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Understanding the processes of reading with eccentric vision

What are the underlying factors of poor reading performance with central field loss?

Reading performance
• Reading speed 
• Oculomotor pattern
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STUDY 1

Outline

Eye movement pattern when reading with CFL

Calabrèse, A., Bernard, J.-B., Faure, G., Hoffart, L., & Castet, E. (2016). 

Clustering of Eye Fixations: A New Oculomotor Determinant of Reading Speed in 
Maculopathy. Investigative Ophthalmology & Visual Science, 57(7), 3192-3202.



Eye-tracking

Tu ouvres ma porte

Stimuli

• 38 patients with binocular CFL

STUDY 1

Methods

• Acuity from 20/250 to 20/63 (better eye)

• Only absolute binocular scotoma

Calabrèse et al., 2016 - IOVS
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horizontal distributions of fixations. In the left plot, a clear-cut
cluster of fixations is observed around the last word (‘‘tulipes’’)
while fixations are uniformly distributed along the horizontal
dimension for the first words of the sentence. This is in sharp
contrast with the even horizontal distribution observed for
another sentence read by the same patient (plot on the right).

These informal observations suggested to us that nonuni-
formity of eye fixations (NUF) might be an important
determinant of reading speed. We therefore quantified this
NUF42 in order to define a two-level discrete factor that could
be a predictor of reading speed. Having found that NUF did
have a clear effect on reading speed, one important question
appeared to us as crucial: What are the respective roles of the
L/FS and NUF factors in the variations of reading speed? Within
a statistical regression framework, do these two factors have
unique effects on reading speed? One could argue, for
instance, that the well-established L/FS effect on reading speed
is actually caused by the NUF. Under this hypothesis, a slow
reading speed would occur because fixations accumulate in a
circumscribed zone: It is this clustering phenomenon that
would be responsible for smaller saccade amplitudes (or, more
precisely, smaller L/FS values). In other words, the observed
smaller L/FS values (associated with a lower reading speed)
would not reflect a smaller perceptual span (regularly
distributed along a sentence) but rather the presence of many
small saccades within a restricted area. However, to anticipate

our results, statistical analyses showed that these two
oculomotor factors had unique effects on reading speed.

In sum, the first goal of our work was to describe and
quantify the effect of NUF on reading speed. The second goal
was to investigate within a statistical regression framework
how this new oculomotor effect interacts with the previously
established oculomotor L/FS effect. For this purpose, a dataset
initially collected and analyzed to investigate the effect of L/FS
on reading speed in low-vision patients with CFL was used.28

Establishing that reading speed is determined by the NUF
factor, above and beyond the effect of L/FS, should help us
complement our theoretical understanding of the processes
that are disrupted during eye-mediated reading with CFL. In
addition, from a clinical perspective, the finding that patients
with CFL often do not have a spatially homogeneous mode of
reading should be taken into account to improve electronic
visual aids and to develop the use of automatic text
simplification.43–46

METHODS

Patients

Patients were recruited for the present study over a 1.5-year
period from referrals to the Low Vision Clinic at the La Timone
Hospital (Marseille, France). The criteria for including patients
in the experiments were the following. The patients had a

FIGURE 1. Examples from our data showing two very different distributions of fixations for the same patient. (A) Eye fixation maps superimposed
on sentences: Each circle represents a fixation (circle area is proportional to fixation duration). The left map shows that fixations are densely
clustered around the word ‘‘tulipes’’ (a low-frequency word), whereas the right map shows a more homogeneous horizontal distribution of
fixations. (B) Corresponding probability density functions as a function of normalized x-coordinates of eye fixations. In the left plot, the circles
represent points of the density curve that have a significant curvature as assessed by the feature significance theory.42 This fixation map is therefore
labeled as having a nonuniform distribution of fixations (NUF¼ 1). In contrast, the density curve for the sentence on the right does not have any
point with a significant curvature (NUF ¼ 0). Note that the NUF value calculated for a given sentence varies (0 or 1) across patients.
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2- We measured the effect of this new factor on reading speed 

STUDY 1

Results

Reading speed is 
significantly reduced 
when the pattern of 

fixations is non-uniform 

(p < 0.0001)

In sum, although there is some multicollinearity between
the two factors suggesting that higher levels of NUF are to
some extent associated with smaller L/FS values, both factors
have unique effects on reading speed as represented in Figure

5. Finally, model 3 shows that there is no interaction between
these two factors (the estimate of the interaction term is not
significantly different from zero).

We also analyzed our data with the two-mediator model
presented in a previous analysis of the effects of oculomotor
patterns on reading speed.28 The basic questions that can be
answered with such a model aim at understanding whether the

FIGURE 3. Data from patient B whose distributions were all categorized as uniform (NUF¼ 0). Characteristics and layout of this figure are the same
as in Figure 2.

FIGURE 4. Effect of nonuniformity of fixations on reading speed
(natural log). Data points represent correctly read sentences and are
horizontally jittered to reduce overplotting. Boxes represent median
reading speed (middle thick line) and 0.1 and 0.9 deciles.

FIGURE 5. Scatter plot of reading speed as a function of L/FS (natural
log transformed and centered). Each data point corresponds to a
correctly read sentence. Symbols represent the two levels of the
nonuniformity factor: uniform (crosses) or with clustering (squares).
Lines represent the fixed effects of L/FS as derived from model 3 for the
uniform (dashed) and nonuniform (solid) levels of the NUF factor.
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1- We defined a new oculomotor factor: the non-uniformity of fixations

2- We measured the effect of this new factor on reading speed

3- We investigated factors that could explain the non-uniformity 

STUDY 1

Results

Patient specific factors: 
• Fixation instability         no effect 
• Scotoma size         no effect

• Visual acuity         no effect 
• Pathology         no effect 
• Age         no effect

Sentence specific factors: 
• Word frequency         significant effect 
The probability to find a fixation cluster within a sentence increases 
when the frequency of the lowest-frequency word decreases

Calabrèse et al., 2016 - IOVS
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1- We defined a new oculomotor factor: the non-uniformity of fixations

2- We measured the effect of this new factor on reading speed

3- We investigated factors that could explain the non-uniformity 

STUDY 1 Eye movement pattern when reading with CFL

Results

Sentence specific factors: 
• Word frequency         significant effect 
The probability to find a fixation cluster within a sentence increases 
when the frequency of the lowest-frequency word decreases

= 1 fixation

13 words/min62 words/min

Frequency = 58.3 Frequency = 2.4

Calabrèse et al., 2016 - IOVS
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STUDY 1 Eye movement pattern when reading with CFL

Conclusions

Underlying factors of poor reading performance with central field loss…

How do linguistic factors alter reading perfomance 
with CFL?

Calabrèse et al., 2016 - IOVS

Could we modify the text itself to make it more accessible to CFL?



STUDY 1

STUDY 2

Outline

Eye movement pattern when reading with CFL

Effect of word frequency when reading with CFL

Calabrèse, A., Bernard, J.-B., Faure, G., Hoffart, L., & Castet, E. (2016). 

Clustering of Eye Fixations: A New Oculomotor Determinant of Reading Speed in 
Maculopathy. Investigative Ophthalmology & Visual Science, 57(7), 3192-3202.

Stolowy, N.*, Calabrèse, A.*, Sauvan, L., Aguilar, C., François, T., Gala, N., et al. (2019) 

The Influence of Word Frequency on Word Reading Speed when Individuals with 
Macular Diseases Read Text. Vision Research, 155, 1-10 *joint first authors 



STUDY 2 Effect of word frequency when reading with CFL

Methods - participants

• 23 patients with binocular CFL

• Acuity from 20/400 to 20/63 (better eye)

• Only absolute binocular scotoma 5
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Stolowy et al., 2019 - Vision Research

Methods - reading paradigm

Self-paced reading

Eye-tracking
She was not able 
to retrieve the 
office records

She xxx xxx xxxx 
xx xxxxxxxx xxx 
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Reading time (individual words)



STUDY 2 Effect of word frequency when reading with CFL

Results

Stolowy et al., 2019 - Vision Research

Multiplying frequency by 1000 
decreases reading time by 50%
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STUDY 1

STUDY 2

Outline

STUDY 3

Eye movement pattern when reading with CFL

Effect of word frequency when reading with CFL

�Effect of word neighborhood size when reading with CFL

Calabrèse, A., Bernard, J.-B., Faure, G., Hoffart, L., & Castet, E. (2016). 

Clustering of Eye Fixations: A New Oculomotor Determinant of Reading Speed in 
Maculopathy. Investigative Ophthalmology & Visual Science, 57(7), 3192-3202.

Stolowy, N.*, Calabrèse, A.*, Sauvan, L., Aguilar, C., François, T., Gala, N., et al. (2019) 

The Influence of Word Frequency on Word Reading Speed when Individuals with 
Macular Diseases Read Text. Vision Research, 155, 1-10 *joint first authors 

Sauvan, L., Stolowy, N., Aguilar, C., François, T., Gala, N., Matonti, F., et al. (2020) 

The inhibitory effect of word neighborhood size when reading with central field loss is 
modulated by word predictability and reading proficiency. Scientific Reports, 10, 21792. 



Large 
neighborhood 

size

STUDY 3 Effect of word neighborhood size when reading with CFL

Word neighborhood size - definition

N = Number of words that can be formed from a single word by changing only one letter 

shore score
chore

share
…

neighbor

Hypotheses

Facilitator effect with normal vision

Hyp. 2  
The more predictable a word is 

the smaller the effect

Hyp. 3 
The interaction depends on 

reading proficiency

Hyp. 1  
Negative effect on reading 

speed



STUDY 3 Effect of word neighborhood size when reading with CFL

Sauvan et al., 2020 - Scientific Reports

Methods - participants

• 19 patients with binocular CFL

• Acuity from 20/400 to 20/50 (better eye)

• Only absolute binocular scotoma 5
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Results

Predictability

Quit reading daily

Still reading daily

Significant increase 
in  reading time

Significant decrease 
in amplitude

Hyp. 2  
The more predictable a word 

is the smaller the effect
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The interaction depends on 
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Negative effect on 
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Conclusions

★ Text simplification should be considered  as a potential rehabilitation tool 
and daily reading assistive technology.  

Automated text simplification software could be developed in the form 
of tablet apps or web browser. 

By increasing reading accessibility, it would foster overall reading ability 
and fluency through increased practice. 

★ Reading habits and proficiency seem to reduce text complexity in the 
presence of CFL. 

Reinforce the need to provide patients with individualised rehabilitative 
care of functional vision to help maintain daily reading practice.

★ The linguistic properties of a text do influence reading performance 
differently in the presence of CFL.


Psycholinguistic properties of a text must be investigated in the context 
of low vision (e.g., lexical, syntactic, discursive).



Happy faces!

F. Matonti

N. Stolowy

L. Sauvan

T. François

N. Gala

E. Castet

C. Aguilar



Thank you


