eye tracker against spatial positions on the 

display screen. This procedure was repeated regularly throughout the experiment to maintain high level 

of accuracy. Subjects were initiated to view the scenes freely. 

The scenery was presented to the Subjects in very comfortable mode. During the time span, the 

Subjects viewed the scenes with their normal eyes and focused attention on the Object, i.e. the scenery. 

After the phase of data collection, we started the process of data preparation that involved tediously 

longest phase of this study. This process of data preparation consisted of data extraction, data cleansing, 

and data merging. At first, the data was extracted and transferred from the various sources of the eye 

tracking system. Next, a mapped transformation of data was loaded by the data analysis system. In our 

case, we utilized the data analysis system equipped with R environment. In the next step, the eye tracking 
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data were cleaned for all kinds of ambiguity, defect, and inconsistency by using a set of approaches to 

refine and tidy the eye tracking data. Finally, the data were combined and merged as a complete set of 

all samples to go ahead for data analysis phase. 

 

5. Data analysis and data interpretation 
 

During this phase of analysis, we analyzed statistically the eye tracking data for estimation and 

evaluation of existing variables of the data population in terms of numerous data samples. 

Although we conducted and carried out a number of statistical analysis for this eye tracking data, yet 

we presented those results that seemed to be appealing for conclusive remarks and did viable evidences 

within our statistical population. 

We computed and analyzed all of our data generated by eye tracking system using R environment. 

We started with the computation of the statistical summary of the collected eye tracking data that 

turned out to be as shown in Table 1. 

The variables of eye tracking data intended such as, 

1. the tracking time in millisecond(Time[msec]), 

2. ticking time during eye tracking (Time[Ticks]), 

3. gaze X and Y coordinates (GazeX, GazeY), 

4. the diameter of eye tracking focused circle(Diameter), 

5. the left and right calibrations of the eye tracking device in terms of left and right eyes 

6. (LCalib, RCalib) 

7. the left and right cross sectional positions in terms of left and right eyes (LFound, RFound) 

8. the left eye’s X coordinate, Y coordinate, and diameter of focused circle (LX, LY, LD) 

9. the right eye’s X coordinate, Y coordinate, and diameter of focused circle (RX, RY, RD) 

10. the positional accuracy of eye gaze in terms of logical; FALSE or TRUE (Lost), can 

be considered as categorical variable 

 

Table 1. The statistical summary of the collected eye tracking data 

In this statistical summary of the collected eye tracking data, the data population for this eye tracking 

data indicated normal tendency and all the variables of eye tracking data had no abnormality. Further, 

the variable, Time [Ticks], had exponential factor in its measurements. Moreover, all the variables of 

eye tracking data had numeric data quantities except for the variable, Lost, that had nonnumeric data 

quantities, Boolean or logical data. 

Next, we started the process of multiple regression analysis by analyzing the data for all variables 

sequentially. Each analysis involved with two and more variables during the process of modeling 

multiple regression. 

The significant outcomes that were of prime interest to us had shown as below sequentially. 
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Table 2. Multiple regression analysis for dependent variable, Time [msec] 
 

 

 

 

 

 

As we observed from Table 2, the multiple regression model based on dependent variable, Time 

[msec] significantly depended on Time [Ticks], Diameter, LX, LY, LD, and RY. The probabilities of 

these independent variables (in the fifth column of the table) came out to be much lower than 0.05 (i.e. 

the 95% confidence level or more). Further, the estimated values of coefficients, (β1, β2, …, βp) for 

independent variables, Time [Ticks], Diameter, LX, LY, LD, and RY were computed in second column 

of the table. The values of R-squared and adjusted R-squared were found to be of good-sized. 

Additionally, residual standard error and F values were also suggestively high numbers. 

 

Table 3. Multiple regression analysis for dependent variable, Time [Ticks] 
 

 

 

 

 

 

The multiple regression analysis over dependent variable, Time [Ticks] (in Table 3) showed important 

outcome, as the dependent variables, Time [msec], GazeX, GazeY, Diameter, LX, LY, LD, RX, and RY 

got significantly very low probabilities. This meant the dependency depicted by this multiple regression 

model had very high level of confidence. However, the residual standard error had increased drastically. 

A Study of Eye Tracking Data based on Multiple Regression Analysis 
Gufran Ahmad

Journal of Next Generation Information Technology(JNIT) 
Volume9, Number1, Mar. 2018

5



Table 4. Multiple regression analysis for dependent variable, Diameter 
 

 

 

 

 

The multiple regression analysis for the dependent variable, Diameter (Table 4) turned out to be 

significant only for two independent variables, LD, and RD. Rest of the variables had much higher 

probabilities than the standard 0.05 (95% confidence level). Additionally, F value was found to be high 

enough but residual standard error had very low quantity. 

 

Table 5. Multiple regression analysis for dependent variable, GazeX 
 

 

 

 

 

 

The multiple regression model for dependent variable, GazeX (Table 5) showed significantly lower 

probabilities for independent variables, Time [Ticks], GazeY, Diameter, LX, LY, LD, RX, and RY. The 

F value was found to be much large. 
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Table 6. Multiple regression analysis for dependent variable, GazeY 
 

 

 

 

The multiple regression analysis for dependent variable, GazeY (Table 6) indicated that the 

probabilities of dependent variables, Time [Ticks], GazeX, Diameter, LX, LY, LD, RX, and RY were 

very low, i.e. the levels of confidence were found to be very high. The residual standard error had 

relatively higher value and F value was higher than typical value as well. 

 
 

Table 7. Multiple regression analysis for dependent variable, LX 

 

 

 

 

The model of multiple regression for dependent variable, LX (Table 7) indicated significantly lower 

probabilities for the independent variables, Time [msec], Time [Ticks], GazeX, GazeY, Diameter, LY, 

LD, RX, and RY, i.e. the levels of confidence for these variables within this model reached much higher. 

The F value was relatively higher than typical value. 
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Table 8. Multiple regression analysis for dependent variable, LY 

 

 

 

 

The multiple regression analysis for dependent variable, LY (Table 8) suggested significantly lower 

probabilities of independent variables, Time [msec], Time [Ticks], GazeX, GazeY, Diameter, LX, LD, 

RX, and RY. Hence, the levels of confidence for these variables were very high. 

 

Table 9. Multiple regression analysis for dependent variable, LD 

 

 

 

 

The multiple regression analysis for dependent variable, LD (Table 9) hinted significantly lower 

probabilities of independent variables, Diameter, and RD. Hence, the levels of confidence for these 

variables were very high. Further, the residual standard error was found to be very low but F value was 

very high. 
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Table 10. Multiple regression analysis for dependent variable, RX 
 

 

 

 

The multiple regression analysis for dependent variable, RX (Table 10) implied significantly lower 

probabilities of independent variables, Time [Ticks], GazeX, GazeY, Diameter, LX, LY, and RY. Hence, 

the levels of confidence for these variables were very high. Further, the F value was very high. 

 

Table 11. Multiple regression analysis for dependent variable, RY 

 

 

 

 

The multiple regression analysis for dependent variable, RY (Table 11) hinted significantly lower 

probabilities of independent variables, Time [msec], Time [Ticks], GazeX, GazeY, Diameter, LX, LY, 

LD, and RX. Hence, the levels of confidence for these variables were very high. Further, the F value was 

very high. 
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Table 12. Multiple regression analysis for dependent variable, RD 
 

 

 

 

 

The multiple regression analysis for dependent variable, RD (Table 12) hinted significantly lower 

probabilities of independent variables, Diameter, and LD. Hence, the levels of confidence for these 

variables were very high. Further, the residual standard error was found to be very low but F value was 

very high. 

 

6. Conclusion 

By analyzing the eye tracking data for multiple regression modeling, we concluded that there existed 

significantly a number of suitable and effective models. 

At first, the multiple regression model for Diameter variable as dependent on LD and RD variables 

was considered the best-fit model of multiple regression. The model ensured a very low residual standard 

error as well. This model elaborated the visual perception during the eye movements, as the focus of 

resultant fixations depended heavily on both the focus of left eye and the focus of right eye during scene 

viewing. 

Next, the multiple regression models that represented the coordinates, GazeX, GazeY, LX, LY, RX, 

and RY, were aligned and perceived the cognitive interpretations. As the coordinates of eye fixations 

that were represented by variables within eye tracking data, had relative dependencies among these left 

and right eyes along with resultant gaze, hence, the same existed and verified as a valid multiple 

regression models among these variables. 
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