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Binocular Vision and the Stroop Test

REVIEW

Francois Daniel* and Zoi Kapoula'

ABSTRACT

Purpose. Recent studies report a link between optometric results, learning disabilities, and problems in reading. This study
examines the correlations between optometric tests of binocular vision, namely, of vergence and accommodation, reading
speed, and cognitive executive functions as measured by the Stroop test.

Methods. Fifty-one students (mean age, 20.43 £ 1.25 years) were given a complete eye examination. They then performed the
reading test L’Alouette and the Stroop interference test at their usual reading distance. Criteria for selection were the absence of
significant refractive uncorrected error, strabismus, amblyopia, color vision defects, and other neurologic findings.

Results. The results show a correlation between positive fusional vergences (PFVs) at near distance and the interference
effect (IE) in the Stroop test: the higher the PFV value is, the less the IE. Furthermore, the subgroup of 11 students presenting
convergence insufficiency, according to Scheiman and Wick criteria (2002), showed a significantly higher IE during the
Stroop test than the other students (N = 18) who had normal binocular vision without symptoms at near. Importantly, there is
no correlation between reading speed and PFV either for the entire sample or for the subgroups.

Conclusions. These results suggest for the first time a link between convergence capacity and the interference score in the
Stroop test. Such a link is attributable to the fact that vergence control and cognitive functions mobilize the same cortical
areas, for example, parietofrontal areas. The results are in favor of our hypothesis that vergence is a vector of attentional and
cognitive functions.

(Optom Vis Sci 2016;93:194-208)
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has to stay stable. Problems with accommodation, vergence, or
bad synergy between the two can certainly have an impact on
reading performance. Indeed, some studies have shown that poor
coordination in saccadic eye movement during reading is usually
found in people with vergence dysfunction.?*?4 Moreover,
Alvarez and Kim?® and Alvarez et al.?® showed that people
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diagnosed as having CI also had coordination problems during
vergence movements, that is, a longer latency and nonsymmetrical
peak velocity for the two eyes during symmetrical convergence
compared with binocularly normal control subjects.

Vergence Problems, Attention Problems, and
Cognitive Executive Functions

Convergence insufficiency has also been associated with attention
problems.?>?” Borsting et al.?® showed that schoolchildren diag-
nosed as having CI or accommodative dysfunctions frequently
exhibited attention deficit issues and attention deficit hyperactivity
disorder (ADHD) symptoms.

The capacity to focus attention is imperative to perform specific
cognitive executive functions. These cognitive processes refer to the
higher-level cognitive skills, including reasoning, working memory,
and task flexibility. Recent studies have linked comprehension
in reading with cognitive executive functions like inhibition.
Protopapas et al.?’ used the Stroop test®>?! (whereby the subject
must inhibit a reading response in favor of a less obvious response
[color denomination]) on poor readers without dyslexia and showed
that they took longer to perform this task than normal readers.
Difficulty to inhibit a task in favor of another is also found by Cain*?
in children with problems of memory and reading comprehension.
In fact, reading and Stroop interference tests share common pro-
cesses relative to executive functions, such as inhibition and atten-
tion. Moreover, inhibitory processes are also linked with attention
disorders and symptoms related to ADHD.*?

Goal of the Study

Given that eye movements are strongly linked to attention,>* we

hypothesize that accommodation or vergence dysfunctions could
have a relationship with both reading and cognitive executive
functions. Our major interest is to seek possible correlations between
reading speed, Stroop test results, and optometric measurements.
Comparing these results in isolating control subjects and subjects
showing specific vergence and/or accommodation dysfunctions
might shed light on the presence of significant correlations between
optometric results and reading measurements or Stroop test results.
To test this, this study uses both the Stroop test and the L Alouette
reading test. The major questions asked are as follows:

- In young healthy adult subjects, what are the correlations among
selected binocular vision skills and reading speed, as tested with the
“Alouette” test or with the reading task of the Stroop test?

In young healthy adult subjects, what are the correlations among
selected binocular vision skills and cognitive executive functions,

as tested with the Stroop test?

Is there a mean group difference among young healthy asymp-
tomatic adult subjects, presenting normal accommodative and
binocular functions, and those with symptoms and presenting
accommodative or vergence dysfunctions in terms of reading
speed or Stroop test results?

We predict that vergence problems, potentially interfering with
single binocular vision, might be more harmful than accommodative
problems concerning reading and cognitive executive function as
tested with the Stroop test.
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METHODS
Subjects

Atotal of 51 voluntary students aged 18 to 24 years (mean, 20.43 +
1.25 years; 17 men and 34 women) who were studying optics at the
Lycée d’Optique Fresnelin Paris participated in this study. All subjects
presented normal binocular vision: a minimum of 20/25 visual
acuity for each eye, no signs of amblyopia or strabismus, and no
neurological findings. In addition, they were excluded from the
study if the following criteria were observed: vertical phoria greater
than 1 prism diopter (A, PD); an antecedent of eye pathology or
surgery that could affect visual acuity or motility; signs of color
vision defects (checked with an Ishihara plate test), which would
affect their ability to normally perform the Stroop test. In fact, they
also had to be oblivious to the workings of both the “Alouette”
reading test and the Stroop test.

The investigation adhered to the tenets of the Declaration of
Helsinki and was approved by the local human experimentation
committee, the Comité de Protection des Personnes Ile de France VI
(No: 07035), Necker Hospital, in Paris. Written informed con-
sent was obtained from all subjects after the nature of the pro-
cedure was explained.

Procedure and Testing

Every student had to fill in a questionnaire about their case his-
tory, including ocular and systemic conditions. To determine if
there were visual symptoms at near, we also used the Convergence
Insufficiency Symptom Survey (CISS), which allows us to deter-
mine specific symptoms experienced by people with vergence or
accommodative dysfunctions at near. A score equal to or higher
than 16 is deemed to be significant to consider the presence of Cl in
a subject.>

The subjects’ refraction was then objectively tested with an Auto-
refractor ARK-1 Nidek and subjectively with a Phoropter Nidek RT-
600 to determine the best correction (monocular fogging method to a
standard endpoint of maximum plus) to obtain optimal visual acuity.
All subsequent measures were done with the optimum correction
using the Phoropter or a Trial Frame (Oculus Adult UB4, Zeiss) in
free space:

Visual Acuity

Measured in monocular and binocular vision at 5 m (using a
distance Snellen chart projector, endpoint 20/15; Essilor) and at
near distance (using the Optoprox, Snellen near chart, endpoint 20/
16; Essilor).

Binocular Vision

Evaluated with the Wirt Rings Stereo Test to determine the
stereopsis (results in seconds of arc; Stereo Optical Company) and
with the Mallett Fixation Disparity Test to determine and measure
central suppression and horizontal and/or vertical fixation disparity
(Mallett Dual Fixation Disparity Test Unitand Mallett Near Vision
Unit NV5). The horizontal and/or vertical associated phoria was
measured in PDs with a prism bar, representing the minimum
amount of prism to reduce the fixation disparity to zero.
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196 Binocular Vision and the Stroop Test—Daniel and Kapoula
Vergence

The near point of convergence (NPC) was measured in free space
with a fixation stick (Bernell Corp.) and a millimeter ruler, distance
measured from the outer canthus, results are in centimeters. The
convergence and divergence fusional ranges at distance and near
vision were measured with the Phoropter using rotary prisms (base-
out [BO] for convergence and base-in [BI] for divergence). We
recorded the usual extreme points in PD: “blur” as soon as the
subject reported blurry vision, “break” as soon as they reported
double vision, and “recovery” as soon as they reported single vision
again. Fusion ranges are more representative when compared with
phoria than isolated. We used the measurement of the phoria as the
basis to calculate the exact effort in convergence and divergence.*®
The total fusional vergence (TFV) range represents the highest effort
the subject can make to keep clear and single vision from phoria to
the blur point or to the break point when there was no blur. We
decided to use the PFV and negative fusional vergence (NFV),
measured from the phoria position, to obtain more practical mea-
surements according to Sheard’s criterion.’” The TFV represents the
total range of single and clear vision, including the total convergence
and divergence fusional ranges. The vergence facility, testing the
ability of the fusional vergence system to respond rapidly and ac-
curately to changing vergence demands across time (defined as the
number of cycles per minute that a stimulus can be fused through
alternating BI and BO prisms), using 8BI/16BO flipper lenses at
near distance in free space, was measured. A previous study used and
validated a 3BI/12BO flipper lenses as a reference to diagnose
flexibility problems.*® We wanted to test stronger variation on
vergence demand and to compare the levels of vergence facility
measured in other studies using the same amount of prisms.>*4°

Accommodation

Binocular fused cross cylinders were used to evaluate the response
of accommodation at 40 cm (Jackson Cross as a target). Negative
and positive relative accommodations were measured using the
Phoropter, increasing (NRA) or decreasing (PRA) the spherical lens
power binocularly in 0.25-D increments until the subject reported
the first sustained blur. Monocular and binocular accommodative
ranges (near point of accommodation [NPA]) were measured in free
space with the Donder’s push-up method and a millimeter rule. All
measurements were repeated three times, and the average was used
for the analysis in converting the distance in millimeters to diopters.
We measured the binocular and monocular accommodative facil-
ities, testing the ability of the accommodative system to respond
rapidly and accurately to changing accommodative demands across
time (defined as the number of cycles per minute thata stimulus can
be seen clearly through alternating plus and minus lenses), using
2D flipper lenses in free space. We recorded the numbers of entire
cycles performed in 1 min. We took the average between right and
left monocular facility as a result for this task.

Phorias and AC/A Ratio

Distance and near horizontal and vertical dissociated phorias
were measured with the phoropter using Von Graefe’s method,
and vertical phoria was checked again with a Maddox rod. On the
basis of the phorias, we calculated the AC/A ratio, that is, the far-

near AC/A, with the following formula: (15 - distance phoria +
near phoria)/2.5.374! Near horizontal phoria was then taken,
again adding +1D and -1D, to measure the gradient AC/A ratio.
We calculated the gradient AC/A ratio with the following for-
mula: (near phoria with -1D — near phoria with +1D)/2.

Classification

In accordance with Scheiman and Wick,* we compared the results
of each test with the norms they established. Vergence and accom-
modative dysfunctions were classified by taking into account the
number of signs used in the studies of Porcar and Martinez-Palomera'®
and Shin et al.? This classification of the sample and the most im-
portant optometric measures mean values and standard deviations
are shown in Table 1 (standard deviations are in parentheses): group 1
(N = 21), subjects presenting no vergence or accommodative dys-
functions; group 2 (N = 8), subjects presenting CI without accom-
modative dysfunctions; group 3 (N = 2), subjects presenting CI and
accommodative insufficiency; group 4 (N = 3), subjects presenting
convergence excess without accommodative dysfunction; group 5
(N = 2), subjects presenting basic esophoria without accommodative
dysfunction; group 6 (N = 11), subjects presenting accommodative
excess (AE) without vergence dysfunction; and group 7 (N = 2),
subjects presenting accommodative infacility without vergence dys-
function. One subject presented both basic esophoria and accommo-
dative insufficiency, and one other subject presented both CI and AE.

Experimental Tests
The “Alouette” Reading Test

Subjects read aloud a 265-word text in French,*># largely devoid of
meaning, as quickly as possible and without making mistakes. This task
was performed to have an inidal idea of their reading speed. This test
was first developed for children to evaluate their basic reading skills and
their automatic lexical decoding but not necessarily their comprehen-
sion or memory. Time, corrected errors (when subjects make mistakes
but correct them immediately after), and uncorrected errors were
measured for each subject. We calculated the reading speed by dividing

the numbers of words/items by the time spent (words per minute).

The Stroop Test

The version that we used is made up of three different tasks: in the
“reading” task, the subject has to read aloud a succession of words
designating colors (red, green, blue, or yellow) written in black; in
the “denomination” phase, the subject has to name a succession of
dots of color (red, green, blue, or yellow); in the “interference”
phase, the subject has to name the color of the print of the word,
printed in an incongruent color (red, green, blue, or yellow), for
example, the word “blue” printed in green. Each trial contains 100
items (10-line or 10-column matrix) randomly placed, and subjects
were instructed to finish as quickly as possible without making
mistakes or omissions. For this analysis, we used similar methods to
those used by Kapoula et al.*> Time, corrected errors (when the
subject made a mistake but corrected it immediately after), and
uncorrected errors were measured for each task and for each subject.
We calculated the reading or color denomination speed by dividing
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TABLE 1.
Mean values relative to vergence and accommodative functions per group

Group 1 NBV + NAD Group 2 CI Group 3 ClI + AIS Group 4 CE
N 21 8 2 3
CISS score 12.52 (£6.83) 21.5 (+6.57) 26 (£12.73) 14.33 (£15.31)
NPC, cm 7.93 (£3.78) 10.5 (£2.98) 14.5 (£2.12) 10.33 (£5.13)
Distance phoria, PD 0.98 (£3.78) -2.43 (£1.92) -1 (x1.41) 5.66 (+4.48)
Distance NFV, PD 11.74 (£5.57) 7.56 (£2.38) 13 (£7.07) 11.67 (+5.84)
Distance PFV, PD 11.31 (+4.91) 10.69 (+4.17) 12 (£5.66) 12.33 (+8.13)
Near phoria, PD -0.76 (£3.08) -8.75 (£3.74) -8 (£2.83) 9. 33 (£7.37)
Near NFV, PD 15.76 (£5.09) 6.86 (£3.19) 6.5 (+7.78) 9 (£3)
Near PFV, PD 23.33 (+6.62) 22.5 (£7.08) 17.5 (+0.71) 23. 33 (£2.8 )
Cal. AC/A, PD/D 5.32 (£1.34) 3.5 (#0.89) 3.2 (x0.57) 7.47 (£1.2
Gradient AC/A, PD/D 3.42 (£1.63) 2.78 (0.69) 1.38 (x0.88) 4.67 (£2. 02)
Monocular NPA, D 10.63 (+2.83) 9.52 (+1.19) 4.66 (+0.86) 8. 96 (£3.92)
Binocular NPA, D 12.58 (£2.71) 6.5 (£4.02) 5.99 (£1.39) 0 (x4.29)
Monocular accommodative 11.17 (£5.66) 7.66 (£4.73) 1.5 (£1.41) 10. 17 (+1.26)

facility, c./min

Binocular accommodative facility, c./min 9.40 (+4.63) 5 (£4.02) 0.5 (+0) 5.33 (+4.25)
Vergence facility, c./min 10.62 (£3.79) 8. 31 (+3.81) 4.25 (£5.30) 5.5 (£4.44)
NRA, D 1.9 (+0.35) 69 (+0.46) 1.63 (+0.88) 2.25 (£x0.43)
PRA, D 2.45 (£1.28) 5 (£1.41) 5.5 (#1.41) 1.08 (+0.76)

Group 5 BES Group 6 AE Group 7 AlF Cl + AE BES + AIS
N 2 11 2 1 1
CISS score 21 (£1.41) 19.27 (x11.57) 12 (£12.73) 35 20
NPC, cm 5 (+4.95) 6.55 (£2.58) 8 (+2.82) 12 12
Distance phoria, PD 5(2.12) -0.36 (£2.00) 5 (0.71) 2 2
Distance NFV, PD 0 (+4.24) 8.82 (£1.74) 5 (£5.66) 9 10
Distance PFV, PD 5 (+6.36) 12.09 (+7.72) 5 (+4.95) 4 6
Near phoria, PD 8. 25 (+0.35) -2.27 (£3.07) 72 5 (£6.36) -7 3.5
Near NFV, PD 19.75 (£0.35) 11.73 (£4.54) 11.5 (£0.71) 10 9.5
Near PFV, PD 15. 75 (£8.83) 24.45 (£5.01) 24 5 (+6.36) 13 18.5
Cal. AC/A, PD/D 5 (+0.99) 5.24 (£0.85) 8 (+2.26) 2.4 6.6
Gradient AC/A, PD/D 5. 25 (£0.35) 3.5 (+1.79) 2. 75 (£0.35) 1.5 4.5
Monocular NPA, D 10.57 (+2.38) 10.29 (£1.27) 8.96 (+0.8) 8.69 7.77
Binocular NPA, D 13. 33 (+4.71) 12.41 (x2.17) 11.52 (2. 15) 10 9.52
Monocular accommodative 5 (£12.73) 2.52 (£1.65) 2.25 (+1.06) 0.75 3.25

facility, c./min

Binocular accommodative facility, c./min 12 (£11.31) 2.59 (£2.92) 2 (+0) 0.5 5
Vergence facility, c./min 13.75 (£7.42) 10.5 (+4.69) 6.25 (£1.06) 0.5 55
NRA, D 2 (x0) 1.61 (£0.26) 1.75 (x0) 0.75 2.25
PRA, D 1.25 (0.35) 2.57 (£1.40) 2.63 (£2.65) 4 1.5

AE, accommodative excess; AlF, accommodative infacility; AIS, accommodative insufficiency; BES, basic esophoria; CE, convergence
excess; Cl, convergence insufficiency; CISS, Convergence Insufficiency Symptom Survey; NBV + NAD, no vergence or accommodative
dysfunction; NFV, negative fusional vergence; NPA, near point of accommodation; NPC, near point of convergence; NRA, negative
relative accommodation; PFV, positive fusional vergence; PRA, positive relative accommodation.

the numbers of words/items by the time spent (words or items per
minute). The error rate (ER) was also calculated with this formula:

ER = numbers of corrected errors
+ (numbers of uncorrected errors x 2)

An uncorrected error had to represent a higher importance than
a corrected one. Such weighting is usually applied to clinical use of
the test (Victoria test adapted for French)#> because uncorrected
errors may represent a higher loss of attention. To evaluate the
flexibility between tasks in Stroop, we also calculated the time
differences. According to MacLeod®! and Jensen and Rohwer,%

time differences are believed to be more appropriate to evaluate
Stroop interference. As in the study of Stuss et al.,*” we opted for
the following formulas:

Color Effect = Color naming —Reading;

Interference Effect = Interference —Color naming.

Statistical Analysis

Linear regressions were applied to search for correlations, with
independent variables as the optometric results and experimental
tests results as the dependent variables.
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198 Binocular Vision and the Stroop Test—Daniel and Kapoula

TABLE 2.

Mean values of the sample in the reading tasks and the Stroop test

““Alouette” reading  Stroop reading

Stroop denomination

Stroop interference  Stroop color  Stroop interference

task task task task effect (CE) effect (IE)
Time, s 107.8 (x53.51) 41.83 (£6.78) 60.83 (£10.91) 93.89 (£19.33) 19 (£8.16) 33.06 (£11.25)
Error rate 11.23 (£7.45) 0.15 (£0.41) 1.51 (£2.06) 3.91 (+3.36) — —

In addition, comparisons between subgroups (symptomatic vs.
nonsymptomatic subjects, normal subjects vs. subjects presenting
dysfunctions of vergence or accommodation) were carried out. We
used the Shapiro-Wilk test to test for the normality of the data dis-
tribution. As normality failed, nonparametric Kruskal-Wallis analysis
of variance (ANOVA) and nonparametric Mann-Whitney U tests
were performed to compare the groups with each other. Comparisons
were done for all parameters of the reading and Stroop tests.

RESULTS
General Reading and Stroop Test Results

The mean group values and standard deviations for the reading
test and Stroop test are shown in Table 2 (standard deviations are
in parentheses). As expected, the reading speeds (words per
minute) during the Stroop reading task and during the task
L Alouette were correlated (R = 0.49, p <0.001).

Correlations between the CISS Score, Reading Speed,
and Stroop IE Results

The linear regression model showed a significant mild correlation
between the CISS score and the reading speed during the reading
Stroop task (R? = 0.08, p < 0.05): the higher the CISS score, the
slower the reading speed was. Yet, no significant correlation between
the CISS score and the reading speed during the “Alouette” task (p >
0.05) was found. The linear regression model also showed a
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significant moderate correlation between the CISS score and the
Stroop interference effect (IE) (R* = 0.11, p < 0.03; Fig. 1).

To analyze the incidence of the reported near-vision symptoms
as calculated by the CISS on the reading speed or the Stroop test
results, we decided to divide the sample in two different groups, the
nonsymptomatic subjects and the symptomatic subjects, using a cutoff
point of higher than or equal to 16 at the CISS test to distinguish between
subjects with symptoms relative to near vision from those without
said symptoms.®> Twenty-six subjects (50.98%) were classified as
nonsymptomatic, and 25 subjects (49.02%) were classified as symp-
tomatic. The Mann-Whitney U test did not show a significant difference
between nonsymptomatic (mean group, 149.27 + 24.53) and symp-
tomatic subjects (mean group, 144.86  23.69) in terms of reading speed
(words per minute) during the Stroop reading task (U= 291, p = 0.52),
but it did show a significant difference between nonsymptomatic (mean
group, 29.48 £ 9.92 s) and symptomatic subjects (mean group, 36.92 +
11.90 s) in terms of Stroop IE (U= 184.5, p < 0.01).

Correlations between the Optometric Results,
Reading Speed, and Stroop Test Results

Each of the measured parameters of the reading and the Stroop
tasks was cross correlated with each of the optometric measurements
(CISS score; NPC; distance and near phoria; distance and near PFV,
NFV, and TFV; monocular and binocular NPA; vergence and
accommodative facility; NRA and PRA). No significant correlations
were found between the Stroop Color Effect, the Denomination
ER, the Interference ER, and the optometric findings (p > 0.05).

20 25 30 35 40

CISS score

FIGURE 1.

Linear regression plot of the interference effect (IE) in seconds (s) as a function of the Convergence Insufficiency Symptom Survey (CISS) score.
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Linear regression results (r%) in the entire group are shown in Table 3;
significant correlations (p < 0.05) are marked with an asterisk.

Major Findings
Reading Measures versus Measures of Binocular and
Accommodative Functions

We did not find significant correlations (p > 0.05) whether
between reading speed, number of corrected or uncorrected errors,
or ER and optometric results.

Interference Effect and Binocular Function

The linear regression model showed significant moderate corre-
lations between the near PFV and the IE (R? = 0.16, p <0.004) and
between near TFV and IE (R* = 0.18, p <0.002) in the Stroop test.
The higher the vergence range, the better the performance in the
interference task, that is, the interference time effect was smaller.

A significant mild correlation was also found in the same way
between IE and NPC (R? = 0.09, p <0.03): the closer the point of
convergence shown by the subject, the more efficient he or she was
for the interference task.

Applying a Bonferroni correction in terms of tests relative to
near-vision binocular function (NPC, PFV, NFV, near phoria,
calculated AC/A ratio, binocular accommodative and vergence
facility), p values for significant correlation had to be lower than

TABLE 3.
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0.007. Correlations between Stroop IE and near PFV and between
Stroop IE and near TFV remain significant (Figs. 2 and 3).

Interference Effect and Accommodative Function

Significant mild correlations were found in the same way be-
tween IE and monocular NPA (R* = 0.13, p <0.01) and between
IE and binocular NPA (R*=0.11, p = 0.02): the closer the point of
accommodation or convergence the subject showed, the better his
or her performance was for the interference task.

Applying Bonferroni correction in terms of tests relative to
accommodative function (monocular and binocular accommo-
dative facility, monocular NPA, NRA, and PRA), p values for
significant correlation had to be lower than 0.01. Correlation
between Stroop IE and monocular NPA remains significant (Fig. 4).

Interference and Reading Results in Subjects with and
without Near Fixation Disparity

To analyze the potential incidence of fixation disparity, we
divided our sample into two different groups: the one with sub-
jects presenting no fixation disparity at near distance (N = 44) and
the one with subjects presenting fixation disparity (N = 7). Four of
them exhibited exo-disparity, and the other three exhibited eso-
disparity. The Mann-Whitney U test did not show any signifi-
cant difference between subjects with no fixation disparity and
subjects presenting fixation disparity whether in terms of reading

Mean values relative to vergence and accommodative functions and their correlations (r*) with reading speed, ER during
reading tasks, and IE during the Stroop test in the entire sample

Entire sample

values Bravais-Pearson’s correlation results (%)
““Alouette” Stroop reading ER Stroop
Mean SD reading speed ER “Alouette” speed reading Stroop IE
CISS Score 16.92 9.59 <0.01 0.01 0.08* 0.02 0.11*
NPC, cm 8.62 3.72 <0.01 0.02 0.01 <0.01 0.09*
Distance PH, PD 0.66 3.76 <0.01 0.01 <0.01 0.02 <0.01
Distance TFV, PD 21.78 7.21 0.01 <0.01 0.01 0.01 0.01
Distance NFV, PD 10.86 4.95 0.01 <0.01 0.03 <0.01 <0.01
Distance PFV, PD 10.92 5.64 0.04 <0.01 0.07 0.02 0.02
Near PH, PD -1.80 5.67 0.01 <0.01 0.03 0.03 0.01
Near TFV, PD 35.75 8.80 0.01 0.02 0.03 <0.01 0.18*
Near NFV, PD 13.08 5.77 <0.01 <0.01 <0.01 <0.01 0.06
Near PFV, PD 22.67 6.21 0.04 0.06 0.06 <0.01 0.16*
NRA, D 1.80 0.41 0.02 <0.01 0.05 0.02 <0.01
PRA, D 2.53 1.47 0.01 0.07 <0.01 0.03 <0.01
Monocular NPA, D 9.89 2.47 <0.01 0.01 0.04 0.06 0.13*
Binocular NPA, D 11.89 2.84 <0.01 <0.01 0.01 0.02 0.11*
Monocular accommodative 7.54 5.95 0.01 0.02 <0.01 <0.01 <0.01
facility, c./min
Binocular accommodative 6.45 5.19 <0.01 0.03 <0.01 <0.01 0.01
facility, c./min
Vergence facility, c./min 9.33 4.55 <0.01 <0.01 0.01 0.02 0.04

*Significant correlation (p < 0.05).

ER, error rate; IE, interference effect; NFV, negative fusional vergence; NPA, near point of accommodation; NPC, near point of con-
vergence; NRA, negative relative accommodation; PFV, positive fusional vergence; PH, phoria; PRA, positive relative accommodation;

SD, standard deviation; TFV, total fusional vergence.
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Near PFV (pd)

Linear regression plot of the interference effect (IE) in seconds (s) as a function of the near positive fusional vergence (Near PFV) in prism diopters (pd).

speed in the “Alouette” task (mean values, 149.6 + 26.5 vs. 154.4 +
51.1; U = 146.0, p = 0.83), in terms of reading speed with the Stroop
reading task (mean values, 146.1 £19.5vs. 153.1 £44.9; U = 153.5,
p =0.98), or in terms of Stroop IE values (mean values, 32.2 +10.3 s
vs.40.1£16.65; U =103.5, p = 0.17); there was no difference either
between eso- and exo-disparity subjects (p > 0.05), although the two
subgroups were of a small size.

Interference and Reading Results According to the
Percival’s Criterion

Percival proposed a rule to anticipate visual discomfort in con-
nection with fusion ranges: the point-of-zero demand should fall in
the middle third of the TFV for comfortable binocular vision.*® To
analyze if meeting Percival’s criterion at near distance could have an
incidence on reading speed or on Stroop interference performance,

we divided our sample into two different groups: one with subjects
meeting Percival’s criterion (N = 38) and the other with subjects
failing to meet Percival’s criterion (N = 13). The Mann-Whitney U
test did not show any significant difference between subjects meeting
Percival’s criterion and subjects failing to meet Percival’s criterion in
terms of reading speed in the “Alouette” task (mean values, 145.7 +
29.0vs.163.8£31.2;U=172.5,p = 0.11), in terms of reading speed
in the Stroop reading task (mean values, 143.5 + 20.6 vs. 157.3 +
30.6; U =187.5, p=0.19), and in terms of Stroop IE (mean values,
32.36 £ 10.37 vs. 35.92 £ 14.45; U = 211.5, p = 0.44).

Interference and Reading Results According to
Sheard’s Criterion

Sheard®” also proposed a rule to anticipate vision discomfort
regarding fusion ranges and phorias: the fusional vergence reserve
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FIGURE 3.

Linear regression plot of the interference effect (IE) in seconds as a function of the total fusional vergence (TFV) in prism diopters (PD).
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Linear regression plot of the interference effect (IE) in seconds (s) as a function of the monocular near point of accommodation (NPA) in diopters (D).

has to be at least twice the fusional vergence demand for com-
fortable binocular vision. To analyze if meeting Sheard’s criterion
at near distance could have a relationship with reading speed or
Stroop interference performance, we divided our sample into two
different groups: one with subjects meeting the Sheard’s criterion
(N = 37) and the other with subjects failing to meet Sheard’s
criterion (N = 14, 9 with exophoria and 5 with esophoria). The
Mann-Whitney U test did not show any significant difference
between subjects meeting Sheard’s criterion and subjects failing to
meet Sheard’s criterion in terms of reading speed in the “Alouette”
task (149.7 + 31.4 vs. 151.9 £ 28.6; U = 237.5, p = 0.65) and in
terms of reading speed with the Stroop reading task (mean values,
146.6 £23.2vs. 148.2 £26.7; U = 242.0, p = 0.72). Yet, there was
a significant difference in terms of Stroop IE (30.27 + 9.83 vs.
41.21 £ 12.14; U = 116.0, p < 0.01): subjects failing to meet
Sheard’s criterion did not perform as well in the interference task,
that is, their interference time effect was higher than that of the
subjects meeting Sheard’s criterion (Fig. 5).

Results for Asymptomatic versus
Symptomatic Subjects with Vergence or
Accommodative Dysfunctions

Using the classification of Scheiman and Wick,%2 we first
classified vergence and accommodation dysfunctions by taking
into account the number of signs used in the studies of Porcar and
Martinez-Palomera'® and Shin et al.? In addition, we decided to
use the CISS as supplementary criteria to classify the symptomatic
students. We took a cutoff point of higher than or equal to 16 to
distinguish students with symptoms relative to near vision from
those without such symptoms.>>

With this specific classification, we found three major groups
in our sample: a control group (N = 18) with subjects presenting
no accommodative or vergence dysfunctions and less than 16 at
the CISS score; a symptomatic CI group (SCI group, N = 11)
with subjects presenting CI and a CISS score higher than or

equal to 16; and a symptomatic accommodative excess group
(SAE group, N = 7) with subjects presenting accommodative
excess without vergence dysfunctions and a CISS score higher
than or equal to 16.

Correlations in Each Group

Mean group values, standard deviations, and linear regressions
(t?) to search for correlations, with independent variables as the
optometric results and the results of the experimental tests as the
dependent variables, are shown for the control group (Table 4),
the SCI group (Table 5), and the SAE group (Table 6). Significant

correlations (p < 0.05) are marked with an asterisk.
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FIGURE 5.
Mean values and standard deviations concerning interference effect (IE) in
seconds (s) in subjects meeting Sheard’s criterion (N = 37) and in subjects
failing to meet Sheard’s criterion (N = 14).
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TABLE 4.

Mean values relative to vergence and accommodative functions and their correlations (r*) with reading speed, ER during
reading tasks, and IE during the Stroop test in the control group

Control group

values Bravais-Pearson’s correlation results (%)
“Alouette” reading ER Stroop reading ER Stroop Stroop
Mean SD speed “Alouette” speed reading IE
CISS 10.39 4.33 0.19 0.02 0.23* 0.06 0.18
NPC, cm 7.33 2.91 0.01 0.03 <0.01 0.17 <0.01
Distance phoria, PD 1.16 4.03 0.07 0.17 0.03 0.02 0.04
Distance TFV, PD 23.33 7.77 0.01 <0.01 0.01 0.33* 0.01
Distance NFV, PD 11.83 5.79 0.05 0.06 <0.01 0.08 <0.01
Distance PFV, PD 11.5 5.02 0.01 0.05 0.01 0.33* 0.07
Near phoria, PD -0.5 3.15 0.08 0.06 <0.01 0.02 <0.01
Near TFV, PD 39.22 9.97 0.22* 0.12 0.11 <0.01 0.17
Near NFV, PD 15.67 5.16 0.33* 0.09 0.06 <0.01 0.06
Near PFV, PD 23.56 6.75 0.06 0.08 0.09 <0.01 0.17
NRA, D 1.93 0.36 0.01 <0.01 0.01 <0.01 0.02
PRA, D 2.54 1.33 0.24* 0.18 0.18 0.01 0.05
Monocular NPA, D 11.09 2.76 0.02 0.13 0.15 0.15 0.11
Binocular NPA, D 12.96 2.69 0.02 0.18 0.21 0.12 0.14
Monocular accommodative 11.28 6.09 <0.01 <0.01 0.01 0.04 0.05
facility, c./min
Binocular accommodative 9.44 4.86 <0.01 0.08 0.02 0.05 0.05
facility, c./min
Vergence facility, c./min 10.33 3.85 0.05 0.05 0.03 0.16 0.05

*Significant correlation (p < 0.05).

CISS, Convergence Insufficiency Symptom Survey; ER, error rate; IE, interference effect; NFV, negative fusional vergence; NPA, near
point of accommodation; NPC, near point of convergence; NRA, negative relative accommodation; PFV, positive fusional vergence; PRA,
positive relative accommodation; SD, standard deviation; TFV, total fusional vergence.

CISS Score

There was a significant mild correlation between the CISS
score and the reading speed in the Stroop reading task in the
control group (R* = 0.23, p < 0.05): the higher the CISS score,
the slower the reading speed was. Yet, there was no significant
correlation between the CISS score and reading speed in the
“Alouette” task.

There was a significant moderate correlation between the
CISS score and the IE in the Stroop test in the SCI group (R* =
0.43, p< 0.03): the higher the CISS score, the poorer the per-
formance in the interference task was, that is, the interference
time effect was longer.

Results Relative to the Binocular and
Accommodative Functions

We applied a Bonferroni correction in terms of tests relative to
near-vision binocular function (NPC, PFV, NFV, near phoria,
calculated AC/A ratio, binocular accommodative and vergence
facility) and in terms of tests relative to accommodative function
(monocular and binocular accommodative facility, monocular
NPA, NRA, and PRA). Values of p for significant correlation had
to be lower than 0.007 regarding binocular function tests and
lower than 0.01 regarding accommodative function tests.

Finally, only one correlation between the distance NFV and in the
Stroop reading task (R* = 0.59, p = 0.005) remained significant in

the SCI group: the higher the distance NFV, the slower the reading
speed was. Yet, there was no significant correlation between distance

NFV and the reading speed in the “Alouette” task.

Comparisons Between Groups

To search for differences between the control group, the SCI
group, and the SAE group in terms of optometric results, reading
speed results, or Stroop IE results, we first used a nonparametric
Kruskal-Wallis ANOVA test. As expected, significant differences
between groups were found in terms of optometric results: CISS
score, NPC, distance phoria, near phoria, near TFV, near NFV,
both monocular and binocular NPA, and accommodative facilities,
as shown in Table 7 by asterisks. For each significant difference
noted, we used a nonparametric Mann-Whitney U test to compare a
group with another one and confirm the Kruskal-Wallis ANOVA
test results, as shown in Table 8 with significant differences marked
with asterisks. Next, we will present the results in terms of reading
and Stroop interference test values:

Reading Tasks
The nonparametric Kruskal-Wallis ANOVA test did not show

significant differences between the groups in terms of:

- Reading speed in the “Alouette” task (H(2) = 1.82, p = 0.40)
- Reading speed in the Stroop reading task (H(2) = 0.07, p = 0.97)
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Mean values relative to vergence and accommodative functions and their correlations (r*) with reading speed, ER during

reading tasks, and IE during the Stroop test in the SCI group

SCI group
values Bravais-Pearson’s correlation results (%)
“Alouette”” reading ER Stroop reading ER Stroop Stroop
Mean SD speed ““Alouette” speed reading IE
CISS 23.55 8 0.29 0.02 0.31 0.03 0.43*
NPC, cm 11.36 3.04 <0.01 <0.01 0.01 <0.01 0.01
Distance PH, PD -1.77 2.16 0.13 0.29 0.25 0.22 0.52*
Distance TFV, PD 19 5.48 0.15 0.02 0.07 0.12 0.02
Distance NFV, PD 8.68 3.7 0.47* 0.41* 0.59* 0.34 0.53*
Distance PFV, PD 10.32 4.47 0.01 0.14 0.09 <0.01 0.17
Near PH, PD -8.45 3.3 0.05 0.36 0.09 0.13 0.11
Near TFV, PD 27.81 6.48 0.05 <0.01 <0.01 0.31 0.02
Near NFV, PD 7.09 3.76 0.48* 0.37%* 0.48* 0.1 0.24
Near PFV, PD 20.73 6.76 0.03 0.16 0.1 <0.01 0.16
NRA, D 1.59 0.55 0.17 0.13 0.15 0.08 0.21
PRA, D 3.34 1.69 <0.01 0.05 0.01 0.05 0.01
Monocular NPA, D 8.56 2.2 0.09 0.02 0.09 0.06 0.11
Binocular NPA, D 10.28 2.99 <0.01 0.08 0.01 0.01 0.03
Monocular accommodative 5.91 4.98 0.08 0.09 0.05 0.17 0.13
facility, c./min
Binocular accommodative 4.86 4.38 0.01 0.09 0.02 0.05 0.13
facility, c./min

Vergence facility, c./min 6.86 4.48 <0.01 0.04 <0.01 0.19 0.02

*Significant correlation (p < 0.05).

CISS, Convergence Insufficiency Symptom Survey; ER, error rate; IE, interference effect; NFV, negative fusional vergence; NPA, near point of
accommodation; NPC, near point of convergence; NRA, negative relative accommodation; PFV, positive fusional vergence; PH, phoria; PRA,
positive relative accommodation; SCI, symptomatic convergence insufficiency; SD, standard deviation; TFV, total fusional vergence.

- ER in the “Alouette” task (H(2) = 3.21, p = 0.20)
- ER in the Stroop reading task (H(2) = 0.19, p = 0.91)

Stroop IE

The nonparametric Kruskal-Wallis ANOVA test showed a sig-
nificant difference between the groups in terms of Stroop IE mean
values (H(2) = 10.18, p < 0.01). The control group showed a sig-
nificantly lower Stroop IE mean value than the SCI group (U =23.5,
p <0.01). Yet, the SCI group and the SAE group did not show any
significant difference in terms of Stroop IE mean values (U = 23.5,
p = 0.17). Similarly, the control group and the SAE group did
not show any significant difference in terms of Stroop IE mean

values (U = 56.5, p = 0.69; Fig. 6).

DISCUSSION

The main finding of the study is that the larger the vergence
amplitude, the weaker the interference effect in the Stroop test. The
same correlation was also found between the measure of the total
range of convergence and divergence combined and the score of the
interference effect. Similarly, monocular NPA is also positively
correlated with the interference score: the more remote the distance
of accommodation, the lower the performance in the Stroop test.
These results show that the amplitude of the response in vergence
and accommodation evaluated by optometric tests is positively
correlated with the performance of the cognitive executive functions,

as measured by the Stroop test. Importantly, vergence seemingly has
no effect on reading speed.

Another important result is that subdivision of the subjects into
three groups, the one with asymptomatic subjects showing normal
binocular vision, the one with symptomatic subjects showing CI
(SCI), and the one with symptomatic subjects showing AE (SAE)
according to the classification of Scheiman and Wick,*? corrob-
orates further the correlations presented above: the group with
normal binocular vision shows significantly better performance in
the Stroop interference test than the group with SCI.

Vergence and Interference Effect: Sensory Hypothesis

Vergence was measured with rotary prisms inducing binocular
disparity, this vergence is driven by the detection of binocular dis-
parity that stimulates the vergence oculomotor response. Binocular
disparity is processed by many cortical areas (visual cortex, parietal
and frontal lobe).**=>! On the other hand, the cortical areas asso-
ciated with cognitive control can be presented in two part552754: first,
the top-down frontal cortex structures, including the dorsolateral
prefrontal cortex, responsible for integrating information from other
brain regions and initiating top-down response preference based on

task demands, and the anterior cingulate cortex,>>¢

responsible for
conflict monitoring.”” Second, there are also the response organi-
zation areas, including the posterior parietal cortex, modulating
attentional orientation to task-relevant information and creating

stimulus response mapping,”® and the supplementary motor areas
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TABLE 6.

Mean values relative to vergence and accommodative functions and their correlations (r*) with reading speed, ER during

reading tasks, and IE during the Stroop test in the SAE group

SAE group
values Bravais-Pearson’s correlation results ()
““Alouette” reading ER Stroop reading ER Stroop Stroop
Mean  SD speed ““Alouette” speed reading IE
CISS 26.43 16.28 0.24 0.41 0.09 0.16 0.21
NPC, cm 6.0 2.08 0.26 0.56 0.22 0.18 0.24
Distance phoria, PD -0.79 2.12 0.04 0.43 0.09 0.06 0.62*
Distance TFV, PD 21 5.39 <0.01 0.02 0.26 0.11 0.02
Distance NFV, PD 8.93 1.37 0.22 0.55 0.17 0.12 0.02
Distance PFV, PD 12.07 4.90 0.03 <0.01 0.45 0.20 0.01
Near phoria, PD -3.14 3.19 <0.01 0.22 0.16 <0.01 0.25
Near TFV, PD 34.71 5.77 0.15 0.01 0.23 <0.01 0.19
Near NFV, PD 10.71 5.16 0.47 0.31 0.33 0.08 0.05
Near PFV, PD 24.00 3.23 0.16 0.49 <0.01 0.17 0.19
NRA, D 1.64 0.32 0.14 0.02 <0.01 0.02 0.56
PRA, D 2.29 1.05 0.03 <0.01 0.02 0.52 0.06
Monocular NPA, D 10.74 1.22 0.39 0.52 0.05 0.07 0.08
Binocular NPA, D 13.41 1.54 0.03 0.09 0.13 0.43 0.09
Monocular accommodative 2.82 1.87 0.16 0.02 0.06 0.29 0.64*
facility, c./min
Binocular accommodative 3.5 3.36 0.21 0.02 <0.01 0.15 0.02
facility, c./min

Vergence facility, c./min 8.5 4.29 0.04 0.03 0.39 0.44 0.06

*Significant correlation (p < 0.05).

CISS, Convergence Insufficiency Symptom Survey; ER, error rate; IE, interference effect; NFV, negative fusional vergence; NPA, near
point of accommodation; NPC, near point of convergence; NRA, negative relative accommodation; PFV, positive fusional vergence; PRA,
positive relative accommodation; SAE, symptomatic accommodative excess; SD, standard deviation; TFV, total fusional vergence.

and the pre—supplementary motor areas, both play a role in the
selection and the execution of responses.>® Some of these areas are
therefore highly involved in the cognitive task of inhibition as
measured with the Stroop test: the dorsolateral prefrontal cortex, the
anterior cingulate cortex, especially the dorsal subdivision, and the
posterior parietal cortex.’>*"%¢ The correlation between vergence
capability and Stroop performance could be attributed to the fact
that these areas are highly involved in both tasks—vergence control
and inhibition—which both require attention deployment. Note that
our Stroop test was of a relatively short duration (100 items) and the
subjects had only minor dysfunction in their binocular vision. We
predict that further studies with longer tests and/or more severe
dysfunctions of binocular vision would produce stronger correlations.

Complementary Hypothesis:
Attentional-Motor Hypothesis

Based on the pre-mortor theory of visual attention,>® shifting
attention is a by-product of saccade preparation. This theory could
be enlarged to include vergence, which is also important for
obtaining single binocular vision. If the control of vergence is
poor, the eyes do not intersect at the appropriate depth. Conse-
quently, single binocular vision is either delayed or reduced. Any
deficiency in terms of vergence would thus provide a loose basis for
focused attention interfering with the deployment of cognitive
functions. The difference from the above pre-motor hypothesis is
that the interference with the Stroop test is now at an advanced

level, the attention level, which is a prerequisite for visual pro-
cessing and subsequent cognition. This hypothesis calls for further
research with objective measures on the angle of vergence, on the
coordination of the saccades, and on the accommodative response
during the interference phase of the Stroop test.

Correlation between NPA and Interference Effect

Monocular NPA represents the closest point that the subject
can still see clearly using maximum accommodation. This mea-
surement is carried out in real space, as opposed to fusion ranges,
which use rotary prisms and induce a conflict between vergence
and accommodation. During the fusion range test, the angle of
vergence had to vary to maintain single vision, but the accom-
modative response had to stay stable to maintain clear vision. The
results of the NPA are similar to those of the fusion range test
when compared with the interference effect: the closer the target,
indicating the existence of a higher accommodative amplitude, the
weaker the interference effect in the Stroop test. This correlation
confirms that convergence and accommodation are both linked to
cognitive executive function, as measured by the Stroop test.

Visual Symptoms

The significant correlation between CISS score and Stroop IE
in the entire group and in the SCI group and the significant
difference found between symptomatic and nonsymptomatic
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Mean values and SDs relative to vergence and accommodative functions, the reading tasks, and the Stroop test in the control

group, the SCI group, and the SAE group

Kruskal-Wallis test

Control group SCI group SAE group results
Mean value SD  Meanvalue SD Meanvalue SD H(2, N=36) p
CISS 10.39 4.33 23.55 8 26.43 16.28 26.51* <0.01*
NPC, cm 7.33 291 11.36 3.04 6.0 2.08 13.58* <0.01*
Distance PH, PD 1.16 4.03 -1.77 2.16 -0.79 2.12 6.32* 0.04*
Distance TFV, PD 23.33 7.77 19 5.48 21 5.39 2.23 0.33
Distance NFV, PD 11.83 5.79 8.68 3.7 8.93 1.37 3.96 0.14
Distance PFV, PD 11.5 5.02 10.32 4.47 12.07 4.90 0.62 0.73
Near PH, PD -0.5 3.15 -8.45 3.3 -3.14 3.19 20.82* <0.01*
Near TFV, PD 39.22 9.97 27.81 6.48 34.71 5.77 10.77* <0.01*
Near NFV, PD 15.67 5.16 7.09 3.76 10.71 5.16 15.26* <0.01*
Near PFV, PD 23.56 6.75 20.73 6.76 24.00 3.23 2.66 0.26
NRA, D 1.93 0.36 1.59 0.55 1.64 0.32 4.38 0.11
PRA, D 2.54 1.33 3.34 1.69 2.29 1.05 2.24 0.33
Monocular NPA, D 11.09 2.76 8.56 2.2 10.74 1.22 7.48%* 0.02*
Binocular NPA, D 12.96 2.69 10.28 2.99 13.41 1.54 6.61* 0.04*
Monocular accommodative facility, c./min 11.28 6.09 5.91 4.98 2.82 1.87 12.50* <0.01*
Binocular accommodative facility, c./min 9.44 4.86 4.86 4.38 3.5 3.36 9.98* <0.01*
Vergence facility, c./min 10.33 3.85 6.86 4.48 8.5 4.29 3.06 0.22
Reading speed L’Alouette 141.52 24.45 149.37 27.60 151.48 40.79 1.82 0.40
ER “Alouette” reading 12.22 9.01 9.64 5.43 16.14 8.05 3.21 0.20
Stroop reading speed 142.59 22.52 141.83 19.67 143.62 19.38 0.07 0.97
ER Stroop reading 0.22 0.43 0.27 0.65 0.14 0.38 0.19 0.91
Stroop IE 29.11 10.48 41.91 10.89 32 10.85 10.18* <0.01*

The associated results of the nonparametric Kruskal-Wallis ANOVA between the three groups are shown (H and p value).

*Significant difference.

ANOVA, analysis of variance; CISS, Convergence Insufficiency Symptom Survey; ER, error rate; IE, interference effect; NFV, negative
fusional vergence; NPA, near point of accommodation; NPC, near point of convergence; NRA, negative relative accommodation; PFV,
positive fusional vergence; PH, phoria; PRA, positive relative accommodation; SAE, symptomatic accommodative excess; SCI, symp-
tomatic convergence insufficiency; SD, standard deviation; TFV, total fusional vergence.

subjects in the entire sample suggest that the CISS score could be a
good indicator in terms of cognitive executive function results:
symptoms are negatively correlated to the Stroop interference
performance. This has a clinical interest, especially for young
students, revealing that every vision disorder that leads to symp-
toms in near vision should be managed, as inhibition measured
with the Stroop test is linked with attention, memory, and
comprehension in reading, even if the automatic reading skills at
first appear to be correct. However, using another scale, like the
College of Optometrists in Vision Development Quality of Life
questionnaire,’” would have been wise to compare these results
with a more general grading scale of symptoms.

The Relationship with Vergence Dysfunction

To the best of our knowledge, this is the first time a significant
inferiority on executive functions as measured in the interference
phase of the Stroop test has been found in symptomatic subjects
with CI (SCI) compared with nonsymptomatic subjects with
normal binocular vision (control group). Interestingly, no sig-
nificant difference was found between the control group and the
symptomatic subjects showing AE (SAE) in terms of Stroop test
results. The CISS score appeared to be a good indicator of cog-
nitive executive function, but the results reveal that a vergence

problem like CI tends to have a higher effect on cognitive exec-
utive function than an accommodative problem like AE.

This has clinical implications and opens frontiers between the
clinical practices of optometry, ophthalmology, and neuropsy-
chology. First of all, it provides ergonomic and clinical indications
for managing vergence problems to maintain optimal cognitive
functions. Second, the Stroop test is also usually used to diagnose
dyslexia or ADHD in children. We suggest that vergence and
accommodative functions have to be evaluated systematically
because low vergence capabilities can reduce the quality of visual
processing and the quality of focused attention and thereby in-
terfere with cognitive executive functions.

Why Isn’t Reading Affected?

Mild significant correlations were found between optometric results
and reading speed or error rate during the reading tasks in some groups,
but not in the entire sample. Moreover, significant correlations between
reading speed and optometric results only concerned one of the two
reading tests (“Alouette” or Stroop reading task) and not both at the
same time, as did error rate. Finally, comparisons between the three
major groups did not show any significant differences in terms of
reading speed or error rate. During the reading test L Alouette or the
color reading task of the Stwoop test, no comprehension or
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memorization was demanded. Therefore, these two tasks were less
cognitive demanding than the Stroop interference task. Consequently,
we can suggest that vergence dysfunctions can lead to problems when
the cognitive demand is higher than for simple automatic reading tasks.

Optometry Testing and the Weight of Meeting
Sheard’s Criterion

Throughout the optometric testing procedure, we used about
20 different tests to evaluate accommodative function, binocular
function, and their synergy. Yet, the results indicate that only a few
of them are important relative to cognitive executive function:
vergence ranges, monocular accommodative ranges, NPC, and
phorias. These tests are necessary to detect the basic dysfunctions

TABLE 8.

Nonparametric Mann-Whitney U test results for comparison
between the control group, the SCl group, and the SAE group to
confirm the nonparametric Kruskal-Wallis ANOVA test results

Mann-Whitney

Test Groups U test result p
CISS SCI vs. control 0.00 <0.01*
SClI vs. SAE 30.0 0.44
SAE vs. control 0.00 <0.01*
NPC SCI vs. control 30.5 <0.01*
SClI vs. SAE 4.00 <0.01*
SAE vs. control 46.5 0.32
Distance phoria SCI vs. control 45.0 0.02*
SCI vs. SAE 30.5 0.47
SAE vs. control 41.5 0.19
Near phoria SCI vs. control 4.5 <0.07*
SCI vs. SAE 6.0 <0.01*
SAE vs. control 35.5 0.09
Near TFV SCI vs. control 31.0 <0.01*
SClI vs. SAE 14.5 0.03*
SAE vs. control 44.0 0.25
Near NFV SClI vs. control 16.5 <0.01*
SClI vs. SAE 18.0 0.06
SAE vs. control 32.5 0.06
Monocular NPA SCI vs. control 43.5 0.01*
SCl vs. SAE 15 0.03*
SAE vs. control 53.5 0.57
Monocular SClI vs. control 48.5 0.02*
accommodative SCI vs. SAE 26.0 0.26
facility SAE vs. control 8.5 <0.01*
Binocular SClI vs. control 47.0 0.02*
accommodative SCl vs. SAE 36.5 0.86
facility SAE vs. control 16.5 <0.01*
Stroop IE SClI vs. control 23.5 <0.01*
SClI vs. SAE 235 0.17
SAE vs. control 56.5 0.69

*Significant difference.

ANOVA, analysis of variance; CISS, Convergence Insufficiency
Symptom Survey; IE, interference effect; NFV, negative fusional
vergence; NPA, near point of accommodation; NPC, near point of
convergence; SAE, symptomatic accommodative excess; SCI, symp-
tomatic convergence insufficiency; TFV, total fusional vergence.
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FIGURE 6.

Mean values and standard deviations concerning interference effect (IE) in
seconds (s) in the control group (N = 18), in the symptomatic convergence
insufficiency group (SCI Group, N = 11), and in the symptomatic accom-
modative excess group (SAE Group, N = 7).

and show the quality of the response in convergence, divergence,
and accommodation. Moreover, meeting Sheard’s criterion at
near distance seemed to be a good indicator in terms of the results
of the interference phase of the Stroop test. This physiological
measurement, calculated by linking phoria to the fusion ranges
and basically reflecting the comfort in sustained vision tasks, is also
closely linked with cognitive executive functions. This strengthens
the overall message of this study: both the quality of vergence and
accommodation are linked with cognitive executive functions.
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