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research 
question 

A typical eye tracking experiment in simple steps 

experimental 
design 

eye movements 
recording 

eye movement 
analysis 

results 

analysis software is an 
essential part for the 
performance of eye 

tracking experiments 



The main function of an analysis software 

•  detection of fixations among the eye tracking protocol 
•  modeling the raw data in fixations and saccades 
•  calculate derived metrics from fixations and saccades 
•  support different data visualization techniques 

raw data 
x1, y1, t1 
x2, y2, t2 
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xn, yn, tn 

 
 
 

fixation list 
a1, b1, d1 
a2, b2, d2 
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ak, bk, dk 

 
 
 

fixation detection 
algorithm 

 
 
 

x, y, a, b: coordinates  
ti:: passing time 
di: fixation duration 

 
 



Detecting fixations in eye tracking protocols (1) 

raw data 
trace of visual search 



Detecting fixations in eye tracking protocols (2) 

cluster 1 
cluster 2 



Detecting fixations in eye tracking protocols (3) 

duration 

fixation’s center 



Detecting fixations in eye tracking protocols (4) 

fixation 1 

fixation 2 
saccade 1 



Introducing EyeMMV Toolbox (1) 

•  EyeMMV (Eye Movement Metrics & Visualizations) Toolbox 

•  a complete software for post-experimental eye movement 
analysis 

•  design and implementation in the scripting language of 
MATLAB (Mathworks®) 

•  fixation detection using an introduced algorithm based on 
spatial and temporal constraints 

•  support the analysis of main (fixation and saccades) and 
derived metrics (e.g. scanpath analysis) 



Introducing EyeMMV Toolbox (2) 

•  support different visualization techniques 

•  list of MATLAB functions (Toolbox) 

•  EyeMMV can be imported in every MATLAB script or it 
can be easily running through MATLAB command line 

•  eye movements raw data: matrix format (advantageous run 
time through MATLAB environment)  

•  execution in every computer platform (Windows, Linux, 
Mac OS) where MATLAB is pre-installed 



Fixation detection with EyeMMV (1) 

The fixation detection algorithm is based on two spatial 
parameters (t1, t2) and on one temporal parameter (minimum 
fixation duration: minDur). 
 
Step 1 
starting from the first record, the mean value of horizontal and 
vertical coordinates is computed until the distance between mean 
point and the record < t1 (the list of records generates a 
fixation cluster).  
 
Step 2 
in each fixation cluster, if the distance of one record > t2 the 
record is removed from the fixation cluster. The fixation center is 
calculated from the records which distances from the mean point is 
smaller than t2 



Fixation detection with EyeMMV (2) 

Step 3 
the duration of each fixation is computed as the difference 
between the passing time of last record of the cluster from the 
first record of the cluster 
 
Step 4 
if fixation’s duration is smaller than a predefined temporal 
threshold (minDur), the cluster is removed from the list of 
fixations  
Note 
as t2 spatial parameter the criterion of 3s can be used, where s 
corresponds to the standard deviation of the cluster 
 
                                                       steps 1, 2, 3, 4 
 

the computation of fixations is performed using spatial and 
temporal constraints  



Fixation detection with EyeMMV: implementing 
the spatial parameters t1 and t2 (1) 

raw data:  
(x1, y1, pt1), (x2, y2, pt2), (x3, y3, pt3), (x4, y4, pt4), (x5, y5, pt5) 
 
 
 
 

x:  horizontal coordinate 
y:  vertical coordinate 
pt: passing time 
 
 



Fixation detection with EyeMMV: implementing 
the spatial parameters t1 and t2 (2) 

Ft1 represents the mean 
point of the cluster 

d1, d2, d3, d4 < t1 



Fixation detection with EyeMMV: implementing 
the spatial parameters t1 and t2 (3) 

Ft1 represents the mean 
point of the cluster 

check records’ 
distances from mean 
point according to t2 

parameter  



Fixation detection with EyeMMV: implementing 
the spatial parameters t1 and t2 (4) 

Ft2 represents the mean 
point of the new cluster 

which corresponds to 
fixation’s center 



Fixation detection with EyeMMV: implementing 
the temporal constraint 

fixation list  
(after t1,t2) 

x1, y1, d1 
x2, y2, d2 
x3, y3, d3 
x4, y4, d4 
x5, y5, d5 
x6, y6, d6 
x7, y7, d7 

 
 
 

Example: 
7 fixations after the implementation of the 
spatial parameters 
 
 

d1, d2, d4, d5, d7 > 
minimum duration 

 
 

d3, d6 < 
minimum duration 

 
 
 

final list  
x1, y1, d1 
x2, y2, d2 
x4, y4, d4 
x5, y5, d5 
x7, y7, d7 

 
 
 



EyeMMV Toolbox: the supported metrics 

fixations saccades 

scanpath 

ü  coordinates:  
two lists               
(t1, t2,minDur) & 
(t1, 3s, minDur) 

ü  durations 
ü  start/end time 
ü  total number  
ü  mean duration  
ü  time to first 

fixation  
ü  list of repeat 

fixations  
ü  total duration 

ü  total number 
ü  saccade list 
ü  start/end 

fixation point 
ü  duration  
ü  amplitude 
ü  direction 

angle 

ü  length 
ü  duration 
ü  saccades/fixation ratio 
ü  spatial density 
ü  transition matrix 
ü  transition density 



EyeMMV Toolbox: the supported data 
visualization techniques 

•  diagram of horizontal and vertical coordinates along time 
( x-t and y-t diagram) 

•  diagram of raw data distribution (x-y) 

•  diagram of raw data distribution over stimulus (i-j) 

•  scanpath diagram over stimulus 

•  heatmap visualization 

•  space-time-cube visualization  



EyeMMV Toolbox: ROIs analysis 

Defining a region of interest, EyeMMV is able to calculate 
different statistics: 

•  number of fixations in region 

•  list of fixations in region 

•  mean fixations’ duration 

•  number (%) of fixations 

•  duration (%) of fixations 
 
 
 
 
 

ROIs diagram 
 
 
 
 
 

+ 



Example 1: executing EyeMMV Toolbox with a 
simple stimulus 

•  9 fixed targets 
•  eye movement 

recordings from 
one subject 



Example 1: fixation detection report 

input 
parameters for 
the detection 

fixations’ detection 
(t1, t2, min duration) 

fixations’ detection 
(t1, 3s, min duration) 



Example 1: visualizing raw data and fixations 



Example 1: fixation metrics and saccade analysis 



Example 1: scanpath analysis 



Example 1: visualizations (1) 



Example 1: visualizations (2) 



Example 1: visualizations (3) 



Example 1: visualizations (4) 



Example 1: visualizations (5) 



Example 1: ROIs analysis 



Example 2: executing EyeMMV Toolbox using eye 
movement recording during the observation of 

cartographic background  

•  smooth cartographic 
background  

•  8 subjects are asked to 
locate a predefined 
target symbol 



Example 2: heatmap visualization 



Conclusions 

•  EyeMMV is a complete MATLAB based Toolbox for post-
experimental eye movement analysis 

•  fixation detection is based on an introduced algorithm 
based on spatial and temporal parameters 

•  supports all the well-known metrics and visualization 
techniques 

•  different approach from existing tools. There is no 
Graphical User Interface: list of functions (Toolbox)  

•  EyeMMV’ s functions can be easily imported in every 
MATLAB script 

•  EyeMMV can be executed in every operating system 
(Windows, Linux and Mac OS) 

•  EyeMMV will be freely distributed through the internet 



Thank you  
for your attention 


