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Abstract

Purpose: To compare the performance in the Developmental Eye Movement test (DEM) and the

Test of Visual Perceptual Skills (TVPS) between three groups: individuals with strabismus and

amblyopia, patients with binocular and accommodative dysfunctions, and subjects with normal

binocular and accommodative function.

Methods: A multicentric, retrospective study including 110 children aged 6�14 years old was

conducted to investigate the potential impact of strabismus, amblyopia, and different binocular

conditions in DEM results (adjusted time in vertical and horizontal parts) and TVPS (percentiles

in the seven sub-skills).

Results: No significant differences were found in the different subtests of the vertical and hori-

zontal DEM and all the sub-skills in the TVPS between the three groups of the study. We found

high variability of performance in the DEM test between participants with strabismus and ambly-

opia compared with binocular and accommodative problems.

Conclusion: DEM and TVPS scores have not been found to be influenced by the presence of stra-

bismus with or without amblyopia, nor by binocular and accommodative dysfunctions. A slightly

correlation tendency with horizontal DEM and degree of exotropia deviation was observed.

© 2023 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Visual dysfunctions such as strabismus, amblyopia and binoc-
ular vision problems, are related to abnormal visual
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development and function.1,2 Strabismus and amblyopia are
associated with deficits in cortical processing and with an
under-activation of attention networks.3�5 Moreover, inade-
quate visual stimulation of the brain during the critical
period, caused by strabismus or significant refractive error
or anisometropia, could result in insufficient development in
specific areas in the ventral,6 and the dorsal streams,6 lead-
ing to disorders in spatial vision.7

Visual skills such as visual perception and eye movements
require normal cortical processing and could be affected by
strabismus, amblyopia and binocular vision problems. In clini-
cal practice, children suspected to have visual perception and
eye movements disorders are evaluated with specific tests.
The test of visual perceptual skills (TVPS) evaluates seven sub-
types of visual perception skills: Visual Discrimination, Visual
Memory, Spatial Relationships, Visual Constancy, Sequential
Memory, Figure-Ground, and Visual Closure,8 and has been
linked to reading difficulties.9-11 The Developmental Eye
Movement test (DEM) is a psychometric test that evaluates
the patient’s oculomotor skills12 and the risk children have of
developing reading disabilities.13 However, the relationship
between performance in the DEM test and reading seems to
be related to visuospatial abilities,14 thereby low scores in the
DEM test are more likely to be a consequence than a cause of
poor reading performance.15

Subjects with amblyopia and strabismus scored similar
results in the DEM test16 and in the TVPS17 compared to indi-
viduals with normal binocular vision, suggesting that compen-
satory mechanisms could be acting in these visual disorders.

The purpose of this study is to determine whether differ-
ent binocular vision conditions affect visual perception and
ocular motility outcomes assessed with the TVPS (3rd edi-
tion) and the DEM test. In this multicenter and retrospective
study, two groups of strabismus with amblyopia, and binocu-
lar and accommodative dysfunctions, were compared with
matched gender and age normal binocular and accommoda-
tive vision subjects in TVPS and DEM scores.

Material and methods

Study design

This multicenter and retrospective study has been carried
out with data obtained from four vision care clinics in Cata-
lonia (Spain). The study was approved by an institutional
review board (Polytechnic University of Catalonia) and con-
ducted according to the tenets of the declaration of Hel-
sinki. In all cases the following data were recorded for
analysis: age and gender, best corrected visual acuity at far,
refractive error, type of strabismus (esotropia or exotropia)
evaluated with Cover Test, near and far phoria, evaluated
with Cover Test, fusional vergence amplitude at far and at
near, measured with prism bars, near point of convergence
(NPC), evaluated with the standard push-up technique using
a fixation stick, amplitude of accommodation, measured
with the standard push-up technique using an accommoda-
tion target, lag of accommodation, monocular accommoda-
tive facility and binocular accommodative facility, both
evaluated with +2.00/�2.00 D lenses at 40 cm. Regarding
the DEM test, adjusted times in seconds for the vertical and
horizontal parts were included in this study. For the TVPS
test, 3rd edition, the percentiles for each sub-skill of visual
perception were included. All subjects with strabismus (exo-
tropia and esotropia) and with amblyopia were included in
the strabismus and/or amblyopia group. Participants with �

2 items out of normality for the binocular and accommoda-
tive data, according to Morgan’s expected findings,18 were
included in the binocular and accommodative dysfunction
group. A control group without binocular dysfunctions was
included, with matched age and gender, the criteria adopted
are shown in Table 1. Sample size calculation was performed
using a free online software (https://www.imim.cat/oferta
deserveis/software-public/granmo/), with alfa risk:0.05,
bilateral contrast, beta risk: 0.05, number of groups:3, esti-
mated common standard deviation:1, míninum expected

Table 1 Inclusion and exclusion criteria for the participants. Inclusion and exclusion criteria for each group were decided based

on the number of items exceeding the normal values. For the strabismus and amblyopia group, two items were checked to deter-

mine the inclusion and exclusion criteria.

Item Visual evaluation Normal values

1 Near and far dissociate phorias Far (6 m) = 1 exophoria § 2 D

Near (0.4 m) = 3 exophoria § 2 D

2 Fusional Vergence Amplitude at near and far Sheard Criteria for exophoria (>0 positive)

Prism needed = (2/3)*Phoria � (1/3)* compensating fusional ver-

gence

Percival Criteria for esophoria (>0 positive)

Prism needed=(1/3)* greater fusional vergence � (2/3)*lower

fusional vergence

3 Near Point of Convergence Break point < 10 cm

4 Amplitude of Accommodation AA measured >[(15.00- 0.25*Age)�2.00]

5 Lag of Accommodation 0.50 D § 0.25 D

6 Monocular Accommodative Facility 7 § 2.5 cpm

7 Binocular Accommodative Facility 5 § 2.5 cpm

8 Presence of strabismus in Cover Test � 4 D

9 Best Corrected Visual Acuity < 20/20 in 1 eye

If: N� (item) � 2 Binocular and Accommodative Dysfunction Group.

N� (item) < 2 Control Group: group without binocular dysfunctions.

N� (item 8 and 9) � 1 Strabismus and Amblyopia group.
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difference: 1 and drop-outs rate: 0. Total sample size
required was 33 for each group.

Statistical analysis

Data were analyzed using SPSS (IBM Corp. Released 2020.
IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY:
IBM Cor). Data distribution was explored using Shapiro�Wilk
test. When comparing more than 2 groups of variables, the
homogeneity of variance was investigated using Levene’s
test of sphericity, and parametric (ANOVA) or non-paramet-
ric (Kruskal�Wallis) tests were employed, with the corre-
sponding post-hoc analysis. Similarly, correlation analysis
was performed with the Pearson or Spearman correlation
coefficients. A p-value of 0.05 was considered to be the cut-
off of statistical significance.

Results

A final sample of 110 children was selected, n = 36 in the
strabismus group (19 boys, 17 girls), n = 38 in the group of
binocular and accommodative dysfunctions (19 boys, 19
girls) and n = 36 in the control group (18 boys, 18 girls). Data
were obtained from 4 different optometric offices. Chi-
Square test did not show a statistical difference between
the frequency of groups and gender (x2=0.075, p = 0.963). In
Table 2, the mean age in the strabismus group was

9.07 § 2.39 (95% CI, 8.25‒9.88), 8.48 § 2.04 (95% CI, 7.81‒
9.16) in the binocular dysfunctions group, and 8.24 § 1.97
(95% CI, 7.57‒8.91) in the control group. Chi-Square test did
not show a statistical difference between group frequency
and age (x2=0.053, p = 0.998).

In order to study the possible difference between the
three groups in the study, a one-way linear polynomial
ANOVA was used, controlling the sphericity with Levene’s
test (e). No statistically significant differences were found
between groups in the results of the vertical DEM, (F(2,107)
=0.277, p = 0.759), and horizontal DEM, (F (2,107) =0.043,
p = 0.958). In Fig. 1 are shown the DEM test results between
the three groups of this study.

The analysis using ANOVA between groups revealed no
statistically significant differences in all seven perceptual
skills: Visual Discrimination, (F (2,107) = 2.18, p = 0.118),
Visual Memory, (F (2,107) = 2.02, p = 0.137), Spatial Rela-
tionships, (F (2,107) = 1.18, p = 0.309), Visual Constancy, (F
(2,107)=0.28, p = 0.753), Visual Sequential Memory, (F
(2,107)=2.75, p = 0.068), Fig.-Ground, (F(2,107)=0.76,
p = 0.469), and Visual Closure, (F(2,107)=0.92, p = 0.401).
Fig. 2 shows the percentiles for each sub-skill in the TVPS
test for each group. Tukey’s HSD for multiple comparisons
did not find any significant differences between groups with
all the data analyzed.

The correlation between DEM and TVPS was studied in the
strabismus group (n = 23 for exotropia, n = 13 for esotropia)
to see if the magnitude of strabismus could be directly

Table 2 Descriptive results with median § and standard deviation (SD), below the 95% of confidence interval results. The top

row shows the group, sample and gender distributions included in this study. p-values between groups are shown in the right col-

umn.

Strabismus & Amblyopia

(n = 36)

Bin & AccDysf *

(n = 38)

Control

(n = 36)

p-value

Gender Male= 19

Female= 17

Male= 19

Female= 19

Male= 18

Female= 18

p = 0.963

Age 9.07 § 2.39

(8.25‒9.88)

8.48 § 2.04

(7.81‒9.16)

8.24 § 1.97

(7.57‒8.91)

p = 0.998

DEM Testy (Vertical) 52.86 § 20.78

(45.82‒59.89)

55.28 § 19.04

(49.02‒61.54)

56.02 § 16.70

(50.37‒61.68)

p = 0.759

DEM Testy (Horizontal) 92.72 § 67.90

(69.75‒115.70)

90.79 § 45.97

(75.68‒105.90)

94.38 § 40.81

(80.57‒108.19)

p = 0.958

Visual Discrimination** 47.88 § 31.35

(37.28‒58.49)

36.52 § 27.93

(37.34‒45.71)

49.69 § 29.27

(39.79‒59.59)

p = 0.118

Visual Memory** 47.19 § 30.66

(36.81‒57.56)

41.99 § 29.19

(32.40‒51.59)

56.05 § 31.48

(45.51‒54.08)

p = 0.137

Spatial Relationship** 65.84 § 24.85

(57.43‒74.25)

55.86 § 31.48

(45.52‒66.21)

59.16 § 27.93

(49.71‒68.61)

p = 0.309

Visual Constancy** 40.21 § 32.20

(29.32‒51.11)

36.39 § 32.78

(25.62‒47.17)

39.46 § 32.22

(33.37‒45.55)

p = 0.753

Visual Sequential Memory** 46.51 § 29.63

(36.49‒56.54)

43.97 § 32.05

(33.43‒54.50)

59.14 § 26.60

(50.14‒68.14)

p = 0.068

Fig.-Ground** 47.16 § 29.19

(37.28‒57.04)

40.47 § 25.59

(32.06‒48.88)

47.60 § 29.01

(37.79‒57.42)

p = 0.469

Visual Closure** 47.33 § 30.86

(36.89‒57.77)

40.92 § 30.81

(30.79‒51.04)

50.14 § 28.18

(40.60‒51.70)

p = 0.401

Bin & AccDysf.
* = Binocular and Accommodative Dysfunction.
y = seconds (s).
** = Percentiles (%).
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related to the test performance. Spearman correlations
were computed (rho). In the exotropia group no significant
correlation were found between vertical DEM (r = 0.333,
p = 0.120), horizontal DEM (r = 0.367, p = 0.084), Visual Dis-
crimination (r = 0.161, p = 0.463), Visual Memory (r=�0.267,
p = 0.217), Spatial Relationships (r = 0.246, p = 0.257), Visual
Constancy (r=�0.030, p = 0.089), Visual Sequential Memory
(r=�0.058, p = 0.793), Fig.-Ground (r=�0.143, p = 0.516),
Visual Closure (r=�0.282, p = 0.193) and the magnitude of
strabismus in prism diopters. In the esotropia group a similar
correlation trend was found, in the vertical DEM (r = 0.365,
p = 0.217), horizontal DEM (r = 0.334, p = 0.262), Visual Dis-
crimination (r = 0.01, p = 0.972), Visual Memory (r = 0.250,
p = 0.406), Spatial Relationships (r = 0.130, p = 0.668), Visual
Constancy (r = 0.149, p = 0.621), Visual Sequential Memory
(r = 0.107, p = 0.725), Fig. Ground (r=�0.144, p = 0.635),
Visual Closure (r=�0.101, p = 0.738). The correlation of the
DEM test in both exotropia and esotropia groups was plotted
in Fig. 3, with only a trend of correlation between exotropia
magnitude and horizontal DEM (r = 0.367, p = 0.084).

Discussion

In this multicentric and retrospective study, a comparison of
groups with different visual conditions has been carried out.
No significant differences were found between DEM and
TVPS test results in the three study groups. The results of
this study are similar to those obtained by other authors,17

and it seems that regardless of the type of visual problem
(strabismus, amblyopia or binocular and accommodative
dysfunctions) the results of DEM and TVPS test are similar to
the those corresponding to a normal visual system. Strabis-
mus and amblyopia are neurodevelopmental disorders that
have been associated with deficits in higher visual process-
ing,19 visual attention,20 and visuomotor behavior such as
saccadic eye movements,21 and fixation stability.22

In the present study, no differences were found in DEM
and TVPS results between strabismus and age-matched
normal visual development or binocular and accommodation
dysfunction groups. However, a higher coefficient of

variation was found in the strabismus group in the horizontal
part of DEM (73.23%), following the binocular and accommo-
dation dysfunction group (50.63%) and control group
(43.24%). The same trend with the vertical part of DEM was
found (39.33%, 34.45% and 29.82%), respectively. No statisti-
cally significant correlation between adjusted time in the
DEM test and the degree of strabismus was found, but a
slight tendency of relationship between horizontal DEM and
magnitude of exotropia was found (r = 0.367, p = 0.084).
This needs to be confirmed with a larger sample but opens a
research question about the influence of the degree of exo-
tropia and the oculomotor ability of the DEM test.

Some studies have shown that reading difficulties could
be caused by binocular dysfunctions such as convergence
insufficiency,23 although successful treatment of conver-
gence insufficiency seems to not lead to an improvement in
reading performance.24 Moreover, it seems that there is an
association between convergence insufficiency and Atten-
tion Deficit Hyperactivity Disorder (ADHD) problems.25 How-
ever, in this study, there were no differences between
participants with binocular and accommodative dysfunctions
compared with participants with normal optometric values.

In the TVPS, and similarly to the DEM test, the study
showed no significant differences between the three groups.
Other authors showed reduced TVPS values in Visual Discrim-
ination, Spatial Relationship, Visual Constancy, Figure-
Ground and Visual Closure, in children with handwriting dif-
ficulties.26 Comparable results have been reported in young
adults with learning disabilities, as they obtained lower
TVPS results in the different subtests studied.27 Some stud-
ies present differences in methodology that could explain
the discrepancy between their results and the those
obtained here. In the current study, learning disabilities
were not examined as an independent group, moreover, age
range of the participants differed across studies. One study
found small but significant correlations between the non-
motor visual perception test and the visual-motor integra-
tion test, but did not find a relationship between the non-
motor test and the motor ability tests, and concluded that
the tests of visual perception, visuomotor integration, and
motor capacity measured different abilities.28

Fig. 1 Adjusted time in vertical (left image) and horizontal (right image) between the three groups of study in the DEM test. Median

is represented as a line and standard deviation in color for each group. Strabismus= Strabismus and Amblyopia Group, Bin & Acc Dysf=

Binocular and Accommodative Dysfunction Group, Control= Non-Binocular and Accommodative Dysfunction.
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According to Langton.29, all the sub-skills in the TVPS may
be related to each other, and concluded that visual skills
need contextual information in the recognition of patterns,
and this may be one of the causes of the similarity in results
between the different sub-skills in TVPS. Therefore, it is dif-
ficult to isolate each sub-skill in this test and make conclu-
sions for diagnosis. In this study, researchers did consider

the presence of diplopia in any of the strabismus cases, nor
the presence of sensory-motor adaptations typical of stra-
bismus. These adaptations could allow for normal visual per-
ception and could explain the results obtained in our study
regarding the TVPS.

Interestingly, DEM test performance in participants
with strabismus with or without amblyopia showed great

Fig. 2 Box graph for each sub-skill in TVPS test in the three groups studied. Error bars represent the above lines. DV= Visual discrim-

ination, VM= Visual memory, SR= Spatial relationship, VC= Visual constancy, VSM= Visual sequential memory, FG=Fig.-ground, VCL=

Visual closure.

281

Journal of Optometry 16 (2023) 277�283



variability compared to the group with binocular and
accommodative problems. Even less variability in DEM test
results was observed in participants without any visual
development problem. According to the results of this study,
these findings cannot be explained in relation to the magni-
tude of the ocular deviation.

In conclusion, there are no significant differences in per-
formance in clinical tests such as the DEM and TVPS tests
between strabismus, amblyopia, binocular and accommoda-
tive dysfunction, and subjects with normal binocular vision.
It seems that subjects with accommodative and binocular
dysfunctions, strabismic or non-strabismic, can compensate
for their abnormal visual development and reach normal
visual function in the specific areas assessed here. However,
a correlation trend seems to exist between the degree of
exotropia and the performance in the horizontal DEM test.
No correlation was observed between magnitude of devia-
tion and test results in esotropia participants.

Authors contribution

J.G. and N.L. designed the study, M.P.T.& M.B.C. compiled
the data, M.P.T.,J.G, N.L., B.S.G., C.R.G. and M.A. wrote
the manuscript, M.A. performed the statistical analysis .N.L,
J.G., B.S.G., C.R.G. and M.A. review the final version of the
manuscript.

Funding

This research received no external funding

Institutional review board statement

The study was conducted in accordance with the Declaration
of Helsinki, and approved by an institutional review board of
the Polytechnic University of Catalonia (Spain, Catalonia).

Declaration of Competing Interest

The authors declare no conflict of interests

References

1. Barnes GR, Hess RF, Dumoulin SO, Achtman RL, Pike GB. The corti-

cal deficit in humans with strabismic amblyopia. J Physiol.
2001;533:281�297. https://doi.org/10.1111/j.1469-7793.2001.

0281b.x.

2. Wang H, Crewther SG, Liang M, Laycock R, Yu T, Alexander B,

et al. Impaired activation of visual attention network for
motion salience is accompanied by reduced functional connec-

tivity between frontal eye fields and visual cortex in strabismic

amblyopia. Front Hum Neurosci. 2017;11:195. https://doi.org/
10.3389/fnhum.2017.00195.

3. Zhou A, Jiang Y, Chen J, Wei J, Dang B, Li S, et al. Neural mech-

anisms of selective attention in children with amblyopia. PloS

one. 2015;10(6): e0125370. https://doi.org/10.1371/journal.
pone.0125370.

4. Wang H, Crewther SG, Yin ZQ. The role of eye movement driven

attention in functional strabismic amblyopia. J Ophthalmol.

2015;2015:1�8. https://doi.org/10.1016/j.visres.2019.01.001.
5. Kugathasan L, Partanen M, Chu V, Lyons C, Giaschi D. Reading

ability of children treated for amblyopia. Vision Res.

2019;156:28�38. https://doi.org/10.1016/j.neuroimage.
2010.07.053.

Fig. 3 Scatterplot between adjusted time in DEM test (horizontal and vertical time in seconds) and the degree of exotropia and

esotropia (in prism diopters). Correlations (Spearman rho) are shown in the upper left margin.

282

M. Argil�es, J. Gispets, N. Lup�on et al.

https://doi.org/10.1111/j.1469-7793.2001.<?A3B2 re3j?>0281b.x
https://doi.org/10.1111/j.1469-7793.2001.<?A3B2 re3j?>0281b.x
https://doi.org/10.3389/fnhum.2017.00195
https://doi.org/10.3389/fnhum.2017.00195
https://doi.org/10.1371/journal.pone.0125370
https://doi.org/10.1371/journal.pone.0125370
https://doi.org/10.1016/j.visres.2019.01.001
https://doi.org/10.1016/j.neuroimage.<?A3B2 re3j?>2010.07.053
https://doi.org/10.1016/j.neuroimage.<?A3B2 re3j?>2010.07.053


6. Li X, Mullen KT, Thompson B, Hess RF. Effective connectivity

anomalies in human amblyopia. Neuroimage. 2011;54:
505�516. https://doi.org/10.1167/iovs.02-0515.

7. Barrett BT, Pacey IE, Bradley A, Thibos LN, Morrill P. Nonveridi-

cal visual perception in human amblyopia. Invest Ophthalmol

Vis Sci. 2003;44:1555�1567.

8. Martin NA. Test of Visual Perceptual Skills (TVPS-3). 3rd Ed.

2012.

9. Kulp MT, Edwards KE, Mitchell GL. Is visual memory predictive of
below-average academic achievement in second through fourth

graders? Optom Vis Sci. 2002;79:431�434. https://doi.org/

10.1097/00006324-200207000-00011.

10. Bellocchi S, Muneaux M, Huau A, L�evêque Y, Jover M, Ducrot S.
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