
 
 

 
 
THE EFFECT OF INDUCED VERTICAL PRISM ON READNG RELATED 
PARAMETERS IN NORMAL SUBJECTS  
 
 
 
 
 

by 
 
 
 
 
 

Samantha Renee Gagnon 
Andrea Christine Shank 

 
 
 
 
 
 
 

This paper is submitted in partial fulfillment of the 
requirements for the degree of 

 
 
 
 

Doctor of Optometry 
 

 
 
 
 
 
 
 
 
 
 
Ferris State University 
Michigan College of Optometry 
 
May, 2017 



  
 

 
 
THE EFFECT OF INDUCED VERTICAL PRISM ON READING RELATED 
PARAMETERS IN NORMAL SUBJECTS 
 
 
 
 

by 
 
 
 
 
 
 

Samantha Renee Gagnon 
Andrea Christine Shank 

 
 

Has been approved 
 

2nd of May, 2017 
 
 
 
 
 
 
APPROVED: 
 

 
_________________ 

Faculty Advisor:  
 
 
 
 
 
 
 
 
ACCEPTED: 
 
            
            ______ _____ 
            Faculty Course Supervisor



  
 

 
Ferris State University 
Doctor of Optometry Senior Paper 
Library Approval and Release 
 
 
 
 
THE EFFECT OF INDUCED VERTICAL PRISM ON READING RELATED PARAMETERS 
IN NORMAL SUBJECTS 
 
 
 
 
 
 
 
 
 
 
I/We, Samantha Renee Gagnon & Andrea Christine Shank, hereby release this Paper as described 
above to Ferris State University with the understanding that it will be accessible to the general 
public.  This release is required under the provisions of the Federal Privacy Act. 
 
 
 
 
 
 
 

                                                                                             
                          Samantha Renee Gagnon, Doctoral Candidate 
 

                    
                                                                                 Andrea Christine Shank, Doctoral Candidate 
 
       Date:   March 12th, 2017_______



  
iii 

 
ABSTRACT 
 
 
Background: The study evaluated the effect of induced vertical prism on reading efficiency, speed, 

and comprehension in a group of young adults. Reading efficiency, speed, and comprehension 

were evaluated using The Visagraph 3 which provides an objective measurement of ocular 

movements as the subject reads through a paragraph. Vertical deviations were induced by 

introducing prisms before one eye after controlling for any natural heterophoria.  

Methodology: A sample of students (N=46) between the ages of 21-30 were included. All subjects 

were initially screened with a Modified Thorington test to elicit any vertical phorias. If a vertical 

phoria was present, correcting prism was given to neutralize the phoria. Visagraph testing then 

ensued with induced prismatic powers of the following strengths: 0 PD, 1 PD, 2 PD & 3 PD (or 

the prism of highest magnitude which does not disrupt fusion). Testing was randomized to 

minimize the effects of fatigue and learning.   

Results: We found vertically induced prism caused significant differences on the following reading 

related parameters: fixations, reading speed, and grade level equivalent.  

 Conclusion: We found that vertically induced prism caused significant differences on the 

following reading related parameters – a) Fixations, b) Reading Speed, c) GLE.  These differences 

could be the effect of the increased vertical vergence demand created by the induction of prism 

and could have clinical implications for prismatic prescribing practices. However, we cannot 

discount the effect of confounding variables such as subject psychology, criterion, and familiarity 

with content – all of which may have influenced our results. 
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CHAPTER 1 

 

INTRODUCTION - 

Vertical heterophoria is a condition in which the visual axis of one eye falls above that of 

the fellow eye at physiological rest.1 Throughout the years, many studies have validated a 

correlation between vertical heterophorias and reading related difficulties along with other 

symptoms including asthenopia, diplopia, drowsiness, fatigue, nausea and motion sickness.2 With 

approximately 10-35% of the population having a vertical heterophoria of 0.5 prism diopters or 

greater, the prescribing of vertical prismatic correction is likely a task that will befall every 

practicing eye care provider.2 While many methods exist for prescribing such corrections, and 

largely depend on symptomatology of individual patients, there is very little in the literature that 

addresses the question of the magnitude of deviation at which patients typically become 

symptomatic . The purpose of the following study was to attempt to shed light on this question.  

This was done through the objective evaluation of the effect of induced vertical prism on reading 

efficiency, speed and comprehension in normal adults with no known history of reading deficits. 

Despite inherent differences between physiological and artificially induced vertical heterophoria, 

there is knowledge to be gained by studying induced vertical heterophoria in a physiologically 

orthophoric population. The following study will discuss the effect of induced vertical ocular 

deviation on reading related parameters in normal subjects.      
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CHAPTER 2 

 

METHODOLOGY - 

 

The study included forty-six subjects in the age range of 21-30 years with no known binocular 

vision or reading-related abnormalities. The Visagraph III eye movement recording system was 

utilized to measure the following reading related parameters – a) Fixations, b) Regressions, c) 

Speed, d) Comprehension, and e) Grade Level Equivalent (GLE).  This system uses goggles with 

built-in infrared sensors that track eye movements while the subject reads a paragraph. Four 

measurements were conducted over a span of approximately 30 minutes with varying induced 

vertical prisms of the following strengths: 1 Prism Diopter (PD), 2PD, 3PD, and zero prism as a 

baseline condition.  The subjects were screened via Modified Thorington to identify any pre-

existing vertical deviations. If the subjects had a natural vertical phoria, they were neutralized with 

prismatic correction prior to testing. Additional prisms were then placed over the right eye, in front 

of the goggles to induce deviation.  Subjects were instructed to silently read each paragraph as 

quickly and as accurately as possible.  The book containing the reading excerpts was placed flat 

on a table surface in front of each subject. All subjects were administered a 10 question reading 

comprehension test following the recording. The amount of vertical prism induced and the 

correlating paragraph in which they were required to read are described in the following table 

(table 1). 
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Trial Sequence Content 

1 2 PD Frank Lloyd Wright 

2 1PD Sir Earnest Shackleton 

3 3PD Clara Barton 

4 0 PD/Baseline Henry David Thoreau 
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does not pose the same stress to the vergence system as a natural vertical phoria would. 

Additionally, one has to factor in the effects of prism adaptation across trials which may have 

influenced our results.5,6 The fascinating part about this study is that subjects demonstrated better 

performance on many reading parameters for the 2 PD condition. We believe this is attributed to 

the testing sequence as all subjects started with the 2 PD condition. Additionally, all of our subjects 

were optometry students and the majority were aware of the parameters of the Visagraph III as 

well as the purpose of the testing. There is anecdotal evidence that our sample   conceives reading 

ability as a measure of  intelligence. Due to this, we speculate that they were motivated to give 

their best performance for this condition, so they would not look un-intelligent in front of their 

peers. This manifested as enhanced reading performance for the first trial. As subjects relaxed 

throughout the course of testing, this motivation may have dwindled, compromising performance.  

Despite the lack of overall differences in the reading comprehension scores between the 

different prism conditions, comprehension scores were significantly higher - specifically for the 3 

PD condition. We attribute this finding to familiarity with the content of the text read for this 

condition as many schools teach about Clara Barton as part of their curriculum. Due to the subject’s 

prior knowledge of the content, we believe this artificially increased the reading comprehension 

score for the 3PD measurement.  

In conclusion, we found that vertically induced prism caused significant differences on the 

following reading-related parameters – a) Fixations, b) Reading Speed, c) GLE.  Although results 

were likely confounded by the influence of patient psychology, bias and former knowledge, these 

differences could be in part the effect of increased vertical vergence demand created by the 
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induction of prism. With study modification and additional experimentation, results could 

ultimately have clinical implications for prismatic prescribing practices. 

If we were ever to perform this study again, we would spread testing over a span of four 

days, having each subject run one trial per day, thus decreasing the chance of diminishing 

motivation as a muddying variable in the testing results. We also would randomize the prism 

diopter value and text for each subject to eliminate any false high/low data which was likely 

experienced with the 3PD and Clara Barton trial. Due to the high prevalence of vertical 

heterophoria in the general population, additional studies targeted at quantifying typical 

symptomatic levels should be conducted to add to the current literature. With enough scientific 

study, future prismatic prescribing practices could be influenced.  
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