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EMHMM Toolbox Tutorial
• Tutorial on how to use the EMHMM toolbox
• Obtaining and installing the toolbox
• Setup in MATLAB
• Reading in data
• Estimating individual HMMs
• Viewing individual HMMs
• Clustering individuals’ HMMs to form group HMMs
• Viewing group HMMs
• Analysis of group HMMs
• Holistic/Analytic Models and H-A Scale
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Obtaining EMHMM Toolbox
• Download from website:

• http://visal.cs.cityu.edu.hk/research/emhmm/

• Installation:
• Extract the contents of the emhmm-toolbox.zip file 

into your desired directory.

3

http://visal.cs.cityu.edu.hk/research/emhmm/


Setup in MATLAB (1)
• First, need to setup the EMHMM toolbox in MATLAB.
• In MATLAB, navigate to the emhmm-toolbox directory.
• Double-click on “setup.m” to open it.
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Setup in MATLAB (2)
• Click the “Run” button to run the script.
• If prompted, click “Change Folder” to change to the 

script’s directory.
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Setup in MATLAB (3)
• The setup script will:
• add the toolbox directories to the MATLAB path.
• check for MEX files (compiles if necessary).

• Includes MEX files for: macOS (10.13), Windows (7), Linux (Ubuntu).
• MEX files make the algorithms 10-20 times faster.
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MATLAB toolbox dependencies
• MATLAB version: tested with 2014b and 2018b.
• Statistics toolbox (required)
• Parallel computing toolbox (optional)
• Used for speeding up computations on multi-core CPUs.

7

To enable automatically, use Preferences: To enable manually, click 
small icon on bottom-left 
of the MATLAB window:



Demo Script
• In the “demo” folder, the script “demo_faces.m” 

shows most of the functionality of the toolbox.
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Run Demo Script
• To run the demo_faces script:
• Double-click to open the script.
• Click “Run”, and select “Change Folder” when prompted.
• Now we will go through the major parts of the script.
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Setup Data Files
• File with the fixation data: demodata.xls
• File with the image stimuli: ave_face120.png
• the average image used for visualization

• Files for saving results for saving results (.mat)
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Fixation Data Format
• Fixation data is in an Excel 

spreadsheet (demodata.xls).
• Contains 4 columns:

• SubjectID: subject ID (int or string)
• TrialID: trial ID (int or string)
• FixX: fixation X coordinate
• FixY: fixation Y coordinate

• Fixation data is automatically 
separated according to subject ID 
and trial ID.
• In each trial, assumes fixations 

occur in order.

• Assumes that fixation locations 
have been aligned to the image.
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Reading in Data
• d
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Estimating individual HMMs
• An individual HMM is estimated from each 

subject’s fixation data using the variational 
Bayesian algorithm.
• Automatically selects the model hyperparameters 

by maximizing the log-likelihood of the data.
• Best of 50 trials with random initializations.

• Automatically selects the number of ROIs, K.
• The model with highest log-likelihood over all K is 

selected.
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Setting up Options
• K contains an array of number of ROIs to try.
• vbopt is a structure with various options. 
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Estimating Individual HMMs
• Using data from 10 subjects, learn 10 HMMs

15Trying different values of K

Optimizing hyperparameters



Visualizing an HMM
• Look at the 4th subject:

• Output Figure
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Figure 1



Figure 1Visualizing an HMM
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Fixation sequences: cyan “o” is the first fixation.



Figure 1Visualizing an HMM

18

ROIs: ellipses represent 2 standard deviation contours from the 
mean of the 2D Gaussian (95% of the probability density).
Color indicates the fixations assigned to an ROI.



Figure 1Visualizing an HMM
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ROI counts: total number of fixations in each ROI.



Figure 1Visualizing an HMM
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Transition counts: total number of transitions from one ROI to 
another ROI.



Figure 1Visualizing an HMM
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Transition matrix: given a particular ROI, probability of moving 
to another ROI.
Each row is a probability distribution (sums to one).



Figure 1Visualizing an HMM
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Prior Probabilities: probability of the ROI of the first fixation. 



Figure 1Visualizing an HMM
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Roi Order: ROIs are automatically sorted according to the most 
likely fixation path: ROI-1 is the most probable initial fixation; 
ROI-2 is the most likely next fixation given ROI-1, etc. 



Compact Visualization
• Visualization without 

fixations:

• Figure:

ROIs: numbers are the ROI centers, 
ellipse represents 95% probability region

Transition 
matrix

Prior 
probabilities
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Figure 2



Visualization with Fixations
• Visualize fixations:

• Output Figure:
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Figure 3



Individual HMMs
• HMMs for the 10 subjects
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Figure 4



Clustering HMMs – One Group
• We use the variational HEM (VHEM) algorithm to 

cluster HMMs to discover group patterns.
• 3 different initialization methods are used.
• 100 trials each.
• The run with the highest log-likelihood is kept.

• The overall eye gaze pattern is obtained by 
clustering into 1 group.
• Common eye gaze strategies are obtained by 

clustering into 2 groups.
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Clustering – 1 Group
• Use 1 cluster to get overall strategy.
• Set the number of ROIs to 3
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Viewing the Overall HMM
• Plot group HMM:

• Output figure:
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Figure 5



Clustering – 2 Groups
• Set number of clusters to 2
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Group memberships



Viewing Group HMMs
• View 2 common stategies
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Figure 6



Visualize Groups with fixations
• Plot fixations with group HMMs:

Fixation color indicates 
the assigned ROI

Shows fixations from all 
subjects assigned to that 

group.
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Figure 
10



Analysis: Most Probable ROI Sequence

• Compute most probable 
sequences (length 3).
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Most-likely ROI sequence 
is 1-1-1, with 80.7% 

probability

Most-likely ROI sequence 
is 1-2-3, with 44.7% 

probability



Analysis: Group Differences
• Test if two group HMMs are different:
• Using data from Group 1, calculate average log-

likelihood difference under Group 1 and Group 2 HMMs.
• This is an approximation of the KL divergence between Group 1 

and Group 2.
• Use t-test to check if the average log-likelihood 

difference is significantly different from 0 à the two 
HMMs are different.
• Same process using data from Group 2.
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Analysis: Group Differences
• Select Group data and perform t-test.
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Both p-values show 
HMMs are significantly 

different.



Representative Holistic/Analytic Models

• Representative models for holistic/analytic 
strategies are available for computing H-A scale.

• Models are from: Cynthia Y.H. Chan, Antoni B. Chan, Tatia M.C. Lee, and 
Janet H. Hsiao, “Eye Movement Patterns in Face Recognition are Associated with 
Cognitive Decline in Older Adults.” Psychonomic Bulletin & Review, 25(6): 2200-2207, 
Dec 2018.
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Demo Script for HA Models
• In the “models” directory of the toolbox:
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Computing H-A Scale
• Using a eye fixation data from new subjects, 

compute H-A scale of each subject.
• Note: requires similar stimuli sizes and layout.

• Compute log-likelihood under each group with 
stats_meanll.
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Computing H-A Scale
• H-A scale: 𝐻𝐴 =

𝐿𝐿𝐻 − 𝐿𝐿𝐴
𝐿𝐿𝐻 + |𝐿𝐿𝐴|
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Positive HA indicate more holistic; 
negative HA is more analytic



Visualization
• Showing fixations of each subject and their HA value.

Most holisticMost 
analytic
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More Resources
• Analyzing eye fixation

location & duration
• demo_faces_duration.m

• JOV paper demo:
• demo_faces_jov_clustering.m
• demo_faces_jov_compare.m

• Converting coordinates between face images
• demo_conversion.m

• More details about options for each function
• See emhmm-documentation.pdf
• MATLAB help: e.g.,  “help vbhmm_learn”
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Questions?
• EMHMM toolbox:

• http://visal.cs.cityu.edu.hk/research/emhmm/
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