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Abstract— The concept of an open source software developed 
for all round performance evaluation of gaze tracking systems is 
presented. The capabilities of this software towards quantitative, 
statistical and visual analysis of gaze data are discussed. Potential 
utilities of this software are towards understanding a gaze 
tracker’s behavior, gaze data quality, and improving usability of 
gaze based applications that are currently very popular in 
augmented/virtual reality, gaming and multimedia domains. 
Keywords: Performance evaluation, eye gaze tracking, user 
interface, accuracy metrics, visualizations, open source 

I. INTRODUCTION 
Gaze tracking has become a frontier concept in fields like 

human computer interactions, psychology, marketing, user 
interface design, driver attention monitoring, augmented and 
virtual reality and gaming [1][2]. However, a persistent issue 
faced by gaze trackers is that there are no standardized 
methods or tools to quantitatively evaluate their performance 
or estimate the impact of variable operating conditions on their 
accuracy. As a result, the reliability of gaze tracking in 
different applications frequently becomes questionable [3]. 

In this paper, the concept and features of a new software 
tool developed for comprehensive evaluation of gaze tracking 
systems are presented. The software, named GazeVisual 
incorporates two methods for performance evaluation, one 
through numerical calculations of accuracy measures and data 
statistics[4]. The other is via visual representation of data 
variables, error magnitudes and distributions. Integrated 
through a simple user interface, this data analysis and 
visualization software packs powerful means for in-depth 
understanding of gaze data quality and studying the impacts of 
system and user variables on gaze tracking performance. 
Further, the software uses only raw gaze and ground truth data 
and therefore can be used for any generic gaze based system 
or application.  The components, operational and interactive 
features and potential benefits of the software are presented in 
various sub-sections of this paper.  

II. MULTIDISCIPLINARY APPLICATIONS & EVALUATION OF 

GAZE TRACKING SYSTEMS  

A. Gaze tracking in AR/VR, gaming & multimedia research 
Eye gaze tracking is employed in Virtual reality (VR) research 
to bring about immersive user experiences along with fast and 
natural user interactions. [5] reports the use of eye movements 
like saccades and smooth pursuit as interaction methods in a 
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VR environment.  Photorealistic  rendering  of characters by 
combining dynamic facial appearances and gaze directions in 
a gaze aware VR environment is described in [6] while  [7] 
presents an immersive 3D VR interface with gaze enabled 
interactions such as menu selection and eye directed typing of 
mails using a virtual keyboard. 

In Augmented Reality (AR) applications, transparent head 
mounted displays (HMD) equipped with eye tracking are used 
to combine gaze information with data from a scene camera to 
estimate where a user is looking in the real world. A common 
gaze application in AR is reading and document retrieval as 
presented in [8], wherein eye tracking is used to identify the 
part of a document the user is reading and display relevant 
information on the HMD. In [9], gaze, dwell time and blink 
data are used for hands-free object selection with an AR 
device. Eye tracking coupled with smartwatch for a wearable 
context aware messaging service is described in [10] and an 
AR display with interactions like zooming, capturing 
snapshots using gaze, squint and blinks is described in [11]. 

Eye gaze information probably has its biggest impact on 
gaming design as it has revolutionized the ways a gamer 
interacts with the gaming controls and environment [12][13]. 
Till now, joysticks used to be the only means of 
communication, whose maneuvers are limited by a gamer’s 
finger movements. However, with eyes providing a wealth of 
additional information about a gamer’s cognitive processes, 
strategy making and immersion experiences, complex gaze 
based functionalities have taken over game developments 
[14]. These range from using glances to aim and fire at 
opponents, incorporating wide view panoramas and natural 
exploration of the environment, eye gesture based inventory 
organization or having social interactions with  other players 
to name a few[15][16]. Gaze based interactions and gaze 
aware environments are key technologies in modern game 
design research, claiming to make gaming experiences richer, 
immersive and effortless. 

B. Performance evaluation of gaze tracking systems 
The quality of gaze data and accuracy of a gaze tracker are 
key factors determining the usability and prospects of gaze 
based applications, which are frequently affected by a variety 
of factors like head movements, user distance and display 
properties. Currently, there is a lack of comprehensive 
methods for evaluating gaze tracking systems as well as no 
standardized tracking performance metrics [3]. A lot of un-
correlated measures and strategies are used in individual 
research works, since there are no generic tools for in-depth 
evaluation of gaze tracking performance. This makes 
characterization or inter-comparison of the wide range of 
existing gaze tracking algorithms nearly impossible. For 
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achieving reliable gaze tracking, standardized methods for 
accuracy estimation and visualization of a tracker’s behavior 
under several test conditions are therefore imperative.  

III. GAZE VISUAL- A GRAPHICAL EVALUATION SOFTWARE 

FOR GAZE BASED SYSTEMS & APPLICATIONS 
 

A. Concept and description 
Considering the above discussed requirements for all round 
performance evaluation of gaze tracking systems, this work 
presents a graphical tool named GazeVisual (Version 1.1) 
which is developed for estimating multiple accuracy and 
statistical parameters from gaze data and displaying various 
plots that reflect gaze data quality and error characteristics. 
The simple graphical user interface of this software lets a user 
upload their gaze data and ground truth files to the software 
and obtain all the analysis results and visualizations on data 
characteristics with a few button clicks, without going into 
details of source code.  Further, the generated results and plots 
can be saved and users can save notes on their data 
observations in text files via a user input console. Finally, all 
the methods and the graphical interface presented here are 
completely open source and will be available in an open 
repository for gaze researchers and generic users to utilize and 
modify according to their own requirements. More features of 
this software are described in the subsections below.  
 
B. Scheme of the GazeVisual software 
The main function of the GazeVisual software is to take in raw 
gaze and ground truth data and produce various statistical 
measures and visualizations for evaluating an eye tracker. In 
order to inspect the characteristics of an eye tracking device, 
one has to first acquire a sample of its data. This can be done 
by using the eye tracker to track the gaze of a number of 
participants on a computer screen while they look at specific 
targets on-screen whose locations are known. The tracked 
gaze data forms the input data and the on-screen target 
locations form the ground truth data, which can be uploaded to 
the GazeVisual software for processing and interpretation. 
The dataflow scheme of the GazeVisual software and gaze 
data evaluation process is shown below in Fig.1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Scheme of the GazeVisual software 

 
Fig.2. Home page of the GazeVisual software providing a brief 
description of its purpose and capabilities 

 
C. Requirements and dependencies 
The GazeVisual software is written in Python programming 
language and requires various Python libraries like Numpy, 
Matplotlib, Tkinter and for numerical and visualization 
methods, uses Statsmodels and Seaborn libraries. It can run on 
any operating system having Python 2.7 with these libraries 
installed. The input data for all the implemented functions 
comprises of just two files: one having gaze data (x, y 
coordinates) stored in a CSV file format along with timestamp 
as shown in Fig.3 below. The other input file comprises of the 
ground truth data file which has the locations (x, y 
coordinates) of the on-screen targets where the user is asked to 
gaze at during a testing session. The simple input format and 
requirements makes this software easily adaptable for use with 
gaze data captured by any eye tracking device. 
 

 
Fig.3. Sample input gaze data format in a CSV file for the software 

 
D. Organization and layout of software components 
The GazeVisual software in its current version is organized 
into four pages to make it easy for users to find necessary 
functions. The “Home Page” (Fig.2) describes the purpose and 
capabilities of the software. The main functions of the 
software are put into the “Data Analysis” page which has the 
methods for numerical and statistical data analysis, and the 
“Visualizations” page which has the functions for creating 
visual representations. A “Help page” provides details on data 
formatting and software outputs. Each page works 
independently and can be navigated or refreshed individually.  
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IV. GAZE VISUAL- DESCRIPTION OF SOFTWARE COMPONENTS 

The functionalities and operational features implemented in 
the different “pages” or windows in the current version of the 
GazeVisual software are described below. 
 

A. Data Analysis page 
In this window, users will find a brief description of the 
purpose and functionalities of the different buttons (mentioned 
at the top left as well as by the side of buttons), which may be 
used for  uploading gaze and ground truth data in CSV files 
and obtaining various statistical results and plots related to 
gaze tracking accuracy and data quality. A view of this 
window is shown in Fig.4 and operations of individual buttons 
and GUI elements of this page are described below. 
a. Load gaze data: Clicking the “Upload csv file” button 
beside this label allows users to browse the folders of their 
computer for locating and selecting the gaze data input CSV 
file to open and upload its column values to the software. 
b. Load ground truth data: In the same way as above, the 
button beside this label allows users to locate and open the 
ground truth data CSV file containing the actual on-screen 
gaze target locations, and upload its values to the software. 
c. Set screen size, mm/pix inputs: The first input area takes in 
the size (in inches) of the computer display screen where the 
gaze of users was tracked during data collection. The mm/pix 
value of the used computer display can be estimated by 
converting the screen size into millimeters and dividing by the 
number of pixels given by the screen resolution. Default 
values of 22 and 0.28 are set for these input areas which 
corresponds to the display screen (22 inch diagonal size, 1680 
x1050 resolution) used by us during our testing sessions. 
d. Analysis results/plots: There are two buttons under this 
functionality. One is the “Statistics” button and the other says 
“Yaw/Pitch”, which may be used after the uploading the gaze  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Data Analysis window of the GazeVisual software  

input and ground truth data CSV files into the software as 
described previously. On pressing the “Statistics” button, users 
will be shown a scatterplot of the gaze data versus the ground 
truth in the plot area to demonstrate gaze data patterns and 
outliers. Also, the angular accuracy of estimated gaze 
locations with respect to the ground truth (in degrees of 
angular resolution), along with data statistical measures like 
mean, standard deviation, 95% confidence interval of gaze 
error values (calculated with respect to ground truth) will be 
displayed in the user console area. On pressing the 
“Yaw/Pitch” button, the rotational eye variables comprising of 
gaze yaw and pitch angles will be plotted using the gaze input 
and ground truth data and their respective accuracy measures 
and statistics will be displayed in the output console area. 
e. Upload multiple files: The GazeVisual software allows 
uploading of multiple gaze input data files for plotting and 
computation of statistical metrics on them for quantitative 
comparison. Assuming that the same ground truth is used for 
collecting the datasets, the buttons “Data1” and “Data2” allow 
uploading of two different eye gaze datasets to the software 
and plotting their respective scatterplots in the plot area. 
f. Compare results, plots: Using the two buttons “Compare” 
and “Plot” under this functionality, the statistics of the two 
uploaded gaze datasets may be compared and plotted. Clicking 
the “Compare” button produces a statistics comparison table 
for the two datasets and the “Plot” button plots gaze angles 
and errors using the respective gaze datasets in the plot area. 
 

B. Visualizations page 
Navigating to this page, users can upload the gaze and ground 
truth data files and implement various visual analysis 
techniques to study gaze data quality and observe the gaze 
error patterns. A view of this window is shown in Fig.5 and 
details of the functionalities are presented below.   
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Fig.5. Visualizations window of the GazeVisual software 
 
a. Load gaze data/Load ground truth: The functionalities of 
these two buttons are exactly the same as the ones in the “Data 
Analysis” page and as described above. 
b. Error histogram: With the “Plot” button beside this field, 
gaze error histograms can be plotted using the bin size entered 
in the adjacent text box, to study error distributions (here error 
refers to the mean angular difference between gaze and ground 
truth data) which is a useful way of visualizing error patterns. 
c. Error density/ Mean-SD/3D plot: These buttons provide 
different ways of extracting and visualizing gaze error patterns 
from the uploaded gaze input data. Color-mapped data density 
plots can be obtained using the “Data density” button, which 
shows the number of gaze data points on each part of the 
display area corresponding to each ground truth location 
during testing. The “Mean-SD” button creates a plot that 
displays the mean and standard deviation values of gaze errors 
estimated from the input data at each ground truth location. 
This helps to show which target locations during gaze tracking 
suffer from higher errors or data variability. The 3D plot 
button shows the gaze error distribution as a 3D visualization 
over the entire display screen area where data was captured.  
d. Upload multiple files/Plot datasets jointly: Just as in the 
“Data Analysis” page, two different datasets can be loaded to 
the visualizations page (for example data from two different 
eye tracking experiments) to study data relationships. Using 
the uploaded data, histograms and regression plots of the two 
datasets can then be created and jointly plotted in the display 
area by using the “Histogram” and “Regression” buttons of the 
“Plot datasets jointly” field of the page. 
e. Extra features: A number of interactive plot features are 
incorporated in the current version of the GazeVisual 
software. These include options of setting plot markers, 
changing histogram bin sizes, adding texts and setting plot 
color maps. The plot area may cleared by pressing the refresh 
button on the page (bottom right corner). 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

C. Help page  

 
Fig.6. Help page of the GazeVisual software providing information 
on data formats and other operational details 
 

The “Help” page provides useful information that would assist 
a user to run the software properly, name and format the input 
data files, use the plot and console areas and repository 
information for the source codes and documentation. It also 
mentions the dependencies required for using the software. 
 

D. Software outputs and storage of results 
The plot areas in the “Data Analysis” and “Visualizations” 
windows of the software allow multiple maneuvers by users. 
These include possibility of viewing the (x, y) coordinates of 
points on plots or subplots by hovering the cursor over the 
plot. Plot areas may be panned and zoomed into, by using the 
“Pan Axes” and “Zoom to Rectangle” buttons respectively. 
The original view can then be restored using the “Reset 
Original view” button. All plots can be saved in PNG file 
formats using the “Save the Figure” button as shown in Fig.7. 
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Fig.7. Buttons for the plot area of the GazeVisual software.  Buttons 
1,4,5,7 are for resetting original view, panning axes, zooming into the 
plot and saving the plot respectively. Buttons 2, 3 are for moving 
between plot views and button 6 is for formatting subplots. 

V. DEMONSTRATION, UTILITIES AND COMPARISON 
 
A. Demonstration of software functions 
To illustrate the functionalities of the GazeVisual software, it 
is tested with real data from an eye tracker collected from 
several participants. The software outputs from the “Data 
Analysis” and “Visualizations” pages of the software 
corresponding to different operations are shown below. 

 

Fig.8. Plot and values of accuracy measures estimated from a gaze 
data file by the GazeVisual software 
 

The snapshot in Fig.8 above shows the outcome from using 
the “Statistics” button on the “Data Analysis” page of the 
software, after uploading a gaze data file containing eye gaze 
coordinates and timestamps in the format shown in Fig.3 and a 
ground truth data file. The plot area of the software shows two 
subplots, the left one containing a plot of user gaze angles 
(green) plotted vs ground truth target angles (blue), the former 
estimated from the uploaded gaze data file and the later from 
ground truth data. The subplot on the right shows the scatter 
plot of the tracked eye gaze (x, y) coordinates (black) obtained 

from the uploaded gaze data along with the ground truth target 
location data shown by the blue line. The console area shows 
the various accuracy measures computed from the uploaded 
gaze and ground truth data files. These include the maximum 
gaze angle, maximum and average gaze error in degrees, gaze 
error standard deviation and error 95% confidence interval. 
All these results printed in the console area can be saved in a 
text file by pressing the “Save results” button. 

Another demonstration example is shown in Fig.9, which 
displays the output of the GazeVisual software when two eye 
gaze datasets are uploaded to the software for visually 
comparing their data characteristics. The snapshot is from the 
“Visualizations” page of the software. Two gaze datasets from 
two users are uploaded to the software using the “Data1” and 
“Data 2” buttons of this page and ground truth data is 
uploaded using the button next to “Load ground truth” label. 
After this, the “Histograms” button next to the “Plot datasets 
jointly” label is pressed to produce the histograms of the two 
datasets. The plot legend shows which histogram belongs to 
which of the uploaded datasets. Bin size for both histograms is 
taken from the values entered in the text input area beside the 
“Error histogram” label.  

 

Fig.9. Visualizations page of the GazeVisual software showing 
histograms of gaze errors from two gaze datasets plotted together. 
 

B. Utilities of the software and validation of outputs 
This graphical tool is intended to help users in gaining a fast, 
in-depth understanding of the data from their eye tracking 
devices, without going into details of programming or manual 
scanning of data. The utilities of this software include: 1) first 
of its kind tool that implements detailed numerical and 
statistical methods to study and visualize gaze tracking 
performance  2)  requires input of only gaze tracking data and 
corresponding ground truth locations, and therefore can be 
used independent of eye tracking system or platform 3) has 
wide range of analytical tools with a simple interface that can 
help any generic user to quickly estimate their tracker’s 
performance 4) several optional features included and 
possibility to compare multiple datasets 5) open source 
software and therefore customizable by individuals who may 
be interested to go through and modify the source codes. 
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The software has so far been tested on raw data from two 
remote commercial eye trackers and the results from the 
software have been found to match the accuracy specifications 
claimed by the respective manufactures. The software results 
are also consistent when used on eye tracking data collected 
from more than 10 users. Users may validate the output 
accuracy measures and other metrics estimated by the 
software by looking through the source code. A full 
documentation of the functions used in the software for 
implementing the metrics and visualizations and guidelines on 
input formats for gaze and ground truth data will be provided.  
Due to the open source capabilities of this software, a user 
may modify scripts within the software if required for their 
work. At a later stage, a test UI application will be provided 
with the software which may be used to collect gaze data from 
a given tracker for cross checking the software outputs. 
 
C. Comparison with other gaze data analysis software 
A range of data analysis software exists for processing gaze 
data obtained from eye trackers. These include OGAMA[17], 
PyGaze[18] and iComponent[19]or Heatmap Explorer[20] to 
name a few. However, the fundamental difference between 
these software and GazeVisual is that the former are focused 
towards exploration of eye movement characteristics (speed, 
direction, duration, revisits), understanding eye movement 
relationships with human behavior, mapping attention, 
cognitive load assessment, creation and presentation of stimuli 
or studying visual saliency. GazeVisual is unlike any software 
tool developed so far as it deals with performance evaluation 
of eye trackers themselves, and contains dedicated metrics and 
visualizations for studying eye tracker characteristics, 
comparing datasets from multiple tracking devices and 
observing gaze estimation error patterns and distributions.  

VI. CONCLUSION  
In this paper, the concept and operational features of 
GazeVisual-an open source software tool capable of analyzing 
the data quality and tracking performance of an eye tracker 
using just its raw data output is presented. This tool would 
allow users to study and compare data characteristics from 
their eye trackers under varying test conditions. The interface 
is kept simple to make it easy to use for a generic user, 
although the tool is open to customizations by experienced 
programmers for improvements and addition of new features. 
More functionality are to be added in subsequent versions of 
the software, such as including statistical functions for fitting 
distributions to data, loading and comparison of more than two 
datasets and generating aggregate plots from multiple 
experiments. Also, possibility of direct interfacing of eye 
trackers with the software for real time data acquisition and 
performance evaluation is to be investigated.  

The source code of the software and its components will be 
available via the Github open repository shortly and will be 
flexible to implement user suggestions and upgradations. The 
software is expected to immensely benefit engineers, 
researchers and generic users working in interdisciplinary eye 
gaze research areas, as a useful tool for knowing the qualities 
and limits of their eye tracking systems and obtain best 
possible gaze tracking performance for specific use cases.  
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