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ABILITY IN A LARGE SAMPLE OF SEVEN-
YEAR-OLD CHILDREN

RoB McGEg,! SHEILA WILLIAMS,' ANNE SivpsoN? and PHIL A.
SiLva!

'Dunedin Multidisciplinary Health and Development Study,
Department of Paediatrics and Child Health, Medical School,
University of Otago, P.O. Box 913, Dunedin, New Zealand and
2Southland Hospital, Invercargill, New Zealand

SUMMARY The TNO test of stereoscopic vision was
administered to 858 seven-year-old children from Dunedin, New
Zealand. Motor ability was examined at age 7 according to the
level of stereopsis and a significant association was found between
stereopsis and 2 tests of fine motor control. Children with poor
levels of stereoscopic vision also had poorer motor ability at age 5.
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INTRODUCTION

Stereoscopic vision or stereopsis refers to the ability to fuse images
received by both eyes so as to perceive objects in a 3-dimensional way.
The perception of depth is made possible by the slight discrepancy in the
way the 2 eyes view the external world. While screening for stereopsis as
a method of detecting squints and amblyopia has been reported by
Walraven (1975), little research has been published concerning the
significance of stereoscopic vision for child development.

Recently, Gottfried and Gilman (1985) studied the relationship
between stereopsis and perceptual motor skills in a sample of infants
followed up every 6 months from 12-42 months. Level of stereopsis
correlated positively with scores on the Bayley Scales of Infant Develop-
ment (at 12-24 months) and with scores on the McCarthy Scales of
Children’s Abilities (at 30-42 months). While the relationship between
child development and stereopsis is at the correlational level, it has
potential importance given that some anomalies of stereoscopic vision
may be corrected through training (Van Noorden, 1980).
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Williams, Simpson and Silva (1986) have reported the results of
testing for stereoscopic vision in a large sample of seven-year-old
children from Dunedin, New Zealand. The results include the
prevalence of disorders of stereopsis and associations between stereopsis
and other vision problems. These children were enrolled in a
longitudinal study of their health, development and behaviour (McGee
and Silva, 1982). This assessment included a series of tests of motor
ability and so provided the opportunity to examine the relationship
between stereopsis and motor skills in school-aged children.

METHOD

Sample
The sample consisted of 954 children enrolled at age 7 in the Dunedin

Multidisciplinary Health and Development Study. Details concerning
this study are described by McGee and Silva (1982). Briefly, the children
belonged to a cohort born between 1 April 1972 and 31 March 1973 at
Queen Mary Hospital, Dunedin. They were first assessed at age 3
(n = 1037) and subsequently every 2yr thereafter. The most recent
assessment has been at age 13.

Measures
Stereopsis The stereoscopic vision testing was part of a comprehensive

assessment of each child’s vision and eyes. The prevalence of vision and
eye problems has been reported elsewhere (Simpson, Kirkland and
Silva, 1984). Stereopsis was assessed using the TNO plates. These consist
of random dot stereograms with 3 screening plates (retinal disparity
33 min of arc) and 6 pairs of quantitative plates with 6 different retinal
disparities (range: 15-480sec of arc). The test is fully described by
Walraven (1975). Children with spectacles wore them during testing. At
the 7yr assessment, 877 children attended the Dunedin unit while the
remaining 77 were partially assessed at home or at school or by the
Psychological Service of the Department of Education. The TNO test
was only available at the research unit and 858 children were assessed
for stereoscopic vision. Nineteen children who attended the Dunedin
unit were not tested due to the unavailability of the TNO test. One child
had only one eye which precluded stereopsis assessment.

Motor Ability
Motor performance was measured using the Arnheim and Sinclair

(1974) Basic Motor Ability Tests. These consist of 9 subscales assessing a
range of motor abilities including bead stringing, target throwing,
tapping ability, hamstring stretch, standing long jump, chair push ups,
static balance (eyes open and closed), agility run and face down to
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standing. The results for the motor testing at age 7 are reported by
Wilson, Silva and Williams (1982).

REsuLTS

Motor Ability at Age 7 and Stereoscopic Vision

Full details of the results of the assessments are given by Williams et
al. (1986). There were 27 children (16 boys and 11 girls) who were
assessed as having no stereopsis in that they failed all screening and
quantitative plates. Eighty seven (38 boys and 49 girls) passed at least
one of the screening plates but failed the quantitative plates. A further
214 (100 boys and 114 girls) were correct with only the first pair of
quantitative plates I; 23 children (12 boys and 11 girls) passed the second
pair IT; 54 (28 boys and 26 girls) passed the third pair of plates III; 418
(237 boys and 181 girls) were correct on the fourth pair IV; and 35
children (18 boys and 17 girls) passed the fifth and/or sixth pair of plates
V-VI. There was no significant association between sex of child and
performance on the stereopsis test, y2 (6 df) = 9-04, p > 0-05.

The above 7 groups of children represent a range of stereoscopic
vision from no stereopsis to excellent stereopsis. The means on the
subscales of the Basic Motor Abilities Test for each group of children are
shown in Table 1. The results were analysed using analysis of variance
testing for linear trend across groups (Hays, 1969). The Type I error rate
for each statistical test was adjusted using the Bonferroni inequality to
control for the potential inflation of error rate with multiple significance
testing (Grove and Andreasen, 1982). If the set of motor abilities scales is
regarded as a family of tests, the appropriate adjustment is p < 0-005 for
each significance test (0-05 divided by 10 scales). This maintains the
overall Type I error rate at p < 0-05. Of the 10 motor subscales, 4
showed statistically significant linear trends over the 7 groups and these
were tapping board, standing long jump and static balance with eyes
open and closed. Inspection of Table 1 indicates the direction of the
trend with scores on these subscales being poorer for those children with
low stereoscopic ability and higher for those with increasing levels of
stereopsis. :

Potentially Confounding Factors

While these results suggest a strong statistical relationship between
stereopsis and motor ability, the nature of the relationship is unclear.
For example, it could be that the relationship is mediated by some third
variable which is independently associated with both stereopsis and
motor ability. A potentially important source of confounding may
derive from the association between stereopsis and other vision
disorders. Williams et al. (1986) have reported a significant association
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between stereopsis and both near and distance visual acuity. About half
the children with no stereoscopic vision, for example, had sub-optimal
visual acuity. There were 47 children in the sample with poor near
and/or distance visual acuity. When compared with the remainder of the
sample, these children had poorer performance on the standing long-
jump—37-9 vs 40-5, t(826df) = 2:59; balance eyes open—7-5 vs 89,
(826 df) = 2:55; and balance eyes closed—3-3 vs 40, t(826 df) = 2:92,
p < 0-05 in all cases. There was no significant difference on the tapping
task. Because of this potential confounding, analysis of co-variance was
performed for levels of stereopsis and the 4 preceding motor subscales,
controlling for poor visual acuity. All 4 analyses continued to show
significant differences on the motor scores across levels of stereoscopic
vision. This finding suggests that the association between stereopsis and
motor ability is not simply a function of poor visual acuity.

We examined 3 other potential sources of confounding. The first was
family background, and in particular socio-economic status (SES).
Thus, children from higher SES groups may have better all-round health
including vision abilities and better motor skills. There is evidence from
the Dunedin study that SES is associated with several aspects of the
child’s development (Silva, McGee, Thomas and Williams, 1982). SES,
then, could underlie the relationship between stereopsis and motor
skills. However, there was no statistically significant relationship
~ between SES measured according to father’s occupation on a 6 point

scale (Elley and Irving, 1972) and level of stereopsis, x? (30df) = 19-81,
p > 0-05.

A second factor which could underlie the relationship between
stereopsis and motor ability might be physical development or
maturational level. Silva, Birkbeck, Russell and Wilson (1984) found
small but significant correlations between anthropometric measures
taken at age 7 and motor measures. In particular, skeletal maturity was
found to correlate with fine motor measures. It is unknown whether
poor stereopsis is a reflection of delayed maturation. To test this,
measures of anthropometry including skeletal maturity scored by the
TW2 20-bone scoring system (see Birkbeck and Herbert, 1980); height,
weight and head circumference were examined over the 7 levels of
stereopsis. None of the F-values approached significance suggesting no
significant relationship between stereoscopic ability and maturational
level. This being so, it is unlikely that the relationship between stereopsis
and motor ability is mediated by the child’s maturational level.

A third confounding variable could be general intelligence. For
example, there is evidence for a relationship between intelligence test
scores (IQ) and motor ability (e.g. Silva et al., 1984) and it could be that
the IQ and stereopsis are significantly related. To test this, the full scale
WISC-R IQ scores (Wechsler, 1974) of the children at age 7 were
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analysed according to level of stereopsis. The mean IQ scores for the
groups were as follows: no stereopsis—106-8; screening plates—102-2;
quantitative plates I—107-2, plates II—109+6, plates III—102-8, plates
IV—108-3, and plates V-VI—112-1. One-way analysis of variance was
significant with F(6,850) = 4-06, p < 0-05. Post hoc Scheffe comparisons
indicated that the groups passing the screening plates and quantitative
plates III had significantly lower IQ scores than the remaining children.
In addition, those 35 children with the best stereopsis had a significantly -
higher IQ than the others. Because of the relationship between IQ and
stereopsis, the analyses for tapping ability, standing long jump and static
balance with eyes open and closed were repeated controlling for IQ
using analysis of covariance. Tapping ability and the static balance tests
continued to show statistically significant linear trends across levels of
stereopsis after controlling for IQ. The linear trend for standing long
jump was no longer significant.

Motor Ability at Age 5 and Stereoscopic Vision

Because of the association between motor scores at age 7 and
stereopsis, it was decided to examine motor abilities at age 5 according
to level of stereopsis at 7. At age 5yr, the motor subtests from the
McCarthy Scales of Children’s Abilities were administered (McCarthy,
1972). These consist of both gross and fine motor tests and include leg
co-ordination, arm co-ordination, draw-a-design and draw-a-child
subscales and imitative action. The means on the first 4 of these
subscales across levels of stereoscopic vision at age 7 are shown in Table
2. These results were analysed for linear trend as above, with the F value
for each significance test set at p < 0-01 (0-05 divided by 5 scales). Only
the draw-a-design subscale showed a significant linear trend over
stereopsis levels. Scores on the imitative action subscale ranged from
0-4 and showed a marked degree of negative skew with 75% of all
children scoring 4. For this reason, the results for the imitative action
measure are shown in Table 2 as the percentage at each level of
stereopsis scoring below 4 (03 range). These results were analysed using
the y* test for linear trend (Everitt, 1977; p.51) with 2 (1 df) = 8-64,
p < 0-05. The departure from linear regression was not significant with
x? (5df) = 4-86, p > 0:05. The results indicate that imitative action also
showed a significant linear trend over stereopsis levels.

DiscussIoN

The aim of this study was to examine the relationship between stereo-
scopic vision and motor ability in school-age children. Overall, the results
suggest that a significant relationship does exist between the two. At the
age 7 assessment, poorer stereoscopic vision was associated with poorer
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performance on a tapping board task, static balance tasks with both eyes
open and closed, and a long jump. Performance on the latter task may be
influenced by the association between stereopsis and IQ but
performance on the tapping and balance measures was shown to be
independent of IQ differences. At age 5, there was an association
between measures of imitative action and draw-a-design. As such, these
results are in agreement with the findings of Gottfried and Gilman (1985)
of an association between stereopsis and perceptual motor development.
Given the relationship between stereopsis and some measures of
motor ability, the question arises as to the nature of the relationship.
Both the tapping board task and the test of static balance had high
loadings on a factor identified as “fine motor control” by Wilson et al.
(1982). However, the overall correlation between these tests was not high
(r = 0-26), suggesting they are not measures of the same underlying
construct. Thus, poor stereoscopic vision may result in impaired
postural or spatial awareness (hence, poor balance) as well as impaired
eye-hand co-ordination (hence, poor tapping ability). In this regard it is
of interest that at age 5, there was a significant relationship between
levels of stereoscopic vision and performance on the draw-a-design task,
but not in the case of the draw-a-child task. In the former case, the child
has to copy a series of designs while in the latter, the child has to produce
a complex design from some internalized schema. The difficulty for the
child with poor stereoscopic vision, then, may not be in the performance
phase of the task (drawing per se) but in processing the initial visual
information. While these ideas are speculative, they are testable and the
present findings suggest the kinds of tasks where more detailed research
could be applied.

At a more practical level, the finding of a relationship between .
stereopsis and motor ability may have implications for clinical practice.
For example, it may be useful to test the stereoscopic ability of children
with poor “fine motor” skills. Although complete absence of stereo-
scopic vision cannot be remedied, some difficulties in stereopsis can be
corrected (Van Noorden, 1980). It may well be that improved stereopsis
results in an improvement of motor ability. This hypothesis awaits
further testing in a controlled experiment.
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