
Vision Science III: Ocular Motility & Binocular Vision 
Lab 3 – Fixation Disparity, Worth’s Three Degrees of Fusion 
 
FIXATION DISPARITY 
Fixation disparity is one type of ocular misalignment that we measure clinically, the other types 
being heterophoria and heterotropia (strabismus). Fixation disparity is a very small deviation of the 
visual axes during normal binocular fusion.  The misalignment is so small that the fixated object is 
still seen as fused.  Specially designed testing equipment is required to measure fixation 
disparities. 
 
Heterophoria is the rest position that the eyes turn to when binocular fusion is temporarily 
interrupted.  In order to detect and measure a heterophoria, normal binocular vision is interrupted 
using prisms (Von Graffe test), alternate occlusion (cover test), or by other means.  During normal 
binocular fusion, the phoria is compensated and is not present. 

 
Heterotropia (strabismus), is a deviation of the visual axes that exceeds Panum’s area, therefore, 
binocular fusion is not possible.  When the person with strabismus attempts to view an object with 
both eyes, the tropic eye deviates.  If the good eye is covered, however, the strabismic eye will 
usually correctly fixate the object.  A person with a heterotropia is limited to monocular vision with 
the good eye, or he may alternate between the eyes. 
 
Table 1.  Three ocular misalignments. 
Oculomotor deviation Size Binocular fusion 

possible? 
Test condition 

Fixation disparity < 5‘ (~0.15∆) yes binocular fusion 
Heterophoria < 10∆ yes monocular/biocular 

fixation 
Heterotropia Up to 30∆ + no monocular fixation 
 
All of these deviations can have horizontal (eso/exo), vertical, or a combination of horizontal and 
vertical components.  Most patients with heterophorias also have fixation disparities.  Often they 
are in the same directions, but not always.  Fixation disparity cannot exist if the person has 
strabismus, since it is a deviation that exists only during binocular fusion. Measurement of fixation 
disparity is useful in clinical cases in which the patient experiences binocular stress or eye strain.  
Data showing the amount and direction of the fixation disparity can help the doctor decide how to 
prescribe for patients with problematic heterophorias. 
 
EXERCISE 1 
Using both the Disparometer and Wesson card (or Bernell Vision tester), measure your partner’s 
fixation disparity at 40 cm with no prism before the eyes.  Then, repeat the measurement with 
different amounts of BI and BO prism before the eyes.  Alternate between BI and BO prism to 
minimize the affect of prism adaptation.  Record the data in the table below and draw two plots in 
Excel showing the change in fixation disparity with different amount of forced vergence similar to 
those you studied in class. 
 
Table 2. 

 0 3BI 3BO 6BI 6BO 10BI 10BO 14BI 14BO 20BI 20BO 
Wesson            

Disparometer            

 



WORTH’S THREE DEGREES OF FUSION 
The Synoptophore is a haploscope that allows you to present separate slides to each eye in order to 
test and train various aspects of binocular vision.  To test sensory fusion, pairs of dichoptic slides 
are presented to each eye.  Controls on the instrument allow you to adjust the brightness of each eye’s 
image, and they can be flashed together, separately, or alternately.  To test motor fusion, it is 
possible to vary the horizontal, vertical and cyclo position of each eye’s slide separately or together.  
The purpose of this exercise is to familiarize you with Worth’s three degrees of fusion, which you 
studied in class.  Table 3 summarizes the Worth’s three degrees of fusion. 

 
Table 3.  Worth’s three degrees of fusion. 

Worth 
degree 

Sensory fusion Comment 

0 none suppression 
1 simultaneous perception diplopia, confusion or superposition 
2 flat fusion motor fusion maintains flat fusion when BI or BO is added. 
3 stereopsis ultimate binocular fusion (motor and sensory). 

 
 
EXERCISE 2. 
1.  Test the various controls to see how they alter the stimulus presented to each eye.  Notice which 
controls are designed to affect sensory fusion, and which are designed to test motor fusion. 
 
2.  Adjust the PD and set the Synoptophore for distance viewing of an object at infinity.   The 
horizontal, vertical and cyclo position of each eye should be adjust appropriately.  Insert one pair of 
slides from Group A and view them binocularly.  Repeat for the other slides in this group and notice 
their design features.  What degree of sensory fusion do these slides stimulate?  
 
 
 
 
 
3.  Insert and view a pair of slides from Group B.  What are the common design features of these 
slides that are different from the previous group?  What degree of sensory fusion do these slides 
stimulate?  While maintaining fusion, adjust the convergence and diverge until the person sees double.  
As you increase convergence or divergence, do you notice any apparent change in the size of the 
images? 
 
 
 
 
 
4.  Insert and view the slides from Group C.  What are the common design features of these slides that 
are different from the previous group?  What degree of sensory fusion do these slides stimulate? 


